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awarded to Dr, P 2. Jefferies, 617 

Australian Chemical Instizute, Royal (Physical and Inorgante Group of the 
Victorian Branch) : Discussion on Electrochemistry and Electrolytic 
Solutions, {87 

Austrahan Gardens : Shrubs and Trees for (Ernest E. Lord), chird edition, 
review by Sir Eric Ashby, 647 

Australian Mathematical fociety : Election of Officers, 1055 

Australian Museum: Magazine of the, Vol. 12, No. 4, Special issue on 
Austraha, 761 

Australian (South) Museum (Dr. F. S. Wallis}, 350 

Australian (Western) Museum : Appointment of Dr. W. D. L. Ride as 
director, 999 

Australopithecina : The Dentition of the (J. T, Robinson), review by Sir 
Wilfrid Le Gros Clark, 798 

Aisirailopithocne Object from Makapansgat (Prof. Raymond A. Dart), 


Australopithecus : The Teeth of, review by Sir Wilfrid Le Gros Clark, 798 

Austwick, P. K. C. : Aerabiology, 892 

Authority in Industry: Work and (Prof. Reinhard Bendix), review by 
E. F. L. Brech, 1315 

Autobiographical Record of Demoniacal Possession : Schizophrenia 1677, 
a Psychiatric Study of an Illustrated (ida Macalpine and Richard A. 
Hunter), review by Dr. Clifford Allen, 719 . 

Autoclaved Milk: Formis Acid as a Growth Stimulant for Lactobacillus 
lactis in (J. E. Auclzir and A. Portmann), 782 

‘Auto-Immune' Reaction against Human Tissue Antigens tn certain Chronic 
Diseases (Dr. Carleton Gajdusek), 666 z 

Automata Studies (edited by C. E. Shannon and L. McCarthy), review by 
Dr. Colin Cherry, 715 

Automatic Computers in Clerical Work, 245 

Automatic Control: Random Processes in (Dr, J. Halcombe Laning and 
Dr. Richard H, Battin), review by Dr. J. H. Westcott, 797 

Automatıc Digital Computing Machines : Programme Design for (Mathe- 
mareal Laboratory, University of Cambridge, Summer School in), 

Automatic Measurement af Quality in Process Plants (Society of Instrument 
Technology Conference on), 951 

Automatic Process Control for Chemical Engineers (Prof. Norman H. 
Ceagiske), review by G. H. Anderson, 1210 

Automatic Technology and its Implications (United States Department of 
Labour, Bureau of Labour Statistics, Bulletin No. 1198), 896 

Automation, its Purpose and Future (Dr. M. Pyke), review by John F, Coales, 


Automation in Theory and Practice (E. M. Hugh-Jones), review by John F. 
Coales, 1094 

Automation : Electronics in (British Institution of Radio Engineers Con- 
vention on), 764 

Automation and Computacion : British Conference on, 948 

iceman and Social Progress (Dr. S$. Lilley), review by John F. Coales, 

Automation and Society, review by John F. Coales, 1094 

Autoradiographtc Techniques: Course on (Atomic Energy Research 
Establishment), 11 

Autrum, Dr. H. : The Fine Structure of the Nervous System, 1274 

Auwera, D. Vander, and others: Competition in Atomic Halogenation 
Reactions, 73! 

Avian Biology : Recent Scudies in (edited by Albert Wolfson), review by 
Sir Landsborough Thomson, 1208 

Avogadro’s Number and Loschmidt’s Number (Prof. F. A. Paneth), 145 ; 
(Sir Charles Darwin), 145 : 

Avron, M., and Jagendorf, A. T. : An Extractable Factor in Photosynthetic 
Phosphorylation, 41B 

Axelrod, Juhus, and othe-s . Enzymatic Synthesis of N-Glucuronic Acid 
Conjugates, 538 

Aylward, G. H. : Electrochemistry and Electrolytic Solutions (Ampero- 
metric Titrations of Molybdenum and Arsenic), 189 

Aymara et Kicua: Bibliographie des langues (Prof. Paul River et Georges 
de Créqyi-Montfort), review by Dr. G. H. S. Bushnell, 227 

8-Azaguanine : Effects of, on Sugar Beet infected with Beet Yellows Virus 
{G. E. Russell and A. R. Trim}, 151 

Azide (Barium) : Decomposition of (B. E. Bartlett, Dr. F. C. Tompkins and 
D. A. Young), 365 

Azide (Gaseous Hydrogen) : Spontaneous Ignition of (Dr. Peter Gray and 
T. C. Waddington), 576 

Azores : Sperm Whales of (Robert Clarke), 811 


B. AND K. LABORATORIES, LTD., and Allied International Co , Ltd.: 
Third International Instrument Show, 239 

Baade, Dr. Walter : Galaxies and their Stellar Populations (Halley_Lecture 
on Astronomy and Terrestrial Magnetism for 1957), 951 

Bakak, E. (in commemorcztion of}: Czechoslovak Academy of Sciences 
Conference on Probiems of the Physiology of the Pre-Weaning Period 
in Man and other Mammals, 356 

Babbitt, Dr. J. D.: Appointed assistant director (Information Services) 
in the Division of Administration of the National Research Council 
of Canada, 764 5 

Babesias and Toxoplasma: Anaplasmas, (Papers given at a Conference of 
the New York Acacemy of Sciences on some Protozoal Diseases of 
Man and Animals), €50 , 

Babicky, Arnoate, and others - Radiochemical Degradation of DL-Methion« 
ine, ; 

Bacharach, A. L.: Man’s Need for Water, 945 
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Bacilli (Human Tubercle}: A Crystalline Substance Isolated from Egg 
Yolk which promotes Growth of a Minute Inoculum of (Isao Yamane), 


Thermostable Liquid Culture Medium for the Minute Inoculum of 
_ {Isao Yamane and Kunto Imamura), 594 
Bacillus anthracis : Elaboration of Protective Antigen of, under Anaerobic 
Conditions (Dr. George G. Wright and Dr. Milton Puziss), 916 
Bacillus cereus : Effect of Alcohols on the Synthesis of Lecithinase by (Donn 
J. Kushner), 781 
Effect of Temperature and Hydrogen-lon Concentration on the 
Germination of Spores of (Dr. K, Vas and G. Proszt), 1301 
Bacillus megaterium : 6-0-Acetylglucose, a New Metabolite formed by a 
Cobalamin-producing Strain of (Dr. R. B. Duff, Dr. D. M. Webley 
„„ and Dr, V. C. Farmer), 103 
Bacillus subtilis : Polysaccharide containing Amino-Sugar from (Nathan 
, Sharon), 919 
Bacitracin : Polymyxin, Neomycin, (Prof. Ernest Jawetz), review by Dr. 
| F. L, Jackson, 795 
Bacitracin A : Structure of (Dr. Dorothy Wrinch), 536 
Back, Margaret H., and Miller, Dr. N. : Use of Ferrous Sulphate Solutions 
for X-Ray Dosimetry, 321 B 
Back Grant for 1957 of the Royal Geographical Society awarded to Dr. 
R. J. Harrison Church, 8 
Bacon (Francis) and the Modern World (University of Aberdeen to award in 
59 a Blackwell Prize for an essay on), 122 
Bacon, G. E. : Physics of the Solid State (Application of Neutron Diffraction 
to Magnetic Problems), 1004 
Bacq, Prof. Z. M. (Liébecq-Hutter, Mrs. Suzanne, and) : Antagonism of 
y-Butyrobetaine and Carnitine on Chick Embryonic Bones cultivated 
in vitro, 87! 
Bacteria : Effect of ‘Starvation’ upon the Constitution of (Dr. S. Dagley and 
J. Sykes), 1249 
L Forms of, 461 
L Forms of, and their Rolein the Origin of Penicillin Resistance (Dr. M. 
V. Nermut), 379 
The Life of (Prof. Kenneth V, Thimann), review by Sir Cyril Hinshel- 
wood, 445 ix 
A New Technique for the Viable Count of (Dr. A. Guha), 1360 
Parasitic Vigour in (D. H. Lapwood), 1002 
Polysepta, a New Genus and Sub-Order of (R. E. M. Thompson and 
Dr. K. A, Bisset), 590 
Some Submicroscopic Structural Features of (Dr. Erna Grossbard and 
Prof, R. D. Preston), 44 
Bacteria (Soft Rot): Isolation of, on Wieringa’s Pectate Gel (Dr. W. J. 
Dowson), 682 ` 3 
Bacteria (Starved) : Turnover of Protein in, and its Relationship to the 
Induced Synthesis of Enzyme (Dr. J. Mandelstam), | 
Bacteria and Yeast : Deposition of Sulphur from Hydrogen Sulphide by 
(V. B. D. Skerman, Galina Dementjev and G. W. Skyring), 742 
Bacterial Anatomy—Sixth Symposium of the Society for General Micro- 
biology, London, 1956 (edited by E. T. C. Spooner and B. A. D. 
Stocker), review by Dr. S. T, Cowan, 933 
Bacterial Antigen : Effect of Vary Large Doses of, on Antibody Production 
in New-born Rabbits (J. Sterz! and Z, Trnka), 918 
Bacterial Cell Wall: Biochemistry of the (Dr. Elizabeth Work), 841 
Bacterial Lipopolysaccharide : Stimulation of Non-Specific Immunity by 
the ‘Lipid A’ Component of (J, G. Howard, D. Rowley and Dr. A. C. 
Wardlaw), 314 
Bacterial Map Making, review by Dr S. T. Cowan, 933 
Bacterial Origin: Colominic Acid, a Substance of, related to Sialic Acid 
(Dr. Guy T. Barry and Dr, Walther F. Goebel), 206 
Bacterial Physiology, review by Sir Cyril Hinshelwood, 445 
Bacterial Spores : Formation and Germination of (Society for Applied 
Bacteriology Symposium on), 349 
Heat Resistance of, at various Water Activities (W. G. Murrell and 
W. J. Scott), 481 
Bacterial Transformation : Initiation of (Dr. Maurice S. Fox and Dr, Rollin 
D. Hotchkiss), 1322 
Bacterlology and Immunity : An Outline of (Prof. Ronald Hare), review by 
R. Knox, 1154 
Bacteriology (Applied), Society for: Symposium on the Formation and 
Germination o Bactertal Spores, 349 
Bacteriology (Applied), Society for (Microbiology Group of the Society 
for Chemical Industry and the): Discussion on the Training of 
Microbiologists, 397 
Bacterium and its Phage on Wheat :_Hyperparasitic Chain of a Fungus, a 
(Z. Klement and Z. Király), 157 
Badger, G. D. : Appointed assistant director of agriculture (field), Uganda, 


Bagguley, D. M. S. : Physics of the Solid State (Semiconduction—Cyclotron 
Resonance), 1005 
Baghdad Pact Nuclear Training Centre (Sir John Cockcroft), 936 
Bailey, A. R. : Principles of Physical Metallurgy, review, 605 
_, Alloy, Series in Physical Metallurgy, review, 605 
Bailey, es The Changing Demands of Modern Work and Control, 


Bailey, J, C., and Gregory, P. : Aluminium in Electrical Engineering (Joints 
„of High Strength and Low Resistance), 1170 
Bailey, J, E. C.: Elected chairman of the British Scientific Instrument 
Research Association, 852 
Bailey, Dr. R. W., and others : Significance of Oligosaccharide Intermediates 
., in Dextran Synthesis, 310 
Bainbridge, Dr. Richard : The Status of Animals in the Christian Religion, 
4, review, 935 
Bainbridge, V. : Food of Ethmalosa dorsalis (Cuvter and Valenciennes), 874 
Baines, Manwaring : The Life of the Poor in Eighteenth Century Hastings 
(PresidentialfAddress to tha Archmological Section of the South- 
Eastern Union‘of Scientific Societies), 1231 
Baker, C.: Appointed honorary tutor in industrial psychology at the 
University of Sheffield, 21 
Baker’s Yeast : Preparation from, of Crystalline Cytochrome b, having no 
Lactic Dehydrogenase Activity (Jinpai Yamashita, Taneaki Higashi, 
Tateo Yamanaka, Mitsuhiro Nozaki, Hiroshi Mizushima, Hiroshi 
Matsubara, Takekazu Horio and Prof. Kazuo Okunuki), 959 
Bakerspigel,"A. : Haplosporangium tn an Additional Rodent Host, Microtus 
pennsylyanicus Drummond, 875 


Bakterienzella 5 p (Prof. Annelise Winkler), review by Dr, E. Kheneber- 

ger-Nobel, 

Balch, Dr. C. C., and others: Use of Antipyrene and N-Acetyl Amino- 
antipyrene in the Measurament of Body Water and the intraluminal 
Water of the Gastro-intestinal Trace of Living Cattle, 1034 

Baldwin, J. E.,and others : The Radio Source in the Direction of the Galactic 

* Centre, 1224 ` 

Baldwin, W. F., and Narraway, Claire A. : Interaction of Heat and X-Rays 
in Killtng a Chalcid, 974 y 

Ballio, Prof. Alessandro, and Serlupi-Crescenzi, Dr. Giovanni: Isolation of 
Adenylosuccinie Acid from Penicillium chrysogenum, [54 

Bampton, Dr. S. S. (Manners, Dr. J. G., and) : Fusion of Uredospore Germ 

ubes in Puccinia graminis, 

Banana Soils: Persistence of Pathogenic Strains of Fusarium in (R. H. 
Stover), 705 

Band Systems (Uitra-Violet), of HF+ and DF+ (J. W. C. Johns and Dr. R. F. 
Barrow), 374 

Bands of Noise and for Pure Tones : Comparison of Threshold of Hearing 
for G. Wentworth-Jessop and Dr. P. Vigoureux), 37: 

Banerjee, Dr. T. (Bhatnagar, P. P., and): Mineral Beneficiation and Extrac- 
tive Metallurgical Techniques, 1220 

Bangham, A. D.: Distribution of Electrophoretically Different Hæmo- 
globins among Cattle Breeds of Great Britain, 

Bank Vole in Captivity (Prof. D. M. Stevan), 33 

Banks, Dr. A., and others: Structure of Conjugated Methyl Linoleate 
Hydroperoxide, 1078 

Banks, J. A., and others: Technical Change and Industrial Relations—a 
Study of the Relations between Technical Change and the Social 
Structure of a Large Steel Works (University of Liverpool Social 
Research Series), 331 

Banos, A. : Radio Wave Propagation (General Theoretical Problems), 356 

Bárány, Ks, and others : Preparation of Actin without Extraction of Myosin, 


Bárány, M., and others: Preparation of Actin without Extraction of 
yosin, 

Barber, D. R.: A Very Early Photographic Observation of the Spectrum of 
the Night Glow, 435 

Barber, Prof. H. N., and Jackson, W. D.: Natural Selection in Action in 
Eucalyptus, 1267 

Bareroft, A. L. : Appointed sentor agricultural officer, grade B, Federation 
of Malaya, 763 

Bardsey Bird and Field Observatory : Second Annual Report, 130 

Bargaining : Effort-Control through (Dr. Hilde Behrend), [106 

Barium: Oxidation of—a Confirmation of Mott’s Theory of Oxidation 
(R. N. Bloomer), 493 

Barium Azide : Decomposition of (B. E. Bartlett, Dr. F. C. Tompkins and 
D. A. Young), 365 

Bark of Casuarina equisetifolia Linn. : 
David G. Roux), 158 

Barker, Dr. J. : Oxidation of Plant Phenolics, 1283 à 

Barker, Prof. S. A., and others : Separations of Carbohydrates on Charcoal 
Columns in the Presence of Molybdate, 

Significance of Oligosaccharide Intermediates in Dextran Synthesis, 310 

Barley (Normal and Potassium-deficient) : Metabolism of d/-Ornithine-2-4'C 
in (R. G. Coleman and M. P, tHegarey), 37 

Barlow, H. B. : Purkinje Shift and Retinal Noise, 255 

Barnacle, Elminius modestus: The Australasian, in France 
W. H. Bishop and Dr. D. J. Cris: 


d-Gallocatechin from the (Dr. 


(Dr. Marcus 


), 482 
- Barnard, Dr. T. : Awarded a motety of the Lyell Fund for 1957 of the Geo- 


logical Society of London, I8I 

Barnett, Anthony : The Human Species, a Biology of Man, review by T. H. 
Hawkins, 505 

Barnett, Dr. A. J. G. : Obituary by Prof. W. O. Kermack, 1332 

Barnett, S. A. : Physiology of the Pre-Waaning Period, 356 

Barnett, S. A., and Manly, B. M, : Problems of the Physiology of the Pre- 
Weaning Period in Man and other Mammals (Effects of Low Environ- 
mental Temperatures on Young Mice), 356 

Barrer, Prof. R. M.: Bibliography of Solid Adsorbents, 1943 to 1953, 
review, 392 ` 

Barrow, Dr. R. F. (Johns, J. W. C., and): Ultra-Violet Band Systems ‘of 
HF+ and DF+, 374 

lonization Potentials of Hydrogen Fluoride and the Ground-State of 

the HFt fon, 1186 

Barry, Dr. Guy T.,and Goebel, Dr. Walther F.: Colominic Acid, a Substance 
of Bacterial Origin related co Sialic Acid, 206 

Barry, Vincent C., and others : A New Sertes of Phenazines (Rimino-Com- 
pounds) with High Antituberculosts Activity, 1013 

Bartlett, B. E., and others : Decomposition of Barium Azide, 365 

“Bartlet, Prof. M. S. : Probability and Scientific Inference, review, 1206 

Barton, Prof. D. H. R.: Appointed to the University of London chair of 

organic chemistry at the Imperial College of Science and Technology, 


77 
Barua, P. K. (Wight, W., and) : What is Tea ?, 506 
Basal-Cell Carctnoma ın the Fowl (Jack Cohen and Prof. Paul G. 'Espinasse), 


207 

Basalt Flows (Lower to Middle Eocene), from Oregon : Remanent Mag- 
netization of (Allan Cox), 685 

Bashford, T. E.: The Training of Microbiologists (Training required for 
Microbiologists recruited to the Food industry), 397 

Basic Ideas in Topology, review by Prof. T. A. A. Broadbent, 714 

Basıc Open-Hearth Steel-making Process: Radioactive Method for the 
Determination of Slag Mass during the (G. R. Church, W. C. Hesel- 
wood and G. A. Nicholson}, 1294 

Bassett, G. A., and others : Observation of Dislocations in Metals by means 
of Moiré Patterns on Electron Micrographs, 752, erratum, 899 

Bassi, Maria, and Bernelli-Zarzera, Aldo: Vacuolar Degeneration of Rat 

j Liver Cells by Electron Microscopy, 256 

Basu, Dr. S. : Given an award under the Royal Society and Nuffield Founda- 
tion Commonwealth Bursartes Scheme, [81 

BastIngs, Dr. Lyndon: Rutherfordiana, 182 

Batchelor, Dr. G. K.: Advances in Applied Mechanics, review, 118 

Elected a Fellow of the Royal! Society, 655 

Batchelor Dr. G. K., and Davies, R. M. (edited by) : Surveys in Mechanics 
—a Collection of Surveys of the present position of Research in some 
branches of Mechanics, written in commemoration of the 70th 
Birthday of Geoffrey Ingram Taylor, review by Prof. G. Temple, 277 


; INDEX xi 


Batches : Dialysis of Small Specimens in (Dr, E. Ben-Gershom), 379 

Bate-Smith, Dr. E. C.: Oxidation of Plant Phenolics—Inaugural Meeting 
of the Plant Phenolics Group, [283 

Bateman, Dr. A. J. : Sansitrvity of Immature Mouse Sperm to the Mutagenic 
Effects of X-Rays, 727 

Bateman, H., and others : Hydrodynamics, review by G. A. Bull, 1266 

Bates, Prof. L. F. : Physics of the Solid State (Bitter Figures), 1004 

Bates, Marston, and others (edited by Thomas, Jr., William L., with the 

y collaboration of): Man’s Role in Changing the Face of the Earth, 
review, 5! ? 

Bacason = The Theory of Evolution, before and after (Prof. J. B, S. Haldane), 


Bateson Lecture : Fourth (Prof. J. B, S. Haldane), 764 
Battin, Dr. Richard H. (Laning, Dr. J. Halcombe, and): Random Processes 
in Automatic Control, review by Dr. J. H. Wastcott, 797 
Bauer, Dr. H. H.: Electrochemistry and Electrolytic Solutions (Electrode 
Processes in Organic Polarography), 188 
Bauersfeld, Prof. Walther : Projection Planetarium and Shell Construction 
emes Clayton Lecture of the Institution of Mechanical Engineers), 
Awarded the Jamas Watt International Medal for 1957 of the Institution 
of Mechanical Engineers, 660 
Baum, H., and Dodgson, Dr. K.S. : Differentiation between Myrosulphatase 
and the Arylsulphatases, 312 ~ 
Baumgartner, A.: Heat and Water Balance of a Young Pine Forest near 
Munich, 519 
Bawn, Prof. C, E. H. : Chemistry of Hydrogen Peroxide, review, 60 
Bayliss, Prof. N. S., ın collaboration with Cole, Dr. A. R. H., and Little, 
L. H.: Recent Advances ın Spectroscopy (Effects of Solvents on 
Infra-red Intensities), 1341 : 
Baylor University College of Medicine : Grant from the Commonwealth 
Fund, New York, for the purchase of television equipment to be used 
in teaching physiology, 186 
Baynton, Dr. P. L., and others : Gallium Oxide Glasses, 434 
B.B.C. : Open Days, 852 
Reith Lectures for 1956 (Sir Edward Appleton), 1038 
Beach, Prof. F, A.: Learning and Instinct, review, 387 
Beadle, Prof. L. C., and Thomas, |. F.: The African Freshwater Jellyfish 
, Limnocnida tanganyicae, 110 
Beads (The Glass), of Mapungubwe (the late Dr C Van Riet Lowe), 1279 
Beaglehole, Dr. J. C + Awarded the Gill Memorial for 1957 of the Royal 
Geographical Society, 807 
Beaglehole, Dr. J. C. (edited from the original manuscripts by, with the 
assistance of 3, A. Williamson, J. W. Davidson and R. A. Skelton) - 
The Journals of Captain James Cook on his Voyages of Discovery, 
Vol. 1, The Voyage of the Endeavour, 1768-1771 ; Portfolio and Charts 
and Views drawn by Cook and his Officers (edited by R. A. Skelton), 
review by Prof. Raymond Firth, 390 
Beams (Coherent), of Light : The Question of Correlatton between Photons 
~ im (Dr. Peter Fellgett), 956; (Or. R. Q. Twiss and R. Hanbury 
Brown), 1128 - 
Bean, B. R. : Radio Wave Propagation (Tropospheric Propagation), 354 
Beattie, Prof. A. J, ; Elected a Fellow of the Royal Society of Edinburgh, 


565 5 

Beattie, Dr 1 R, and Bryce-Smith, Dr. D. : Structure of Silver lodide 
Dibenzoate, 577 

Beaumont, A, : Diseases of Garden Plants, review, 505 

Beauty (Scenic) : Conservation of, tn Britain, 385 

Beaven, Dr. G. H, : Education and Training of Spectroscopists, 854 

Beaven, Dr. G. H., and others : Steric Effects in the Gas-Liquid Chromato- 
graphy of some Alkylbiphenyls, 490 

Beavan, John: The Rockefeller Foundation, New York, {74 j 

Beaver, Sir Hugh : Elected president of the Institution of Chemical Engin- 
eers, 

Becker, W. : Radio Wave Propagation (lonospheric Physics), 355 

Beckerley, James G., in association with Kamen, Martin D., and Schiff, 
Leonard I. (edited by): Annual Review of Nuclear Sctence, Vol. 6, 
review by E. B. Paul, [265 $ 

Beckett, Dr. A. H., and Anderson, Patricia: A Method for the Determina- 
tion of the Configuration of Organic Molecules using ‘Stereo-selec- 
tive Adsorbents’, 1074 

Beckett, Dr. A. H. and Smith, W. G. : ‘Erythrocytin’ and ‘Erythrochelatin’, 


54 

Beckett, Evelyn B., and Bourne, Dr. Geoffrey H. : Histochemical Demon- 
stration of Cholinesterase and 5-Nucleatidase in Normal and Diseased 
Human Muscle, 771 

Beckmann, B. : Radio Wave Propagation (lonospheric Propagation), 355 

Betvar, Antonin : Atlas Coeli 1950.0, review, 75! 

Bedbugs resistant to Gamma-BHC (Lindane) in Israel (R. Cwilich, G. G. 
Mer and A. V. Meron), 636 

Bedgebury : Guide to the National Pinetum and Forest Plots at (Forest 
Commission), [30 

Beebe, pr William : Adventuring with Beebe, review by Dr. D. B. Carlisle, 

Beef: Crystalline Cytochrome c—N-Terminat Residues of Crystalline 

Cytochrome ¢ from Yeast and from Heart Muscle of Horse and 

(Hiroshi Matsubara, Buny; Hagihara, Takekazu Horio and Prof, Kazuo 

Okunuki), 250 - 

Beef Cattle (Yard-fed and Outwintered), turned on to Spring Pasture : 
Fill one Changes of (J. C. Tayler, F. E. Alder and J. E. Rud- 
man), 

Beer, Stafford : Appointed head of the new Department of Operational 
Research and Cybernetics of the United Steel Companies, Ltd., 


Beers, jun, Dr. Roland F.: Isolation of Nucleic Acids from Micrococcus 
dysodeskticus, 630 

Beers, jun., Dr. Roland F,, and Stelner, Dr, Robert F.: Titration and Spec- 
trophotometric Studies upon Polyadenylic Acid, 1076 

Beerthuis, Dr. R. K., and Keppler, Dr. J. G, : Gas-Chromatographic Analysis 

2 of Higher Fatty Acids, up to and tncluding.Cerotie Acid, 73! 

Bees (Swarm-) Searching for a New Home : Communication in (Dr. M. 
Lindauer), 63 

Beet (Sugar), infected with Beet Yellows Virus: Effects of 8-Azaguanine 
on (G. E. Russell and A. R. Trim), (51 

Beet Yellows Virus: Effect of 8-Azaguanine on Sugar Beet infected with 
(G, E. Russell and A. R. Trim), 15] 


- 


Beetle (Gynogenetic Spicar) : Artificial Activation of the Egg in a (Prof. 
Ann R. Sanderson -nd J. Jacob), [300 
Behaviour of Diffraction Gratings : Observations on the (J, Guild), 660 
Behaviour (Breeding), of Cichlids (A. H. Lowe), 1175 £ 
Behaviour (Magnetic), ot the Iron-Ruthenium-Osmium Triad (A. Earne 
> shaw, Dr. B. N. Figgis, Dr. J. Lewis and Prof. R. S. Nyholm), 112! 
Behaviour (Metabolic), o` Isolated Liver and Kidney Cells (H. Kalant and 
Prof. F. G. Young) 816 E 
Behrend, Dr. Hilde: Effcrt-Control through Bargaining, 1106 
Beit Fellowships for Med=al Research, 1057 
Beit Memorial Fund © Hection of Viscount Hailsham to the Board of 
Trustees, 1056 
Election of Prof. J. H. Gaddum as chairman of the Advisory Board, [056 
Election of Prof. R. H. S. Thompson as 'a member of the Advisory 
Board, i056 
Award of Fellowship: for Medical Research, 1057 
Bekefi, G. : Microwaves and Opties (Diffraction Studies on Microwave Lens 
Images), 24 
Betlby (Sir George) Memcial Fund : Award of one hundred and fifty guineas 
made to R. W. Kear, 513 
Belcher, Dr. Ronald, and Wilson, Dr. Cecil L. : Inorganic Microanalysis, 
Qualitative and Quantitative, second edition, review by Dr. A. D. 
Mitchell, {321 
Belding, i Prof, H.S. : The Changing Demands of Modern Work and Control, 
Fitting the Job to the Worker, 1284 
Belgian Congo : Impact cf Industrialization on Rural Life in the (Rev. J. E. 
Young), 246 
A New Trematode, >oikiforchis congolensis, n.g , n.sp., living in Sub- 
cutaneous Retroacricular Cysts in Man from (Dr. A. Fain and J. 
Vandepitte), 740 
Rainfall Statistics in -he (G. A. Bull), [90 
Bell, Dr. D. A.: At the Home Universities Conference (Organization of 
Postgraduate Studies}, 607 
Bell, R. P. : Molecular Mechanism of Rate Processes in Solids, 1228 
Bellia, G. (Minganti, Prot. A., and) : Blood Anticoagulant Activity of Sul- 
phated Ovular Mucins of Amphibians, [351 
Bellona Island : Phosphate on, 1223 3 
Beloff, Dr. J. R.: Appomted to a lectureship in psychology at Queen's 
University, Belfast 764 
Belton, J. G. and others : A New Series of Phenazines (Rimino-Compounds) 
with High Antituterculosis Activity, 1013 
Ben-Gershom, Dr. E, : Cialysis of Smali Specimens in Batches, 379 
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Insurance Medical Research Fund of Australia and New Zealand) 
t 7 

Female Mice : Meiotic Prophase in (Dr. B. M, Slizynski), 638 

Female Schistosoma spindale in the Guinea Pig: Development of the 
(Dr. S. C. Dutt), 1359 ‘ 

Fencl, Dr. Z., and Leopold, J. : Mechanism of Inhibition by Acetic Acid of 
the Germinaton of Spores of Aspergillus mger, 922 

Fenemore, P. G.: Appointed’ entomologist, British Solomon Islands 
Protectorate, 239 2 

Ferguson, Prof. T., and Cunnison, J. : In Their Early Twenties, a Study of 
Glasgow Youth, 549 : oe 

Ferm, Vergilius (edited by) : Encyclopedia of Morals, review by Prof, J. O. 
Urmson, 225 - 7 

Fernandez-Alonso, Prof. J. l., and Domingo, Miss Rosario : Para-Localization 
Energy (Free-Electron Molecular-Orbital Method) and Polarographic 
Half-Wave Pocentials of some Polynuclear Hydrocarbons, 829° 

Ferris, G. F. : At the Tenth International Congress of Entomology (Rela- 
tionship of Insects to other Arthropods), 132 i 

Ferris, R. D. (Plowrisht, W., and) : Cytopathogenicity of Rinderpest Virus 
in Tissue Culture, 316 

Ferrous Iron : Oxidation and Decarboxylation of Citrate in the Presence 
of (F, H. Grau and W. J. Halliday), 733 as 

Ferrous Sulphate So-utions for X-Ray Dosimetry: Use of (Margaret H. 
Back and Dr. N. Miller), 321 $ ` 

Fertile Tortoiseshell Tomcat (A. C. Jude and Dr. A. G. Searle), 1087 

Fertilization Process . Fate of Spermatozoa not participating in the (Z. 
Pésalaky and Frof. I. Toro), 150 É 

Fertilizers (Phosphate), which economize in the Use of Sulphuric Acid: 
The Agricultural.Value of (Dr. George W. Cooke), 192 

Fertilizing Capacity of Sperm: A Detrimental Effect of Seminal Plasma on 
the (Dr. M, C. Chang), 2587 , X y 

Fessler, Dr. J. H.: Water and Mucopolysaccharide as Structural Com- 
ponents of Connective Tissue, 426 

Festschrift for Gordon Childe, review by M., C. Burkitt, 4 

Feveris Fis and Mason, B. J. : Radar Observations of Coalescence Showers, 


Few, Dr. A. Y. (Gilby Dr. A. R., and) : Reactivity of lonic Detergents with 
Micrococcus lysoderkticus, 422 ` 

Fevers (Arthropod-borne), of North Queensland : Relationship between 
some Coastal “evers and (Dr. L. C. Rowan and the late Dr. J: 
O'Connor), 7&5 co, 

Fibres and their Treatment for Papermaking : Fundamental Aspects of 
(Technical Section of the British Paper and Board Makers’ Associa= 
tion Internaticnal Symposium on), 1003 

Fibres (Nerve): Effect of Temperature on the Degeneration of (H. J. 

amble, Prof. =. Goldby and G. M. R. Smith), 527 

Fibres (Nettle) : X-Ray Measurements on (D. M. Chackraburtty), 776 

Fibres (Sodium-defictant Frog Nerve): Restoration of, by Onrum lons 
(Dr. R. Lorenta de Nó, F. Vidal and L M.H. Larramendi}, 737 

Fibres and Fabrics (Wool) : Physical Properties of (edited by'H. Lemon), 
review by W. J. Onions, 173 . 

Fibres and Plastomers : Relationship between the Physical Chemistry and 
the Testing of Elastomers, (Division of Plastics and High Polymers of 
she Incornarioral Union of Pure and Applied Chemistry Sympostum 
on), j A 

Fibrin in Thin Secticns : Electron Microscopic Appearance of (W. J, S. 
Still and E. H. 3oult), 868 

Fibrinolysis in vivo : lahibition of, by feeding Cholesterol (H, C. Kwaan and 
Prof, A. J. S. MzFadzean), 260 ` 

Fibrous Proteins : Swelling of (Prof. John L. Morrison and James F. Hanlan), 


Ficg, Dr. A. : Develoomental Processes tn Animals, 1060 
Fidler, Dr, J. C. Obřuary of Dr. Bashir Ahmad, | [08 
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Field of Neuramtntc and Sialic Acids Proposed Nomenclature in the 
(Prof. F. G. Blix, Dr. A. Gottschalk and Prof, E. Klenk), 1088 
Field-Studies ın Scotland, 810 
Freld Studies and Teaching Methods, 457 
Field Studies Council : -Fifth Field Centre opened at Preston Montford near 
Shrewsbury, 233 
Annual Report for 1955-56, 614 
Course on Weather and Flight, 949 
Field Studies Council, n association with the Royal Meteorological Society : 
Vacation Coursa in Meteorology, 949 a 
Field Theory : Quantom (Prof. H; Umezawa), review by Prof. R. E. Peierls, 


Freld Theory and Mescn Practice, review by Prof. R, E. Pererls, 711 

Fields : Mesons and, ol. H, Fields (Prof. Silvan Schweber, Prof, Hans A. 
Bethe and Fredaric de Hoffmann) ; Vol. 2,,Mesons (Prof. Hans A. 
-Bethe and Frederic,de Hoffmann), review by Prof. R. E. Peierls, 7H 

Quantum Theory of, review by Prof. R. E Peierls, 747 

Figgis, Dr. B. N., and cthers : Magnetic Behaviour of the Iron-Ruthenium- 
„Osmium Triad, 1121 

Fill and Carcass Changes of Yard-fed and Ourwintered Beef Cattle turned 
on to Spring Pasture (J. C. Tayler, F. E. Alder and J. E. Rudman), 
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Film Association, Sciertific : Conference, 568 
Films : Children and (Miss Mary Field), 1010 
-Films on Parasitology -(International Scientific Film Association List of), 
third edition 7E 
Films (Dried Linseed-Gil) : Action of Solvents on (Dr. N. Stolow), 579 
Films (Thin) : Technology of, review by Dr. A. H. Jarrett, 501 
Vacuum Deposition of {L. Holland), review by Dr. A. H. Jarrett, 50! 
Frison, A., and Hope, J : Isolation of Melanin Granules, 211 ~~ 
‘Filter Paper : Use of ‘Nigrosine’-for Staining Proteins after Electrophoresis 
on (M. Ortega}, 1086 K 
Finance (University) : Academic Freedom and, 57 
Financial Responsibility in British Universities, 550 
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Finch, H. F : Royal Greenwich Observatory, Hartland, 994 

Finch, J. T, and others : Structure of Turnip Yellow Mosaic Virus, 683 

Fincham, Dr. J. R. S., and Pateman, J. A. : Formation of an Enzyme through 
Complementary Action of Mutant ‘Alleles’’ in Separate Nuclel in a 
Heterocaryon, 741 = 

Findlay, G. H. : Obituary of Prof. George Gomori, 893 E 

Findlay, Dr. W. P. K.: Elected president of the Association of Applied 

- Biologists, 951 y 7 

Fine Structure of the Nervous System (International Society for Cell 
Biology International Symposium on), 515, 1272 

Finean, Dr. J. B. : The Fine Structure of the Nervous System, 1272 a 

Finlayson, P, C., and others: Vibration Packing of Dry Granular Solids, 


Finney, C. F. (Ambler, Dr. H. R., and): Brown Stain formed on Wet 
Cellulose, 114 : 

Fire : Vegetation after (J. R. Sweeney), 768 

Fire Research in Great Britain (S. H. Clarke), 287 ni 

First Atomic Power Station : Calder Hall—the Story of Britain’s (Kenneth 
Jay), review by W. K. Mansfield, 278 

First Observation of Sickle-Cell Hemoglobin E Disease (Dr. M. Aksoy and 
Dr. H. Lehmann), 1248 

First Record of the Elver of the African Eel Anguilla nebulosa labiata Peters 
(Winifred E. Frost), 594 

First-passage Time Analogies : Torsion and other Mean (G. Klein), 624 

First-Stage Replicas (Gelatine) : Electron Microscopy of Vulcanized Rubber 
using (E. H. Andrews and A. Walsh), 729 

Firth, P. H.: The Fatigue of Metals, 357 

Firth Prof. Raymond : The Voyages of Captain Cook, review, 390 

Rank and Power in the Solomon Islands, review, 1152 
Fischberg, Dr. M. : Developméntal Processes in Animals, [060 
Cyto-Taxonomy, 1275 

Fischer von Bunau, H., and others (edited by): Documenta Ophthalmo- 
logica-~-Advances in Ophthalmology, Vol. 10, review by Sir Stewart 
Duke-Elder, 720 

Fish : Crystalline Cytochrome c—Crystallization of Cytochrome c from 
(Bunji Hagihara, Kunio Tagawa, Mitsuhiro Nozakt, Ichiro Morikawa, 
Jinpe: Yamashita and Prof, Kazuo Okunuk:), 249 

Fish Blood ; Demonstration of Cortisol in (Prof. Philip K. Bondy, G. 
Virginia Upton and Grace E. Pickford), 1354 

Fishbein, Dr. Morris (edited by): Medical Progress 1956, review by Dr. 
R. T. Grant, 226 

Fisher, Dr. Erleen E.- A Species of the Genus Venturia, tha Ascigerous 
Stage of Fusicladium carpophilum (Thum.) Oudem, 1309 

Fisher, Harvey l., and Goodman, Donald C. : The Myology of the Whooping 
Crane Grus americana, review by Prof. V. C. Wynne-Edwards, 724 

Fisher, James : Adventure of the Sea, review GA . H. Hawkins, 555 

Fisher, James (Peterson, Roger Tory, and): Wild America, review by Dr. 
Julian Huxley, 716 

Fisher, Sır Ronald A. : Statistical Methods and Scientific Inference, review 
by Prof. K. Mather 277 

Fisher, Ronald C. (Bletchly, J. D., and): Use of Gamma Radiation for the 
Destruction of Wood-boring Insects, 670 

Fisheries (British): Science and, review by E, Ford, 6 

Fisheries (North Atlantic), International Commission for the, and others : 
Joint Meeting of Fishery Scientists, 660 

Fisheries (Sea), their Investigation in the United Kingdom (edited by 
Michael Graham), review by E. Ford, 

Fishery Research : Training Grants for (Development Commissioners, in 
association with the Ministry of Agriculture, Fisheries and Food, and 
the Scottish Home Department), 949 

Fishery Scientists (International Commission for the North Atlantic 
Fisheries, the International Council for the Exploration of the Sea, 
and the Food and Agriculture Organization Joint Meeting of), 660 

Fishes of the-‘Family Carapidae : Systematics of the (D. C. Arnold), 811 

Fishes (Teleostean) . Pressure Changes during the Respiratory Movements 
of (Dr. G.-M. Hughes and Dr. G.-Shelton), 255 

Fishing in Germany : Electrical, review by W. G. Hartley, 500 

Fisk, P. R. : The Theory of Games and Linear Programming, review, 1266 

Fission (Nuclear): Physics of, 76 —. 

Fission (Physics of) : Proceedings of the Symposium on (Atomic Energy of 
Canada, Ltd.), 76 

Fistulated Sheep (Adult) : A Stmple and Safe Procedure for the Removal of 
Holotrich Ciliates from the Rumen of an (J, Margaret Eadie and Dr. 
A. E. Oxford), 485 

Fitches, H. J, M. (Wilkinson, Dr. J., and) : Effect of Gamma-Rays on Dithi- 
zone in some Organic Solvents, 86 

Fitter, R. S. R, (McClintock, David, and), assisted by Rosa, Francis: The 
Pocket Guide to Weld Flowers, review by Dr. N. L. Bor, 75 

Fitting the Job to the Worker (European Productivity Agency International 
Seminar), 1284 

Fitzpatrick, Dr. Thomas B. (Miyamoto, Masamitsu, and): Competitive 
Inhibition of Mammalian Tyrosinase by Phenylalanine and its Relation- 
ship to Hair Pigmentation in Phenylketonurta 199 


Fitzsimmons, W, M.: Appotnted veterinary research officer, Nyasaland, - 


Flagellate-to-Amceba Transformation induced in Tetramitus rostratus by 
Nitrogen Mustard (Dr. Morgan M. Brent), 1029_ 

Flames : Latent Energy in (Dr. Elwyn Jones), 581 

Flare (Solar) : Rocket Observation of X-Ray Emission in a (Dr. T. A. Chubb, 
Dr. H. Friedman, R. W. Kreplin and J, E. Kupperian, jun.), 861 

Flash Irradtation (High-Intensity), of Polymers (J. L. Lundberg and L. S. 
Nelson), 367 

Flavokinase Activity in Plants: Occurrence of (Prof. K. Y. Giri, P. R. 
Krishnaswamy and N. Appaj: Rac) 1134 

-Flavoproteins : Role of Metals in Enzymes with special reference to 

(Dr. D. J. D. Nicholas), 800 

Fleming, C.: Age-composition of Workers in the British Iron and Steel 
Industry 129 

Flentje, Dr. N. T. (Kerr, Dr, A., and) : Host Infection in Pellicularia filamen- 
tosa controlled by Chemical Stimuli, 204 

Fletcher, Prof. B. A. : Main Research Projects at the University College of 
Rhodesra and Nyasaland, 139 

Fletcher, Dr. J. M. + Technical Education and the Schools, 296 

Flieger, B. W. : At the Tenth International Congress of Entomology (The 

» Spruce Budworm—Cultural Control), 133 
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Flight: Theory of, review by Prof, H. B. Squire. 446 
Weather and (Field Stùdies CouncH Course on), 949 
Flight (High-Speed) : Combustion in, review by C, Hulse, 1096 
Flint, O., and Varley, J. H. O.: Type of lon Migration in a Metal/Metal 
Oxide System, 145 has 
Flora: The British, during 1956 (3. E. Lousley), 35! 
Flora of Europe: A (Prof. N. A. Burges and Dr. V. H. Heywood), 696 
Floral Morphogenesis : Surgical Techniques in the Study of (F. Cusick), 570 
Floras : Australasian (Prof. Ronald Good), 926 
Floridean Starch: Isolation of Nigerose from (Prof. Stanley Peat, J. R. 
Turvey and J. Môn Evans), 26] 
Florkin, Prof. M.: Ten Years of Science at Unesco, 346 
Florkin, Prof. M., and others: Protein Synthesis in Sphinx ligustri Pupa 
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Floud, Dr. J. E. (editor), and others : Social Class and Educatronal Oppor- 
tunity, 1147 

Flour and Bread (Nutrition Society Symposium on), 1113 

Flow (Turbulent Shear): The Structure of (Dr. A. A. Townsend), review 
by Prof. Francis H. Clauser, 60 

Flowers : Pollination of, by Insects, review by Prof. O. W. Richards, 748 

Flowers (Wild): The Pocket Guide to (David McClintock and R. S. R. 
Fitter, assisted by Francis Rose), review by Dr. N. L. Bor, 751 

Fluorescence : Reversibility of, by Annealing (Prof. K. Przibram), 319, 864 

Fluorescence (Induced), with Acridine Orange in Nematode Embryology 
(J. Smiles and Angela E. R, Taylor), (New Observations with Acridine 
Orange and Primulin as Vital Fluorochromes), 306 

Fluorescence (Induced), in Mammalian Gametes with Acridine Orange 
(Marcus W. H. Bishop and J, Smiles), (New Observations with Acri- 
dine Orange and Primulin as Vital Fluorochromes), 307 

Fluorescence Microscopy : Differentiation between Living and Dead Sperm- 
atozoa by (Marcus W. H. Bishop and J. Smiles) (New Observations 
with Acridine Orange and Primulin as Vital Fluorochromes), 308 

Fluoride (Hydrogen) : Ionization Potentials of, and the Ground-State of 
the HF+ lon (J. A. R. Coope, D. C. Frost and Prof, C. A. McDowell), 
1186 ; (J. W. C. Johns and Dr R. F. Barrow), 1186 

Fluoride (Lead) Total-Absorption Spectrometer for High-Energy Electrons 
and Photons (Dr. W. S. C. Williams and H. S. Caplan), 1185 

Fluoride-Boron (Benzotrifluoride-Nitry!), Trifluoride Complex (Dr. G. 
Oláh, L. Noszké and A. Pavlath), 146 

Fluorinated Pyrimidines, a New Class of Tumour-Inhibitory Compounds 
(Prof, Charles Heidelberger, Dr. N. K. Chaudhuri, Dr Peter Danne- 
berg, Mrs. Dorothy Mooren and Mrs. Lois Griesbach , and Dr. 
Robert Duschinsky, Dr. R, J. Schnitzer, E. Pleven and J. Scheiner), 


6: 
Fluorine kostera of Norepinephrine - Fluoroarterenol, a (Dr. J. H. Fell- 
man), 
Fluoroarterenol, a Fluorine lsostere of Norepinephrine (Dr. J. H. Fellman), 


Fluorochromes (Vital): New Observations with Acridine Orange and 
Primulin as—Induced Fluorescance with Acridine Orange in Nema- 
tode Embryology (J. Smiles and Angela E. R. Taylor), 306 ; Induced 
Fluorescence in Mammalian Gametes with Acridine Orange (Marcus 
W. H. Bishop and J. Smiles), 307 ; Differentiation between Living 
and Dead Spermatozoa by Fluorescence Microscopy (Marcus W. H, 
Bishop and J. Smiles), 308 

Fly (Green Lace-wing) : The Silk of the Egg-stalk of—Structure of the Silk 
of Chrysopa Egg-stalks (Dr. K. D. Parker and Dr. K. M. Rudall), 
905 ; Amino-Acid Composition of the Silk of Chrysopa Egg-stalks 
(F. Lucas, J, T. B. Shaw and S. G. Smith), 906 

Fock, $ gs Radio Wave Propagation (General Theoretical Problems), 


Foetal Bona (Human), during Growth : Changes in the Ultra-Structure of 
(Goran Wallgren), 675 

Fogg, Dr. G. E, : The Training of Microbiologists, 397 

Folberger, Jaroslava, and others: Ammonia Formation in Brain Cortex 
Slices, 470 

Folic Acid Deficiency and Estrogen Treatment In the Oviduct of tha 
Immature Chick : Biochemical Changes associated with (Dr. W. O. 
Brown and N, Jackson), 1193 - 

Follett, Dr. D. H.: Appointed keeper of the Department of Electrical 
Engineering and Coħmunications at the Science Museum, J-ondon, 


Follicles (Primary Wool), in Sheep : Bundles of (A. G. Lyne), 825 
Fontaine, Leon: Productivity Changes and Reward, review, 750 
Food: Te (Scottish Group of the Nutrition Society Symposium on), 516, 


The Control of Chemical Additives in (Food Law Institute of the 
United States, the Food Group of tha Society of Chemical Industry, 
the Soctety for Analytical Chemistry and the Association of Public 
Analysts joint Meeting), 1113 

Food of Ethmalosa dorsalis (Cuvier and Valenciennes), (V. Bainbridge), 874 
Foot Investigation Organization : Retirement of Dr. Franklin Kidd, 656 
Food Law Institute of the United States, and others: Joint Meeting on the 
Control of Chemical Additives in Food, 1113 
Food Utilization in Fattening Lambs: Effect of Hexoestrol on Careass 
Compositon and Efficiency of (T. R. Preston and Isoline Gea), 247 
Food and Agriculture Organization (United Natrons): Ninth Year Book of 
Forest Products Statistics, 75 
Forest Seed Directory, 1956 edition, 292 
André Mayer Fellowship Awards, 512 
Food and Agriculture Organization (United Nations), and others : Joint 
Meeting of Fishery Scientists, 669 
Foods : Antioxidants in (Symposium at Cambridge), 239 

Processing of, with lonizing Radiations (Sympostum at the University 

of Cambridge), 1169 

Foodstuffs : Radioactive Contamination of, from Fall-out as a Source of 
Error in some Animal Experiments (C. G. Clayton), 829 

Foot-and-Mouth Disease and Vesicular Stomatitis: Specific Precipitin 
Reactions with the Viruses of (Dr. F. Brown and Joan Crick), 316 

Forbes, Dr, : The Fine Structure of the Nervous System, 1274 

Force (Friction) : Direction of the (Prof. Ernest Rabinowicz), 1073 

rd, E, : Science and British Fisheries, review, 6 

adc At ia, and Severe Thunderstorms (edited by Jay S. Win- 
ston}, 

Forests, Department of (Kenya) : Appointment of H, MacNeill as survey 
assistant, grade |, 763 





: INDEX 


orests, Department of (Uganda) : Appointment of K. W. Brown as forest 
entomologist, 239 
Annual Report for 1955, 763 
Forest Plots at Bedgebury : Guide to the National Pinetum and (Forest 
Commission), second edition, 130 
Forest Products Research Board . Report for 1955, 810 
Forest Products Statistics : Ninth Year Book of (United Nations Food and 
Agriculture Organization), 75 
Forest Research in Canada, 75 
Forest Research ın Malaya, [002 
Forest Research tn the Sudan (1950-54), 1223 
Forest Research-—Products and Pathology, 810 
Forestry Research Institute, Dehra Dun * Research at the, 950 
Forest Resources : A World Geography of (edited by Staphen Haden-Guese, 
John K. Wright and Esleen M. Tecla#}, review by Prof. L. Dudley 
Stamp, 836 
Forest Sead Directory (United Nations Food and Agriculture Organtzation), 
1956 edition, 292 
Forest Trees: Antagonistic Effects of Alternaria tenuis on certain Root- 
fungi of (Dr. Ida Levisohn), 1143 
Forestry in Africa, 763 
Forestry : Economic Aspects of, review by Sir Harry Champion, [319 
Profitable (Lord Bolton), review by Sır Harry Champion, 1319 
Forestry Commusston : Guide to the National Pinetum and Forest Plots at 
Bedgebury, second edition, 130 
Bulletin No 28, Sitka Spruce in British Columbia (W. R. Day), 1056 
Forestry Research: Japanese, 183 à 
Form (A New), for a Giant Radio Telescope (A. K. Head), 692 
Formate ın the Biosynthesis of Chlorophyll a . Role of (Morris Green, Dr. 
Kurt J. Altman, Jonas E. Richmond and Kurt Salomon), 375 
Formation of an Enzyme through Complementary Action of Mutant 
‘Alleles’ in Separate Nucle: in a Heterocaryon (Dr. J, R. S. Fincham 
and J. A. Pateman), 741 4 
Formation of Erythrose-4-phosphate and Acetyl Phosphate by a Phosphoroly- 
tic Cleavage of Fructose-6-phosphate (M. Schramm and E. Racker), 
1349 
Formation of S-Ethyleysteine from Ethyl Methanesulphonate in vivo : Mode 
of Action of Alkylating Agents-- (Dr. J. J. Roberts and Dr. G. P. 
Warwick), 1181 
Formation of a -Hydroxy Acid as an Intermediate in the Microbiological 
Conversion of Monochlorophenoxybutyric Acids to the Corre- 
sponding Substituted Acetic Acids (Dr. D. M. Webley, Dr. R B. 
Duff and Dr. V. C. Farmer), 1130 
Formation of certain Local Stains on Silver Tableware + Origin and Mode of 
(D. Birtles, E. Jackson and M. Thomson), 557 
Formation tn vitro of Melanin : Effects of same Copper Complexes upon the 
(Saburo Isaka), 578 
Formation of Meteor Showers : Ejection Theory of the, 130 
Formation of Starch in Young Maize Kernels (Hidetsugu Fuwa), 159 
Formation (Adaptive), of Nitrate Reductase in Rice-Seedlings (Pei-sung 
Tang and Hsiang-yu Wu), 1355 
Formation and Germination of Bacterial Spores (Society for Applied 
Bacteriology Symposium on), 349 
Formic Acid as a Growth Stimulant for Lactobacillus lactis in Autoclaved 
Milk (J. E, Auclair and A. Portmann), 782 
Forms (Some Early), of the Weed Concept (Dr. Lawrence J, King), 1366 
Formylglutamate as one of the Intermediates of Histidine Metabolism 
(Makoto Matsuda and Katasht Makino), 315 
Forrest, G.: The Fatigue of Metals, 356 
Forrest, G., and Gunn, K. : Awarded the George Taylor (Australia) Gold 
Medal of the Royal Aeronautical Society, 1110 
Forssman, Prof. S : Fitting the Job to the Worker, 1285 
Forster, W.: At the Tenth International Congress of Entomology (Com- 
position of Regional Faunas), 132 
Forsyth, Dr. F. R. : Effect of lons of certain Metals on the Development of 
Stem Rust tn the Wheat Plant, 217 
Fosdick, Raymond B. : John D, Rockefeller, Jr., a Portrait, 174 
Fossil: Trigonia, a Living (Donald F. McMichael), 192 
Foster, Dr. A. B., and others : Separations of Carbohydrates on Charcoal 
Columns in the Presence of Molybdate, 262 , 
Foundations” Fund for Research in Psychiatry : Research Feljowships and 
Research Teaching Grants, 1057 
Foundation Engineering, International Society of Soil Mechanics and : 
Fourth International Conference, 899 
Founder's Medal for 1957 of the Royal Geographical Society awarded to 
Sir George Binney, 807 r 
Fourmarier, Prof. Paul: Awarded the Wollaston Medal for 1957 of the 
Geological Society of London, {81 
Fournet, Gérard (Guiner, Prof. André, and): Small-Angle Scattering of 
X-Rays (translated by Christopher B. Walker), review by Dr. I. G. 
Edmunds, 1099 - 
Fourth Primary Technology, review by Prof. J. M. Coulson, 1149 
Fowl: A Basal-Cell Carcinoma in tha (Jack Cohen and Prof. Paul G. 
*Espinasse), 207 
Fowl (Water) of the World (lean Delacour), Vol. 1, The Magple Goose, 
Whistling Ducks, Swans and Geese, Sheldgeese and Shelducks ; 
Tei 2, The Dabbling Ducks, review by Sir Landsborough Thomson, 
Fowles, G.: Introductory Quantitative Chemistry, review, 118 
Principles of Organic Chemistry, review, 227 
Fowweather, Prof. F. S. > Retirement from the chair of chemical pathology 
in the University of Leeds, 657 ; work of, 657 
Fox, Prof. H. Munro : Hamoglobin in the Crustacea, 148 
Haemoglobin in Branchiura, 873 
Fox, Dr. L. : The Use and Construction of Mathemattcal Tables (National 
Physical Laboratory, Mathematical Tables, Vol. !), 8i 
Fox, Dr. Maurice Sq and Hotchkiss, Dr. Rollin D. : Initiation of Bacterial 
Transformation, 1322 
Fox, Dr. Thomas G, : Appointed an assistant director of research In the 
Mellon Institute, in charge of the programme of research in polymer 
chemistry, 899 ; work of, 899 
Foxwell, Dr. G. E. : Obituary by Dr. A. Parker, 1109 
France : The Australasian Barnacle, Elminius modestus, in (Dr. Marcus W. H. 
Bishop and Dr. W. J. Crisp), 482 
The Civil Service in Britain and (edited by Prof. Wiliam A. Robson), 
review by R. Brightman, 281 
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A Mystic from, re-rew by F, I. G. Rawlins, 554 
Science in (Dr. A. C. Copisarow), 460 
Science in, 700 
Francis, Prof. John . \eterinary Science tn Australta, 761 
Francis, J. R. D., and «thers : Wind Structure in che Trades, 246 
François, J., and otsers (edited by) : Documenta Ophthalmologica- 
Advances in O chthalmology, Vol. 10, review by Sir Stewart Duke- 
Eider, 720 
Frank, Prof. F. C.: D e Kupferchlorid-Kristallisation tn Naturwissenschaft 
und Medizin, review, 1210 
Molecular Mecharism of Rate Processes tn Solids (Interaction of Point 
„Defects with Deslocations), 1229 
Frankl, E. R. : Strengzh of Materials, review, 603 
Franklin (Benjamin) Medal of the Royal Society of Arts awarded to Prof. 
F. C. Wilhams, 180 ` 
Franklin, E. R, : Recraitment and Training of Science Teachers, 296 
Franklin, Dr. Rosalind E., and others : Structure of Turnip Yellow Mosaic 
Virus, 683 
Frankton, Dr. C.: Weed Control, 285 
Fraser, Alastair * Neu-osecretory Cells in the Brain of the Larva of Lucilla 
caesar L., 257 5 
Fraser, R. D. B., and MscRae, T. P, : Evidence of Ragularitres in the Chemical 
Structure of a-Ceratins, 732 
Fraser, Dr. T. Russell: Title of professor of clinical eadozrinolozy in the 
University of Lendon conferred on, 568 
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Glutaminase in Endamoeba histolytica > Occurrence of (Prof. Mitsuru 
Nakamura and Leon Goldstein), 1134 
Glycine (N,N’'-Ethylenebis (2-(o-Hydroxyphenyl))) . Chelating Tendencies 
of (Or H. H. Freedman, Dr. A. E. Frost, S. J. Westerback and Dr. 
A. E. Martell), 1020 
Glycogen tn the Ligated Silkworm Pupa (Bcmbyx mort), (Toshio Ito and 
Yasuhiro Horie), 1136 ý 
Glycosidases in Mammalian Sperm and Seminal Plasma (Dr. J. Conchie and 
Dr. T. Mann), 1190 
Glycosides Pattern of Anthocyanins : Variations in the (Dr. J. B. Harborne), 
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Gomori, Prof. George : Obituary by G. H. Findlay, 893 

Gonadotrephic Hormone Contents of Pituitaries and Blood of Dogs during 
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Goodeve, Sir Charles : Obituary of Prof. Frederick G. Donnan, 235 
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Soe Gy: Radio Wave Propagation (General Theoretical Problems), 
Government : Representation of Science and Technology in, 275 
Science and, 929 
Statistics for (Political and Economic Planning, Broadsheet No. 406), 
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Granules (Melanin) : Isolation of (A. Filson and J. Hope), 211 

Granules (Osmiophile), in the Glomus Cells of the Rabbit Carotid Body 
(Dr. J. D. Lever and Prof. J. D Boyd), 1082 
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(Dr. C. Gilbert), 270 

Gravitational Waves (Plane), in General Relativity Mia H. Bondi), 1072 
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(D. Birtles, E. Jackson and M. Thomson), 557 
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Simmons, Prof. J. (Hunter, Prof. L., and) : The University of Leicester, 839 
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Sirsi, M., and others : A New Growth-promoting Factor for Mycobacterium 
tuberculosis, 1356 

Sisson, G. M.: A New 75-in, Telescope for Saint Michel Observatory, 
Basses Alpes, 937 
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neurones supplying (Prof. J. C. Eccles, Dr. R. M. Eccles and Dr. A. 
Lundberg), 866 

Smailes, Dr. A. A.: Natural and Artificial Trace Elements in Geophysical 
Research, 997 

Small Animals : Use of the Electronic Flash to record the Activity of (Erik 
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Smithells, Dr. C J. - Appointed a member of the Council for Scientific and 
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Smithson, Dr. Frank (Parry, D. Wynn, and): Datestion of Opaline Silica in 
Grass Leaves, 975 
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Miscellaneous Collections, Vol. 134, No. 7, Early White Influence upon 

4 Plains adian Painting (J. C. Ewers), 1335 

Smout, Prof. C. F. V.: A New Human Anatomy, review, 115 

Smythe, R. H. : Veterinary Ophthalmology, review by C. Frost, 126! 

Smythies, J, R. : A Preliminary Analysis of the Stroboscopic Patterns, 523 

Snails (Liver-Fluke), in Britain (Dr. Alan Mozley), review by Dr. C. A. 
Wright, 1265 

Sneddon, Prof. lan N. : Special Functions of Mathematical Physics and Chem- 
istry, review by Prof. C. A. Coulson, 116 

Snell, Or. R. S., and Nicol, Prof. T. : Effect of tha Growth Hormone of the 
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Coatings to Metals, 494 
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Sobels, Or. F. H., and van Steenis, H. : Chemical Induction of Crossing-over 
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Social Medicine (Preventive and), International Corresponding Club for : 
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Social as + Automation and (Dr. S, Lilley), review by John F. Coales, 
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Physical Problems of Colour Television, 812 
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A Solomon Island—Kinship and Leadership among the Siua: of Bougain- 
ville (Prof. Douglas L. Oliver), review by Prof. Raymond Firth, 1152 
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Sociology in the United States, 191 
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Solar Pape pee of the lonasphere during, review by Dr, R. L. Smith- 

ose, 
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Solar Research, review by Dr. H. von Kluber, 1208 
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review by Prof. Arthur Holmes, 334 
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Solid Adsorbents : Btbliography of, 1943-1953 (Victor R. Deitz), review by 
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G. H. O'Donoghue, 749 


INDEX 


South Australian Museum (Dr. F. S. Wallis), 350 

sens Union of Scientific Societies : Sixty-second Annual Congress, 
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638; (A. B. Bowers), 926 
Special Functions of Mathematical Physics and Chemistry (Prof. flan N. 
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Sea Fisheries, their Investigation in the (edited by Michael Graham), 
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United Nations (Departmert of Public Information) : Booklet on the New 
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United States Weather Bureau . Research Paper No. 39, Mesoanalysis, an 
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Universities (British) : Financial Responsibility in, 550 = 

Screntific Research in (Department of Scientific and Industrial Re- 
seat new edition, 129 
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Universities and Schools : Science in the (Prof. N. F, Mott), 295 

Universittes Federation for Animal Welfare: Symposium on Humane 
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Francis Bacon and the Modern World, 1224 

University of Birmingham : Linear Programming at the 613 
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Appointment of E. H. L. Harries as lecturer in physiology, 617 
Annual Report of the Research Committee (1955-56), 809 
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of Chemical Engineering, [225 

Appointment of Dr. A. D. McQuillan to the research chair in physical 
metallurgy, 1225, 1333 
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Sub-Department of Malting and Brewing, 1225 

Appointment of T. H. Richards as lecturer in civil engineering, 1225 

Appointment of YW. G. Key as staff tutor in engineering production in 
the Institute for Engineering Production, 1225 
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mathematies, 1225 

Appointment of C. D. Harbury as lecturer in economies, 1225 

University of Birmingham (Institute for Engineering Production) : Residen- 
tial Course on Queueing Theory and Practice, 459 
University of Braztl, and others : Internationa! Symposium on Curare, 616 
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towards the purchase of a Collins helium liquaiter for the Department 
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Grant of £3,700 a year for two years from the Nuffield Foundation to 
the Department of Psychology, as a renewal of the grant to the Unit 
for Research on Employment of Gilder Workers, 659 
Gift of £1,000 from the Roya! Society for the purchase of microscopes 
for the Department of Physics, 659 
Appointment of Dr. W. Chester as reader in applied mathematics, 1225 
Appointment of Dr. J. A. Laing as reader in veterinary science, 1225 
Appointment of Dr, D, J. Bohm as research fellow in physics, 1225 
Appointment of Dr. D. J. Bohm as research fellcw in physies, 1225 
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University of California (Members of the Radiation Laboratory and Depart- 
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University of California (Stanford Research Institute and the): Proceed- 
ings of the Symposium on High Temperature (Stanford Research 
institute), 1002 
University of California, and others: International Conference on Pre- 
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> New seismological equipment in the Department of Geodesy and 
Geophysics, 402 
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Summer School in the Mathematical Laboratory in Programme Design 
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Retirement of Sir Frank Engledow from the Draper's chair of agricul- 
ture, 894 . 
Appointment of Sir Joseph Hutchinson as Drager’s professor of agri- 
culture, 894 
Sympostum on Processing of Foods with lonizing Radtations, 1169 
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Universi af, Cape Town Appointment of Prof. J. P. Duminy as principal, 


University of Cape Town and the University of the Witwatersrand (pub- 
lished on behalf of the Conference of Representatives of the) : The 
Open Universities of South Africa, 745 

isla of Durham : New seismological equipment at the Observatory, 
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development programme, {334 
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Postgraduate School of Applied Dynamics at the (Dr. G. B. Warburton), 


University of Exeter: Appointment of Prof. H. N. Rydon as professor of 
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Appointment of Prof. D. J ©’Connor as professor of philosophy, 702 
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University of Florida: A Symposium on Monte Carlo Methods, 1954 
(edited by Herbert A. Meyer), review by D. M. G. Wishart, 1266 
University of Khartoum : Agriculture at the (Prof. R. J. Mctlroy), 394 
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Appomement of |. Codd as lecturer in the Department of Metallurgy, 


Appointment of Dr. E. W. Worrall as a lecturer in ceramics, 131 
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Retirement of Prof. F. S. Fowweather from the chair of chemical 
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Appointment of Dr. R. J. Williams as Brotherton research lecturer in 
physical chemistry, [113 
University of Leicester (Prof L. Hunter and Prof. J. Simmons), 839 
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Study of the Relations between Technical Change and the Social 
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Dr. A. H. Halsey and T. Lupton), 33! 
Retirement of Prof. A. Robertson from the Heath Harrison chair of 
organic chemistry, 512 4 
Appointment of Dr. G. W. Kenner to the Heeth Harrison chair of 
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Appointment of Prof. A. W Hendry to a new chair of building science, 


University of London: Imperial Chemical Industries Research Fellowship 
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Publication by University College of lectures in Biochemistry, 76 
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Appointment of Prof. D. H. R. Barton to the University chair of organic 
chemistry at the Imperial College of Science and Technology, 77 
Appointment of Dr. E. Neil to the John Astor chair of phystology at the 
Middlesex Hospital Medical School, 77, 236 

Appointment of Dr. Cyril Dodd to the University readership in physies 
at University College, 77 

Title of reader in chemistry tn the University (at University College) 
conferred on Dr. P. B. D. de la Mare, 77 

Title of reader in pharmacology in the University (at Guy’s Hospital 
Medical School) conferred on Dr. J. A. Nissim, 77 

Centres for Refugee Hungarian Students, 237 

Retirement of Prof. W. H. Pearsall from tha Quain professorship of 
botany at University College, 346 

Appointment of Dr. Dan Lewis as Quain professor of botany at Univer- 
sity College, 346 

Appointment of Dr. C. C. Butler to the University chair of physics at 
the Imperial College of Science and Technology, 349, 399 

Appointment of Prof. A. W. Skempton to the University chair of civil 
angineering at the imperial College of Science and Technology, 349 
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at St. Bartholomew's Hospital Medical College, 349 

Postgraduate Course in Nuclear Power at the Imperial College of 
Science and Technology, 455 

Charter Jubileo Celebrations of the Imperial Collega of Science and 
Technology, 513 

Retirement of Prof. B. J. Lloyd-Evans from the Kennedy chair of mechan- 
ical engineering at University College, 564 . 

Appointment of Dr, R. E. D. Bishop to tha Kennedy chair of mechanical 
engineering at University College, 564 

Appointment of Dr. F. D. Richardson to the chair of extraction metal- 
lurgy at the Imperial College of Science and Technology, 568 

Title of professor of theoretical physics in the University (at Queen 
Mary College) conferred on Dr. R. K. Eisenschitz, 568 

Title of reader in agricultural botany in the University (at Wye College) 
conferred on Dr. |. W. Selman, 568 

Appointment of Dr. W. B. Bonnor to the University readership in 
mathematics at Queen Elizabeth College, 568 

Title of professor of hamatology (at the Postgraduate Medical School 
of London) conferred on Dr. J. V. Dacie, $68 

Title of professor of clinical endocrinology (at the Postgraduate Medical 
School of London) conferred on Dr. T. Russell Fraser, 568 

Forty-ninth Annual Report of the Imperial College of Science and 
Technology, 613 

Election to honorary fellowships of the Imperial College of Science and 
Technology, 699 

Appointment of P, O. Wolf to the University readership in hydrology 
at the Imperial College of Science and Technology, 764 

Appointment of Dr. J. M. Alexander to the University readership in 
plasticity at the Imperial College of Science and Technology, 812 

Appointment of Dr. Jeffrey Edelman to the University readership in 
pint physiology at the Imperial College of Science and Technology, 


Appointment of Dr. Helen K. Porter to the University readership in 
gnzymolosy at the Imperial College of Science and Technology, 


Appointment of E. J. Le Fevre to the University readership in mechani- 
cal engineering at Queen Mary College, 812 
Queen Mary College (Chemistry Department), with the support of the 
Chemical Society, Symposium on Solvent Effects and Reaction 
Mechanism, 812 
Proceedings of a Symposium at the Imperial College of Sctence and 
Technology on Optical Design with Digital Computers, 850 
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Appointment of Dr. W. G. Overend to the chair of chemistry at Birk- 
beck College, 946 
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rr pathology at King’s College Hospital Medical School, 
Title of reader in physics tn the University (at the Royal Holloway 
College) conferred on Dr. E. H. Hutten, 1225 
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R. T. Grant, 226 a 
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University of Manchester : Appointment of Dr. Wilfred Merchant to the 
chair of structural engineering, 454 
University of Neuchâtel (International Union of Biotogtcal Seiences and the): 
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Title of professor of pharmacognosy conferred on Dr. G. E. Trease, 512 
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apparatus for the preposed research laboratory in sedimentology, 


Offer from the British Fetroleum Company, Ltd., to provide funds for 
a-research fellowship, to ba known as the George Martin Lees 
research fellowship ta sedimentology, 1169 = 

University of Sheffield : Aspointment of Dr. S, Wardle as lecturer in 
applied mathematics, 2! 

Appointment of L. J. C- Hayles as teaching case-worker in the School 
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Department of Econcmics, 1169, 1333 
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Uptake of Radioactive Zinc in vitro by the Prostate (Selwyn Taylor), 585 

Upton: G. Virginis, and others : Demonstration of Cortisol in Fish Blood, 


Uranium : Geology of, review by Prof C, F. Davidson, 391 
Uranium and Thorium: Contributions to the Geology of (United States 
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tn Horn Products, 1029 
Urinary Mammotrophin : Sensitivity of the Mouse Mamma to (Dr. Stretton 
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HE debate on engineering and scientific educa- - 

tion which.Lord Simon initiated in the House of 
Lords on November, 21 was prompted as much by the 
determined díiyo zir ‘sciéntifie and technical education 
which the U. PSS Ris making as by the White Paper ` 
on TechrivealiEducation and the more recent report. 
on scientific. ‘and engineering man-power in Great 
Britain, to both of which, as well as to the Govern-_ 
ment’s proposals for the expansion of the Imperial 


"SCIENTIFIC, eee AND ‘TECHNICAL MAN-POWER. 
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_ of qualified scientists and engineers which the Com- 
mittee on Scientific’ Man-power estimates to be - 
needed during the next ten to fifteen years. 

In making his statement in the House of Commons, 
Mr. H. Brooke added, in reply to questions, that the 


building plans would include provision for. facilities > ` 


for social life for this increased number of students, 
and also for increases in staff. It is also the Govern: 
ment’s desire that all who have the mental and. 


College of Science and Technology, Lord Simon general abilities to profit by a university education ` 


referred. ‘The debate would ın any event have been should have the opportunity. It is aco- ordinated. . 
notable for Lord Salisbury’s speech, which included policy, and the Chancellor of the’ Exchequer is in 


a statement regarding the expansion of scientific and 
technological education at the universities which the 
Financial’ Secretary to the Treasury made in the 
House of Commons on the same day. It was no less 
notable for a number of outstanding speeches which 
brought into their proper perspective several factors 
to which the White Paper on Technical Education, © 
the report on scientific and engineering man-power ` 
and the subsequent report from the Advisory Council 
on Scientific Policy have scarcely given sufficient 
attention. 


Lord Salisbury summarized the special measures > conditions. 


which the Government has taken smce 1952 to develop 
technological. studies at the universities of Great 
Britain and pointed out that the twelve institutions to 
benefit from the £4,300,000 authorized in June 1956 
for ‘further buildings for science and technology 
included the . University of Liverpool, University 


College, London, and Queen Mary College, Londén, 


which were ‘not mentioned in’ the statement of 
December 1954. He said that the universities 
have already made proposals to the University 
Grants Committee which will increase the number of 
students from 84,000 in the academic year 1955-56 


close touch with the Minister of Education and any 
other Ministers who might -be concerned to ensure 
that the best use is made of the télent of sehoot 
leavers. 

The Lord President of the Council equally ven 
ized that this is a concerted policy, and while largely 
confirming Lord Simon’s remarks as to Russian 
industrial power, he pointed out that we may do 
‘serious: harm to the economy of Britain as a whole if 
we try to rodel our plans for scientific man-power 
on those of another country with different needs and 
He suggested that each and every 
industry: should consider ‘most carefully for itself the 
implications of the figures disclosed in the recent 
report on scientific man- power. He accepted as a 
-reasonable estimate the conclusion that we should 
double the output of scientists, and engineers in 
Britain in the next Sfteen years’; this figure includes 
an allowance for emigration and ‘training students 
from overseas, and it is recognized that a greater 
increase is likely to be needed of those trained in, the 
engineering as distinct from the basic sciences. As 
regards technical education, Lord Salisbury observed 
that the newly created colleges of advanced tech- 


--to 106,000 by the mid-1960's, and it was expected nology will, in the Government’s plan, play a major 
that about two-thirds of this increase would study part in increasing the number of professional engin- 
science or technology. Lord Chorley thought that eers. He expressed the hope that these institutions 
the largest proportion of them should be studying will increase their postgraduate studies and develop 
technology. To provide the new -accommodation a, strong line in applied research and consulting work. 
required, the Chancellor. of the Exchequer had He mentioned that. of the eight such colleges pro- 
authorized university building projects to the value  visionally designated, the designations of Battersea, 
of £10,400,000 to be started-in 1957, £12 million in Birmingham and Salford have already been con- 
1958 and & further £12 million in 1959, in addition firmed. Sandwich courses have increased in number 


to the ‘large sums required for the expansion of the 
Imperial College, thus doubling the present rate. 
These ‘amounts, Lord Salisbury said, were only 
instalments of what will be neéded over a longer 
term, and the Government believes’ that the univer- 
_ sities should be encouraged to expand even more. 
The University Grants Committee has advised that 
a larger expansion is desirable if resources can be 
made available and, in consultation with the Com- 
mittee, the Government contemplates inviting the 
universities to consider still further. development to 
meet national needs. The.Government intends to 
ensure that the universities and technical colleges 
together will be able to produce at least the number 


s 


from 103 in 1955 to 168 in the current session. « 
Lord Salisbury admitted that an acute difficulty 
in the development of technical colleges is the 


- question of teachers, and thet this is of course one 


reason why the decision to designate another college 
of advanced technology within a few miles of the 
Manchester College of Science and Technology is 
disturbing. He also said that more than £40 million 
of the five-year building programme in England'and | 
Wales has already been approved and will be started. 
on the site by April 1959, while the £8 ‘aillion worth" 
of projects already planned to.start in- “Scotland. 
within the next few years includes new local; technical 


colleges at Edinburgh, een Lanarkshire, “Aber- ` 


` 


sh 
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deen, Dundee and elsewhere, showing that the 
education authorities in Scotland are determined to 
make good the deficiencies of facilities at the lower 
levels, where technical education in Scotland most 
needs to expand. 


Lord Simon had stressed the importance of* 


Britain being able to supply more graduate engineers 
and scientists for technical aid to the under-developed 
countries to enable Britain to meet the challenge of 
the U.S.S.R.; and, quoting the example of the 
Atomic Energy Authority and some four of the great 
technical firms, he urged the need for giving both 
scientists and engineers more responsibility. This 
latter point was strongly supported by Lord Weeks, 
who, like Lord Silkin, also raised the question of 
status and prestige, urging that a new outlook and 
attitude are required on the part of parents and 
teachers if more of the brighter boys and girls are to 
be attracted to a scientific or technical career. Lord 
Chorley also emphasized this point, relating it rather 
to the shortage of science teachers in the schools and 
to the great reservoir of ability in the girls’ schools. 
Lord’ Woolton likewise observed that, if industry 
wants to recruit more first-class scientists and 
engineers, it must make their prospects perfectly 
clear, and in the smaller firms there is much room 
for encouragement to the scientists to occupy more 
important positions than at present appear to be 
open to them. . ‘ 

While the Government’s programme and Lord 
Home’s reply on the debate were warmly welcomed, 
there were some misgivings. The most serious were 
in respect, first of the supply of students and next in 
regerd to teachers, both in the schools and in the 
universities and colleges. There were also doubts 
about the balance between technical and techno- 
logical or university education, while Lord Chorley, 
like Lord Waverley and Lord Cherwell, believes that 
technological education should be a function of the 
universities and not of the technical colleges. As 
regards the supply of students, it is generally admitted 
that more could be done to attract boys and girls to 
@ career in science and technology. Tribute was paid 
to the good results which have already come from 
the Industrial Fund established a year ago, and in 


`- paying tribute to the help which industry has given, 


Lord Home said that, whereas at the higher level of 
the General Certificate of Education, passes in 
English and history have gone up by 12 per cent 
compared with 1950, those in chemistry have gone 
up 27 per cent and in physics 48 per cent; while in 
the boys’ grammar schools, about 60 per cent of 
those in sixth forms are now specializing in mathe- 
matics or science, compared with 50 per cent from 
the public schools, and that 51 per cent of State 
scholars in 1955 are reading mathematics or science. 
Lord Caldecote also paid a warm tribute to the 
Industrial Fund, and Lord Weeks referred to it with 
appreciation. 

In regard to teachers, as Lord Godber remarked, 
interest in science subjects cannot be aroused by 
teachers who have not themselves been encouraged 
to see these subjects as interesting disciplines. Lord 
Home agreed there is much to be done, officially and 
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unofficially, in the way of propaganda in order to 
ensure that the opportunities to be provided are 
fully used. Lord Falmouth indeed had pointed out 
that in 1954 there were still several hundred unfilled 
places in technical courses in colleges in Britain. 
But the influence of science teachers and the 
recruitment of sufficient first-class science teachers, 
though critical, is only @ part of the problem. 
Equally important is the question of university 


. teachers, including teachers of techriélogy. The 


question of staff indeed is, as Lord ‘Caldecote re- 
marked, likely to be far more difficult than that of 
buildings, and it bears strongly on she other major 
question—that of balance. Lord Salisbury himself 
noted that industry is already helping in this respect ; 
but neither his speech nor that of Lord Home 
indicated how closely the supply of university 
teachers shapes the expansion of the universities and 
colleges of technology as well as of the technical 
colleges. 

Prof, R. V. Jones recently ea the question 
of scientists for the universities in the Universities .- 
Quarterly, directing attention both to the difficulty in 
recruiting lecturers and to the way the universities 
are beginning to lose professors and readers to the 
Government service as well as to industry: With the 
prospective rise in the number of scieriéé students, 
*the position could well become insupportable, nor 
will it be rectified by adjustments in salary scales 
alone, 

Such considerations were noted in the House of 
Lords debate. They provide strong argument for the 
expansion of technological and scientific education in 
British universities, as Lord Waverley and Lord 
Chorley urged, both through the greater possibilities 
of economy in staff and the greater ease with which 
conditions of service can be offered which attract 
outstanding men. There is indeed something in Lord 
Cherwell’s contention that if colleges of- technology 
are appropriately staffed and equipped they will have 
the status of a university and might just as well bear 
the name; while if they do not offer the conditions 
which attract sufficient staff of the right calibre they 
will not fulfil their purpose, whatever they are called. 

The real doubt is as to the number of first-class 
institutions which Britain is able to staff and equip 
and the proportion they should bear to the institu- 
tions training technicians. The importance of this 
latter factor was repeatedly stressed in the debate ; 
but it was not really met by Lord Home. Lord 
Weeks put the proportion of supporting technicians 
which is required for full usé to be made of the 
services of the scientist or technologist as 2:1, a 
figure which was challenged; Lord Waverley in- 
clined to 6:1, and Lord Halsbury to 4:1. The 
figure indeed merits some examination in respect of 
the universities, where senior research workers are 
notoriously ill-provided with assistance of all kinds. 


“It could well be that a careful scrutiny of the use of 


man-power by the universities would reveal con- 
siderable possibilities of economy, mare particularly 
in regard to the use of graduates or even under- 
graduates for research projects with little intrinsic 
importance. By cutting out futile work in this 
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sphere and providing the experienced investigator 
with the expert assistance he needs, the output of 
university research might well be increased whilé the 
expenditure of trained man-power was reduced. It 
was fully recognized in the debate that in the present 
man-power situation the utmost care must be taken 
to avoid the waste of skilled man-power and that 
this applies equally to the Services, government 
departments, industry and the universities, 

Even, however, with a thorough examination of 
the economic use of scientists and technologists, 
there will be, as Lord Bennett reminded the House, 
a great shortage of skilled workers.” Britain’s need 
for such man-power depends in part on the skill and 
efficiency with which it is used, and the extent to 
which proper equipment as well as the supporting 
technicians are available. No estimate has been 
forthcoming as to the magnitude of the demand for 
technicians, which should in fact take account of the 
extent to which better use could be made of existing 
scientists and technologists in many places if the 
appropriate technicians were provided. The cal- 
culation may be difficult and complicated, but some 
rough estimate should be guiding the overall expan- 
sion of technical education if that is not to be 
seriously diverted from its primary function by the 
Government’s proposals. 

Although little reference was made to the Imperial 
College of Science and Technology in the debate, the 
expansion. of the Imperial College, like Dr. B. V. 
Bowden’s recently published proposals for the 
development’ of the Manchester College of Science 
and Technology, points to the weakness inherent in 
the Government’s policy. The present plan provides 
for an increase in the number of students at the 
Imperial College by about 1,500 to a total of about 
3,000. An increasé of 600 has already been achieved, 
with an increase of staff from 230 to 300, including 
27 new professors and readers. For Manchester, 
expansion to at least 2,000 full-time students by 
1965 is contemplated, and Dr. Bowden indicates at 
least seven or eight new chairs as desirable in the 
next two or three years. It has already been 
announced that the Government proposes to spend 
£15 million on the expansion of the Imperial College, 
but although no final figure has as yet been indicated 
for the proposed developments at Manchester, the 
University Grants Committee has approved expendi- 
ture up to £2 million during the next four years, and 
Lord Woolton mentioned in the debate a figure of 
£14-5 million as of the order of what is required to 
match the opportunity. This indicates the magnitude 
of the undertaking and what is required to expand 
existing institutions or create out of them the appro- 
priate institutions for giving the type of education 
required. It should be obvious that, from the point 
of view of staff alone, Britain will be hard pressed to 
find the resources, and the regional distribution must 
be planned with strict regard to those resources and 
to the country’s needs, and not the desires of par- 
ticular areas. 

Nor can this be done without some re-distribution. 
Dr. Bowden has directed attention to the difficulty 
in which the Manchester College of Science and 
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“rodina finds itsslf with regard to non-university 
work. In the main, if the proposed expansion is to 
be achieved, the task of training technicians must be 
transferred elsewhere, and it is in such circumstances 
that the Government’s decision to designate the 


“Salford Technical College as a college of advanced 


technology is disturbing. It would be hard to sustain 
® case for two major institutions for technological 
education in such proximity, and the neglect to pay 
close attention to tha problem of training technicians 
suggests that even now the Government has failed 
to see the problem as a whole, or lacks the courage to 
assert the national interest when it conflicts with 
local aspirations. 

It can at least be said that the Government’s pro- 
posals, as envisaged by Lord Salisbury and Lord 
Home, are flexible, and that while greater efforts will 
be made to induce boys and girls with an aptitude 
for science to take up a career in science or tech- 
nology, there is little likelihood that attempts will be 
made to determine she choice of a career too early. 
That danger, of which Lord Waverley spoke, is real, 
and can affect adversely Britain’s resources as well 
as the individual corcerned. Some useful suggestions 
were made in the debate for stimulating a greater 
interest in science, and thege should be followed by 
the Government as well as by other bodies. The 
hints as to the importance of looking more closely 
at use being made in Britain of scientific and tech- 
nical man-power in all fields are not likely to be lost 
on the Government, and the Federation of British 
Industries has already been pressing the point on its 
members; but both in the technical colleges and in 
the universities there is room for further inquiry as. 
well as for action. What is still lacking, however, is 
the concerted overall view of the problem, and the 
means and authority for co-ordinated action where 
required to set the target and secure the action that 
the nation’s interest Jemands. It was for this purpose 
that Lord Cherwell suggested the constitution of a 
small committee to examine all these interrelated 
problems; while the Government persists in its 
piecemeal approach and fails to deal firmly with 
points at which national and sectional or local 
interests conflict, taat suggestion deserves strong 
support. / ~- 


EDDINGTON 


The Life of Arthur Stanley Eddington 
By Dr. A. Vibert Douglas. Pp. xiv+208+15 plates. 
(London and New York: Thomas Nelson and Sons, 
Ltd., 1956.) 25s. nat. 

T is no easy task to write a biography of a man of 

_ science, especially if the work is to attract both 
the specialist and the layman. The life of a scholar, 
centred in his study or laboratory or observatory, is 
on the surface unspactacular. True, there are great 
adventures: but they are adventures of the mind, 
and moreover advertures that are barely intelligible 
to people whose interests lie in different fields. The 
biographer therefore faces a difficult problem. ‘Too 
much attention to historical detail, -even if liberally 
spiced with entertaining anecdotes, will produce a 
book that seems insipid to the scholar. Too much 
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insistence on the scientific discoveries will make it i 


forbidding to the layman, 

Eddington’s life was outwardly uneventful. He 
was born in 1882. He was still an infant when his 
father died, and his early years were spent with 
his mother and sister at Weston-super-Mare. His 
amazing precocity was apparent even in his boyhood. 
Before he was sixteen he went to Owens College, 
Manchester, and in 1902 he went to Cambridge as a 
Scholar of Trinity. He took the Tripos in his second 
year, and was Senior Wrangler: never before had 
this distinction been won by a second-year man. The 
period from 1906 to 1913 he spent at Greenwich, as 
chief assistant to the Astronomer Royal. In 1913 
he was elected to the Plumian chair at Cambridge, 
and here he remaimed until his death in 1944. He 
was knighted in 1930, and the Order of Merit was 
conferred on him in 1938. The even tenor of his life 
‘was varied by holidays (often in the Lake District 
with his hfe-long friend C. J. A. Trimble), excursions 
abroad to observe eclipses or to attend astronomical 
congresses, and visits to universities in all parts of the 
world to lecture on his researches. But if the course 
of his physical life was comparatively uneventful, his 
intellectual life was one of high adventure, full of 
exciting discoveries, and of pioneer voyages ‘‘through 
strange seas of thought alone”. 

Prof. A. Vibert Douglas, of Queen’s University, 
Kingston, Ontario, the author of this excellent book 
(which incorporates material contributed by Mr. 
Trimble), was formerly one of Eddington’s research 
students. The task has clearly been a labour of love. 
Prof. Douglas has achieved a nice balance between the 
story of tho man and the story of his scientific work. 
The picture that emerges shows a man rather shy 

_ and retiring, but kindly and sympathetic, of immense 
intellectual power, completely devoted to his research, 
and with the quiet humour and the fairy- touch of 
fantasy so evident in his books. The scientific work is 
described in a way that makes it not too inaccessible 
to the general reader. Some outstanding points of the 
story are the early Greenwich work on star-drifts : 
the impact of Einstein’s theory of relativity, of which 
Eddington was a pioneer exponent: the researches 
on stellar structure: the exciting moment (in 1920) 
when the first measurement at Mt. Wilson of the 
diameter of Betelgeuse verified Eddington’s predic- 
tion that this star is big enough to hold the Sun and 
the solar sytem as far out as Mars: the expanding 
universe : the point at which it became clear that his 
‘wild idea’ about the dwarf stars might after all be 
possible—that their densities might have incredibly 
high values, one ton in a cubic inch: the long con- 
troversy with Jeans about radiative equilibrium: the 
final bold speculations about fundamental theory, left 
still incomplete at his death. 

Eddington’s life was a peculiarly happy and satis- 
fying one. He had the felicity, denied to many men, 
of being able to lead just the kind of hfe he most 
desired, and to achieve just the kind of things he 
hoped to achieve. We can justly apply to him 
Maurice Baring’s tribute to a hero in a different 
sphere: 


“Here is no waste, 
No burning Might-have-been, 
No bitter after-taste, = 
None to censure, none to screen, 
Nothing awry, nor anything misspent ; 
Only content, content beyond content, 
Which hath not any room for betterment”. 


L. A. Pars 
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A FESTSCHRIFT FOR GORDON 
CHILDE 


Contributions to Prehistoric Archeology 

Offered to Professor V. Gordon Childe in Honour of 
his Sixty-fifth Birthday. By Twenty-seven authors. 
(Proceedings of the Prehistoric Society for 1955, New 
Series, Vol. 21.) Edited by Prof. J. G. D. Clark, 
assisted by Dr. K. P. Oakley and Prof. S. Piggott. 
Pp. vi+315+30 plates. (Gloucester: The Prehis- 
toric Society, c/o John Bellows, Ltd., Eastgate, 1956.) 
42s.- 


HE Proceedings of the Prehistoric Society, New 
Series, 21, 1955, consist of articles by twenty- 
seven authors offered to Prof. V. Gordon Childe in 
honour of his sixty-fifth birthday. There is a charac- 
teristic portrait of Gordon Childe as the frontispiece. 
Prof. Childe is Australian by birth and was at Oxford 
at the time of the First World War. After going down 
from the university he travelled widely in Central 
and Eastern Europe. Later, for a short time, he was 
the librarian for the Royal Anthropological Institute, 
but on the foundmg of the Abercromby chair of 
archeology at the University of Edinburgh he became 
its first holder. While at Edinburgh he published 
extensively on archeological matters and completed 
some first-class excavations, as, for example, the 
‘dig’ at Skara Brae m Orkney. On leaving Edin- 
burgh he became professor of prehistoric European 
archeology ın the University of London and director 
of the Institute of Archeology in Regent’s Park. 
The articles are by a number of distinguished 
savants, of various nationalities, and the subjects 
treated range in time from the lower paleolithic to 
the late Iron Age. It is obviously impossible in a 
short review even, to mention all the various articles, 
and the citing of one or two does not mean that 
others are not equally important. Prof. J. G. D. 
Clark’s article on a microlithic industry from the 


` Cambridgeshire Fenland is an important contribution 


to knowledge, and Dr. D. A. E. Garrod’s illustrated 
article on paleolithic spear-throwers makes interesting 
reading. Coming to later times, an article by A. 
Bryusov on neolithic dwellings in the forest zone of 
the European part of the U.S.S.R., though all too 
short, is of great interest, as it is ‘not too easy to 
get information from behind the Iron Curtain. 
Another interesting article is by T. Sulimirski on 
Thuringian amphore, and J. Banner from Budapest 
describes the researches on the Hungarian Bronze 
Age since 1936 and the Bronze Age settlement at 
Békés-Vardomb. <A well-illustrated account of a 
Bronze Age house at Poliokhni (Lemnos) by Luigi 
Bernabd Brea of the Syracuse Museum must be 
mentioned, as, too, must a description of a doctor’s 
grave of the Middle La Téne Period in Bavaria 
by J. M. de Navarro. The volume concludes 
with an account of the pins and the chronology of 
brochs by R. B. K. Stevenson, and a bibliography 
of Childe’s publications compiled by Isobel F. 
Smith. 

The editor is to be congratulated on making this 
festschrift one of the numbers of the Proceedings of 
the ‘Prehistoric Society and not attempting to publish 
a separate volume. The existence of the latter would 
soon be forgotten and in consequence the articles 
would be comparatively unknown. By consecrating 
a number of the Proceedings the important articles 
which appear will be accessible and therefore of 
permanent use to students. M. C. BURKITT 


` 
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History of Chemistry in Ancient and Medieval 
India 

Incorporating the History of Hindu Chemistry. By 

Acharya Prafulla Chandra Ray. Edited by Prof. P. 

Réy. Pp. xx+494. (Calcutta: Indian Chemical 

Society, 1956.) n.p. 


HE first detailed history of Indian chemistry 

was written by the late Sir Praphulla Chandra 
Ray, professor of chemistry in Presidency College, 
Calcutta, and the founder of the Indian Chemical 
Society. It was published in Calcutta in two volumes 
in 1902 and 1909, and has long been out of print. 
In his book, Ray gave and translated Sanskrit texts 
and attempted to set out a connected account of 
the development of alchemy and chemistry in India 
from the earliest times.. This was an extremely 
difficult task, since Indian chronology is very defec- 
tive, the question of dating’ texts having had little 
interest for Sanskrit scholars. Ray claimed to have 
proved that Indian alchemy was, contrary to the 
view of Berthelot, a national development and inde- 
pendent of Muslim influence. Opinions of- scholars 
still differ on this point, Stapleton, for example, con- 
sidering that the Indian is a development of 
Arabic alchemy. 

The Council of the Indian Chemical Society decided 
in 1948 to issue a revised edition of the book, incor- 
porating all additional important material which had 
since been brought to light, and that its title should 
be changed to that of the present volume. Prof. 
Priyandarjan Ray was entrusted with the task of 
preparing the manuscript and financial assistance was 
rendered by ‘the Government of India, Unesco, and 
‘some Indian chemical firms. 

In limiting the work to one volume it was necessary 
to omit material in the first edition ; although some 
‘of this is now of less interest, some of it is still of 
value, and students of the subject will find that the 
original work is worth consulting. Among the new 
material added, an account of the archeological 
discoveries ‘at Mohenjo-daro and Taxila necessarily 
finds a place. The Sanskrit texts are all retained, 
since they are of permanent value, and transcriptions 
in Roman script of some Tibetan texts have’ been 
added. The original plates have been included and 
some new ones added, such as some interesting 
illustrations of large Indian cannon and of objects 
from Mohenjo-daro and Taxila. There is a portrait 
of the original author, who is now called Acharya 
Prafulla Chandra Réy (1861-1944). The section on 
the mechanical, physical and chemical theories of 
the ancient Hindus by B. N. Seal in the second volume 
of the first edition has been condensed. (Seal dealt 
with these in greater detail in his book “The Positive 
Sciences of the Ancient Hindus’, London, 1915.) 
Since there is so much new material ın the book, all 
those who are fortunate enough to have the earlier 
edition will wish to have the new one. 

The problem of the independent development of 
alchemy and chemistry in India is an extremely 
difficult one. It will no doubt continue to give rise 
to conflicting opinions and it may-never be sètis- 
factorily solved. The related problem of the Greek 
and Indian atomic theories, to which more space was 
given in the first edition, also gives rise to controversy, 
although informed opinion now seems to consider 
that they may well have been independent. The 
early use of mercury in medicine in India seems to be 
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well established by iis mention in the Bower manu- 
script and other early works. The production of zine 
in India also seems 30 have been early.” Whether a 
knowledge of distillction was reached independently 
or was derived from Greek sources cannot, it seems, 
yet be decided. Knowledge of the mineral acids was 
rather late and probably of Arabic origin. 

In some cases the volume does not deal with dating 
so fully as might be wished. On p. 50 the Arthashastra 
is dated in the fourth century B.c., but some of the 
extracts from it are probably later. Users of the 
book should not fail to notice the table of dates 
opposite p. 306, since many of the texts in the body 
of the work are not dated. Weights are often speci- 
fied, but no table of aquivalents is given for reference. 

The foreword by tae President and Secretary of the 
Indian Chemical Society says that, ‘‘in spite of all its 
imperfections, it is hoped that the present volume 
will be found as useful as its original edition”. There 
can be no doubt thst it will, and all those interested 
in the history of chemistry owe a debt of gratitude to 
Prof. P. R&éy and the Indian Chemical Society for its 
publication. J. R. PARTINGTON 


THE NEW PETROGENESIS? 


L'Evolution de la Lithosphére 

Par Prof. Henri Termier et Dr. Geneviève Termier. 
1: Pétrogénése. (Traité de Géologie.) Pp. iv +654+ 
54 plates. (Paris: Masson et Cie., 1956.) Broché; 


: 8,000 francs; Cartonné toile, 8,800 francs. 


HIS massive work, following the authors’ 1952 
volume entitled ‘Histoire géologique de la 


Biosphére”’, is the second of four volumes which 
together will constisute a ‘Traité de Géologie’. This 
method of publication has its disadvantages: thus, 


the third volume, mow in the press, is concerned with 
orogeny, and innumerable unpaged references to it 
are made in the rolume now under review. This 
becomes exceeding-y exasperating, especially as the 
authors’ excellent motion of the drama—the succession 
of events m the evolution of a fold-belt—involves 
both petrogenesis and orogeny. It is clear that the 
contribution whick the authors’ stupendous labours 
will finally make tc ther science can only be assessed 
when the complete work is available. 

The authors are more interested in the growing 
points of petrogeresis than in such static matters 
as classification or description. While they appreciate 
the value of abstract discussion or experimental 
investigation, they rightly stress the fundamental 
importance of the geological techniques, that is, of 
field-study and the geological map. 

The work begirs well. The correlation between 
the atomic structure of minerals and the processes by 
which the narrowly conditioned rocks of the crust are 
evolved is developed. The role of gravity, on both 
atomic and conticental scales, as a motive force in 
the moulding of tke lithosphere is presented. Recent 
geochemical work ıs co-ordinated to give an idea of 
the geochemical evolution of the crust. During this 
valuable survey, a variety of topics of interest in 
modern petrogenesis—such as diffusion, silicate 
classification, radDactive dating, the possibility of a 
tectonic evolution and many others—are dealt with. 
Then examples cf, the drama are given, and the 
sequence of geosynclinal, tectonic, magmatic and 
plutonic phenomena in the privileged zones of the 
orogens is displayed. The role of simatic material in the 


re. 


-drama. 


` fisheries investigation. 
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` geosynclines, and the production and arrangement of 


metamorphic rocks in the fold-belts receive aitention. 

So far, so good—the petrological geologist of 
whatever school (and there are many) can obtain 
great benefit by careful study of the first half of this 
volume, however much he may differ from the 
authors in matters of detail. But it is otherwise with 
what follows, for the authors consider that meta- 
somatism is a factor of the first importance in the 
formation, and transformation, of rocks. This view 
colours their treatment of the main classes of both 
common and uncommon rocks. The operation of 
fronts, and-especially of the basic front, 1s favoured 
as the mechanism in metamorphism, migmatization 
and granitization. By metasomatism, in the wet or 
in the dry, it is considered that there are produced, 
for example, skarns, glaucophane-schists, eclogites, 
charnockites and innumerable. other rocks. Meta- 
somatism provides the first term of the Granite Series 
and, besides, is held to account for many celebrated 
intrusive bodies. Thus, it is suggested that the 
Cortlandt complex may be of metasomatic origin, as 
may also the great Duluth and Sudbury gabbros— 
the Bushveld body is held to be certainly so. Further, 
it is proposed that basic and ultrabasic rocks may be 
the result of metasomatism ; the ophiolites may be 
in part basic fronts to later granites; the alkaline 
rocks are dominantly metasomatic. All this is strong 
doctrine, to be evaluated only by the experienced and 
the expert. 

‘It is possible, indeed likely, that some of these 
proposed interpretations are correct—but time alone 
will show. It is a fair comment to say that the 
authors are rather uncritical where work advocating 
metasomatism or the operation of fronts, basic or 
otherwise, is concerned. Their acceptance of a meta- 
somatic origin of the Bushveld complex is a case in 
point. The book is intended for the expert who 
must be expected to match it against his experience— 
he will obtain pleasure and profit in doing this. But, 
as was said at the beginning of this review, his pleasure 
and his profit would have been increased had he the 
third volume ‘‘Orogénése”’ beside him. Meanwhile, 
he can be thankful for this lengthy prologue to the full 
H. H. Reap 


SCIENCE AND BRITISH FISHERIES 


Sea Fisheries 
Their Investigation in the United Kingdom. Edited 
by Michael Graham. Pp. xii+487+12 plates. 
(London : Edward Arnold (Publishers), Ltd., 1956.) 
5 guineas net. 


I WAS eager to read this book for two reasons 
mainly. In the first place, I expected it to provide 
@ much-needed and authoritative presentation of 
methods and findings that would be helpful generally, 
but more especially to the student seeking guidance 
and inspiration in the hitherto unfamiliar field of 
Secondly, because fisheries 
research is little more than sixty years old, I antici- 
pated that the book would for me amount very 


-largely to a chronicle of the work of personal masters, 


colleagues and friends at home and in Western 
Europe, whose distinguished researches and influence 
had pioneered and developed the science to its present 
advanced stage. 

In both respects the book has made most interesting 
and stimulating personal reading, and is undoubtedly 
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a treatise of outstanding scientific merit and worth, to 
be recommended. to old and new students alike. It is 
the composite work of Mr. Michael Graham, director 
of fisheries research in the Ministry of Agriculture, 
Fisheries and Food; Dr. C. E. Lucas, director of 
fisheries research in the Scottish Home Department ; 
Dr. H. A. Colé, Mr. A. C. Simpson and Mr. R. J. H. 
Beverton, on the scientific staff of the Ministry of 
Agriculture, Fisheries and Food; Dr. Henry Wood 
and Mr. R. B. Parrish, deputy director and member 
of staff respectively of the Marine Laboratory, 
Aberdeen; and Mr. S. J. Holt, biologist on the staff 
of the Food and Agriculture Organization of the 
UnitediNations. Following a short introduction by 
the editor, each of the above contributes to form a 
series of separate essay-chapters, dealing in turn with 
fisheries of the United Kingdom ; plankton and basic 
production ; plankton and fisheries biology ; benthos 
and the shellfish of commerce; the pelagic phase ; 
the cod, haddock and hake; plaice; and the theory 
of fishing. In a final chapter, the editor gives a 
synopsis and commentary in review form. 

Despite Mr. Graham’s recommendation not to do 
so, I read his synopsis and commentary first, and I 
am bound to say I was.glad I did. For in a little 
more than eight closely written pages, he succeeds 
in co-ordinating the subject-matter of the separate 
essays in a manner that not only reveals the con- 
tinuity in content, sequence and purpose of the book 
as a whole, but also provides an impressive and 
masterly appreciation of the many different kinds of 
scientific study necessary to a proper understanding 
and solution of the problems presented by commercial 
fishing, not excepting the study of the relations 
between the fisheries and hydrographic conditions, 
for which, unfortunately, no place for a separate 
chapter could be found in the present book. Š 

It is a foregone conclusion that this book will rank 
among those of first importance in standard fisheries 
literature, and is therefore all the mare likely to be 
recommended to new students of fishery science. 
Precisely because of this, I feel compelled to criticize 


Mr. Graham’s introductory chapter which, although 


brief, is nevertheless an introduction—and a powerful’ 
one—likely to determine the whole attitude of mind 
in which the main text will be read. Here, Mr. 
Graham clearly sets out to press home the very 
practical and readily acceptable conception of fishery 
science as “‘essentially operational research with the 
aim paramount of elucidating the problems of the 
commercial fisheries’. But in my view, he does so 
in a way that may wéll induce any uninitiated reader, 
at the very outset of his reading, and possibly also 
of his career, to under-rate, not only the great service 
of those pioneers who gave us the vast amount of 
basic knowledge upon which operational research is 
ultimately dependent, but also the fundamental value 
of the knowledge itselfi—knowledge, moreover, that 
forms an appreciable and inevitable proportion of the 
main text and its argument. As 4 constructive 
suggestion, therefore, I would ask Mr. Graham to 
consider a re-writing of his introduction in a future 
edition. For I firmly believe that the objection is 
valid, and that by dispelling it the value of this 
already welcome and commendable treatise would be 
enhanted. Finally, he will, I am sure, share my 
regret that the purchase price of the book is so high ; 
five guineas is more than many libraries and private 
students will be able to afford, much as it would be 
to their advantage to have a copy-of their own. 
E. Forp 


` 
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THE AURORA IN MIDDLE AND LOW LATITUDES* 


By Pror. SYDNEY CHAPMAN, F.R.S. 


HE aurora is one of the many different kinds 
of atmospheric luminosity. In some of these, 
light coming from outside the atmosphere is modified 
by the air or its dust or cloud particles. Rainbows, 
haloes and the beautiful colours of twilight and 
dawn are of this type. In a quite different class are 
luminosities in which light is generated in the 
atmosphere. They include lightning, meteors and 
the aurora and airglow. Lightning is produced by 
strong electric discharges associated with thunder- 
clouds, in the lowest layer of the atmosphere—the 
troposphere. Meteor light is caused by the entry of 
small or large pieces of solid matter, with high speed, 
from outside the atmosphere. The night airglow is 
produced by chemical reactions in the high atmo- 
sphere, energized by sunlight absorbed during the 
day-time. The aurora is produced by the entry into 
the atmosphere of positively charged atoms, mainly 
of hydrogen, together with electrons; they come 
from the Sun, and enter the atmosphere with speeds 
far exceeding those of meteors. ` 
The aurora is distinctive in several ways: in 
colour, form, times of incidence, geographical distri- 
bution, and in its many associations with other 
phenomena, such as sunspots, magnetic storms and 
ionospheric storms. i 


Geographical Distribution 


The aurora commonly occurs only in high latitudes, 
and is known as the aurora borealis (or northern 
lights) or aurora australis (or southern lights). 


Sometimes the general term aurora polaris (or polar: 


lights) is used. (The name aurora australis has 
sometimes been given, inadvisably, to auroras in the 
northern hemisphere, but seen to the south of the 
observer. The correct use of the term aurora australis 
seems to have been initiated by Capt. James Cook, 
in his record of the first aurora reported as seen from 
the southern hemisphere; it was on February 17, 
1773, when he was at lat. 57° 8’ S., long. 80° 59’ E.) 
But at times the aurora becomes visible from places 
far beyond its usual limits. It is seen from middle 
and low latitudes, sometimes even from the tropics 
—when it may be called the aurora tropicalis or 
tropical aurora. These exceptional cases are of 
outstanding scientific interest. They deserve much 
more careful study than they have yet received. 
They also present a rare spectacle of great beauty 
and mystery to the dwellers in non-polar latitudes. 


Auroras and the Geomagnetic Latitude 


Many collections of records of auroras have been 
made. Some have been catalogues of auroras seen 
from a particular country. The compilation of such 
a catalogue, especially for a country in middle or low 
latitude, is a laudable enterprise, worthy of wide 
emulation. A recent example is the article by 
S. Matsushita on auroras seen from Japan (Geophys. 
Res., 61, June 1956). s 

Other catalogues have been world-wide. One of 
the best is that published in 1873 by Prof. H. Fritz, 
of the Zurich Polytechnic Institute. It covered the 

* Substance of a part of the International Geophysical Year Auroral 


Manual produced by the Boulder Laboratories of the U.S. National 
Bureau of Standards as Report No. 6004. 


period from 503 B.C. to A.D. 1872. Fritz used this 
great collection of auroral records to construct his 
well-known map of isochasms*, or lines of equal 
frequency of auroral visibility; these were revised 
by Vestine (Fig. 1). This shows, for the northern 
hemisphere, the expected average frequency of 
visibility of auroras, per year, at different places 
along and within the outermost isochasm. The 
isochasms are oval lines; their centres lie approxi- 
mately at the northsrn pole of the geomagnetic axis 
of the earth, which is 11° from the geographical north 
pole, and in longitude 69° W. Hence the average 
frequency of visibility of auroras depends on the 
geomagnetic rather than on the geographic latitude. 
This is borne out also by the isochasmic maps later 
drawn for the southern hemisphere, although these 
are less complete, because the auroral data for them 
are much fewer than those available to Fritz. Fig. 2 
shows the latest map of the southern isochasms, by 
Vestine and Snyder. I am indebted to Dr. E. H. 
Vestine for Figs. 1 end 2. 

In each polar region there is a line of maximum 
auroral frequency ; at places along and near this 
line an aurora is visible on every, or almost 
every, clear dark night. The frequency of 
auroral appearance decreases with increasing dis- 
tance from this line, both to the north and the 
south. 

The outermost isochasm drawn by Fritz coincides 
approximately with-the circle of geomagnetic latitude 
33° N.; it corresponds to the. appearance of an 
aurora once in ten years. But it may well be that 
along this line auroras could be seen more frequently 
if a careful lookout-were kept. 

Fig. 3 is a map of the globe (kindly supplied by 
Mr. D. S. Kimball) with lines of geomagnetic latitude 
at 15° intervals drawn upon it. It shows places in 
geomagnetic latitudes less than 45° at which the 
observation of an aurora has been recorded. The 
belt between geomagnetic latitudes 45° N. and S. is 


called the minauroral belti or region, because auroras . 


are rarely seen from it. (The regions or ‘caps’ above 
geomagnetic latitude 60° N. and S. are called ‘auroral’, 
and the belts between geomagnetic latitudes 60° and 
45° N. and S. are called ‘subauroral’.) Bub Fig. 3 
shows that auroras have been seen from many places 
in the minauroral belt—some of them only a few 
degrees from the gsomagnetic equator, and some of 
them very close to the geographical equator. Places 
in low geomagnetic latitudes certainly have only a 
small chance of seeing an aurora, even in a year of 
sunspot maximum; but the chance, if a careful 
lookout is kept, may be greater than past records 
suggest. The chance should be increased if the 
watch is kept from a point considerably above sea- 
level, with a clear horizon; for this reason, in low 
latitudes, airmen have a better chance of seeing 
auroras than observers at sea-level. 

In a given geographic latitude (above 11°), the 
chances of seeing an aurora are greater the nearer 

* The word ‘isochasm’ has reference to the name ‘chasmata’ (or, in 
English, ‘chasms’) used by Aristotle In his “Meteorologica”, signifying 
auroras. The name relates to the dark areas of the sky bordered by 
the auroral light Aristotle’s words suggest that he, a Greek, had 
seen auroras. This may have been in Greece itself, or as Is porhape 


more likely, somewhat farther north, while he was ing his 
pupil Alexander the Greas at the court of Philip of Macedon. 


ne 


the place is to the meridian of the geomagnetic pole 
in the same hemisphere—namely, the meridian 
69° W. in the northern hemisphere, and the meridian 
111° E. in the southern hemisphere. Hence, for 
example, Havana in Cuba may expect more auroras 
than Hong Kong, and Lima in Peru may expect more 
than Batevia (or Djakarta) in Java. 


Outstanding Tropical Auroras 


One of the greatest auroras on record occurred on 
September 1, 1859. Among the places in the tropics 
from which it was seen was Honolulu (Hawaii). For 
a few nights both before and after this remarkable 
event, the aurora was intermittently widespread over 
the globe, in the subauroral and subtropical belts. 
The period was one of exceptional activity on the Sun, 
as indicated by great sunspots and solar flares. 

Prof. Elias Loomis, of Yale University, realized the 
great scientific interest of this rare tropical aurora. 
He collected, sought and invited all the accounts of 
it that were available to him. These he embodied in 
eight memoirs (Amer. J. Sci., volumes for 1860 and 
1861). He did not publish any comprehensive study 
of these records; however, a synoptic study has 
recently been made by D. S. Kimball, especially with 
the view of determining the actual geographical 
location of the aurora at different times. 

Another great tropical aurora occurred on Sunday, 
February 4, 1872. It was seen from Bombay (lat. 
19° N.; geomagnetic lat. 10° N.) and from seven 
other places in India, between geographic latitudes 
27° and 36° (or geomegnetic latitudes 19° to 24°). 
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Other tropical places from which it was seen were 
San Domingo, Guatemala, Aden, the West Indies 
(Tobago, Scarborough, Plymouth, and Man of War 
Bay), and, in the southern hemisphere, the islands of 
Reunion and Mauritius. Many of the descriptions of 
it are vivid and striking. I have collected all the 
data I could find for this remarkable event, and hope, 
in co-operation with Mr. D. 8. Kimball, to publish a 
synoptic study of them. 

In 1872 the aurora was accompanied by an out- 
standing magnetic storm, which for some hours 
interrupted or disturbed telegraphic cable com- 
munications all over the regions of the globe where 
such facilities then existed. 


Auroras in the Twentieth Century 


During the present century there have been further 
outstanding auroras. On September 25, 1909, during 
an intense magnetic storm, a tropical aurora occurred ; 
it was observed at Singapore (Jat. 1° N.; geomag. 
lat. 10°S.), Batavia (lat. 6° S., long. 106° E. ; geomag. 
lat. 17° S.) and the not far distant Cocos or Keeling 
Islands (lat. 12° S., long. 97° E. ; geomag. lat. 23° 8.), 
and at many other places in higher latitudes, to the 
north and the south. : 

On May 13, 1921, a tropical aurora occurred at a 
somewhat unusual epoch:in the sunspot cycle, 3-8 
years after the sunspot maximum of 1917-6; an 
exceptionally great sunspot group was visible at the 
time. (Of the twelve greatest magnetic storms that 
occurred in the eighty-one years 1874-1954, three 
fell approximately four years after sunspot maximum 
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Fig. 2. Isochasms for the southern hemisphere (Vestine and Snyder) 


—that of May 1921, and two in 1941, on March 1 
and September 18. The great aurora of February 
1872 had followed the sunspot maximum of 1870-6 
by eighteen months; that of September 1, 1859, 
oceurred less than six months before the sunspot 
maximum of 1860-1.) The 1921 tropical aurora was 
observed to the south from’ Samoa (lat. 14° S.; 
geomag. lat. 16° 8.) and from Tongatabu (lat. 21° S. ; 
geomag. lat. 23° S.). 

It seems likely that during the present century 
there have been other tropical auroras, though I 
have not found records of them. The records of even- 
the great auroras of 1859 and 1872, and of 1909 and 
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X71921, are woefully fragmentary and inadequate, 
~ although many may“have seen them. Only a very 


few will have realized that they were seeing a rare 
but important ocearrence, and have thought of 
making and recording careful accounts of what they 
saw; and many of these accounts may have been 
lost or forgotten, or may have appeared in newspapers 
or other ‘local publisations, and not been noticed in 
scientific journals. 

This is not to be wondered at. The aurora came 
unheralded ; it was totally unexpected, and in most 
cases was seen only by chance. At first its real 
nature may have been in doubt even for those with 
some knowledge about auroras. Thus, taken by 


‘ surprise, they might well be unprepared to make a 


good record of whst they saw, with numerical esti- 
mates of elevations and azimuths. There was no 
widespread awareness of the need to make and collect 
observations of such phenomena from many regions 
over the night side of the globe. Loomis was in 
advance of his time in his serious effort to collect all 
available data for the great aurora of 1859.’ I began 
to collect data for the 1872 aurora only within the 
past few years. Though interested m magnetic 
storms since 1916, and although I knew that auroras 
were associated w-th them, the record of the 1921 
tropical aurora aroused in me no effort to collect 
observations of it while it was fresh in the minds of 
its observers ; not until 1954 did I make an attempt 
to seek such information from Tongatabu, but it was 
too late, and the inquiry was fruttless. Better 
success, however, attended my efforts to obtain 
further Indian observations of the 1872 aurora, which 
Fritz recorded as having been seen from other places 
ın India in addition to Bombay. Through the 
kindness of Indian friends, some valuable contem- 
porary newspaper accounts of fhe aurora were 
unearthed, which had not been reproduced in the 
scientific’ journals of the time. -> 

Doubtless thers are extant, in official records, 
newspapers, magazines, ships’ logs, diaries and letters, 
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accounts of other auroral observations that would 
add usefully to our knowledge. The following list of 
the twelve greatest magnetic storms recorded at 
Greenwich during the period 1874-1954 indicates the 
dates near which it seems most likely to be profitable 
to seek auroral information, at least ın middle and 
low latitudes. Dates near the 1859 and 1872 auroras 
should also be considered by searchers of auroral 
observations not hitherto included in scientific 
collections. 


1882 November 17 and 20 1938 January 25, April 16 


1908 October 31 1940 March 
1909 September 25 1941 March 1, September 18 
1921 May 18 1946 March 28, September 21 


Even a few gleanings from the past harvest of 
observations of tropical and subtropical auroras 
would repay much search, and it 1s to be hoped that 
in many countries a search will be made for such 
observations. In the main, however, one must regret- 
fully face the conclusion that the possible past 
harvest was never reaped—the knowledge of what was 
seen was not preserved, it passed away with the 
generations of men who had the rare fortune to 
behold these great natural spectacles. 


Polar Auroras during the International Geophysical 
Year 


During the International Geophysical Year, 1957—. 


58, the polar auroras that Nature provides will be 
watched for and recorded, in high latitudes, by many 
men using varied techniques. Some of the methods 
will even permit observation of auroras that occur by 
day, although their light will not be detectable from 
the ground, owing to the sunlight glare of the skies. 
There is no doubt whatever that the facts collected 
regarding polar auroras, during the International 
Geophysical Year, will greatly increase our knowledge 
and understanding of these phenomena. 


Lower-Latitude Auroras during the International 
Geophysical Year 


The studies of the aurora made in high latitudes 
during 1957-58 will be seriously incomplete, however, 
unless adequate information is gained about the 
auroras that have the greatest intensity, and extend 
beyond the usual auroral limits. This presents a 
difficult problem of organization. An aurora, or any 
particular part of it, is high above the earth, and can 
be seen from places over a wide area. But it is not 
sufficient to observe and record it only in one place. 
To obtain its height and true location in the atmo- 
sphere, simultaneous observations are necessary from 
at least two places. The situation, the form and the 
intensity all change, sometimes rapidly ; good visual 
descriptions are desirable from many places. Photo- 
graphs also are helpful, though not essential. The 
more specific the observations, the better for the 
study of the aurora. If tropical and subtropical 
auroras, and also those in higher subauroral latitudes, 
are to be adequately observed, it is necessary to 
arouse an interest in them, and willingness to watch 
for them and record them, among many people 
distributed all over the globe. This includes not only 
Jandsmen, but also seamen and airmen. Observations 
are especially needed from islands, ships and aircraft 
in great oceans like the Pacific. The interest must 
be sufficient to learn what to watch for and record 
when an aurora appears. 

No world-wide effort has hitherto been made to 
arouse such an interest. For the first time, the 
International Geophysical Year provides a specially 


January 5, 1957 VoL. 179 


important occasion for such an attempt, because 
auroral observations then made will be simultaneous 
with observations of very many other associated 
phenomena, solar and terrestrial. The International 
Geophysical Year also for the first time has aroused 
a world-wide and growing interest in the physical 
problems of the earth, and provided well-organized 
channels for co-operative action between the many 
nations concerned. 

In the past, however, there has been a powerful 
deterrent to willingness to watch for auroras m 
middle and low latitudes. This is the uncertainty as 
to when, or even whether, the watch will be rewarded 
by the appearance of an aurora. Even now it is not 
possible to predict whether, during the period 1957- 
58, tropical auroras will occur; the appearance of a 
subtropical aurora, however, 1s not unlikely, though 
the date or dates cannot be foretold. The uncertainty 
as to the occurrence of an aurora increases the lower 
the geomagnetic latitude. On the other hand, if an 
aurora is seen, its interest and rarity are greatest in 


- the lowest latitudes. Those who have the good 


fortune to observe a tropical aurora may experience 
the thrill as of : 
“, . . some watcher of the skies, 

e When a new planet swims into his ken.” 
They can at the same time make a valuable contri- 
bution to the world-wide enterprise of the Inter- 
national Geophysical Year, with little or no equip- ` 
ment, ‘and at little or no cost save that of personal 
effort. 


Alerts and Special World Intervals 


To make fruitful the willingness to watch for 
auroras and to record them during the International 
Geophysical Year, there will be a serious attempt to 
mitigate the inherent difficulty of the rarity and the 
past uncertainty in the time of onset of tropical and 
sub-tropical auroras. i 

As an essential part of the world-wide plans for the 
International Geophysical Year, there will be an 
official World Prediction and Warning Centre of the 
Comité Spéciale de l'Année Géophysique Inter- 
nationale (CSAGI, 3 Avenue Circulaire, Uccle, 
Belgium). This Centre will be at the Fé. Belvoir , 
Radio Forecasting Centre of the National Bureau of 
Standards, near Washington, D.C. Solar data will 
be channelled to this Centre: the data will be 
obtained from a chain of solar observatories girdling 
the earth, and keeping, so far as practicable, a con- 
tinuous watch on the varied kinds of activity on the 
Sun. The Centre will also continually receive magne- 
tic, ionospheric and cosmic-ray data from many parts 
of the world. It will act in close association with 
centres elsewhere, which likewise have experience of 
prediction of geomagnetic and ionospheric conditions, 
for the benefit of communications networks. The 
World Centre will from time to time issue warning 
notices, which will be widely distributed over the 
globe, by the means found most appropriate and 
effective in each region. Each National Committee 
for the International Geophysical Year will be 
responsible for the distribution of these notices 
within its own territory, apart from radio broadcasts, 
receivable over this and wider areas. 

The warning notices will be of two kinds. The 
less urgent will announce ‘alert’ periods: the more 
urgent will proclaim ‘special world intervals’ (SWI). 
Alerts will be announced when the state of the Sun 
is judged to indicate great and growing activity, of a 
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kind and intensity more than usually likely to 
produce aurorel, magnetic, ionospheric and other 
terrestrial manifestations of special importance. If 
the activity seems likely to render such great terres- 
trial effects imminent, a ‘special world interval’ will 
be proclaimed’; if great terrestrial disturbances begin 
without having been expected, so that no alert has 
been issued, a ‘special world interval’ will be pro- 
claimed without delay, and maybe without notice ; 
but ordinarily at least 8 hr. advance notice will be 
given. The states of ‘alert’ or ‘special world interval’ 
will be terminated at times that will be notified by 
the World: Centre. 

The auroral watch will be shorn of some of its 
value if it is confined to the earlier part of the night. 
It is hoped that in each country efforts will be made 
to ensure that a night-long watch will be kept during 
the ‘alerts’ and ‘special world intervals’. For this 
purpose it will be of special value to enlist the help 
of those whose work entails wakefulness from mid- 
night to dawn, but who can, nevertheless, on rare 
special occasions, devote time to a lookout for auroras, 
and, if they occur, to a careful watch and record—at 
least at set intervals (not less often than at each hour). 


Reporters for the Aurora 


To promote effective observation of the most 
widespread and intense auroras, world-wide organiza- 
tion is necessary. It is expected that all, or nearly 
all, National Committees for the International 
Geophysical Year will appoint their own national 
auroral reporters. Their function will be to ensure 

‘adequate observation and record of any aurora 
visible from their country or its associated areas ; 
and to collect and forward the records of the observa- 
tion to a designated Auroral Data Centre. 

In the first place, this requires the enlistment of 
helpers, professional and amateur, prepared to make 
and record visual auroral observations. The World 
Meteorological Organization is co-operating by recom- 
mending that a number of suitable meteorological 
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observing stations skould undertake at least a mini- 
mum programme of auroral observation. 

The help of the Navy and mercantile marine is 
also being sought, sc ‘that auroral observations may 
be gained from the great water-covered areas of the 
globe. Likewise many national airlines are being 
invited to co-operate by permitting and encouraging 
auroral observations by their flight staff. 


Photographic Observations 


Photographs of exseptional auroras can be of great 
value. They should show the stars also, or include 
poles, trees or other local objects that will enable the 
elevation and azimuth of distinctive features of the 
aurora to be determined. 

So far as I know, the lowest geomagnetic latitude 
from which an auroral photograph has hitherto been 
published is geomagnetic latitude 36° N. The 
photograph was taken at a school astronomical 
observatory on the Greek island of Spetsai (lat. 37-2° 
N., long. 23-1° E.). by Dr. W. N. Abbott, of the 
Athens Observatory, in the early morning, not long 
before dawn (4h. 24m.—4h. 49m. local time: 
Ih. 55m.—2h. 2Um. v.t.). The date was August 18- 
19, 1950. The auroza was to the east, and already in 
the sunlight at its nigh level. The photograph was 
taken with a telescope, to record the zodiacal light 
with the constellation Gemini as background. Dr. 
Abbott thinks it likely that the aurora appeared and 
was photographed only near the end of his 25-min. 
exposure. Its image on the plate was unsuspected 
at the time, and only discovered weeks later, when 
the plate was developed. The aurora, to the north 
or east, was in the same geomagnetic latitude as 
Spetsai, namely 36° N. This is the latitude in which 
the aurora itself was situated. I have made inquiries 
to seek out any other observations of this low-latitude 
aurora, but without success ; the hours shortly before 
dawn are probably those in which an aurora is least 
likely to be seen. (Dr. Abbott’s photograph is 
published in J. Atmos. and Terr. Phys., 1, 343 ; 1951.) 


VISUAL DISCRIMINATION OF ORIENTATION AND SHAPE ‘BY 
THE OCTOPUS 


- By N. S. SUTHERLAND 
Institute of Experimental Psychology, Oxford 


T experiments reported here were undertaken 
in an attempt to discover the mechanism 
responsible for visual discrimination of orientation 
and form in octopus. If for any animal we knew 
enough about the ways in which that animal classifies 
shapes, it should be possible to formulate hypotheses 
about the neurological mechanism which performs the 
classification. This was the approach followed in the 
classic experiments of Lashley? and Fields? on rats 
in the 1930s: their results have never been 
adequately followed up. The rat is not an ideal 
animal for such experiments, since in the situation 
normally used for training rats on form discrimination 
the rat has been shown frequently to respond in terms 
of parts of the form only, or in terms of the relationship 
between the form and the background ; -it is ‘often 


difficult to be sure which properties of the forms the 
rat is using to discriminate between them. This is 
not true of the octopus in the situation devised by 
Boycott and Younz*; Octopus vulgaris Lamarck was 
therefore used in the present series of experi- 
ments. : 
The training situation used is fully described else- 
where’. Octopuses were trained individually -to 
discriminate between pairs of shapes: a different 
group of octopuses was trained on each pair of shapes 
used. Each member of a pair was presented separ- 
ately, and octoptses learned to attack one shape 
(the positive shape) for food reward and not to attack 
the other shape (the negative shape) in order to avoid 
an electric shock. The shape which was made positive 
was changed: for the two halves of each group of 
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fable 1. PHRFORMANOE ON DISORIMINATION OF ORIENTATION OVER 
First SIXTY TRIALS 
Asterisks indicate that the difference in level of performance between 
two adjacent groups is significant, at better than the 0 05 level of 
lence 


No. of 
animals 


Per cent cor- 


Dimensions rect responses 


. 19cm, x 2em. 


” 


Long stroke, 
10 em. x 2cm. 
Tail, 4 cm. x 2 om. 


10 em. "x 2 èm. 





animals trained on any given pair. Positive and 
‘negative shapes were presented in a randomized 
order. The scores to be presented here represent the 
percentage of correct responses a group of animals 


made to the shapes over @ given number of trials.. 


A score of 50 per cent is a chance score and shows that 
animals were not discriminating between the two 
shapes of a pair. Higher scores measure the relative 
ease with which octopuses could discriminate between. 
different pairs of shapes, or the extent to which the 
classificatory mechanism in thé octopus’s brain gives 
a different output for the two members of each pair. 
In certain cases transfer tests- were performed after 
animals had learned to discriminate between a given 
pair of shapes; in the transfer tests, further shapes 
were presented, but octopuses were not rewarded or 
punished for attacking them. A measure was thus 
obtained of how far the classifying system treats new 
shapes as equivalent to the ones on which the animal 
was originally trained. 

The main results for ease of learning different 
orientations are set out in Table 1. It will be seen 
that vertical and horizontal rectangles were very 

“readily discriminated, whereas two oblique rectangles 
‘were scarcely if at all discriminated. A vertical and 
oblique, or a horizontal and oblique, could clearly be 
‘discriminated ; but discrimination was more difficult 


than for a horizontal and a vertical. In view of the 


fact that two obliques differ from one another by a 
90° rotation, whereas a horizontal or vertical and an 
oblique differ from one another by only a 45° rotation, 
this result may well seem surprising. It can only mean 
that in the classifying system of the octopus vertical 
and horizontal axes have a peculiar status not shared 
by oblique axes. The results with 7' figures are a 
further indication that the octopus can discriminate 
differences both along the vertical co-ordinate and 
along the horizontal co-ordinate. 

On the basis of these results, the following. classifica- 
tory mechanism is proposed. The excitation produced 
by the shapes on the retina is relayed to an array of 
nerve cells representing a projection of the retina in 
the optic lobes. The outputs from this array are so 
arranged that the cells of each column and eath row 
-have . connexions to further cells specific to each 
column and row (see Fig. 1). The amount of firing 

-in the output- from the cells connected with the 
- columns will now represent the height of the figure, 
and the amount of firing in the output from the rows 
will represent: the lateral extent of the figure. Such 
~an arrangement of nerve cells is plausible-on several 
: grounds. Many of the bodily movements of: the 
octopus are horizontal; and the head is- held in ‘a 
: fixed ‘orientation by the statocysts; this means that 
the: same point in the environment will stimulate 
successively. different cells -in one- row when the 
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Rate of firing for outputs from columns 


Rate of firing for outputs from tows 


Fig. 1. Dots represent array with horizontal rectangle projected 

onit. Open circles: cells specific dl each column, Filled circles 

cells specific to each row. Each cell in the array is connected to 

the output cell for its own tow and the output cell for its own 
column 


octopus is in movement. It is probable that this 
would result in all cells in any one row developing a 
common output (ef. Eccles*, Hebb*). When the 
octopus is stationary, its head movements are usually 
made in & vertical direction ; by a parallel argument 
this would lead to cells in the same column developing 
a common output. On this system, discrimination 
can be performed by comparing two quantities in the 
nervous system. A further analysing mechanism is 
needed to analyse and compare the size of outputs 


“from points on rows and columns ; such a mechanism 


presents no difficulty of principle, but for reasons of 
space no suggestions about it are made here. Because 
the system works by comparing quantities of excita- 


- Output Output 
Figure from from 
columns rows 


| aes 


ee | ee 


op aah JL 
i Sal. 


” Fig. 2 Figures used for investigating discrimination of orienta- 
tion, with outputs predicted by theory 
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Figure from from 41-120 
columns rows 


ae 
eae 


orz TG? 


Fig. 3. Figures used in imvestigatlon of shape discrimination with 
outputs p icted by theory 


tion, it is unnecessary for the nervous system to store 
information about absolute quantities when a dis- 
crimination is being learned. It also follows that the 
importance of specific nervous pathways is reduced, 
and that exact locus of stimulation on the retina is not 
important in discrimination. 

The main confirmation for the existence of a classi- 
ficatory mechanism of the kind proposed is that it 
accounts fully for the results reported here and those 
of other workers in this field. Fig. 2 shows the 
excitation patterns predicted by the theory in the 
outputs from rows and columns for the shapes so far 
discussed. If height of excitation alone is considered, 
it will be seen that the difficulty the octopus 
experiences in discriminating the orientations of 
rectangles used is fully accounted for: vertical 
versus horizontal produce large differences in out- 
put; vertical or horizontal versus oblique produce 
smaller differences ; there is no difference in output 
between two obliques, hence the confusion between 
these forms. 

The mechanism proposed. would produce certain 
further results on transfer tests. For example, (1) 
because the proposed system works by comparing 
quantities of excitation, octopuses should generalize 
@ given discrimination to shapes of different sizes ; 
thus octopuses should treat vertical and horizontal 
rectangles of different sizes and (within limits) of 
different ratios between long and short sides as 
equivalent; (2) having learned to discriminate 
between a vertical and an oblique, an octopus should 
treat a horizontal as equivalent to the oblique 


(the original discrimination depends upon greater | 


excitation in the output from the columns in the 
vertical than in the oblique, and vice versa for the 
rows, and horizontal as compared with the vertical 
produces the same result in an exaggerated 
form); these predictions were verified in the 
transfer tests. 

The mechanism proposed also accounts for the fact 
that discrimination of T figures'is more difficult than 
vertical versus horizontal discrimination, but easier 
than discrimination between two obliques. The same 
operation is involved in the T figure discrimination 
as in the vertical—-horizontal discrimination; but in 
the case of the T figures an additional analysing step 


All shapes were 25 sq. cri. in area. The difference in performance 
between the first two grcups was significant at better than the 0-05 
level of confidence 








Per cont 
Shapes No. of animals correct responses 
Ow. Aog 4 85 
Ovs. Ary 4 67* 
Ov. Aory 5 67 
O vs. 5 69 
Ovs. © 4 74 





is necessary in order to discriminate between them ; 
namely, that account must be taken of the direction 


" of the high excitation in relation to the low excitation 


on the output from either rows or columns (see 
Fig. 2). 

Results of experiments with further pairs of forms 
are summarized in Table 2. Differences in ease of 
discrimination are again in accordance with expecta- 
tions based on the =heory (see Fig. 3). Thus a square 
is more readily diseriminated from a triangle than a 
diamond from a triangle (Table 2); the excitation 
pattern produced in the outputs from rows and 
columns is more sinailar for diamond and triangle than 
for square and triangle. Again, a square and a circle 
are as readily discriminated as a triangle and circle, 
though other theories would predict that this would 
not be the case’. ‘Transfer tests again showed 
excellent generalization to figures of different 
sizes. 

While it is certain that the theory advanced here 
represents a considerable over-simplification ofthe 
mechanism for shepe discrimination in the octopus, 
it is felt that the way it fits with the results described 
here and with thos of Boycott and Young indicates 
that at the very lsast a mechanism similar to that 
proposed is operating. The theory will also account 
for many of the fndings of workers on shape dis- 
crimination in the vat, although these are open to the 
difficulties of interpretation mentioned above. It is 
worthy of note that Dodwell, on the basis of | 
some recent work ‘unpublished), ‘concludes that rats ` 
also ın discriminating visual forms classify them by a 
system in which vartical and horizontal co-ordinates 
are of primary importance. It seems probable from 
the evidence we heve that something like the system 
proposed here may operate in human beings; but in 
humans it would almost certainly be only one classify- 
ing system operating among several others. It is 
interesting that in humans, in order to bring a point 
in the environmert into the centre of the field of 
vision, informatior about the position of that point 
seems to be divided into the two co-ordinates, hori- 
zontal and vertical, in order to give an appropriate 
output to the eye muscles. 

I wish to thank the Royal Society for grants from 
the Browne Research Fund which made the experi- 
mental work possitle, Prof. J. Z. Young for invaluable 
advice and encouragement, and the director and steff 
of the Stazione Zoologica, Naples, for the hospitality 
and facilities afforded me there. 
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SCIENTIFIC CENTENARIES OF 1957 


By JOAN 


ETER the sack of Rome in A.D. 410, and the 
subsequent decline and fall of the Roman 
Empire, many of the valuable manuscripts of Greek 
authors were preserved for the future use of the 
Western world by passing into the libraries of Islam, 
whence their contents, after translation and re- 
translation, were to be returned again to Europe, 
four or five centuries later. 
The scholars who carried out the work of translation 
included many men learned in science and medicine. 


One of them was a Syrian named Yuhanna Ibn ` 


Masawiah, known m Europe as John Mesue the 
Elder, who died in a.p. 857. Mesue was medical 
adviser to Haroun ar-Rashid, and was celebrated for 
his knowledge of drugs. “One of his remedies, known 
as ‘Confectio Mesue’, was used throughout the Middle 
Ages for every variety of heart diseaso. 

Another well-known Arabie writer, the millennium 
of whose death occurs this year, was Ali Husain 
Massudi, a geographer and traveller, who is said to 
have known from personal experience all the countries 
from Spain to China. His principal geographical 
work, entitled ‘Meadows of Gold and Mines -of 
Precious Stones”, was translated into French in the 
nineteenth century. 

Two hundred years after the death of Massudi in 
957, Neckam, a noteworthy exponent of twelfth- 
century science, was born. A chronicler has recorded 
that-‘‘in the month of September 1157 there was born 
to the king at Windsor a sone named Richard and in 
the same night was born Alexander Neckam at St. 
Albans, whose mother gave suck to Richard with her 
right breast and Alexander with her left breast”. 
So Neckam became foster brother to Richard Cœur 
de Lion. His “De Naturis Rerum”, an encyclopedia 


of scientific knowledge of the time, is interesting as a ~ 


mirror of medieval science, although containing many 
fallacies. Neckam was the first English writer to 
describe the use of the magnet in navigation. He died 
in 1217. 

The sixteenth century was a period of exploration 
and discovery, and fresh information of the new world 
found in the west was regularly reaching Europe. 
The first detailed account of the animals, plants and 
minerals hitherto unknown to the civilized world 
came from a Spanish writer, Gonzalo Fernandez de 
Oviedo (1478-1557). He had been sent to San 
Domingo in 1514 as supervisor of gold smelting, and 
his first book on the natural history of the Indies, 
“Dela naturel hystoria delas Indias”, was published in 
1526, a much fuller edition in two volumes appearing 
during 1535-57. 

Fernandez de Oviedo was the first to illustrate the 
pineapple, maize and the prickly pear, all of which 
had been discovered earlier by Columbus. He died at 
Valladolid in 1557. Another historian who incident- 
ally mentioned many details of natural history died 
in the same year. This was Olaus Magnus (1490- 
1557), Bishop of Upsala, whose “Historia de Gentibus 
Septentrionalis”, published in 1555, described many 
strange, often incredible, wonders of the northern 
world. 

Another centenary of this period is that of the death 
*of Niccolo of Brescia, an Italian mathematician, 
better known as Tartaglia. He acquired this nick- 
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name, which means ‘Stammerer’, as a boy, after 
having had his tongue cut by a French soldier, so 
that he never spoke freely again. Tartaglia, a self- 
taught mathematician, found how to solve cubic 
equations, a discovery which was published by his 
friend Cardanus, to whom he had imparted it under 
vows of secrecy. 

The tercentenary of the death of William Harvey 
is an outstanding anniversary of 1957. Born at 
Folkestone in 1578, Harvey received his education at 
Canterbury and Cambridge. His wish to study 
medicine took him in 1597 to Padua, celebrated for 
its school of anatomy. After his return to England 
he practised in London, and in 1615 was appointed 
lecturer in anatomy in the Royal College of Physicians. 
He taught his theory of the circulation of the blood 
long before he was persuaded to publish it, in 1628. 
Harvey was a Royalist and was in attendance on 
Charles I at the battle of Edgehill. During his pro- 
longed absence from London his house was raided by 
agents of the Parliament, who destroyed his belong- 
ings, including his manuscripts and preparations. 
Abraham Cowley later wrote of this regrettable event : 


“O cursed war! who can forgive thee this ? 
Houses and towns may rise again, | 
And ten times easier ’tis, 
To rebuild Paul’s than any work of his”. 


Harvey was buried at Hempstead, near Saffron 
Walden in Essex. 

There have always been in the history of science 
men whose original ideas received little or no credence 
for many years, but were later accepted, either par- 
tially or in full. Among these is Joachim Jung 
(1587-1657), a German botanist, who is now recog- 
nized as the first to have prepared a scientific termino- 
logy for botany. None of Jung’s work was published 
during his lifetime, but one of his manuscripts was 
brought to England by Samuel Hartlib, and it came 
to the attention of John Ray. The latter’s use and 
acknowledgment of Jung’s morphological principles 
and terminology were afterwards approved and 
utilized by Linnzus. Two of Jung’s botanical works, 
published posthumously by different pupils, are now 
great bibliographical rarities. 

It is unusual to encounter a centenarian among 
men of science, and indeed Bernard le Bovier de 
Fontenelle, who was born on February 11, 1657, 
and died on January 9, 1757, failed by a month to 
achieve his hundredth birthday. Fontenelle, after 
distinguishing himself in the French literary world, 
published in 1686 the ‘‘Conversations on the Plurality 
of Worlds”, which did much to popularize science in 
France. He was elected in 1697 to the Paris Academy 
of Sciences, and served for forty-two years as secréiaire 
perpétuel; in the latter capacity he wrote sixty-nine 
éloges of. deceased members. Fontenelle was an 
admirer of Descartes, whose principles he maintained 
throughout his life, and indeed he astonished his 
fellow-countrymen by publishing, when he was 
ninety-five, an ‘‘Apologie des Tourbillons”’, in sup- 
port of Descartes. 

William Derham (1657-1735), born in the same year 
as Fontenelle, was one of the many industrious clergy- 
men-naturalists of the early eighteenth century. 
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He kept weather records, sent frequent communica- 
tions to the Royal Society (of which he was a Fellow), 
edited unpublished papers of John Ray and Robert 
Hooke, and published several works of his own, 
including “The Artificial Clockmaker’”’, ‘“Physico- 
Theology” and “Astro-Theology”’. 

Before passing on to bicentenaries of the year, it 
is appropriate to mention that 1957 is the two hundred 
and fiftieth anniversary of the births of three men 
whose names rank high among men of science of the 

- eighteenth century, namely, Linnzus, Buffon and 
Haller. 

Although his name is less well known than those of 
Linnæus and Buffon, René Antoine Ferchault de 
Reaumur (1683-1757) was one of the most gifted 
men of his period. Now chiefly remembered for his 
thermometric scale, he made contributions to many 
different branches of science, and his entomological 
work is still valuable. He did pioneer work on the 
physiology of digestion, studied artificial incubation, 
and made important researches into the nature of 
steel. He was elected a Fellow of the Royal Society 
in 1738. 

Another bicentenary of note is that of the birth of 
William Charles Wells (1757-1817), born in America 
of ‘Scottish parentage, but educated at Dumfries 
and Edinburgh. After graduating in medicine he 
returned to America, but finally settled in London, 
where he remained until his death. His “Essay on 
Dew”, published in 1814, was a model of scientific 
research, and for -this work he recerved the Rumford 
Medal of the Royal Society, of which he had been 
elected Fellow in 1793. He also put forward a theory 
of natural selection that to some extent anticipated 
Darwin’s. | . 

A notable Hungarian chemist of this period was 
Paul Kitaibel (1757-1817), the independent discoverer 
of tellurium. 

James Sowerby, born March 24, 1757, was primarily 
an artist, but his association with Sir J. €. Smith, 
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Later he accepted a zhair especially created for him at 
Turin. Although g:ven an opportunity to return to 
Paris in 1838, he again refused to take the required 
oath ; but ten years later, when the oath was sus- 
pended, he returned to the Ecole Polytechnique. 
With the establishment of the Second Empire the 
oath was re-imposed but Cauchy himself was declared 
exempt, a tribute to his integrity and to the respect 
he had won. 

Two other French scientists who died in 1857 were 
L. J. Thenard, the chemist, and O. P. A. Dufrenoy, 
the geologist. Therard (born in 1777) died in Paris a 
bare month after Cauchy. He had collaborated with 
Gay-Lussac during the first decade of the century in 
the latter’s work on the chemical extraction of sodium 
and potassium. With the same colleague he worked 
out the first satisfaztory method of organic analysis. 
Dufrenoy, born 1792, visited England in 1823 in com- 
pany with two youxtg Frenchmen, Elie de Beaumont 
and Brochant de Villiers, professor of geology in the 
École des Mines as Paris, in order to study strati- 
graphy and meet the English geologists familiar with 
the preparation of geological maps. This was a 
preliminary to the geological survey of France begun 
ın 1825, which was crowned by the publication, in 
1841, of a geological map of France on the scale of 
8 miles to the incht. Two years later British apprecia- 
tion of the work of the French geologists was shown 
by the award of the Wollaston Medal of the Geological 
Society of London jointly to Dufrenoy and de 
Beaumont. 

One of the English geologists whom Dufrenoy met 
was the Rev. William Conybeare (1787-1857), joint 
author with W. Phillips of the first systematic account 
of the geology of England and Wales (1822). Cony- 
beare was an entkusiastic geologist, having studied 
the subject under Kidd at Oxford. He held clerical 
appointments first :n Bristol, and then at Sully, on the 
Welsh side of ths Bristol Channel, and in 1845 
became Dean of Llandaff. Conybeare helped to found 


founder of the Linnean Society, in the publication of ? the Bristol Institution for the Advancement of Science 


the famous “English Botany”, led him to become an 


indefatigable collector, first of plants, then of minerals - 


and fossils. He was assisted and succeeded by his 
sons, so the name of Sowerby has become a familiar 
one to all naturalists. Sowerby senior died in 
1822; his herbarium was purchased by the British 
Museum in 1859. A year later the Museum acquired 
also his collection of five thousand fossils. 

Engineers will celebrate this year the bicentenary 
of the birth of Thomas Telford (1757-1834), the self- 
educated Scots boy who was responsible for so many 
important engineering works, including the Caledonian 
Canal, the Menai Bridge, and many roads in the 
Highlands. Telford, first president of the Institution 
of Civil Engineers, was buried in Westminster Abbey, 
a well-merited tribute to his great ability and ex- 
tensive labours. 

Passing now to the names of some well-known men 
who died in 1857, we come to that of Augustin-Louis 
Cauchy, the French mathematician, who died on 
May 23. Cauchy, born in Paris, qualified as an 
engineer, but later turned to pure science and 
eventually his researches covered almost the whole 
field of mathematics. In particular he made impor- 
tant contributions to the theory of elasticity. He 
became a professor at the Ecole Polytechnique, but on 
the expulsion of Charles X and accession of Louis 
Philippe in 1830, Cauchy found himself conscienti- 
ously unable to take the oath imposed on office- 
holders and went into voluntary exile in Switzerland. 


and Art in 1820, and was closely associated with the 
early work of the British Association, though after 
1836 his clerical duties gave him little time for 
geology. 

Another English scientist who died in 1857 was 
Marshall Hall (b. 1790), a Nottingham physiologist, 
who invented the term ‘reflex action’ and published 
several important papers on reflex functions. A 
contemporary in a different field was Rear-Admiral 
Francis Beaufort (1774-1857), whose name is always 
associated with the wind scalé which he was first to 
prepare ; the original scale has of course been modified 
since it was based. on the amount of sail a full-rigged 
ship could carry. 

Others who died in 1857 were J. S. O. Schweigger, a 
German physicist whose ‘multiplier’ was designed to 
increase the sensitivity of a galvanometer, and A. M. 
Comte, the French philosopher, who is regarded as 
the founder of positivism. 

Among the numerous well-known scientists who 
were born in 1857 were two who later gained Nobel 
Prizes in Medicine. ` The name of one, Ronald Ross, 
is widely known, for the story of his long and patient 
attempts to ident-fy the carrier of malarial fever has 
often been writter.. His discovery that the anopheles 
mosquito is the carrier of malaria was announced to 
the British Medial Association at its. meeting in 
Edinburgh in 1898. Ross became a Fellow of the 
Royal Society in 1901, and received the Nobel Prize in 
the following year. He died in 1932, aged seventy-five. 
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Malaria was for centuries one of the principal 
impediments in the development of equatorial regions, 
and Ross’s discovery. was a major step towards its 
control and prevention. This same disease, however, 
was used as a form of treatment for a more serious 
one by Julius Wagner-Jauregg (1857-1940), in the 
researches for which he in turn obtained a Nobel 
Prize. Wagner-Jauregg, an.Austrian neurologist and 
psychiatrist, introduced inoculation with benign 
tertian malaria as a treatment for general paralysis, 
and it was for his success in this field that he received 
the Nobel Prize in 1927. 

An outstanding centenary of the present year is 
that of the birth of Heinrich Rudolf Hertz, the Ger- 
man physicist, who was the first to detect electro- 
magnetic waves in free space and measure their 
velocity. His experimental confirmation of tho 
predictions of Clerk Maxwell marks an epoch in the 
history of electrical science. Twelve of his principal 
scientific papers were published together in 1892, 
and a year later were translated into English, appear- 
ing under the title “Electric Waves”. A preface to 
this book, by Hertz himself, is a valuable account of 
the development and progress of his scientific work. 
Another work, his “Principles of Mechanics”, was 
published posthumously and is a classic in the philo- 
sophy of science. Hertz died in 1894, when only 
thirty-seven years of age, and too soon to take part in 
the great advances which were to result from his work. 

Two well-known Irish scientists were born in 1857. 
One was Joseph Larmor, born in Magherall, County 
Antrim, on July 11 of that year, who was Lucasian 
professor of mathematics in Cambridge during 1903- 
32. His important series of memoirs on electro- 
magnetic theory appeared between 1894 and 1897, 
and later formed the basis of his book, “Aether and 
Matter’, published in 1900. During 1901-12 Larmor 
was @ secretary of the Royal Society, and in 1921 re- 
ceived a Copley Medal from ‘the Society. He died 
in 1942. 

His countryman, John Joly, born at Holywood, 
King’s County, on November 1, 1857, was professor 
of geology in Trinity College, Dublin, for thirty-seven 
years, but his interests were widespread, and lay in 
the fields of physics and engineering as well as geology. 
Joly was particularly interested in the question of the 
age of the Earth, and as early as 1903 pointed out the 
significance in this connexion of the discovery of 
continuous heat production by radium. Joly was also 
interested in colour photography, and his colour 
transparencies, shown to the Royal Society in 1895, 
were the earliest of the kind ever exhibited. 

Another scientist skilled in photography was the 
American astronomer Edward Emerson Barnard 
(1857-1923), born at Nashville, Tennessee. At the 
age of nine, left fatherless and destitute by the Civil 
War, he began work in a photographic studio in 
Nashville. He became interested in astronomy when 
he was nineteen, and was afterwards able to devote 
himself to this science, holding posts at several 
American observatories in succession. It was while 
he was at Lick in 1891 that he discovered the fifth 
satellite of Jupiter, and he later discovered four more 
satellites of this planet. He was a remarkable obser- 
ver, and did valuable photographic work, photo- 
graphing comets and sections of the Milky Way. 
Barnard died in 1923. His countryman and fellow 
astronomer, James Edward Keeler (1857-1900), born 
at La Salle, Illinois, carried out astrophysical research 
of lasting value, particularly in the field of spectro- 
scopy. One of his most interesting spectroscopic 
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demonstrations was that of the particulate nature of 
Saturn’s rings. In 1898 he was appointed director 
of Lick Observatory, but died two years later. 

Elwood Haynes (1857-1925) is another American 
who should be remembered this year. He discovered 
several important alloys, including tungsten chrome 
steel, and in 1919 filed a patent for stainless steel, 
which he had discovered several years before. Haynes 
was one of the first Americans to build a horseless 
carriage, which he drove through Chicago. . 

The question of the inheritance of acquired charac- 
teristics has recently received much attention. An 
early worker in this field of research was the Danish 
botanist, W. L. Johannsen (1857-1927). One of the, 
founders of modern research in heredity, he intro- 
duced the terms ‘pure line’, as well as ‘gene’, “geno- 
type’ and ‘phenotype’. He also investigated the 
effect of certain narcotics upon the resting period of 
plants, obtaining results which have been made use 
of by horticulturists. - 

Among others born in 1857 were three organic 
chemists who were -all distinguished for their re- 
searches in the structure and properties of nitrogen 
compounds. These were Theodor Curtius (died 
1928), whose name is associated with the ‘Curtius 
reaction’, Arthur Hantzsch (died 1935), who studied 
the stereochemistry of nitrogen and for many years 
carried on a controversy about the structure of the 
diazo- compounds with Eugen Bamberger (1857-1932). 
The latter carried out many investigations on aromatic 
compounds, In the United States, the chemist J. J. 
Abel (1857-1938) was known for his researches on the 
chemical composition of animal tissues. 

There are various instances of men who were trained 
for the legal profession and later became well 
known as scientists. One of this group was Karl 
Pearson (1857-1936), who after being called to the 
Bar in 1882, turned to mathematics, and in particular 
to the application of statistical methods to biology, a 
study initiated by Galton. In 1911, Pearson was 
elected first Galton professor of eugenics in University 
College, London; but his best-known book, “The - 


‘Grammar of Science’, was based on the Gresham 


Lectures he gave in the City of London fifteen years 
before. Pearson founded Biometrika and edited it 
for more than thirty years. 


2 Eyles, V A., Geol. Mag., 87, 373 (1950). 


OBITUARIES 


Sir Lionel Whitby, C.V.O. 


Tax death on November 24 of Sir Lionel Whitby 
is a severe loss to the study of medicine and to higher 
education. Very few men can have equalled him in 
combining notable scientific research, successful 
teaching and extensive clinical experience, with great 
administrative tasks requiring real ability, a capacity 
for organization, and wide educational interests. 
Few men can have made themselves so much loved 
and respected throughout the English-speaking 
world, since with all his manifold duties he was 
always ready to give help and advice to students, 
and to deliver lectures or talks containing much 
wisdom and common sense as well as information. 

Born at Yeovil in 1895, he was educated at Broms- 
grove School, whence he gained an entrance scholar- 
ship to Downing College, Cambridge, in 1914. But 
before commencing his university studies he hed 
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attained the rank of major in the Machine Gun 
Corps, had served in France and the Balkans, had 
been awarded the Military Cross and had lost a leg. 
From Cambridge he went to the Middlesex Hospital 
in London, where he had a brilliant career as a 
student. After graduation he became assistant 
pathologist at his Hospital, and at once showed his 
ability in research and teaching. He: afterwards 
became bacteriologist on the staff of the Middlesex, 
and, for a period, pathologist at the Hampstead 
Hospital for Children. In addition to routine bac- 
teriology and pathology, a steady stream of 
research came from his laboratory. He himself made 
important contributions to the study of pernicious 
anemia and empyema, and in 1936 he began a long 
investigation on the effect of sulphanilamide deriv- 
atives on animals infected with pneumococci. This 
led to his discovery of the great value of sulpha- 
pyridine (M and B 693) in the treatment of pneu- 
monia. But in addition to laboratory work and the 
preparation of text-books, ‘Medical Bacteriology’” 
(1928, 6th edit, 1956), “The Nurse’s Handbook of 
Hygiene” (8th edit. 1944), “Tho Laboratory in 
Surgical Practice’, with Sir Charles Dodds (1931), 
and “Disorders of the Blood”, with Dr. C. J. C. 
Britton (1935, 7th edit. 1953), he esteblished a wide 
reputation as a clinical pathologist. He was a member 
of the group of physicians who attended King 
George V in his serious illness in 1929. —- 

In spite of being maimed in the First World War, 
Whitby-was a colonel in the Territorial Army in 
1939, and he became officer in charge of the Army 
Blood Transfusion Service with the rank of brigadier. 
He was responsible for the collection and supply of 
blood, and also for the training of officers in trans- 
fusion. He travelled in the various theatres of war, 
and he also attended to the health of Sir Winston 
Churchill. For his services to the reduction of 
casualties he was knighted in 1945. 

In 1945 he accepted an invitation to become 
regius professor of physic at Cambridge. There he 
played a very effective, though often difficult, -part 
in the.development of postgraduate studies and of 
research in medicine, linking this development with 
the work of Addenbrooke’s Hospital under the 
National Health Scheme. He took a keen interest 
in the health of undergraduates and in the early 
detection of tuberculosis among them. In 1947 he 
was elected master of Downing College—a position 
which brought him much added responsibility but 
also great pleasure. He was actively interested in all 
branches of College life, and by encouragement and 
example he raised the status of Downing to a position 
it had seldom or never held before. He saw the 
building of a beautiful new chapel, of new sets of 
rooms, and the making of other improvements in the 
College. In 1951 he became vice-chancellor of the 
University, and for two years filled this exacting 
office efficiently and successfully. His wide know- 


ledge, his tact and his good humour made him an - 


ideal chairman of the many bodies over which he 
had to preside ; he became the much-loved friend of 
a great number of people from various faculties and 
colleges. His wide interests in education led him to 
consent to serve on the Education Advisory Com- 
mittee of the Royal Air Force, of which he became 
chairman. 

Whitby’s influence on medicine extended far 
beyond Cambridge. He was president of the British 
Medical Association in 1948, chairman of the 
Association’s Education Committee, and in 1953 
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president of tho Firss World Conference on Medical 
Education. He took an active interest in the World 
Medical Association. He was widely known in the 
Dommions and in the United States, which he fre- 
quently visited. In 1956 he lectured in Australia 
and New Zealand as Sims Travelling Professor. 

Prizes, medals and honours of all kinds were 
bestowed upon him by governments, universities and. 
scientific bodies, but these awards made no difference 
to his friendly and unassuming manner, or to his 
accessibility to those who wanted his help. Fishing 
and gardening were his chief pastimes, and he took 
much imterest in the University Botanic Garden at 
Cambridge. He could not have achieved so much 
without the help of his able and devoted wife. Lady 
Whitby herself is a qualified doctor and worked in 
the blood transfusion service during the War; to 
her, her daughter ard her,three sons, the sympathy 
of friends in many countries will be extended. -` 

H. Hamsnaw THOMAS 


Dr. Waldemar B. Kaempffert 


THE science editor of tho New York Times, Walde- 
mar Bernhard Kaempffert, one of the pioneers in 
science writing in ths United States, died on Novem- 
ber 27 at the age of seventy-nine. Active as a science 
editor for fifty years, Dr. Kaempffert served the 
readership of the New York Times for twenty-six 
years, writing a column of science news and comment 
that has become a fixture in the Sunday reading of 
many in America. a 

He was born in New York City on September 23, 
1877, of parents of German descent. After graduation 
from City College with a bachelor’s degree in science 
in 1897, he became assistant editor of the Scientific 
American, meanwhile studying law at New York 
University, and was admitted to the Bar as a patent 
attorney in 1903. Although he did not practice, this 
training was reflected in his writings, particularly the 
two-volume work which he edited, “A Popular 
History of American Invention’’, published in 1924. 
He was editor of the Popular Soience Monthly from 
1915 until 1920, and joined the New York Times in 
1927. A year later he became the first director of the 
new Museum of Science and Industry at Chicago, 
returning to the New York Times three years later 
to spend the rest af his life as writer of his weekly 
column, occasional editorials on science and research, 
and sometimes covəring conventions of scientists in 
America and abroad. 

Dr. Kaompffert was a practising protagonist for 
the idea that, as he put it, it is important “to present 
the discoveries of she laboratory so that many will 
understand”. In 1935 he also wrote that “we have 
passed the stage when gaping wonder can pass for 
popularization. The facts, simply, humanly and 
interestingly presented, are what the public wants”. 
He was an effective and distinguished member of the 
small band of science popularizers who, particularly 
since the First World War, have made science news 
and interpretation a valuable part of the world’s 
newspapers. With the respected and dignified vehicle 
of the New York Times, Dr. Kaempffert was able to 
campaign occasionally for ideas he thought were 
needed, such as his criticisms of cancer research of 
several years ago. 

Editorially, his own newspaper said of him: “If 
[he] did not create the profession of science writer, 
he certainly, over the last half-century, invested it 
with new standards of ethics, scholarship, dignity 
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and usefulness’. He was a founder of the National 
Association of Science Writers. 

In 1954 Dr. Kaempffert recerved the Kalinga Prize 
of 2,800 dollars, having been nominated for the award 
by the British Association of Science Writers. The 
same year the New York Times received a special 
award accepted by Dr. Kaempffert from the Albert 
and Mary Lasker Foundation, and last June he was 
made a Fellow of the American Society of Mechanical 
Engineers. The degree of D.Sc. was conferred upon 
him by the Clarkson Polytechnic Institute in 
1939. i 


NEWS an 
New Year Honours List 


Tas following names of scientific men and others 
associated with scientific work appear in the New. 
Year Honours List: 

O.M.: Sir John Cockeroft, director of the Atomic 
Energy Research Establishment, Harwell. 

G.C.V.0.: Sw Harold Hartley. 

K.C.M.G.: Sir Stanley Angwin, chairman of the 
Commonwealth Telecommunications Board, formerly 
chairman of Cable and Wireless, Ltd. 

K.B.E.: Sir Christopher Hinton, member of the 
board of the U.K. Atomic Energy Authority ; 
Arthur R. Manktelow, deputy secretary, Ministry of 
Agriculture, Fisheries and Food; Sir Alexander 
Carr-Saunders, for services as director of the London 
School of Economics. 

D.B:E,: Dr. Janet M. Vaughan (Mrs. Gourlay), 
principal of Somerville College, Oxford. 

Knights ; Dr. David S. Anderson, director of the 
Royal College of Science and Technology, Glasgow ; 
Prof. George L. Brown, Jodrell professor of physio- 
logy, University College, London; Josiah Eccles, 
deputy chairman (operations) of the Central Elec- 
tricity Authority ; Herbert J. G. Griffin, secretary 
of the Council for the Preservation of Rural England ; 
Prof. Leshe H. Martin, professor of physics, Univer. 
sity of Melbourne, defence scientific adviser to the 
Government of the Commonwealth of Australia ; 
Prof. Mark L. Mitchell, professor of biochemistry and 
deputy vice-chancellor, University of Adelaide ; 
Wiliam L. Owen, director of engineering, In- 
dustrial Group, U.K. Atomic Energy Authority ; 
Prof. George W. Paton, vice-chancellor of the 
University of Melbourne; Dr. Charles P. Snow, 
commissioner and scientific adviser, Civil Service 
Commission ; James M. Wordie, master of St. John’s 
College, Cambridge, for services to polar explora- 
tion. 

C.B. : Dr. B. K. Blount, deputy secretary, Depart- 
ment of Scientific and Industrial Research; L. G. 
Davidson, deputy secretary, Department of Agri- 
culture for Scotland; Sir Henry Beresford-Peirse, 
Bart., deputy director-general, Forestry Commission ; 
Dr. R. H. Purcell, chief scientific adviser, Home 
Office. 

C.M.G.: BR. J. Halsey, assistant engmeer-in-chief, 
General Post Office; R. M. Bere, director and chief 
warden, Uganda National Park; B. de Bunsen, 
principal, University College of East Africa, Makerere ; 
G. McM. Roddan, deputy agricultural adviser to the 
Secretary of State for the Colonies, lately director 
of agriculture, Kenya; J. T. Saunders, lately prm- 
cipal, University College, Ibadan, Nigeria; Prof. 
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Dr. Kaempffert’s wife, the former Carolyn Lydia 
Yeaton, died in 1933. 

At services for Dr. Kaempffert at the West End 
Collegiate Church, the Rev. Dr. Edgar Franklin 
Romig said: “We call to mind his sensitive aware- 
ness of all that life holds—of Nature, with the mystery 
of its sights, sounds and colours ; of art, in its myriad 
forms and expressions; of music, into whose secrets 
he entered with creative enthusiasm; and particu- 
larly of science, which for him was not only a com- 
manding mterest, bub a cause to be championed, a 
means of grace to humanity”. Warson Davis 
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E. W. Titterton, professor of nuclear physics, 
Australian National University, Canberra. 

C.B.E. : B. Ashmole, lately keeper of the Depart- 
ment of Greek and Roman Antiquities, British 
Museum ; A. Barclay, keeper in the Science Museum ; 
P. L. Bazeley, director of the Commonwealth Serum 
Laboratories, Australia; W. G. Beaton, director of 
the Inter-African Bureau of Epizootic Diseases, East 
Africa ; Dr. C. M. Cawley, deputy chief scientific officer, 
Department of Scientific and Industrial Research ; 
Prof. J. K. Charlesworth, emeritus professor of 
geology in Queen’s University, Belfast, for public 
services ın Northern Ireland; Dr. A. T. Green, 
director of research, British Ceramic Research Associa- 
tion; G. W. L. Harding, lately director of antiquities, 
Jordan ; O. W. Humphreys, director, General Electric 
Company Research Laboretories ; Prof. R. E. Lane, 
member of the Industrial Health Advisory Com- 
mittee; P. Lloyd, deputy director (research and 
development), National Gas Turbine Establishment, 
Farnborough, Hants; Dr. J. F. Loutit, director of 
the Radiological Research Unit, Atomic Energy 
Research Establishment, Harwell; Prof. W. V. 
Mayneord, professor of physics (apphed to medicine), 
University of London; Colonel R. Meinertzhagen, 
for services to ornithology ; P. K. B. Reynolds, chief 
mspector of ancient monuments, Ministry of Works ; 
Dr. R. H. Stoy, H.M.’Astronomer, Royal Observatory, 
Cape of Good Hope ; D. J. Turner, assistant secretary, 
Ministry of Fuel and Power; C. H. B. Williams, 
director of agriculture, Trmidad. 


American Society for Applied Spectroscopy Award: 
Mr. Frank Twyman, F.R.S. 


Mr. Frank Twyman has been awarded the Annual 
Medal of the American Society for Apphed Spectro- 
scopy ‘‘for his long and devoted service to applied 
spectroscopy, and in recognition of his profoundly 
important contributions to instrumentation in this 
field”. In 1898, at the age of twenty-two, Mr. 
Twyman. was engaged by Mr. Otto Hilger, who was 
carrying on the small, but world-famous, scientific 
workshop founded by his brother, Adam Hilger. 
There, in 1908, Mr. Twyman adapted a thermopile 
and rocksalt optical train to the constant deviation 
spectrometer and thus produced the first commer- 
cially available instrument operatmg in the infra-red 
region. During the First World War he took part in 
the development of the Twyman-—Green interfero- 
meter, for- which he was awarded the John Price 
Wetherell Medal of the Franklin Institute, and the 
Duddell Medal of the Physical Society of London. 
Mr. Twyman was elected to fellowship of the Royal 
poy in 1924, and he was president of the Society 
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of Instrument Makers ‘during 1925-26. He is the 
author of several books on applied optics, onè of the 


best known to spectroscopists bemg his “Metal _ 


Spectroscopy”. Mr. Twyman was managing director 
of Adam Hilger, Ltd., from its incorporation in 1902 


until ıb amalgamated with E. R. Watts, Ltd., in 


1946. He retired in 1952. 


Vice-Presidents of the Royal Society 


Tue president of the Royal Society, Sir Cyril 
Hinshelwood, has appointed the followmg vice- 
presidents for the year ending November 30, 1957: 
Sir David Brunt, physical secretary of the Royal 
Society, chairman of the Electricity Supply Research 
Council of the Central Electricity Authority ; Sir 
George Brown, biological secretary of the Royal 
Society, Jodrell professor of physiology at University 
College, London; Sir Claude Gibb, chairmen and 
managing director of Messrs. C. A. Parsons and Co., 
Ltd. ; and Sir Bryan Matthews, professor of physio- 
logy_in the University of Cambridge. | 


` 


Imperial Chemical Industries Research Fellowships 
in London 


Ir is announced by the University of London that 
Imperial Chemical Industries Research Fellowships 
have been awarded to the following: Dr. D. A. 
Haydon, for research on the relation between the 
zeta potential and surface charge of emulsion drops, 
in the Chemistry Department at the Imperial 
College of Science and Technology ; A. E. D. Heylen, 
„for research in the field of gas discharge physics, in 
the Electrical Engineering Department at Queen 
Mary College; Dr. P. W. Higgs, for research on the 
theory of quantized fields, m the Physics Depart- 
ment of University College; Dr. W. Segal, for 
research on the chemistry of natural products, in the 
Biochemistry Department at the London School of 
Hygiene; G. R. Wilkinson, for research in infra-red 
spectroscopy, in the Physics Department at King’s 
College; and E. G. Brown, for research into aspects of 
microbial metabolism related to the biogenesis and 
function of heterocyclic ring systems, in the Chemical 
Pathology Department at University College Hos- 
pital Medical School. 


Delays in the Patent Office 


Ix replying to a point raised in the House of 
Lords by Lord Lucas of Chilworth at the Committee 
stage on December 6, when the Patents Bill received 
its third reading, Lord Mancroft said that con- 
sultations with mdustry and professional organiza- 
tions before the Bull was introduced had indicated 
solid opposition to giving priority of examination to 
applicants who desired their patents quickly. This 
might operate most unfairly and it would be quite 
impracticable for the Patent Office to distinguish 
between the applicant who had legitimate reasons for 
avoiding delay and the one who had not. After gomg 
into the matter very carefully, Lord Mancroft said he 
was satisfied with the position as it is, for while the 
applicant had to wait, on average, about fifteen 
months for his patent after he knew the first results 
of the search conducted in the Patent Office, the 
length of this period was largely under his control, 
The sooner he amended his specification to satisfy 
any objections by the examiner, the sooner the 
patent was granted. There was httle delay in the 
Patent Office in dealing with amendments to 
specifications. 


` 
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United States Federal Support for Higher Education 
in Science : 

THE National S21ence Foundation has recently 
issued as a Nationa! Science Study, under the title of 
‘Federal Support for Science Students in Higher 
Education, 1954”, « survey which shows that in 1954 
nearly 390,000 students, or more than one out of 
every six undergraduates and more than one out of 
every five graduaiss, received financial assistance 
from the Federal Government. Besides these 345,000 
undergraduates and nearly 43,000 graduates, well 
over 1,000 students with doctor’s degrees received 
Federal support for advanced study, research or 
training, and only 54 of these were in fields other 
than the sciences. While only 24 per cent of the 
undergraduates were studying the sciences, inchiding 
the social sciences, more than 48 per cent of the 
graduates assisted were m the sciences; and of 
these, 9-3 per cens were in the biological sciences, 
19-7 per cent in the physical sciences, 15-4 per cent 
in engineering, and 3-9 per cent ın the social sciences. 
At the doctorate -evel, 88-8 per cent were in the 
biological sciences “including medicme), 2-6 per cent 
in the physical sciences, 0:5 per cent in engmeering, 
and 4-0 per cent ir. the social sciences. Virtually all 
of the 82,400 undergraduate students in the sciences 
receiving Federal support were recipients of veterans’ 
educational benefits. Federal payments to under- 
graduates average about 975 dollars per student: to 
graduates, nearly 1,200 dollars; and to those 
receiving postdoctorate training, more than 4,000 
dollars, the total Federal expenditure at all three 
levels exceeding 3£0 million dollars. , 


Higher Technical! Education in the British 


Caribbean 

Tar Secretary o? State for the Colonies, Mr. Alan 
Lennox-Boyd, has, after consultation with the 
British Caribbean Siovernments, appointed a mission 
on higher technical education in the British Cartb- 
bean, with the folowing terms of reference: “To 
consider proposed developments ın the field of higher 
technical and technological education in the British 
Caribbean in relat.on to present and future needs ; 
and, in the hght af probable financial resources, to 
make recommendations’. ‘The members of the 
mission are: Mr. G. S. V. Petter (chaurman), educa- 
tional adviser to ths Comptroller for Development and. 
Welfare in the West Indies; Dr. F. J. Harlow, 
nominated by the Advisory Committee on Colonial 
Colleges of Art, Science and Technology, who was 
until recently one of the Secretary of State’s educa- 
tional advisers; and Prof. J. A. L. Matheson, 
nominated by the Inter-University Counce for 
Higher Education Overseas, who is the Beyer pro- 
fessor of engineerirg, University of Manchester. The 
secretary ıs Mr. J. E. Whitelegg, of the Colonial 
Office. 


Spectrovision 


Spectrovision, pablished by Unicam Instruments, 
Ltd., Arbury Worxs, Cambridge, 1s a new quarterly 


publication intended to keep its readers informed of 
- developments in spectrophotometry and to act as a 


medium for the exchange of information concerning 
new and profitable applications of spectroscopic 
instruments. The contents will include original con- 
tributions from the Research Department of Unicam 
Instruments, Ltd.. and attention will also be directed 
to published articles, not necessarily connected with 
the firm’s products, of interest to spectroscopists in 
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general. Bibliographies of noteworthy applications 
with recommendations as to how these applications 


may best be carried out using Unicam equipment, 


will be a special feature, and in this connexion the 
assistance of the newly-constituted Technical Liaison 
Department will be most valuable. The contents of 
the first issue of Spectrovision consist of an article 
directing attention to a recent advance in clinical 
analysis—the determination of uric acid—using an 
enzyme preparation, “‘Uricase Leo”; an article 
entitled “‘Spectrophotometry”’, by Prof. N. S. Baylıss 
(University of Western Austraha), which was com- 
piled orginally to give students a grounding in the 
physical principles of absorption. spectroscopy, to- 
gether with an mdication of check procedures ; two 
brief articles on accessories; and a small specialized 
bibliography, consisting of sixteen items, dealing 


with the determination of iron by colormetric and- 


spectrophotometric methods. ` 


Probability Theory In the U.S.S.R. 

A New journal, The Theory of Probability and its 
Applications, is now being published in Moscow by 
_ the Academy of Sciences of the U.S.S.R. under the 
principal editorship of Prof. A. N. Kolmogorov 
(available in Britain from Collet’s Holdings, Ltd., 
44-45 Museum Street, London, W.C.1, £1 5s. post 
paid, for four issues). The first of the quarterly issues 
for 1956 has now appeared and contains ten long 
papers and five shorter notes. Eleven of the articles 
are in the Russian language, with English, French 
or German summaries, while the remaining four 
articles are in English, French or German, with 
Russian summaries. The topics discussed include 
‘strong’ Markov proéesses and semi-groups of oper- 
ators (E. B. Dynkin), ordered sets of probability 
-distributions (H. Cramér), sequences of chance events 
(A. Khintchine), ‘Monte Carlo’ methods and linear 
integral equations (V. S. Vladimirov) and stochastic 
processes the sample functions of which are dis- 
tributions (K. Urbanik). The journal is handsomely 
produced and will be much appreciated. The effort 
made to overcome the language barrier will be 
welcomed. 


Zoological Nomenclature’ 


Tae International Commission on Zoological 
Nomenclature gives notice that, as from April 30, 
1957, it will start voting on. the following cases 
involving the-possible use of its plenary powers for 
the purposes specified against each entry. Full 
details of these cases were published on October 31, 
1956, in the Bulletin of Zoological Nomenclature (12, 
Pt. 10): (1) Hnerinurus Emmrich, 1844, and Odonto- 
chile Hawle and Corda, 1847, designation of type 
species for; punctatus Wahlenberg, 1821 (Entomo- 
stracites), validation (Class Trilobita); (2) Cupido 
Schrank, 1801, designation of type species for (Class 
Insecta, Order Lepidoptera); (3) jurtina Linnzus, 
1758 (Papilio), grant of precedence to, over janira 
Liuumaus, 1758 (Papilio); Epinephelidi Tutt, 1896, 
suppression of (Class Insecta, Order Lepidoptera) ; 
(4) venulosa Laurentus, 1768 (Hyla), determination 
(Class Amphibia). A proposal is also made for the 
adoption of the following declaration : determination 
of the relative precedence to be accorded to two or 
more names for family-group taxe published in the 
same book and on the same date. Comments should 
be sent as soon as possible in duplicate to Francis 
Hemming, Secretary to the Commission, 28 Park 
Village East, Regent’s Park, London, N.W.1. 
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Halley Tercentenary Exhibition 


In Noyember Sir Edward Bullard and Mr. C. A. 
Ronan arranged on behalf of the Royal Society a 
private exhibition at Burlington House to com- 
memorate the tercentenary of the birth of Edmond 
Halley (1656-1742). “In order to provide facilities for 
a wider public to see this exhibition, the majority of 
the material is being displayed during December 31 
to January 20 in the Mineral Gallery of the Natural 
History Museum, London. ‘The Museum 1s indebted 
to the Royal Society, Cambridge University Library, 
National Maritime Museum, Royal Astronomical 
Society and to the Royal Observatory, Greenwich, 
which have lent material for the purpose of the_ 
present exhibition ; as well as to Sir Edward Bullard 
and Mr. C. A. Ronan for their personal contributions. 


International Conference on Scientific Information 


Tue National Science Foundation, the National 
Academy of Sciences, National Research Council 
and the American Documentation Institute are 
jointly to sponsor an International Conference on 
Scientific Information to discuss the organization and 
dissemination of scientific mnformatian, with special 
emphasis on storage and retrospective search. The 
conference will be held m Washington, D.C., early in 
November 1958. Persons wishing to submit papers for 
this conference should communicate not later than 
January 31, 1957, with the Executive Secretary, Dr. 
A. F. Thomson, National Academy of Sciences, 
National Research Council, 2101 Constitution Avenue, 
Washington 25, D.C., mdicating the general subject- 
matter 16 is proposed to cover. 


Conference on Biophysics 


A STEERING committee of some fifty scientists, ~ 
representing various aspects of biophysical research 
in the United States, has organized a national bio- 
physics conference to take place in Columbus, Ohio, 
during March 4-6. The conference will cover studies 
which employ the approach of physics in biological 
measurement and theory, at levels of organization 
from molecules and cells to’ complex systems and 
psychophysics. Inquiries should be addressed to Dr. 
H. P. Schwan, School of Medicine, University of 
Pennsylvania, Philadelphia 4, Pennsylvania. 


Oversea Service Division, Colonial Office 


THE following appointments have recently been 
made in the Oversea, Service Division, Colonial Office : 
G..D. Badger (senior agricultural officer, Uganda), 
assistant director of agriculture (field), Uganda; R. 
Henderson (agricultural officer, Federation of Malaya), 
senior agricultural officer (grade B), Federation of 
Malaya; H. M. James (senior agricultural officer 
(grade B), Federation of Malaya), senior agricultural 
officer (grade A), Federation of Malaya; N. Lamont 
(senior agricultural officer, Fiji), deputy director of 
agriculture, Fiji; A. S. MacDonald (agricultural 
officer, Sierra Leone), agricultural officer, Uganda ; 
R. J. M. Swynnerton (deputy director of agriculture, 
Kenya), director of agriculture, Kenya; W. B. 
Tevendale (senior geologist, Geological Survey De- 
partment, Gold Coast), deputy director of Geological 
Survey, Geological Survey Department, Gold Coast ; 
W. A. Sands (scientific officer, attached to the 
Commonwealth Institute of Entomology), scientific 
officer, West African Inter-Territoriel Secretariat ; 
J. L. Taylor (staff surveyor, Kenya), superintendent 
of surveys, Kenya ; M. L. Burdin (veterinary research 
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officer, Kenya), senior veterinary research officer, 
Kenya; T. J. Coyle (veterinary officer, Uganda), 
veterinary research officer, Uganda; R. M. Gambles 
(senior veterinary research officer, Federation of 
Nigeria), principal of the Veterinary School, Federa- 
tion of Nigeria;- J. G. Ross (veterinary officer, 
Uganda), veterinary research officer, Federation of 
Nigeria; P. M. Rees (senior statistician, Nigeria), 
deputy Government statistician, Kenya; A. N. C. 
Thomas, senior agricultural officer, British Honduras ; 
©. T. Bundy, assistant conservator of forests, Nyasa- 
land; R. A. Plumptre, assistant conservator of 
forests, Uganda; J. G. L. Wardrop, inspector of 
mines, Mines Department, Gold Coast; K. B. Arm- 
strong, entomologist (West African Institute for 
Trypanosomiasis Research), Gold Coast; P. H. 
Giles, scientific officer (entomologist), Northern 
Nigeria; W. M. Fitzsimmons, veterinary research 
officer, Nyasaland; A.W. Jukes, ‘veterinary educa- 
tion officer, Veterinary Department, Northern 
Nigeria; M. W. Smith, veterinary officer, Uganda ; 
P. O. Park, senior scientific officer (chemist), Colonial 
Insecticides Research Unit, Arusha, Tanganyika. 


Announcements 


Mr. E. Grirrin, chief engineer of Metal Sections, 
Ltd., Oldbury, Birmingham, has been awarded the 
W. H. A. Robertson Medal for 1956 of the Institute 
of Metals for a paper on “Cold Roll-Forming and 
Manipulation of Light-Gauge Sections”, which was 
published in the March 1956 issue of the Institute’s 
Journal. 


Dr. F. R. Pavrsen, of the Atomic Energy 
Research Establishment, Harwell, and the Wind- 
scale Works of the United ‘Kingdom Atomic Energy 
Authority, has been appointed editor of Atomics, 
published by the Leonard Hill Technical Group. 


Pror. Coartes Horr Surrs, head of the Depart- 
ment of Instrument Technology at the Royal 
Military College of Science, Shrivenham, has been 
seconded for three years from December 31, 1956, to 
be Dean of the Institute of Armament Studies, 
Kirkee, Poona 3, India. His studies lie in the field 
of discontinuous and non-linear servomechanisms. 
Prof. Kenneth Hayes is to become head of his 
Department at Shrivenham in his absence. 


Tue following appointments in the University of 
Sheffield are announced: Dr. 8. Wardle, lecturer in 
applied mathematics ; L. J. C. Hayles, teaching case- 
worker in the School of Social Studies; C. Baker, 
honorary tutor in industrial psychology. D. S. 
Coleman has been appointed to the Steetley Research 
Fellowship in refractories technology. 


AmonG the lectures being given at the Sir John 
Cass Cellege are a course of ten by Mr. D. G: Arnott 
on “Radioactivity in Biology and Medicine”, to be 
delivered on Mondays at 6.30 p.m., beginning on 
January 7. Application for enrolment may be made 
to the Secretary, Sir John Cass College, Jewry Street, 
Aldgate, E.C.3. 


Tam first of a proposed regular series of meetings 
on nuclear physics to be held under the auspices of the 
Physical Society will take place at the Atomic Energy 
Research Establishment, Harwell, on January 16 
and 17, 1957, and will be devoted to nuclear physics 
(including high-energy physics). A list of speakers, 
titles of papers to be presented, and particulars of 
accommodation (both for apeakers and for the any 
non-speakers who may wish to attend) may be 
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obtained from the Physical Society, 1 Lowther 
Gardens, Prince Consors Road, London, 8.W.7. 


A symposium on chemical: engineering education, 
organized by the Institute of Chemical Engineers, is 
to be held during April 9~11 at the University of 
Birmingham. Regissration of those wishing to attend 
should be made befcre March 1. Inquiries should be 
addressed to the Symposium Manager, Chemical 
Engineering Department, The University, Edgbaston, 
Birmingham 15. 


THe European Federation for Chemical Engineer- 
ing is to hold a symposium on “Chemical Reaction 
Engineering”, organized by the Koninklijk Instituut 
voor Ingenieurs ani the Koninklijke Nederlandse 
Chemische Vereniging, at Amsterdam during May 
7-9. Inquiries shoud be addressed to the secretary, 
Dr. K. Rietema, 23 Driftweg, Huizen (N.H.), Holland. 


Aw exhibition of microscopy sponsored by the 
Quekett Microscopical Club is being held from 2 p.m. 
to 8 p.m. on January 12 in the Botany Department 
of the Royal College of Science, Prince Consort Road, 
South Kensington. Admission is free, and all inter- 
ested are invited to attend. Subjects covered range 
from metallurgy and freshwater biology to infra-red 
and electron microseopy. There will also be a trade 
section in which the principal manufacturers are 
represented, Further details may be obtained from 
the Technical Secretary (Dr. M. V. Salmon), at St. 
Mary’s Hospital, W.2. 


AxN exhibition of present-day mathematical typo- 
graphy will be held in the lecture hall of Monotype 
House, 43 Fetter Lane, London, #.C.4, during 
January 14-26. The exhibition will be opened by 
Mr. Arthur Phillips, of H.M. Statidnery Office, with 
an address on “Problems of Mathematical Com- 
position”, and there will be a paper by the late Mr. 
C. R. Cosens on “The Typography of Mathematical 
Tables”, and two tachnical discussions. 


Tus Atomic Energy Authority has set up a Com- 
mercial Department within its Industrial Group, to 
handle sales of uraniam, plutonium, thorium, graphite 
and other similar msterials for the Authority. Within 
the general policies [aid down by the Authority, this 
Department will be responsible for negotiating terms 
and conditions of sale, including the determination 
of selling prices. The manager of this Department is 
Mr. W. P. Warren, whose address is: U.K. Atomic 
Energy Authority, Industrial Group Headquarters, 
Risley, Nr. Warrington, Lancs. Radioisotopes, stable 
isotopes and special requirements for small quantities 
of research materials will continue to be handled by 
the Research Group of the Atomic Energy Authority . 


UNDER the provis.ons of the Fulbright Programme, 
travel grants are available to citizens of the United 
Kingdom and British Colonies to go to the United 
States for an academic or educational purpose, pro- 
vided that they have the financial support in dollars 


- for the visit, and have been accepted by an American 


institution of higher learning. The grants cover the 
cost of direct travel between the candidate’s home 
and America and return, and are available during 
June 1, 1957—April 1, 1958. Applications must be 
submitted by March 15, 1957 (for those travelling 
between June 1 and July 31), or by June 1 (for those 
travelling after August 1). Application forms and 
further information can be obtained from the United 
States Educational Commission in the United Kmg- 
dom, 71 South Audley Street, London, W.1. 
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THE COLLEGE OF TECHNOLOGY, HULL 
NEW WORKSHOPS AND LABORATORIES 


ITH the official opening on December 3, 1956, 

of the first phase of the new College of Tech- 
nology by Lord Hives, chairman~ of Rolls-Royce, 
Ltd., and chairman of the National Council for 
Technological Awards, commenced a new era of 
greater activity and opportunity in the field of 
technical and technological education for the City 

of Kimgston upon Hull. 

“ Since 1ts inception in 1894 the College has identified 
itself with the industrial and commercial life of the 
City and grown to become the seat of centralized 
technological studies in the area, and beyond, until in 
1956 there were 630 full-time and more than 3,800 
. part-time day and evening students. The increasing 
numbers of students could only be accommodated 
by the acquisition of a number of annexes scattered 
about the City, and to overcome the problems 
inherent ın such decentralization the Education 
Authority produced its plan of central Colleges for 
Technology, Commerce and Art and an Adult College 
for Liberal Studies to be sited in the Queen’s Gardens 
area and which “with their garden precincts were to 
contribute to the architectural beauty which the 
planners contemplated for the centre of the City”. 

The first stage of the College of Technology is the 
spacious single-story workshop block now completed 
at a cost of about £312,000 and containing additional 
new equipment and furnishings worth £127,000. It 
accommodates the Mechanical Engineering, Elec- 
trical Engineering and Building Departments. It 
also contains temporary classrooms and drawing 
offices, which will be later transferred to the main 
block, the vacated space being used for the further 
extensions of these Departments and the Printing 
Department of the College. 

The building is arranged as four blocks of accom- 
maodation divided by wide access and service corridors 
and with a floor area of approximately 64,000 sq. ft. 
It is planned on a 24-ft. square grid and the structure 
is entirely in reinforced concrete. The building is 
carried on in situ piles and from the pile caps ground 
beams carry the superstructure and also form the 
system of under-floor service ducts which serve all 
workshops. Large crawlway ducts beneath the 
corridors accommodate the main service pipes, and 
from these smaller ducts branch off to each shop. 
The workshops are lit by a large north light and a 
small south light which balances the lighting intensity. 
Artificial lighting is by fluorescent fittings. The 
building is faced externally with hand-made facing 
bricks and with reconstructed Portland stone slabs. 
The heating installation consists of unit heaters 
supplemented by radiators fed by a low-pressure hot- 
water system. 

The three Departments offer a wide range of 
courses. Thus the Mechanical Engineering Depart- 
ment provides full and part-time courses in mech- 
anical, aeronautical, production, marine, civil and 
automobile engmeering and naval architecture for the 
ordinary and higher national certificates and diplomas, 
University of London degrees and postgraduate work. 
In addition, there are courses for technicians and 
craftsmen in the engineering and allied industries. 


Up-to-date machinery and equipment have- been 
installed throughout. The Heat Engmes Laboratory 
contams an oul-fired water-tube boiler with super- 
heater and a comprehensive range of prime movers,‘ 
including a 30 b.h.p. steam turbme and condensing 
plant, a Ricardo variable-compression engine, a 
single-cylinder diesel engine and a Rover gas turbine. 
The services of the Materials Test Laboratory with 
its wide range of testing machines are extensively 
used by local engineering firms, while the Metrology 
Laboratory 1s well equipped with precision measuring 
machines and mstruments. A Structures Laboratory, 
equipped for advanced work in civil and aeronautical 
engineering, has a reinforced floor for dealing with 
heavy loads. Two large Aeronautical Laboratories 
with a supersonic bay contain a variety, of wind 
tunnels, together with an air compressor and receivers 
having a working pressure of 350 Ib. per sq. in. for 
operating the supersonic wind tunnel, now being 
designed, and to be constructed, by the staff. In 
addition to two well-equipped Mechanics Labor- 
atories, there is a Hydraulics Laboratory with a 
specially constructed flume and containing experi- 
mental turbines and pumps fitted with dynamo- 
meters. The Machine Shop contains more than 
twenty modern machines representative of a very 
extensive range of operations in engineering practice, 
and the-Production Engineering Laboratory includes 
a vertical gear generator, a relieving lathe, a super- 
finishing machine and a 17-in. lathe with hydraulic 
profiling equipment. Two Automobile ‘Engineering 
Shops, a large Fitting Shop, separate Acetylene and 
Electrical Welding Shops with argon-are equipment 
and a maintenance workshop complete this section. 

The Department of Electrical Engineering provides 
courses for the national certificates and London 
external degree, certificates of competency in marine 
and cvil aviation radio engmeering and radar. City 
and Guilds courses associated with electrical and 
communications engineering for technicians are, also 
offered. 

The laboratories possess many distinctive features 
in lay-out and equipment. There are two Science 
Laboratories, an Electrical Machines and an Advanced. 
Circuits Laboratory with such special items of 
equipment as a grid-controlled six-phase mercury 
are rectifier, motor alternator sets with wide fre- 
quency ranges, a high-tension testing transformer 
and an a.c. potentiometer with all associated acces- 
sories. An Electronics and Telecommunications 
Laboratory is equipped for instruction at all stages 
and the radio equipment and morse rooms are 
provided with the latest marine transmitting, 
receiving, direction-finding and echo-sounding gear. 
There is also an Electrical Installation and Cables 
Laboratory and photometer room. 

The Building Department provides full-time and 
part-time courses in general building, civil engineer- 
ing, quantity surveying, sanitary inspection, timber 
technology, etc., leading to professional qualifications. 
Building craft courses are conducted in carpentry and 
joinery, brickwork, masonry, plumbing, and wood- 
cutting machinist’s work. 
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A spacious carpentry and jomery workshop with 
portable electric hand-tools is adjacent to the wood- 
cutting machine shop, which includes such modern 
high-speed machines as a four-cutter, a spindle 
moulder, a router and a morticer. 

The workshop block will be connected with the 
maim. entrance hall and exhibition space of the nine- 
tiered mam buildmg, on which work is commencing 
now, at a cost of about £675,000. This second instal- 
ment will include admunistrative offices, suites of class- 
rooms, drawing offices and lecture theatres, staff and 
students’ libraries, laboratories for pure and applied 
chemistry, chemical engineering, physics (including 
special laboratories for work on radioisotopes), the 
natural sciences, mathematics (statistics), the building 
sciences, radar and food technology. 

Staff and students’ refectories and students’ 
common rooms will also be available. 

The principal of the College, Mr. Emlyn Jones, has 
a staff'of 64 full-time and 350 part-time lecturers 
and was, at one time, the head of the Chemistry 
Department at the Rutherford College of Technology, 
Newcastle upon Tyne. 


_ INSTRUMENTATION 
APPRECIATION IN CHEMICAL 
INDUSTRY 


O increase the efficiency of its factories, both large 

and small, must be the constant aim of every 
section of British industry, and any new steps which 
are taken fowards this end are a matter of general 
importance and interest. This is perhaps particularly 
true of the chemical industry, which makes such a 
large contribution to our total exports and the 
products of which are so widely used as the basic 
materials of other industries. 

Instrumentation, which is taken to embrace both 
the equipment and the technique used for measure- 
ment and automatic control, is one of the most 
powerful aids which the industry has had at its dis- 
posal in increasingly better developed form and 
which it has used increasingly effectively for thirty 
years and more. It is to be expected, in Britain as 
in other countries, that the extent of the use of 
instrumentation and the skill with which it is applied 
will have varied very much in all industries from one 
factory to another. In some instances, this variation, 
in the past, has followed the differences in the condi- 
tions demanded. by the operational needs of the pro- 
cesses and, particularly, according to the uses of 
continuous or batch methods of production. More 
recently, however, the limitation to the use of 
instrumentation by industry has been set either by 
the age of the factory or-by an unawareness on the 
part of the factory management of the benefits to be 
derived from proper use of instrumentation. 

One or other of these two limitations has been 
responsible for a very marked disparity between the 
best and the worst practice encountered in the 
chemical industry in Britain. This of course applies, 
to a greater or lesser extent, to the use which the 
industry has made of other means of decreasing its 
production costs and of increasing its output; it is 
not a condition peculiar to the chemical industry, 
nor does the worst practice in the chemical industry 
compare unfavourably with the worst in other indus- 
tries in Britain or in other countries, even the most 
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progressive of them, any more than does the best 
practice to be found in Britain fall short of the best 
to be found elsewhere. 

It is none the less important that every possible 
step should be taken to encourage the chemical 
industry, as well as all other industries, to make the 
fullest use of instrumentation as an aid to production 
efficiency in all its factories however small some of 
them may be. The Association of British Chemical 
Manufacturers recoznized the need for doing every- 


thing possible to bring the standard of instrumentation ` 


of the less well-mstrumented factories up to that 
found in the most progressive organizations, and the 
Association set up an Instrumentation Advisory 
Committee to assist in doing this. ° The task is not an 
easy one, for several reasons. Perhaps the most 
important of these arises from the fact that the firms 
which are backward in this field and which, therefore, 
need most help are in this position because the value 
of instrumentation is not appreciated by their 
managements. Corsequently, they have not realized 
that they can obiain help from the Instrument 
Advisory Committes and, therefore, they do not seek 
ut. 

The logical action on the part of the Association’s 
Advisory Committes was to arrange an ‘‘Instrumenta- 
tion Appreciation Conference” designed especially for 
managers, which was held in Harrogate during April 
1966. Great care was taken in the selection of 
subjects for discussion and in their presentation. 
Naturally, emphasis was placed on the profit to be 
obtained from good instrumentation. The Committee 
was fortunate in being able to present a greater num- 
ber of concrete exemples of applications where such 
profits had been obtained than has been presented at 
any other conference on this subject. Moreover, 
these examples were chosen to show how even very 
simple installations for measurement and control 
could bring substantial benefits. As was inevitable, 
in spite of the cars taken to point out the general 
nature of the conference, many firms gent technical 
representatives instead of the managerial representa- 
tives. Nevertheless, a number of firms responded to 
the recommendaticns of their Association, and the 
formal, and particularly the informal, discussions 
during the confererce showed that it fulfilled a very 
valuable purpose. 

The proceedings have now been published*, com- 
plete with the pspers and discussions, and with 
a report on the final session during which mem- 
bers of the Advisory Committee answered questions 
from the delegates. It is hoped that many of those 
in the chemical industry who were not at the confer- 
ence and who are responsible for the management of 
factories will read these proceedings very carefully. 
Their attention should be directed to the introductory 
paper by Mr. Bertram White, managing director of 
A. Boake Roberts snd Co., Ltd., and chairman of the 
Federation of British Industries’ Technical Legisla- 
tion Committee, and to the concluding paper on 
the reasons for irstrumentation, by Dr. Hiscock, 
operations director of the Imperial Smelting Corpora- 
tion, Ltd., and chairman of the Association of Chemi- 
cal and Allied Employers. These two papers make 
stimulating reading and are indicative of the spirit 
of the whole conference and of the object which the 
authors of the papers set out to achieve. 


* Proceedings of the Instrumentation Ap entation Conference, 
Hotel Majestic, Harrogate, 19th to 22nd April, 1956. Pp. vi+183. 
(London: Associaticn 2f British Chemical Manufacturers, 1956.) 
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That this objective was regarded as extremely 
important by the Association of British Chemical 
Manufacturers was made doubly clear by the unique 
offer made on behalf of the Instrument Advisory 
Committee by its chairman during his summing-up 
of the conference. This invited members of the 
conference to submit to the Advisory Committee an 
example of an actual working plant in order to obtain 
the Committees recommendations on its mstru- 
mentation. The only condition attached to this offer 
was that, if the firm concerned implemented the 
recommendations, the results of it doing so should 
be published as an example of the technical and 
economic results which can follow the installation 
of ummproved instrumentation. 

It will be very interesting to see the results of 
such’ @ co-operative effort, which it must be antici- 
pated will stimulate that appreciation of instrumenta- 
tion by management which it was the object of the 
Conference to foster. Meanwhile, those who are 
responsible for factory management, and who were 
not able to be at the conference, should read the 
proceedings now published, with the view of applying 
some of the recommendations arising from the papers 
and discussions. 


DEVELOPMENTS IN OPTICS 
AND MICROWAVES 


[Ts ever-increasing rate of scientific progress 
makes it difficult for research workers to keep 
abreast of developments within their immediate 
field of interest let alone those in related fields. With 
this consideration in mind, the Antenne and Propa- 
gation Group of the Institute of Radio Engineers 
and the Optical Society of America held a joint 
symposium on microwaves and optics at the Lisner 
Auditorium of George Washington University during 
November 14-16. This was attended by some four 
hundred workers representing a wide range of 
interests in optics and microwaves and provided an 
excellent opportunity of comparmg the present state 
of development in the two subjects. The first session 
was devoted to survey papers on microwaves (J. 
Brown, University College, London), infra-red (J. A. 
Sanderson, Naval Research Laboratory, Washing- 
ton), modern optical systems (A. Bouwers, N.V. 
Optische Industrie, Delft) and electron optics (L. L. 
Marton, National Bureau of Standards, Washington), 
and these served as a general background against 
which later more specialized papers could be 
appreciated. 

Theoretical diffraction studies are of considerable 
importance to both microwave aerial and optical lens 
design, and an excellent account of current work was 
given by Prof. M. Kline and Dr. B. Keller, both of 
New York University. Both papers concentrated on 
the development of the theory in physical terms, 
Prof. Kline developing an asymptotic series solution 
beginning with the geometrical optics term, and Dr. 
Keller making extensive use of ray ideas. ` Such 
methods appeal to experimenters in that the sig- 
nificance of the various mathematical terms 1s 
evident physically. A historical account of the study 
of diffraction by a sphere (N. A. Logan, Air Force 
Cambridge Research Center) illustrated the wide- 
spread interest in using the work carried out in the 
late nineteenth and early twentieth centuries: a 
notable feature of thé symposium as a whole was the 
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awareness of how much the subject isid around 
the turn of the century. 

Two papers on the optics of the eye, one by J. M. 
Enoch, of Ohio State University, on the nature of 
the receptors, and the other by H. A. Knoll, of the 
University of California, brought out many pomts of 
common interest. The receptors are similar in general 
form to microwave dielectric rod aerials, and scale- 
model experiments carried out at centimetric wave- 
lengths are providing useful information on the 
behaviour of these receptors. A complicating factor 
in the lens system of the eye is the variation of 
refractive index throughout its volume. Such non- 
homogeneous lenses are now well established at 
microwave frequencies and their potentialities were 
described by K. S. Kelleher, of Melpar, Inc. There 
is a fruitful field here for further co-operation between 
those using optics and microwaves. The use of 
microwaves in interferometry, -with possible appli- 
cations to metrology, was discussed by W. Culshaw 
(National Bureau of Standards), and diffraction 
studies on microwave lens images were described by 
G. Bekefi and G. W. Farnell (McGill University). 
The relative ease with which both amplitude and 
phase can be measured at centimetric wave-lengths 

makes microwaves a powerful aid in further diffrac- 
tion studies. 

A full session was devoted to the implications of 
information theory to optical design. O. H. Schade 
(R.C.A.) described the elegant methods by which 
lie has designed lens systems using communication 
theory, and A. Marechal (Institute of Optics, Paris) 
demonstrated the improvement in imaging which can 
result from optical filters operating on the amplitude 
and phase of the transmitted light. A general paper 
on the application of communication theory to optics 
by-F. D. Smith (Boston University) led to a stimu- 
lating discussion: optical workers inclined to the 
view that communication theory would lead to no 
new significant results, one speaker remarking that 
the Fourier transform had been widely used before 
the introduction of information theory. On the 
other hand, it was evident that those whose 
interests lay in the communications field felt that 
the use of communication terminology and methods 
greatly facilitated their understanding of optical 
results. 

F. T. Haddock (University of Michigan) surveyed 
the development of radio astronomy, and W..H. 
Bennet (Naval Research Laboratory) demonstrated 
the use of a new kind of valve which can be employed 
for studying the behaviour of proton streams under 
the action of magnetic fields. This was illustrated by 
an excellent film, and the results are bemg used to 
account for the properties of the aurora. The effects of 
the atmosphere on radio waves (M. Katzin, Electro- 
magnetic Research Corporation) and on optics 
(W. E. Middleton, N.R.C.,.Canada) were shown to 
be similar in many respects. Duct propagation is an 
added complication in the microwave region; but 
apart from this the behaviour was seen to follow the . 
same general trend in both cases. 

The final session, to which F.. J. Tischer (Ohio 
State University), K. Henize (Smithsonian Institu- 
tion) and L. M. Hartman (G.E.C.) contributed, was 
devoted to problems arising in connexion with the 
observation of, and communication to, earth satellites 
and rockets. It appears that much information is 
still needed on the behaviour of electromagnetic 
waves through hypersonic shock layers associated 
with missile flights. 
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A symposium of this kind is very valuable in that 
it directs attention to problems arising from a wide 
range of studies and in providing a meeting ground 
for people of very diverse interests. The Washington 
symposium was successful in both ways and is likely 
to lead to some interesting new work in the region 
common to optics and microwaves, J. BROWN 

l 


THE MEANING AND REACTIONS 
OF COMPLEMENT 


Y definition, complement is a hypothetical sub- 

stance present in fresh serum that has the 
property of causing the escape of hæmoglobin from 
red blood cells that have combined with antibody. 
There are, however, also a number of other reactions 
for which complement or substances resembling 
complement are essential; these other reactions were 
the chief subjects discussed in the symposium on 
“Complement” at the first meeting of the newly 
formed British Society for Immunology during 
November 9-10. 

As Prof. J. R. Marrack pointed out in his intro- 
duction to that symposium, the first and second 
components of complement can be separated in mid- 
and end-piece, and the third component can be 
obtained free from other components; but the 
fourth component has not been prepared free from 
other components and may well be an active group 
of the first and/or second component. 

Bordet! wrote of ‘fixation’ of complement and the 
expression is established by long usage. But all that 
is observed when complement is ‘fixed’ by antigen— 
antibody complexes is that complement activity is 
lost. It seems that the only evidence that the active 
substance actually combines is found in experiments 
that Dean? published in 1912. He found that an 
antigen~antibody precipitate, formed in the presence 
of mid-piece in the cold, washed and resuspended, 
had mid-piece activity. Otherwise the only evidence 
that any component of complement is fixed are the 
facts, first shown by Heidelberger? in 1941, that a 
complement-fixing antigen-antibody system forms 
more precipitate in the presence of fresh serum than 
in inactivated serum ; and that this difference is not 
found when the antigen-antibody system is one, 
such as pneumococcal polysaccharide and horse anti- 
serum, that does not fix complement. Mr, R. G. 8. 
Johns presented a diagram showing this increase in 
precipitate over a wide range of ratios of antigen 
(ovalbumin) to antibody in the presence of fresh 
human serum; in the presence of heat-inactivated 
serum the amounts of precipitate were almost 
identical with those of the saline controls. With 
horse serum as the source of complement the matter 
was less simple; for over a wide range of antigen/ 
antibody ratios the amount of precipitate formed in 
the presence of heat-inactivated horse serum was 
less than that formed in saline. This recalls the 
demonstration by Maurer and Talmage‘, using 
antigen and antibody labelled with iodine-131, that 
the amounts of antigen and antibody precipi- 
tated differed in the absence or presence of 
complement. 

Heidelberger has shown that most of the protein 
taken up from fresh serum by an antigen-antibody 
precipitate comes from the fraction containing the 

. first component. Mr. Johns could find no evidence 
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that the second and-fourth components added any- 
thing to the precipitate; they may therefore be 
inactivated and not actually fixed. The extra protein 
derived from fresh serum is not merely entrapped 
when the antigen—entibody precipitate is formed, for 
Mr. Johns found that a pre-formed precipitate, 
resuspended with resh ‘serum, will eventually take 
up as much protein as would have been added if the 
precipitate had been formed in the presence of the 
fresh serum. 

The work of Levine, Mayer and colleagues’ has 
demonstrated three stages in the interaction of com- 
plement with sensitized red-blood cells. In the first 
stage, which requires calcium ions, the first and 
fourth components are involved; in the second, 
which requires magnesium ions but not calcium ions, 
the second companent is involved; in the third 
stage, which is very slow at temperatures below 17°, 
the third component effects a change in the red cells, 
the result of which is the escape of hemoglobin. 
The product (a) of the first stage and that (b) of the 
second stage are unstable; at 37° they are in- 
activated—that is, they undergo such a change that 
the further stages no longer take place on addition 
of the appropriate components. The inactivation of 
b is rapid, so that tae eventual degree of lysis depends 
on a race between this inactivation and the action of 
the third component. Furthermore, Levine’ has 
found that after troatment of a with isopropylfiuoro- 
phosphate, which is regarded as a specific inhibitor 
of esterases, hamo_ysis does not occur on addition of 
second and third components. Treatment of serum 
that contains complement—that is, treatment of 
complement that has not been fixed—does not 
inactivate the complement. Also, Becker’ finds that 
product b (or its inactivated form) hydrolyses tosyl- 
arginine methyl ester, whereas neither the serum 
from which the complement is derived nor red blood 
cells without complement hydrolyse this substrate. 
We have, therefore, a method of demonstrating a 
change in complement after ‘fixation’, apart from the 
haemolysis of red blood cells. It would be interesting 
to know whether an esterase is either formed or 
becomes activatec when complement is fixed by 
simple antigen-ansibody precipitates. 

We have further evidence of a change in comple- 
ment on fixation in the conglutinin reaction. Bordet 
and Streng® founc that bovine serum agglutinated 
sensitized red blood-cells and other antigen-antibody 
complexes that had fixed complement (particularly 
horse complement); they called this reaction con- 
glutination and pcstulated a substance, conglutinin, 
in the bovine serum. Unfortunately, much confusion 
has been caused by the application of the name 
‘conglutination’ to other reactions in which com- 
plement is not involved ; but at this symposium the 
word was used in the correct sense. Strong’ and 
Wartiovara!® have shown that though normal rabbit 
serum contains little conglutinin, something very 
similar to it appears in the serum of rabbits after 
intravenous injectcon of antigen-antibody complexes . 
that have fixed complement; this conglutinin-like 
substance, which appears to be an antibody against 
fixed complement. they called immunoconglutinin ; 
it is permissible so suppose that the natural con- 
glutinin is also an antibody against fixed complement. 
Wartiovara’® and Coombs and Coombs" found that 
this conglutinin-like substance was also formed after 
bacteria alone, wizhout antibody, were injected, and 
considered that this immunoconglutinin was anti- 
body against the rabbit’s own complement fixed on 
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the bacteria after these had tombined with anti- 
bacterial antibody formed by the rabbit. Coombs 
and Coombs suggested that complement was so 
changed, when fixed, that it became a foréign 
protein and stimulated production of antibodies in 
the rabbit. Since first, second and fourth components 
are needed to render sensitized red blood cells 
agglutinable by conglutinin, and since the sensitized- 
red-cell-complement complex is agglutinable after 
incubation at 37°, it appears that conglutinin reacts 
with the complex in the inactivated b-stage. 

In the symposium Drs. R. R. A. Coombs and J. Marks 
described an extensive investigation into the con- 
glutinin levels in the sera of human beings. Normally 
tho conglutinin titre is low ; but in infectious diseases 
the titre rises and reaches a maximum at a time when 
antibodies against the infective agent should have 
appeared in the circulation. Among normal people 
the titres were lowest in those months in which 
infectious diseases are least common. It may be 
inferred that human beings also make antibody 
against their own complement which is fixed by an 
antigen-antibody complex. In the discussion it was 
suggested that the large amount of conglutinin in the 
sera of ruminants is due to the high bacterial content 
of the stomach. 

Properdin was originally recognized by its ability 
to combine with zymosan to form a complex that 
inactivates the third component of complement at 
temperatures above 17°. The other components of 
complement and magnesium ions are required for 
the formation of this complex’*. Purified properdin 
can be eluted from the complex and properdin-free 
serum can be prepared by adsorption with zymosan 
at 17°. It was later found that properdin is instru- 
mental in killing certain bacteria. Dr. A. C. Wardlaw 
presented tables showing that the components of 
complement and magnesium ions are required for 
this bactericidal action as well. He also reported 
that the percentage of bacteria killed in a given time 
is independent of the number of bacteria. This may 
be interpreted as evidence that an enzyme action 1s 


involved ; but, as pointed out in the discussion, it. 


may be due to differences in resistance of the bacteria, 

Dr. J. V. Dacie found that complement is necessary 
for firm combination of cold-agglutinin with red 
blood cells. It appears that cold-agglutinin is not a 
y-globulin, as agglutination by a supposed anti- 
y-globulin serum of cells that have combined with 
cold-agglutinin is not inhibited by y-globulin; it 
may be an «- or 8-globulin. 

Reduction of complement in disease has been often 
reported; Dr. C. E. Kellett showed a number of cases 
of great reduction of complement, estimated by the 
method of 50 per cent lysis, in a variety of diseases, 
particularly acute nephritis. This reduction requires 
further investigation, particularly estimation of the 
different components. 

Blood-coagulation and complement activity involve 
factors that have a superficial resemblance. Dr. A. A. 


“Sharp reviewed investigations on the relationship 


between the two systems and could find no evidence 
that common factors are involved. 

Pillemer and his colleagues have shown that the 
first component promotes the inactivation of the 
second and fourth components by plasmin’. In this 
reaction, as in the stages of the reaction with 
sensitized red blood cells, in the conglutinin reaction 
and in the properdin reactions, we find interactions 
of the components of complement with one another, 
set off by an antigen-antibody complex, by a 
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zymosan—properdin complex or by an enzyme. This 
complicated system of interacting components is 
found in the serum of all mammals examined and 
something similar in the serum of. birds. Comple- 
ments have been divided into hemolytic and non- 
hemolytic. This distinction is artificial and due to 
the customary use, as a test system, of sheep red. 
blood cells sensitized with rabbit or horse antibody ; 
horse complement, which does not lyse this system, 
lyses rabbit red blood cells sensitized with sheep 
antibody4, The first components of mammals seem 
to be similar; the difference between guinea pig 
complement, which is hemolytic (for sheep cells 
sensitized with horse or rabbit antibody) but not 
conglutinating, and horse complement, which is con- 
glutinating, seems to lie in the fourth component*', 
The new methods of investigation, particularly the 
separation of the stages of interaction as done by 
Levine and Mayer and the study of enzyme activities, 
open up new possibilities in the study of these inter- 
actions and raise complement from the status of a 
mere diagnostic reagent. 
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THE GIACOBINID METEOR 
STREAM 


PAPER on “The Giacobinid Meteor Stream”, 
by J. G. Davies and A. ©. B. Lovell (Mon. 
Not. Roy. Astro. Soc., 115, 1; 1955), gives an account 
of the radio-echo observations of the meteor shower 
associated with comet Giacobinid-Zinner during the 
unexpected return of the shower on October 9, 1952. 
The shower was first studied by radar in 1946, and 
the paper gives a description of the observations 
from 1947 to 1954, inclusive, and also discusses the 
unexpected return of the shower during daylight in 
1952 as well as the significance of its absence in 1953. 
The equipment for observation has been described 
by A. Aspinall, J. A. Clegg and G. S. Hawkins (Phil. 
Mag., 42, 504; 1951), and, with the exception of 
the 1952 return, no activity beyond four or five 
meteors per hour—the background sporadic rate— 
was detected. 
The records for October 9, 1952, are shown 
graphically, and from these it is obvious that the 
activity of the Giacobinid radiant became greater 


. 
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than the sporadic background rate at about l4h. 
20m. on this date. A slow rise in activity until 15h. 
was followed by rapid increase to a maximum at 
15h. 40m. on the radiant survey apparatus and at 
16h. 50m. on the steerable beam equipment (described 
in Mon. Not. Roy. Astro. Soc., 107, 164; 1947). It is 
suggested that this difference of ten minutes in the 
time of peak activity may have been due to the 
shghtly different polar diagrams. for reception m the 
two equipments. The matter is fully discussed in the 
paper, and the following question arises: Considering 
the intense shower during 1952 when the Earth 
crossed the cometary orbit 193 days before the comet, 
why were the results negative in 1953 when the 
Earth was at the node 172 days after the comet? A 
discussion of this problem leads to the suggestion 
that perturbations increased the perihelion distance 
of the meteors in front of the comet relative to those 
which followed it; if this view is correct, there is 
nothing to support the idea that the debris is con- 
centrated near the comet, and in fact there remains 
the possibility that it is distributed all around its 
orbit. l 

Among other interesting data, reference may be 
made to the shower on October 10, 1946, the curves 
of activity as measured by the visual, photographic 
and radio-echo techniques showing a temporary 
decrease in activity at 3h. 30m., and a similar drop 
was evident from Canadian observations. While the 
radio-echo rate reached a maximum at-3h. 43m., the 
maximum “in the visual and photographic rates 
occurred twelve minutes later. These peculiarities 
are explicable if a separation of meteor masses had 
taken place, the main peak in the radio echo curve 
at 3h. 43m. being due to faint meteors below the 
photographic and visual limits. While such a 
separation of the particles could arise from the 
Poynting—Robertson effect, there are difficulties in 
accepting this view, and some other explanation 
must be sought. 


REMANENT MAGNETISM OF 
SWEDISH VARVED CLAYS AND 
ARTIFICIAL SEDIMENTS 


‘WO papers under the joint title of ‘The 

Remanent Magnetism of Varved Clays from 
Sweden: the Remanent Magnetism of Artificially 
Deposited Sediments” have recently been published 
(Mon, Not. Roy. Astro. Soc., Geophys. Supp., 7, No. 3; 
1956), the first being by D. H. Griffiths and the second 
by R. F. King, both of whom are in the Department 
of Geology of the University of Birmingham. The 
first paper describes the attempt to obtain informa- 
tion about the Eerth’s magnetic field in the past. 
The investigation commenced with-the collection in 
1938 of a thousand-year varve series at Préistmon on 
the Angerman River, and then a similar thousand- 
year series collected at Undrom, which lies a few 
kilometres upstream from Priéstmon. This series 
was older but overlapped the Prästmon varves by 
about four hundred years. A year later, varves of 
Glacial age were collected from sections in the vicinity 
of Ragunda on the Indal River, and in the same year 
continuous varved cores were obtained from the 
, present delta of the Angerman River near Kramfors, 
covering approximately the period A.D. 1300-1900. 
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It was known that the clays to be measured had 
magnetic moments of 10-*-10-* c.g.s. units/e.c., and 
a description with a diagram is given of the a.c. 
magnetometer designed by E. A. Johnson to measure 
an induced e.m.f. of the order of a microvolé ; while 
this, generally speaking, was satisfactory, it had 
certain faults which set a limit to the accuracy with 
which weak specimens could be measured. 

About 150 samples were measured, roughly divided 
between the two localities of Prästmon and Undron, 
and the total interval covered by the samples was 
from about 1100 B.c. to A.D. 750, the period covered 
by the overlap being 150 B.c. to A.D. 250. As a 
result of the measurements, some tentative con- 
clusions have been arrived at, among which the 
following may be mentioned. In a favourable 
environment the polarization directions acquired by 
varved clays on deposition have directions which, 
on correction for the tilt of the layers, lie sufficiently 
close to the Earth's original direction of field to give 
at least a rough approximation to the secular varia- 
tion at the time. If however, the environment during 
deposition is unfavourable, the polarization directions 
may be widely scattered and even systematically 
deviated, and im such cases they may show little 
relation to the direction of field. This seems to have 
occurred with the Angerman River delta sediments 
from which the cores were taken, and it is suggested 
that the bottom currents are the factor most liable 
to create an unfavourable environment, 

With one exception, these conclusions are in the 
main substantiated by the laboratory sedimentation 
experiments of Dr. R. F. King. In this work, a small 
‘Perspex’ tank was made, with arrangements for 
feeding in a slurry of silt which slowly settled on a 
tray in the floor of the tank, from which samples 
could be taken and their directions of magnetization 
measured. A magnetic field around the tank was 
provided by Helmholtz coils, and the direction and 
intensity of the resultant magnetic field were varied, 
currents being creased in the tank, An attempt was 
then made to disccver what factors, other than the 
magnetic field, controlled the alignment of the per- 
manently magnetized particles which give the sedi- 
ment its remanent magnetic moment. Two such 
factors were found to be important—the slope of the 
surface on which ths silt is deposited, and the current 
flowing in the water immediately above this surface 
—and as they are Known to be operative in Nature, 
similar effects are likely to occur during natural 
sedimentation. Even m their absence, however, 
artificially deposited sediments are not magnetized 
exactly in the direction of the magnetic field, but at 
@ slightly lower inclination to the horizontal. It is 
pointed out that th-s effect may or may not occur in 
Nature, and is somswhat dependent on the state of 
dispersal of an artiticial sediment during deposition. 
“All three effects may be explained in terms of a 
simple model which supposes the sediment to be 


composed partly of spheres, the alignment of which’ 


in the field is perfecs, and which can roll on a sloping 


bed or in a current, and partly of flat particles which‘ 


settle with the plane containing their magnetic 
moment horizontal. There is no direct evidence of 
the existence of large numbers of plate-like particles, 
and it may be that they occur in quantity only in 
the special conditions of dispersal to be found in the 
tank, and not in Nature.” 

Further work on the nature and distribution of 
the magnetic particlas is in progress, and more recent 
sediments have been collected from Iceland. 


it 
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ROLE OF HEXOSE PHOSPHATE IN SYNTHESIS OF CELLULOSE BY 


ACETOBACTER XYLINUM e> 


By M. SCHRAMM, Z. GROMET and SHLOMO HESTRIN 


Laboratory of Microbiological Chemistry, Department of Biochemistry, Hebrew University—Hadassah Medical 
School, Jerusalem, Israel 


ISSIMILATION of carbohydrate may proceed 

in Acetobacter species largely via the pentose 
cycle**, Thus, in A. vylinum, where synthesis of 
cellulose depends on oxidation of carbohydrate*, the 
possibility is presented that energy for the synthesis 
might be derived from the operation of the cycle. 
Synthesis and cycle might also be linked if they pro- 
coeded obligatorily via a common intermediate, for 
example, a sugar phosphate. To clarify these 
possibilities, three lines of investigation have been 
pursued: (a) determinations of the relative rates 


and balance-sheets of oxidations of carbohydrates. 


and their conversion to cellulose by cells; (b) 
radioactive tracer analyses of these processes; and 
(c) analyses of intermediary steps of sugar dissimil- 
ation effected in a cell-free system. The present 
communication is a preliminary report on the results 
obtained. i : 

Washed cells of A. aylinum oxidized glucose 
rapidly to gluconate and the latter then to slowly 
oxidizable ketogluconates. In addition, the cells 
possessed a fluoride-resistant phosphorylative system 
whereby glucose and gluconate could be oxidized 
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Fig. 1. Production of carbon dioxide and cellulose by Acetobacter 


aylinum S 
Arrows with continuous line (——+) indicate reactions that have 
been carried out in cell-free extract of the bacteria. Reactions 
which have not as yet been carried out in the cell-free system are 
shown by arrows with a broken line (- amt Crossed arrows 
(—ll+) designate a-relatively slow reaction. Asterisk (*) 
designates products the formation of which in the medium of 
cell suspensions has been demonstrated by a direct analytical 
method, N = anaerobic pyruvate dismutation. 
Fructose was inert towards the glucose-grown cells but was 
metabolized by fructose-grown cells to the products shown. 
Phosphate esters (glucose-6-phosphate, a- and 8-glucese-1-phos- 
phate and uridine diphosphogincose) were not metabolized by the 
whole cells. As extracts oxidized glucosé-6-phosphate and 
a-glucose-1-phosphate readily, it is assumed that these phosphate 
Satara are iner when added to a cell suspension only because 
they fall to enter the cell 


~ 


rapidly to carbon dioxide. The principal findings are 
summarized in Fig. 1. They have suggested that 
carbon dioxide arises in A. xylinum largely via a 
pentose cycle in which it is formed by oxidative 
decarboxylation of 6-phosphogluconate and from 
which triose-phosphate is withdrawn by oxidation 
via phosphoglyceric acid to pyruvate. The latter is 
then oxidized to acetate and thence via a fluoro: 
acetate-sensitive pathway to carbon dioxide. As to 
hexose phosphate, the scheme proposes that this 
arises both directly by phosphorylation of exogenous 
hexose and from pentose-cycle intermediates, and 
that it gives rise to cellulose. i 

The use of specifically labelled glucoses in radio- 
active tracer analyses of cellulose synthesis by A. 
aylinwm has been described previously by Minor and 
co-workers‘. All their experiments, however, were 
conducted on cells growing in culture medium con- 
taining several carbon sources. The findings could 
not be interpreted clearly. Woe have utilized the 
approach that has been developed by these investi- 
gators, but applied it to a simpler test system—that 
of non-proliferating washed cells suspended in & 
solution containing but one added carbon source 
(glucose or fructose). 

Cellulose formed from specifically labelled hexoses 
in washed cell suspensions possessed patterns of 
carbon-14 distribution which appeared significant 
when considered in the light of the enzymatic con- 
stitution of the cells. If, as proposed in the scheme 
of Fig. 1, cellulose arises from a metabolic pool of 
hexose phosphate which is sustained concurrently by 
direct phosphorylation of free hexose and by reactions 
of the pentose cycle, it may be expected that the 
carbon ©, of the.cellulose monomer would be formed 
exclusively from carbon C, of the exogenous hexose, 
whereas the carbon C, of the monomer would be 
formed to an appreciable degree from carbon C, and 
but partly from carbon C, of the exogenous hexose. 
Degrees of retention and distributions of carbon-14 
in celluloses formed respectively from glucose-1-, 
-6- and -2-14C and fructose-1-4*C were found to be in 
accord with these expectations (Table 1). 

Equations which relate the part of non-cycled 
hexose phosphate in the hexose phosphate pool to a 
cellulose/carbon dioxide ratio have been formulated 
and will be presented elsewhere. With their aid, it 
has been possible to demonstrate that the agreement 
between theory and the experimental findings in 
Table 1 is quantitative and not merely qualitative. 
Furthermore, it is noteworthy that the radioactivity 
of cellulose afforded by glucose-1-4C is considerably 
less than that formed by fructose-1-"C. This feature 
is readily understood in the light of the observation 
that A. zylinum rapidly converts glucose to gluconate. 
Consequently, only a minor fraction of glucose under- 
goes phosphorylation as such, and the bulk of glucose 
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Table. ae A CONONNTRATION AND DISTRIBUTION OF CARBON-14 IN 
E SYNTHESIZED FROM SPECIFICALLY LABELLED HEXOSES 

wae ‘brik tree fresh xylinum cells were incubated aerobically in 

a agian 01 M radioactive substrate solution buffered by citrate (Nat) 
at is 6-4 at 30° until substrate had been exhausted (about 4 hr.), 
Cellulose was separated, purified and converted to glucose by acetolys' 

with following ydi hydrolysis (ref. 5). Hydrolysate was freed of anions, con- 

centrated and analysed as to reducing power and carbon-14 content. 

Distributions of carbon-14 within glucose were obtained by the 

- procedure of Frush and Isbell (ref. 6) 


Radioactivity of cellulose formed 


Activity of Distribution of 
monomer relative activity within 
to substrate monomer 
(100 X Sm/Sn)* |- (as per cent of Sm) 
moiety 
CrCy Os 





Hexose used as 
substrate 


Glucose-C (evenly 
labelled) 

Glucose-2-4C 

Ghucose-6-“C 


Glucose-1-*C 
Fructose-1-"“0 





* Specific molar radioactivities of substrate and cellulose monomer 
are designated respectively Sa and Sm. Values in column show the 
maximum range of variation of the results found using different 
batches of cells in two experimental series, each carried out in replicate. 
Carbon-14 concentrations in cellulose formed respectively by freeze- 
dried and fresh cells have been found to be similar. 

Freeze-dried cells were used. 
E wins tecpvered in bien) inne format 
3 Was recov: phenylphenacyl formate prepared from glucose 
of cellulose hydrolysate as recommended by Sowden (ref. 7). 


carbon can only be introduced into the hexose phos- 
phate pool indirectly via a pentose cycle which is 
operating on gluconate. Fructose, on the other hand, 
must all first enter the pool directly, and hence this 
hexose-is able to maintain a pool in which a larger 
fraction of hexose phosphate is contributed by the 
exogenous substrate without intermediary cycling. 
Since carbon C, of hexose did not label carbon C, of 
the cellulose monomer detectably, it can be inferred 
that triose-phosphate dehydrogenase competed effect- 
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ively with aldolase in this cell for the triose-phosphate 
formed during the operation of the pentose cycle. 

In summary, the results of this study suggest that 
cellulose can be formed in A. zylinum, as probably in 
green plants®*®, from. hexose phosphate by a process 
which is direct in tke sense that it does not require 
intermediary cleavage of the carbon skeleton of the 
hexosyl residue of hexose phosphate. In addition, 
the conclusion can abo be supported that the pentose 
cycle operates in A. xylinum in the living cells as 
well as in its extrac. 

Since essentially sll the cellulose of A. aylinum is 
laid down extracellularly, it has been inferred that 
the polymerization step in this synthesis is either 
catalysed by the cel. surface or occurs spontaneously 
in the medium from a diffusible precursor’. Since 
hexose phosphate as such is probably unable either 
to enter or leave zhe cell, the possibility can be 
favoured that hexose phosphate yields cellulose via 
a diffusible intermediate which contains the carbon 
skeleton of hexose phosphate but in. which the phos- 
phate group has been either modified or replaced. 

This investigatior, which is being continued, will 
be reported elsewhare in detail. Preparations of 
specifically labelled glucose were kindly placed at our 
disposal by Dr. H. 3. Isbell. 
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CHEMICAL INDUCTION OF CROSSING-OVER IN 
~ DROSOPHILA MALES 


By Dr. F. H. SOBELS and H. van STEENIS 


Genetisch Instituut der Rijksuniversiteit, Utrecit 


T: the progeny from female structural heterozygotes 
which had been-injected with formaldehyde, un- 
usual recombinants were observed. This led us to 
the assumption that formaldehyde can induce 
crossing-over in @ genetical situation where it is 
normally inhibited. The idea was further tested on 
males, where crossing-over is naturally rare, or does 
not occur. After injection with mutagenic concen- 
trations of formaldehyde, clusters of identical and 
complementary cross-over classes were observed. 
This suggested that crossing-over induced by form- 
aldehyde in males predominantly occurs in the 
spermatogonial stages*. 

It was thought of interest to investigate whether 
formaldehyde shares this property of inducing 
crossing-over with other mutagenie chemicals. For 
the preliminary investigation reported here, form- 
aldehyde, dihydroxydimethyl peroxide and mustard 
gas were used. 


Males heterozygeus for the markers black, purple 
and vestigial were treated with mustard gas, or 
injected with either the organic peroxide or form- 
aldehyde. Some cf the experiments were combined 
with tests for sex-Knked lethals by back-crossing the 
treated males ind-vidually to three females of the 
genotype Basc/+ 5 b pr vg at three-day intervals, so 
that four broods “representing successively younger 
stages of spermatogenesis were obtained. This method 
enables scoring of recombinants in the F, and of sex- 
linked lethals in the F, of the same males. = ? 

The results on induced crossing-over are set out in 
Table 1 and those on the mutagenic effectiveness of 
the various chemicals in Table 2. 

In every brood individuals showing one or two of 
the marker genes were observed; they were all 
scored as recombinants (r). This seems the correct 
interpretation for most of the specimens exhibiting 
two neighbouring marker genes (ra), though alterna- 
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Tablo 1. Tag FREQUENOY OF RECOMBINANTS IN SUOOESSIVE BROODS FROM MALBS WHIOH HAD BEEN TREATED WITH DIFFERENT CHEMICALS, 
HETER 


OZYGOUS FOR b pr vg, AND b prvg FEMALES. 





(55 6 pr vg] +++, 99 Base]+ 3 b pr ogib pr vg) 
































Chemical treatment Total offspring (n) and recombinants (r) showing one (r,) or two (r) of the recessive markers 
Concentration and ~ Brood 6 (4-7) Brood ¢ (7-16) Brood d (10-13) 
amount injected ——— 
n r fı fi r 
Formaldehyde 8,469 1bpr 8 3 6b pr 
, tog 2 og 
0-042 M 
0 27 mm * 26 1bpr 
1 pr 2 og 
{3 og* 

1 vg 1b pr 
log 
4b pr 
3b opr 
4b opr 
2 vg 

Dihydroxydimethyl 4,240 — — 4 1b 
peroxide A pr vg 
0-019 M 1 prog 
0-21 mm.* 2 p 

1 prog 
lbp 
log 
2dor 
lug 
2b pr 
3 og 
26 

3 bpr 
lw 

Mustard gas 3,198 — — 3 2b opr 
Exposure 2 min. at 

18-6° 0. 1b 
log 


C. Auerbacht 4,667 — — 








Recombtnants in the progeny of the same male are bracketed together ; all other recombinants occurred independently in different males. 
* The clusters of vg files In broods b and ¢ of the formaldehyde experiment were all derived from the same male: 
+ A dead specimen in which the presence of apricot did not enable the scoring of purple, so that b pr cannot be excluded. 
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tive possibilities are duplication or suppression of one 
locus, or reverse mutation, especially at the black 
locus. Those with only one marker gene (r,) could 
also be due to either mutation or deficiency. In 
brood d proper cross-overs were much rhore frequent 
than in the later broods. Clusters of recombinants 
are clear proof that this brood is sampled from 
treated spermatogonia. Even the r, specimens in this 
brood could be due to crossing-over, especially when 
they occur together with the complementary f, 
class, 

From a quantitative point of view, it is of interest 
that mustard gas, which is one of the most potent 
chemical mutegens, produces fewer cross-overs 
relative to induced mutations than the organic 
peroxide and formaldehyde which are much weaker 
mutagens. In this respect they are in good agree- 
ment with unpublished data of Auerbach (see Table 
1), who, using a comparable mustard gas concen- 
tration, did not observe crossing-over. Whittinghill* 
reported that nitrogen mustard increased crossing- 


Table 2. FREQUENCY OF SEX-LINKED LETHALS IN SUCOESSIVE THREE- 
DAY BROODS FROM MALES WHICH HAD BEEN TREATED WITH DIFFERENT 
CHEMICALS IN CONCENTRATIONS AS INDICATED IN TABLE 1 


The same males were used for the crossing-over tests in Table 1 
Sex-linked lethals 
Brood g 
%1 


Chemical 
treatment 


Formaldehyde 


Dihydroxy- 
dimethyl per- 
oxide 

Mustard gas 

s C. Auerbach 








ublished data of Dr. O. Auerbach. Hxcept for the constitution 5 cn vg, her experimental procedure was identical with the one 


over in females in the spindle-attachment region ; 
more detailed data of his observations are not 
available. 

There is, however, a remarkable similarity between 
the frequency of crossing-over induced by formalde- 
hyde and dihydroxydimethyl peroxide and by 
X-irradiation (cf. Auerbach? and Whittinghill*). It 
is possible that this correspondence is more than a 
mere coincidence. Evidence has recently been 
presented that the formation of peroxides is pre- 
sumably involved in the production of mutations by 
X-rays® and that peroxides also play a part in 
formaldehyde mutagenesis’. Jt is less certain whether 
peroxides are of similar importance in the production 
of mutations by mustard gas. The data on the 
induction of crossing-over might therefore serve as 
further support for the idea that tho formation of 
peroxides is of importance in the action of certain 
mutagenic agencies. In this connexion it is of interest 
that, according to Meyer's’? observations, ultra-violet 
light also induces crossing-over in Drosophila males. 

In these experiments, as in those of Auerbach and 
Whittinghill, induced crossing-over in the male has 
been mainly produced in the spermatogonial stage. 
For X-rays this has been interpreted in different 
ways. Whittinghill holds the view that crossing-over 
actually takes place in the spermatogonia. Parker®, 
on the other hand, thinks that induced crossing-over 
is taking place in cysts of spermatocytes. The cluster 
effect is then explained by assuming similar con- 
ditions for all cells within a cyst. The present experi- 
ments do not allow us to decide between these two 
explanations. 

Depending on the theory of crossing-over which 
one accepts, it would seem that the mduction of 
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-crossing-over could also be used as a measure of 
chromosome breakage. The present results would 
then suggest that breakage is not an altogether 
uncommon event after injection with formaldehyde 
and dihydroxydimethyl peroxide. -It is not yet 
possible. to decide whether one or two breaks are 
involved in the initiation of chemically induced 
crossing-over. No data are available on the capacity 
of injected formaldehyde to induce gross re-arrange- 

mer A concentration of dihydroxydimethyl 

oy ith a mutagenic effectiveness similar to 

_ = the one used in this study produced one 2-3 trans- 

_. location in 441 gametes in brood a and none in three 

other broods sampled between the fourth and tenth 

after treatment with 1,388 gametes tested 
sublished work). 

slation with mutation studies, the induction 

ossing-over can serve as a useful tool for the 

subsequent stages of spermatogenesis. 
aimed at more information on the 

j] 33 between the mutagenic effects of 

yde administered by injection and by 

ind of dihydroxydimethyl. peroxide, is in 
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in connexion vith our results, the observations of 
Levine?’ seem of interest. He found that a deficiency 
of calcium causec. a significant increase of ordinary, 
meiotic crossing-over. - Similar observations were 
made in Chlamydomonas. by Eversole and Tatum 
after treatment with ethylenediamine tetraacetic 
acid and manganese chloride. We do not know 
whether our observations on the induction of gonial 
crossing-over are biochemically related to those of 
Levine and: Eversole and Tatum. . 

We wish to sxpress our gratitude to Dr. C. 
Auerbach for reading the manuscript and for the use 
of her unpublished date. - (Sept. 25 
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ULTRASTRUCTURE OF THE GOLGI APPARATUS IN PROTOZOA 
= AND METAZOA (SOMATIC AND GERMINAL CELLS) 


By Pror. PIERRE P. GRASSE and NINA CARASSO 


Laboratoire d'Evolution des Etres Organisés, Faculté des Sciences, Paris 





HE study of very thin sections examined with 
the electron microscope permits the formulation 
| general view on the ultra-structure of the Golgi 
apparatus in protozoa as well as in metazoa. 

“We have already shown! that the Golgi apparatus 
appears with a great structural constancy in all the 
animal cells: Our investigations did not, however, 
lude the neurons of vertebrates. 
arabasal apparatus of zooflagellates, the 
es of somatic and germinal cells, the Golgian 
secretory cells have the same composition 
out doubt strictly homologous elements, 
o the same category of cellular con- 























20phile part (reducing osmium) of the 
lgi atus is not composed of tubules, but of 
very flat saccules, the walls of which enclose a slit- 
< shaped area (Fig..1).. The very numerous sections of 
yosomes which we observed cannot correspond 
sections of tubules, since whatever their orientation 
“(even transverse) they never show small circles, but 
always slits of a variable length according to the 
organs and the ‘species under consideration. These 
slits are limited by very conspicuous membranes. 
These features can only be explained if the flattened 
saccules are square, lozenge-shaped or rectangular. 
Tt is the walls of the saccules which show osmio- 
phily, whereas the internal area always appears 
brighter. 5 ! 

«In fact, the saccules are so flattened that one could 
-o inberpret them as being double membranes. But 
=: observation shows on all the sections that the edges 
the saccules are closed and show no. interruption. 














Indeed, we thus have here flattened saceules with 
closed: edges, iae 


The second constant element of the Golgi apparatus oe 


consists in numerous osmiophile vesicles (osmiophile 
bodies of Dalton and Felix‘) placed in the immediate 
neighbourhood of the pile of saccules. They are 
sometimes situated along the latter, resembling a 
garland. The vesicles, ellipsoid in shape, are limited 
by a thin osmiophile membrane, appearing, on the 
electron micrographs, darker than the contents. 

These two elements, that is, saccules and osmio- 
phile vesicles, never fail and are closely associated. 

The osmiophile. vesicles arise from the saccules, 
and all the numerous micrographs we have made of 
the Golgi apparatus indicate this. They can become 
loose from the edges of the saccules, where they 
appear as droplets or pearls; or the saccule breaks 
wholly or partly into fragments which constitute as 
many vesicles. 






Fig. 1. Drawing of a dictyosome, with the osmiaphile vesicles 
= cs leose from the edges of the saccules 


32 NATURE 





Fig. 2. (1) Young —— dictyosome (part of an idiozome) of the snail, Helix pomatia, 


Numerous osmioph 


multifid gland; very numerous osmiophile vesicles ; 


annectans (from Calotermes flavicollis); F, parabasal filament ; 


x $3,500 (original magnification, 20,000); (2) x 50,000 


The following are some concrete cases of Golgi 
apparatus studied by us or our students : the idiozome 
of Helix pomatia (gasteropod mollusc) spermatid (Fig. 
2; 1)’, of Spirostreptus castaneus (West African milli- 
pede) (Fig. 2; 2)°, of Discoglossus pictus (anuran 
amphibian)’, The dictyosomes gather around the 
centrosome, and the acrosome (or pro-acrosome) 
becomes differentiated among the intra-idiozomal 
substance; the dictyosomes have the ordinary 
structure which we have just described. The osmio- 
phile vesicles are more or less numerous according to 
the stage of spermiogenesis. We have observed their 
fusion ending in the formation of a network*. No 
large vesicles, vacuoles or vacuolary areas are seen 





je vesicles are observed above, below and in the immediate neigh- 
bourhood of the pile of saccules; (2) spermatocyte dictyosome (part of an idiozome) of 
a West African millipede, Spirostreptus castaneus. No large vacuoles or vacuolary areas 
in the neighbourhood of the dictyosome; (3) dictyosome of the snail (Helix pomatia) 
no large vacuoles in the neigh- 
bourhood of the dictyosome ; (4-6) parabasal apparatus of zooflagellates ; (4) of Joenia 
(5) of Foania dogicli 
(from Calotermes flavicollis); namerous osmiophile vesicles getting loose from the edges 
of the saccules; (6) of Trichonympha (from Reticulitermes eyreme ns G, 3, 4 and 5) 
(origina 
30,000); (6) x 30,000 (original magnification, 17,300) 
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in the neighbourhood of the Spiro- 
streptus dictyosomes*, 

In the snail oocyte, the scattered 
dictyosomes have the same con- 
stitution as those of the idiozome, 
but their saccules show more 
swollen edges. Dictyosomes have 
been seen containing an osmiophile 
homogeneous mass in their cav- 
ities. Is it a vitellus granule ? 
‘There is no evidence that such gran- 
ules"arise in the Golgian saccules. 

The Golgi apparatus of multifid 
glands (Helix pomatia) (Fig. 2; 3) 
is composed of big osmiophile 
saccules, the piles of which follow 
each other in parallel to the longi- 
tudinal axis, which gives the power- 
ful chromophile ‘cords’, disclosed 
by Osmic impregnation under the 
light microscope. ‘The osmiophile 
vesicles are very numerous. 

One of our students (Berkaloff, 
unpublished work) has just demon- 
strated the Golgi apparatus in 
the leucocytes and the pericardial 
cells of Gryllus domesticus, where 
they have the same features as 
in the multifid glands of the 
snail. 

The parabasal apparatus of zoo- 
flagellates (Joenia, Foania, Trim- 
itus, Spirotrichonympha, Tricho- 
nympha) has precisely the struc- 
ture of dictyosomes*. The filament 
which joins it to the centrosome 
has been demonstrated again by 
electron microscopy. The osmio- 
phile vesicles are always numerous 
(Fig. 2; 4, 5, 6). We have ob- 
served, in Joenia, a case of dictyo- 
cinesis; the latter is achieved 
by a transverse division of the 
saccules, which confirms their inter- 
pretation as fundamental elements 
of the dictyosomes. 

Bringing together pictures ob- 
tained by light and electron micro- 
scopy enables one to claim that the 
chromophile part of the dictyo- 
somes, recognized as early as 1920 
by Bowen, corresponds to the piles 
of saccules. The osmiophile vesicles 
are too small (20-30 my by 60-120 
mu in the snail spermatid) to be dis- 
tinguished undér the light micro- 
scope. 

If one sticks only to observed facts, one is led to 
admit that the elements of the Golgi apparatus con- 
stantly present and disclosed by electron microscopy 
are the saccules superposed into piles, and the osmio- 
phile vesicles which accompany them and which 
arise from them. One is very tempted to establish 
a genetical link between the osmiophile vesicles and 
big vesicles or vacuoles sometimes observed in the 
cytoplasm in the neighbourhood of the dictyosomes ; 
but the establishing of a genealogy on the simple 
examination of sections is always difficult and 
involves a partly subjective interpretation. Classical 
cytology offers very numerous examples of mistakes 
made through the application of this method. More- 


magnification, 
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over, the frequently observed absence of any vacuolar 
formation in the neighbourhood of numerous dictyo- 
somes (millipede spermatocyte and spermatid, Gryllus 
leucocytes, snail multifid glands, and so on) pro- 


ducing, however, a great quantity of osmiophile - 


vesicles, is an argument for the absence of relation- 
ship between the vacuoles and the saccules or the 
osmiophile vesicles. 

But what then is the chromophobe part of the 
dictyosome, the existence of which cannot be 
doubted ? It not only appears very clearly in light 
microscopy after osmic impregnation, but is further- 
more brightly coloured by the green-light dye, and 
it is not difficult to see it in vivo in the spermatocytes, 
or in the cells of the multifid glands, of the snail 
(Helix), and in the large symbiotic flagellates of 
termites. 

It has often been asserted that the large bright 
vacuolar areas which are close to the osmiophile 
saccules participate in the chromophobe substances. 
We cannot agree with this interpretation, as such 
areas are far from being constant and fail in the 
large dictyosomes (parabasal apparatus) of flagellates 
which, examined with the light microscope, are yet 
rich in chromophobe substance. We are inclined to 
believe that the cytoplasm, in contact with the pile 
of saccules, acquires a higher index of refraction than 
that of the surrounding cytoplasm, and also peculiar 
tinctorial properties, but does not correspond to a 
really differentiated structure. 

Our conclusion is the, following: the Golgi 
apparatus, like the mitochondria, 1s an autonomous 
cell element and also has its own structure. The 
former ideas concerning the Golgi vacuome or the 
Golgi arising from the mitochondria are nowadays 
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out of date. Tke dictyosomes are always distinct 
from the ergastoplasma (Garnier, 1897) or endo- 
plasmic reticulum of the American authors, even 
when the latter 5 very abundant, as is particularly 
the case with insect leucocytes (unpublished work of 
Berkaloff). For two different reasons we believe 
that the Golgi apparatus of vertebrate as well as of 
invertebrate mecrons is composed of separated 
dictyogomes: (1) in chicken neuroblasts, the dictyo- 
somes are clearly individualized and gathered 
around the centrosome”! ; (2) Palay and Palade? have 
given electron micrographs of neurons belonging 
to various nerve centres of the rat. In these, one 
clearly sees sections of typical dictyosomes (osmio- 
phile saccules aad vesicles) wrongly interpreted, 
according to us, by these authors, as “agranular 
reticulum” (endoplasmic reticulum). Couteaux (un- 
published work) has just observed with the electron 
microscope typical dictyosomes in the ganghonic 
neurones of the leech (Hirudo medicinalis). What 
relation can exist between these dictyosomes and the 
“internal reticulaz apparatus’ of Golgi (1898) is not 
yet understood, 
7 
1 Grassé, P.-P., Carassc, N., and Favard, P., C.R. Acad. Sci., Paris, 
241, 1248 (1955). : 
* Grassé. P.-P,, Carassa, N., and Favard, P., Ann. Se. Nat. Zool., 18, 
339 (1956). 
3 Grassé, P.-P., C.R. Acad. Sci., Paris, 242, 858 (1956). 
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5 Grassé, P.-P., Tuzet, Œ., and Carasso, N., C.R. Acad. Sci., Paris, 248, 
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THE BANK VOLE IN CAPTIVITY 


By Pror. D. M. STEVEN 
University College of the West Indies, Jama.ca 


Seasonal Breeding in Captivity 


HE breeding season of most small mammals in 
Britain extends from the spring throughout the 
summer months until some time in the autumn and 
is generally followed by a period of ancestrus among 
the females during the winter months. The bank 
vole, Clethrionomys glareolus, has been found to 
breed from April until “October with maximum 
reproductive activity in June', though there is‘ 
evidence from parts of the country of some breeding 
throughout the winter in certain years*. Records 
_ during June 1950-May 1955 of the breeding of a 
colony at the Department of Zoology of the Univer- 
sity of Edinburgh suggest that the reproductive 
activity of this species may be more variable and less 
clearly seasonal than is commonly thought to be the 
case. The colony was kept in twenty-four large 
cages in the open air throughout the five-year period, 
and, except for an ample food supply at all times, 
the conditions under which the animals lived and 
bred probably approached to the wild state as closely 
as is possible for animals in captivity. The number 
of litters born in each month during the whole period 
is shown in Fig. 1, and the corresponding figures for 


each year listed in Table 1. Some litters were born 
in the winter morths each year except 1950-51. In 
other years breeding continued throughout the winter 


at a low rate and began to increase in either February ‘ 


or March. The peak of reproductive activity was 


reached in either April, May or June and tended to- 


Table 1. MONTHLY RECORD or LITTERS BORN DURING JUNE 1, 1950- 
May 31, 1955 


Total 
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1952- | 1953- | 1954- | month, 
53 54 5 over 
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Fig. 1. Total number of litters born each month, 1950-55 


decline thereafter, though remaining high during the 
summer months. 

Most published information on the breeding 
seasons of small mammals is based on the examination 
of samples of wild populations collected by trapping. 
Although the total number of animals studied during 
a whole year may be considerable, the number of 
females taken during the winter 1s usually rather 
small. It is suggested, therefore, that a modest 
proportion of breeding females in the population 
during these months may easily be missed. . 

The amount of winter breeding in any year cannot 
be correlated simply with any obvious climatic 
variable and seems more likely to be rélated to the 
age structure and fecundity of the animals forming 
the colony. Although the evidence for this cannot 
be discussed here, it was noted that most of the 
litters during the winter were born to females which 
had maintained a high rate of reproduction through- 
out the preceding summer and autumn. 


Variation of Gestation Time 


Information on the normal range of variation of 
gestation time among feral mammals is scanty 
compared with the data available for man and 
domestic animals, and most of it is based upon 
estimates by indirect methods or scattered observa- 
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Fig. 2. Distribution of gestation times for C. glareolus estimated 
from the interval between the birth of successive litters 
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tions of small numbers of pregnancies*4, Accurate 
estimates can, however, be obtamed for Microtinae 
and other small rodents in which a post-partum 
estrus and re-impregnation of the female commonly 
occurs within a few hours of parturition. In 
these circumstances litters are born at intervals 
of about three weeks, and the duration of pregnancy 
may be regarded as approximately the same as 
the interval observed between the birth of successive 
litters. The following information was obtained 
from a colony of bank voles at Edinburgh. This 
colony included four morphologically distinct forms 
and hybrids of them, but for the present purpose 
they are treated as a single freely interbreeding 
population. Fig. 2 shows the mierval observed 
between the birth of successive litters for all cases 
where this interval was thirty days or less, and 
includes 114 litters born to twenty-seven females, 
The distribution is markedly skewed, with the mode 
at twenty days. Itis clear, however, that the duration 
of most pregnancies is less than twenty-five days, and 
if those of longer duration are discounted the distri- 
bution of the remaining ninety-three litters is roughly 
symmetrical around a mean of 20-6 +0:17 days. The 
justification for this procedure is that pregnancy may 
sometimes ‘be prolonged by continued lactation of a 
previous litter, or failure of impregnation at the 
post-partum œstrus may be followed by successful 
impregnation at the following cstrus four or five 
days later. The small secondary peak at twenty-five 
and twenty-six days suggests that the latter alterna- 
tive occurs not infrequently. f 

It 1s instructive to compare these data for Cleth- 
rionomys with similar data for women and other 
mammals, since it is widely believed that the duration 
of gestation in women is more variable than in other 
species. Some coefficients of variation for gestation 
time of different species are shown in Table 2. It 1s 
apparent that while the variance for most breeds of 
domestic animals is less than that of women, the 
value obtained for Clethrionomys is more than twice 
as great as any other species, 


Table 2. VARIANCE OF GESTATION TIMB FOR MAN AND SOME OTHER 
ANIMALS 





Average 
duration of | Standard Coefficient 
pregnancy deviation of variance 
(days) (per cent) 
Man (various sources) about 280 | + 9 2-10-4 
Clethrionomys glareolus 20 6 + 167 
Horse—Clydesdale 332 8 + 10-5 
Rhein-Belgian 332 6 + 72 
Cow—Aberdeen Angus 282-5 + 3 60 
Norwegian 285 8 + 5-7 
Ayrshire 277°8 + 43 
Pig 128 0 + 30 
Sheep—Rambouillet 148 6 + 2-25 








Although based upon a relatively small series of 
observations this finding suggests that the normal 
variation for the duration of pregnancy of feral 
mammals may be at least as great as that of human 
beings. The low variance of most domesticated 
animals is probably due mainly to the precision of the 
estimate obtained by controlled mating, but there 
may also be a selection effect associated with the 
degree of inbreeding. 

* Brambell, F. W. B., and Rowlands, I. W., Phu. Trans. Roy. Soc., 
226, 71 (1986). 

3 Baker, J. R., Proc, Zoo. Soc. Lond., 1, 118 (1930). 

7 Ag A., “Patterns of Mammalian Reproduction” (Comstock, 


i Bourhére, F., “The Natural History of Mammals” (London, 1955). 
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Experimental Verification of the ‘Clock- 
Paradox’ of Relativity 


Ernstury’s theory of relativity predicts that if one 
of twin brothers leaves home in a space ship and 
spends @ considerable amount of time travelling at 
high velocity with respect to his home inertial frame, 
then, when the traveller returns home, he will find 
himself physiologically younger than his stay-at-home 
brother, and his pocket watch will have performed 
correspondingly fewer revolutions. 

In order to guarantee the above prediction, three 
assumptions are sufficient: (1) The time dilation of 
special relativity holds for uniform motion, (2) The 
acceleration of an ideal clock relative to an inertial 
system has no influence on the rate of the clock, 
and the increase in the proper time of the clock at 
any time is the same as that of the standard clocks 
in the system in which the clock is momentarily at 
rest'. (3) The traveller and his pocket watch are 
good approximations to an ideal clock. - (The accelera- 
tions must not kill the traveller or break his 
watch.) 

The description of the trip from the point of view 
of the traveller’s (non-inertial) rest frame is com- 
plicated by the accelerations. This complication has 
led historically to the name ‘clock-paradox’. The 
‘paradox’ can be ‘resolved’ by the use of general 
relativity, (However, even to describe the trip 
from the traveller’s accelerating frame, special 
relativity plus assumptions 2 and 3 are sufficient 
(H. Stapp, private communication).) 

An experimental test would be highly desirable, 
because (a) there is not universal agreement that 
relativity actually does predict the asymmetrical 
ageing’, and (b) assumption 2 does not follow from 
special relativity’. Verification of the ‘clock-paradox 
result’ would therefore require that assumption 2 be 
included in any correct generalization of special 
relativity. 

In order to look for an asymmetrical ageing effect, 
it is not necessary for the traveller to make the usual 
round trip. He can make a one-way trip, stop at 
his destination, and then compare his age with the 
stay-at-home twin by means of radio signals. This 
follows from the basic assumption of special relativity 
that a common time can be defined everywhere in a 
given inertial frame (the home frame) by use of local 
clocks that have been synchronized by means of 
light signals’. The traveller can compare his pocket 
watch with a local clock at his destination, after he is 
at rest in the home frame. As an additional test, 
he could then return home at a comparative snail’s 
pace, and compare his pocket watch directly with 
that of the stay-at-home. He would find that the 
age difference acquired during the fast outward trip 
is maintained unchanged during the return trip, pro- 
vided that the traveller’s return velocity is small 
enough. This follows from the fact that 


(jv) { (0 — vrje — 1f =- 1/2(vje) +... 


tends to zero as v/c —> 0. 
Mesons are clearly a suitable substitute for 
brothers’, A simple accelerator experiment would 
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use a uniform, parallel beam of mono-energetic nt 
mesons impinging on two identical detectors located 
at different distances from the target producing the 
mesons. Variation of the meson flux with distance 
from the target would check assumption 1. To 
check assumption 2, the mesons would be deceler- 
ated to rest at each detector, and the number of 
decays at rest ccmpared to the number of mcident 
pions. 

The corresponding one-way trip differs from that 
mentioned above, since it begins with both brothers 
at the same place and at relative rest in a moving 
inertial frame, and ends with them both at relative 
rest but separated in a new inertial frame (the lab- 
oratory). This trip has the virtue that it is com- 
pletely symmetr.cal in the treatment of the two 
brothers, except taat one of them is decelerated while 
they are together, the other when they are apart. 
An argument commonly used in trying to make the 
asymmetrical age _ng plausible is that the asymmetrical 
behaviour of tha accelerometers (or stomachs) of 
the brothers can distinguish the one who travelled 
from the one who stayed home. In our experiment 
that argument brzaks down completely, although it is 
easily shown that assumptions 1, 2 and 3 still predict 
asymmetrical ageing. (Ib turns out that whichever 
brother accelerates into the other’s rest frame 
while the brothers are seperated will remain the 
younger (and is therefore by definition the ‘traveller’), 
irrespective of which brother was originally accel- 
erated, when thay were together, to.produce the 
relative motion.)  _ 

This proposed experiment has already been per- 


. formed implicitly. The first quantitative check of 


assumption 1 is contained in the combined experi- 
ments of Rossi, Hulberry and Hoag’, Rasetti®, and 
Blackett®. Rossi e¢ al. measured the decrease in 
u-meson flux between mountain altitudes and sea- 
level, and by measuring and correcting for that part 
of the loss that was due to ionization-energy loss of 
the mesons in the air-path, they arrived at a mean 
life-time for decey in flight of about 30 x 10-* sec. 
From the measurements by Blackett on the momen- 
tum distribution 2f u-mesons at sea-level, Rossi et al. 
deduced a mean value for (1 — 6*)-1/8 of about 15, 
from which they predicted a mean decay life-time 
of about 2 x 103 sec. for u-mesons at rest. Rasetti 
later measured tke mean life of -mesons at rest and 
obtained (1-5 + 0-3) x 10-* sec. Thus assumption 1 
has been verified. 

In the Rossi experiment, the flux is measured at 
two places, without appreciable deceleration of the 
mesons. But the ‘twin paradox’ is not even qualita- 
tively discernible in any experiment that does not 
involve relative accelerations, for then the brothers 
never separate, or else never return. In order to 
complete the experiment, it is necessary to decelerate 
the -mesons anc. observe their decay at rest—once 
at mountain altitudes and once at sea-level. Given 
assumption 1, tke only way in which Nature can 
avoid asymmetrical ageing is by causing the sea-level 
mesons to undergo anomalously large ageing during 
their deceleration to rest, such that when at rest they 
have the same ag> as the mesons which were stopped 
at the mountain absorber and have been decaying 
at the normal rete. The excess decays during de- 
celeration lead t3 correspondingly fewer decays at 
rest. This peculiar behaviour cannot be ruled out 
by special relativ-ty alone, but ¿s ruled out if we add 
assumption 2. It is apparent that the same asym- 
metrical ageing will also result from a weaker assump- 
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tion than No. 2, namely, that any anomalous ageing 
due +o acceleration alone is independent of the 
history of the particle. To verify assumption. 2, we 
must show that no anomalous ageing occurs during 
acceleration. 

This last necessary experiment has been performed. 
Harold Ticho observed the decay of positive u-mesons 
that had been decelerated to rest. The experiment 
was performed? at 11,500 ft. and at 600 ft. (Chicago) 
with the same apparatus (H. Ticho, private com- 
munication). Fast incident muons triggered the 
counter system; delayed counts due to radioactive 
decay at rest were then observed. From the known 
momentum spectrum of the mesons at sea-level and at 
mountain altitude and the calculated geometrical 
efficiencies, Ticho could predict the number of fast 
muons that should stop in the absorber at either place 
and register their decays. If there were no asym- 
metrical ageing, Ticho would have observed at Chicago 


a rate anomalously reduced by a factor of about 40. . 


Instead, Ticho observed roughly the expected. number 
of decays at rest, both at low altitude and at high 
altitude. Thus, assumption 2 has been verified. 

I conclude that the experiment that we have 
proposed for testing the clock-paradox result has 
already been carried out, through the combined 
experiments of Rossi, Hilberry and Hoag’, Rasetti’, 
Blackett’, and Ticho (ref. 10 and private communica- 
tion). Their results verify the asymmetrical ageing 
predicted by Einstein’s theory of relativity. 

I am grateful to Drs. Stelpen Gasiorowicz, Joseph 
Lepore, Maurice Neumann, Wolfgang K. H. Panofsky 
and Henry P. Stapp for illuminating discussions. 
This work was done under the auspices of the U.S. 
Atomic Energy Commission. 


D Frank 8. CRAWFORD, JUN. 


Radiation Laboratory,” 
University of California, 
Berkeley, California. 

Oct. 24. - 
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Experimental Determination of Atmo- 
spheric Infra-red Radiation 


Mocs attention has centred on the radiative heat 
transfer properties of the atmosphere since about 
1900, especially with regard to the infra-red absorp- 
tion of certain atmospheric constituents such as 
water vapour, carbon dioxide and ozone, the spectral 
characteristics of which are presumably better known 
from the application of. quantum mechanical methods 
to the problem. Actual results in terms of atmospheric 
behaviour, however, are necessarily arrived at by 
devious methods, usually involving some -sort of 
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Fig. 1. ipa alr and equivalent radiation temperatures over 
Minnesota for February 1956 (18 flights). @, Average air tem- 
perature; O, average radiation temperature 


radiation chart, such as Elsasser’s!. ` The experi- 
mental confirmation of these methods is almost 
completely lacking, except at the surface of the 
Earth, where conditions are similar to those repro- 
ducible in the laboratory. 

Since- December 1954, 372 radiosonde flights 
carrying & new total radiation instrument, the ‘black 
ball’, have been flown near Minneapolis, Minnesota. 
This device’, which “is used in connexion with a 
standard radiosonde unit, is extremely simple and 
indicates a temperature which is proportional to the 
total (up plus down) radiation of all frequencies 
incident on the body at any altitude. The tempera- 
tures indicated must be corrected, the results of the 
correction serving roughly to double the difference 
between the radiation temperature and the air 
temperature. The black ball is spherical so that the 
resulting equivalent radiation temperature is not 
quite that which would apply to a horizontal disk. 
The spherical’ symmetry is advantageous, however, 
since for such a shape, the difference between the 
indicated radiation temperature and the air tem- 
perature at some altitude is directly proportional to 
the radiative cooling (or warming) of the atmosphere 
at that point. 

The results of the flights have led to æ consistent 
set of averages of air and radiation temperatures over 
Minnesota (45° N.) for the months February—October, 
inclusive. Two such averages, shown in Figs. 1 and 2, 
for the months of February and August, indicate the 
extreme changes that take place with season. Ib is 
seen immediately that in February the atmosphere 
is everywhere being cooled by radiation, while in 
August an extensive region of the atmosphere near 
the tropopause is being warmed. The lower point 
at which radiative equilibrium holds (about 250 mb.) 
corroborates King’s prediction’. - 

A comparison of the measured radiation tempera- 
tures on clear nights, with those calculated from the - 
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Elsasser chart using both the linear and square-root 
pressure correction’, shows definite disagreement, 
the actual loss of energy to space being considerably 
Jess than either of the above calculations shows. 
For example, in August, Fig. 2 shows that the 
equivalent radiation temperature at great altitudes 
is about — 57°, while the linear pressure correction 
in the Elsasser chart gives about — 45° and the 
square-root pressure correction about — 48°. 3 
Houghton and Brewer have published preliminary 
infra-red radiation results which are not in agreement 
with the black ball measurements. Previous measure- 
ments (unpublished), made at Minnesota “with an 
instrument of the general type they used, from 
May 13, 1953, to the start of measurements with the 
black ball in December 1954, mdicate the great 
uncertainty in the results due to equivocal calibra- 
tions and in particular due to the spectral char- 
acteristics of the window. Although useful for 
divergence measurements, the absolute readings are 
questionable. 
In any event, there is good reason for believing 

that the radiation charts require revision. Perhaps 


a new chart embodying the newer absorption data*® 
However, the extreme ease 


would be worth while. 
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O, average radiation temperature 


Fig. 2. 
1955 (26 flights). @, Average air temperature; 


with which radiation {data are obtainable usin 
a black ball will allow meteorologists to obtain 
divergence data (radiative cooling and warming) 
directly. 

Most of the radiation data so far obtained have 
been from the vicinity of Minneapolis, where the 
results show a consistent yearly trend, although 
measurements for the months of November, December 
and January are too few to warrant analysis. A 
complete analysis of the data will be given elsewhere. 
At present, the U.S. Navy is flying twenty black ball 
flights at the south pole, but other radiation data 
at various latitudes are needed. It is hoped that 
systematic coverage of at least part of the Earth’s 
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surface through many degrees of latitude will be 
made with black ball flights during the International 
Geophysical Year. 
JOHN L. GERGEN 
Department of Physies, 
University of Minnesota, 
Minneapolis 14, Minn. 
1 Elsasser, W. M., Harvard Met. Studies, Harvard Univ., Milton, 
Mass. (1942). | 
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* Houghton, J. T., and Brewer, A. W., Paper of Meteor. Res. Comm. 
No. 914 (Londop, 1955). ~ 
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The TiFe,O,—Ti,FeO, Solid Solution Series 


Ir has already been reported! that a stable com- 
pound having a chemical composition near Ti0,.Fe,0,5 
can-be produced >y ultimate oxidation of the umen- 
ite-~hematite mineral series, eFeTiO;.(1—2x)Fe,0s5, or 
titanomagnetites, yFe,Ti0,(1—y)Fe,0,. Very httle 
1s known, however, about the chemical ‘composition, 
` srystel structure, magnetic proper- 
ties or other physical and chemical 
properties of this ultimate oxida- 
tion product. In the course of 
2omprehensive research on crystal- 
lographic and magnetic properties ` 
of the FeOQ—Fe,0,—-T10, ternary 
aystem, we have succeeded in syn- 
shesizing the TiO,.Fe,0,—2TiO,. 
FeO solid solution series, and have 
axamined the magnetic and crystal- 
-ographic properties of samples of 
-t. It seems that the Ti0,.Fe,0,— 
2TiO,.FeO series comprises, to- 
gether with titanomagnetite and 
she ilmenite—hematite series, the 
shree significant solid solution lines 
m the FeOQ—Fe,0,—-TiO, ternary 
system diagram. 3 

2Ti0,.FeO was prepared in the 
following way. A fine powder mix- 
sure of pure FeO, TiO, and Fe 
in a stoichiometric ratio, sealed in 
a quartz tube evacuated approx- 
imately to 10-3 mm. mercury, is 
quenched from 1,150° C. after being 
2- maintained at this temperature 
+20 +30 for 2 hr. Analysis by means of a 

~ Norelco’ X-ray spectrometer shows 
that this specimen is composed 
of a single phase having the same 
crystal structure as that of TiO,. 
Fe,0; (pseudobrookite), which was easily prepared 
by heatmg the nixture of Fe,0, and TiO, in a 
given ratio in air at 1,200° C. for several hours. We 
then synthesized four specimens of the Ti0,.Fe,0,— 
2Ti0,.FeO solid solution series in the same way, | 
changing the proportions of TiO, Fe,O, and Fe 
gradually. 

The chemical composition of the synthetic 
TiO,.Fe,0;—2TiO,..FeO series solid solutions is given 
in Table 1 and is illustrated on the diagram of the 
FeO—Fe,0;—TiO, ternary system shown in Fig. 1. 
Crystallographic senalysis of these specimens was 
carried out by a ‘Norelco’ X-ray spectrometer. In 
the spectrograms, no trace of the ilmenite — hematite 
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Table 1 


Chemical composition 


FeO + FeO, + TiO,, FeO Fe,0, TiO, 
(wt. per cent) (mol per cent) 


FeTi.0; 
(mol. per cent) 





Crystal parameters 
tm Magnetic 
b(A,) Volume of unit susceptibility 


cell (A.*) 


a (A.) 





43 x 108 enuu.jgm. 
55 x 107° igm 


58 x 107° 
48 x 107° 
53 x 107° 


* (o = 2-0 e.m.u./gm. at H = 2,200 oersteds) 


\ ` 


series minerals or of titanium dioxide could be found ; 
but a single phase, the crystal structure of which is 
very much like that of pseudobrookite, was observed. ` 
It has been reported by Pauling that pseudobrookite 
has an orthorhombic crystal structure’, while Curnow 
and Parry considered that their iron—titanate speci- 
men, obtained from the oxidation of ilmenite, was a 
tetragonal structure. In the present work we con- 
clude from a careful analysis of the X-ray diffraction 
chart that the crystal structure of the Fe.0,.TiO,— 
2TiO,.FeO series minerals newly found in the 
FeO—Fe,0,—TiO, ternary system must be regarded 
as orthorhombic (see Table 1). Fig. 2 shows the 
relation between the volume of a unit cell of the 


Ti Oz 





FeO Fer, 

Fig. 1. Chemical composition of Fe, Ti0,—FeTi.0, solid solution 

series represented on an FeOQ—Fe,0,—Ii0, ternary system in 
mol. per cent 


Fe; 


Vol. of unit cell (A.°) 





60 
FeTi,O, mol. per cent 


100 
FeTi,O, 


0 20 
Fe:Ti0, 


Fig. 2. Relation between the volume of a unit cell of the 
Fe, T10,—FeTi,O, sold solution series and the content of FeTi,0, 


TiO,.Fe,0,—2TiO,.FeO mineral series and the con- 
tent of 2TiO,.FeO. It will be clearly seen from 
Table 1 and Fig. 2 that as the 2TiO,.FeO content 
increases in the Fe,05.T10.—2T10,.FeO solid solution 
series, the crystal parameters become larger, though 
this increase is small. 

Measurement of magnetization curves of all the syn- 
thetic specimens up to about 2,500 oersteds was car- 
ried out by means of a magnetic balance. It was found . 
that these synthetic Fe,0;.TiO,—2T10,.FeO series 
specimens, except P3, have paramagnetic properties 
at atmospheric temperature, that is, the magnetiza- 
tion increases almost proportionally to the field 
intensity. The values of magnetic susceptibilities of 
these paramagnetic specimens are given in Table 1. As 
for specimen P3, it shows a ferromagnetic character 
in the magnetic measurement, although its intensity 
of magnetization is very weak, the Curie points 
determined from measurement of the thermomagnetic 
curve being about 220° and 540° C. This feeble ferro- 
megnetism may be due to contamination with a 
very- small amount of ferromagnetic ilmenite or 
titanomagnetite which could not be distinguished by 
the X-ray analysis. 

From these experimental results, it can be said 
that there exists a new orthorhombic solid solution. 
connecting Fe,03.TiO, and 2TiO,.FeO in the FeO— 
¥Fe,0,;—TiO, ternary system. This new phase must 
therefore be considered in studying the natural 
ferromagnetic minerals, especially in interpreting 
oxidation products of the ilmenite ~ haematite series 
minerals or of the titanomagnetites. 

S. AKIMOTO 
T. NAGATA 
Geophysical Institute, 
Tokyo University. 
T. KATSUBA. 
Department of Geochemistry, 
Tokyo Institute of Technology. 
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Effect of Gaseous Impurities on the First 
Townsend Coefficient in Hydrogen 


SEVERAL experimental determinations of ajpo 
(iomzations/em./mm. mercury at 0° C.) as a function 
of E/p, (volts/em.j/mm. mercury at 0° C.) have been 
made recently’ in hydrogen under conditions of 
uniform static electric fields. These, recent determina- 
tions agree to better than 10 per cent over the range 
23 < Epe < 40, but they diverge quite considerably 
from earlier measurements in the same range of E/p, 
by both Ayres’ and Halef, At larger values of H/p, 
{> 40) the only recent measurements which have 
been published are those of Roset. These agree well 
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@ PRESENT STUDY 
ROSE 
AYRES 
CROMPTON, DUTTON & HAYDON? 
CROMPTON, DUTTON & HAYDON? 
WILKES, HOPWOOD & PEACOCK 
HALE 


afp (om.-#/mm._ mercury) 





10 30 50 70 90 
Elpo (¥ cm.™jmm mercury) 


Fig. 1 


110 130 150 170 190 


with the corresponding values of Ayres, but stul 
show poor agreement with the values obtained by 
Hale. 

In view of this disagreement, we feel that some 
measurements for L/p, > 50, which have been made 
in this laboratory as a preliminary to the main 
investigation of the effect of transverse magnetic 
fields on the value of «/p», should be more widely 
known. They are shown for comparison with the 
measurements of Rose and Ayres in Fig. 1, the agred- 
ment between these various measurements being 
within 10 per cent for the whole range of 50 < E/p, < 
190. This is important because, whereas Rose? took 
great care to eliminate. gaseous impurities from his 
very pure gas samples, we took no special precautions 
to achieve high purity. Although the hydrogen was 
admitted through a palladium thimble, the ionization 
chamber was not baked out and the lowest pressure 
obtainable in the vacuum system was about 10-* mm. 
mercury. In common with all the recent determina- 
tions'-4, however, mercury vapour was not ‘present, 
pressure measurements bemg made with an oil mano- 
meter and thermocouple gauge. Furthermore, values 
of a/p, measured with and without the use of a 
refrigerated trap showed no significant difference. 

It seems clear, therefore, with our independent 
confirmation of the values obtained by Rose, under 
quite different conditions of gas purity, that for values 
of H/p, greater than 50 the effect of small amounts 
of the common gaseous impurities (for example, 
oxygen, water, carbon dioxide, nitrogen, mercury) 
is not so important in hydrogen as was indicated by 
previous. measurements’. 

It would be expected, however, that the effect 
of an impurity gas of ionization potential (Vz) less 
than that of hydrogen (Vq) would become more 
important at lower values of H/p, and would lead 
to an increase in the value of «/p,. This is because 
the ratio of the number of electrons with energy 
greater than Vz to the number of electrons with energy 
greater than Vy increases with decreasing E/po. 
This interpretation appears to be substantiated by 
the nature of the large divergence of Ayres’s values 
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from those of the recent determmations at low #/p,. 
Further, owing to the presence of mercury in Ayres’s 
work and its meticulous exclusion from the later _ 
experiments, one would expect the important im- 
purity to be mercury vapour. This conclusion, how- 
ever, ıs not enticely justified, as a comparison of 
similar- measurements of «a/p, in nitrogen, made 
mdependently by Ayres®, Posin® and Masch’, will 
show. In this cass, although all three determinations 
at low E/p, were made with gas contaminated with 
mercury, the vahies obtained by Ayres are again 
considerably largar than those of either Posin or 
Masch. Unfortunately, there are no recent measure- 
ments of «jp, available for comparison at these low 
values of H/p, (less than about 30) in pure mercury- 
free nitrogen, and the precise influence of impurity 
gases at low values of H/p, remains to be determined. 
Experiments coneerned with such problems are at 
present in progress in these laboratories. 

H. A. Busvin 

S. ©. HAYDON 

J. M. SOMERVILLE 

Department of Physics, 
University of New England, 
Armidale, N.S.W. 
Oct. 15. 
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An Iridium Plating Solution 


Durine an investigation at this laboratory mto 
the depolarization of oxygen electrodes by ‘carbon 
monoxide, a vibrating iridium microelectrode was 
required. The basis of the electrode was a steel wire 
and, for mechanical reasons, some form of iridium 
plating was necessary. The plating solution detailed 
below gives a dark grey coherent deposit of iridium 
when used under she conditions stated. The resultant 
deposit behaves in a manner characteristic of the 
metal? and is satisfactory for electrochemical work. 

The solution consists of ammonium fluoride 
(1-4 gm.), ammonium borate (0-6 gm.) and iridium 
chloride (1 gm.) d:ssolved in water (100 ml.). Ethanol 
(0-5 ml.) is added and the solution boiled gently 
until the smell cf ethanol is no longer detectable. 
After filtering, concentrated ammonia (0:1 ml.) is 
added and-.the solution made up to its original 
volume (100 ml.). 

Plating is carr-ed out at room temperature at a 
current density cf 20 m.amp.cm.-*, the work being 
made the cathode. 

P. J. OvENDEN 

Divisional Laboratory, 

National Coal Board, 

Glasgow Read, 
Edinburgh 12. 
Oct. 22. 
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Influence of Alkyl Groups in the 
Prototropic Change in Methyleneazo- 
methines 


ARGUMENTS for and against control by either polar 
or steric effects of the course and rate of substitution 
and elimination reactions have recently been given!-*, 
The concept of steric assistance has been specially 
stressed as an important factor in determining relative 
rates of unimolecular eliminations of highly branched 
alkyl compounds**; in contrast to this positive 
steric factor, negative -steric effects (connected with 
classical steric hindrance) play an important part in 
bimolecular nucleophilic substitution reactions’. It 
has been suggested’ that these steric effects can 
account for the known facts about nucleophilic 
substitutions and eliminations of alkyl compounds 
without need of special considerations regarding 
polar, particularly inductive, effects. 

In connexion with these arguments, we should like 
to put forward some results, obtained in our labora- 
tories, which, we think, bear on the question of the 
relative importance of steric and polar effects in 
heterolytic reactions. ; 

Our work deals with the mechanism of prototropic 
change in methyleneazomethines; this is a base- 
catalysed synchronous Sg?’ reaction®. The effect of 
alkyl groups on rate has now been examined’-!°, The 
system under study is: 


gs i ; Ph 
WR 
C—N=CH-Ph ==> Nose CH-Ph 
A | Lg : f 
A T Ste Rig : 
H H È 
(1) (III) 
Ph 
A Nooo 
2 ker ae U H 
i (J) 


an which R = H, Me, Et, Pr’, But. Reactions have 
been conducted under the conditions stated in Table 1, 
where specific first-order rate-constants are given. 
Alkyl derivatives have been studied by the method 
.of loss of optical activity starting with the optically 
active compound (I)’,and by spectroscopic estima- 
tion of mixtures of isomeric azomethines starting 
-with pure (I) or (II)*. The prototropic change in 
benzylidenebenzylamine (I = II, R = H) has been 
followed by isotopic tracer technique using azome- 
thine labelled with carbon-14 1°. 


Table 1. SPECIFIC RATE-OONSTANTS (% IN HR.—*) FOR THE PROTOTROFIC 

CHANGES OF METHYLENEAZOMETHINES IN 1-3 N SODIOM ETHOXIDE 

Iv ETHYL ALCOHOL (60 PRR CENT) -DIOXAN (40 PER OENT) at 50°. 
CONCENTRATION OF AZOMETHINE, 0-4 M 


R ke k-R 
H 1-7 1-7 
Me 0-132 _ 0.096 
Et 0:0112 0:0091 
Pri 0:0059 0-0046 
But 0 0034 0-0023 


It can be seen that the result of introducing alkyl 
groups either in the carbon atom from which a proton 
departs, or in the one attacked by a proton, is to 
lower reaction-rate. 

Now, if the removal of a proton by a base is con- 
sidered as the important process in the prototropic 


f 
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change, this could be compared with the appropriate 
bimolecular elimination reaction : 





Ph = ~ Ph 
P vad —> Nesok ~ 
RO, Ri: 
H H 
g 7 Ph 
Nae 
R N 


since, in both processes, an electron pair, forming 
initially a C—H bond, is shifted to form a double 
bond between that carbon atom and the nitrogen 
or carbon atom next to it, which, in turn, gives away 
another electron pair. 

Accordingly, in the forward prototropic change 
(I + II), the inductive effect of R should oppose the 
departure of a proton from the R-substituted carbon 
atom. This will give values of kp decreasing in the 
order H > Me > Et > Pr? > Buf in agreement with 
the experimental results. The electronic shift which 
takes place in the backward reaction (II -> I), as 
shown in (II), will be also opposed by inductive 
release from ÈE, giving again a sequence of k-r 
corresponding to that found experimentally. 

On the other hand, hyperconjugation arising in 
the transition state of the forward reaction cannot 
be made responsible for the sequence of rates ; since, 
if it were responsible, alkyl derivatives should react 
more quickly than benzylidenebenzylamine. In the 
backward reaction hyperconjugative control fails also 
to account for the experimental results, since it would 


. give the minimum rate to the more hyperconjugated 


methyl-substituted (II). Small contributions due to 
hyperconjugation are considered, as will be shown 
in more detail elsewhere?®. 

Steric assistance seems to play no important part 
in these reactions ; because, in the forward reaction, 
in which R is systematically changed at the proton- 
departing carbon atom, the sequénce of rates would 
be opposite to that experimentally found. This could, 
of course, be presumed on account of the small size 
of the’ group leaving. 

It can be concluded that alkyl substituents, 
introduced at the proton-departing or at the proton- 
attacked carbon atoms in these prototropic changes, 
exert Hofmann-type influences, which can be 
accounted for by inductive control. 

R. PEREZ OssoRio 
F. Gomez Herrera 
R. MARTÍNEZ UTRILLA 


‘Instituto de Quimica, ‘“‘Alonso Barba”, 


Madrid. 
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Pyrrolic Acids in Porphyrin Oxidation 


Aotps such as 4-methyl-2,3,5-pyrroletricarboxylic 
(I), 4 - methyl - 3 - ethyl - 2,5 - pyrroledicarboxylic (LI), 
4- methyl - 3 - propionic-2,5-pyrroledicarboxylic (II), 
and 4-ethyl-2,3,5-pyrroletricarboxylic (IV) are found 
among the oxidation products of some naturally 
occurring porphyrms and dihydroporphyrins. 

A solution or suspension of the porphyrin in 2 N 
potassium carbonate was treated at room tempera- 
ture with sufficient saturated solution of potassium 
permanganate to allow the oxidant still to be present 
after ten minutes. The excess of the permanganate 
was destroyed with sodium sulphite. After filtering 
off the manganese dioxide, the solution was cooled 
to 10°C., acidified with concentrated hydrochloric 
acid (congo red as indicator), filtered again if necessary 
and finally freed from oxalic acid with calcium 
chloride at pH 4:5-5. Then the clear solution, thus 
obtained, was made strongly acid with concentrated 
hydrochloric acid. This solution wes extracted four 
times with peroxide-free ether, and after evaporation 
to dryness the residue was treated with a small 
amount of distilled water and filtered. The filtrate 
was submitted to chromatographic analysis on 
Whatman No. 1 paper and compared with samples 
of synthetic pyrrolic acids. The solvents used were : 
n-butyl alcohol/acetic acid/water (4:1:5); ethyl 
aleohol / 33 per cent ammonia / water (20: 1:4); 
n-butyl alcohol / 2N ammonia (1:1). The pyrrolic 
acids were easily detected by spraying the paper 
first with diazotized sulphanilic acid and then with 
a dilute sodium hydroxide solution. The amount of 
porphyrin required is 5-20 mgm. 

Table 1 shows the compounds oxidized and the 
acids obtained. 

Table 1 


Acids obtained 
I I 


Compounds oxidized 
Protoporphyrin IX 
Hemin 


Mesoporphyrin IX 
Pheophorbide a 
Mesophxophorbide q 
Pheoporphyrin a, 
Phmophorbide b 
Pheophytin a + b 


ba} 


tttt+ $+ 
t+t++++4++ | 5 


~ 





With the exception of the vinyl and formyl groups 
oxidized to carboxyl groups, the other side-chains 
are found to be unchanged, and this provides us 
with a useful method for investigating the nature of 
the substitution groups 1 to 8 (H. Fischer system of 
nomenclature) of a porphyrin. 

The occurrence of these acids is, moreover, a 
chemical indication that the porphyrin system must be 
considered a resonance hybrid of tautomeric forms. 

Acid (III) cannot be detected after the oxidation 
of pheophytin æ + b, until after the degradation 
mixture has been hydrolysed. This means that 
acid (III), after the oxidation process, is still linked 
to the phytilic residue. This is therefore a clear proof 
of the phytol position in chlorophyll @ and in 
chlorophyll b. 

The presence of acid (IIT) in the oxidation products 
of phzophorbide @ and mesopheophorbide a is 
difficult to understand because the ring from which 


our acid {IIL} is formed has a pyrrolinic structure and - 


is, according to H. Fischer, very difficult to dehydro 
genate by oxidative degradation. Furthermore, from 
a quantitative point of view, it seems that, starting 
from mesophzophorbide æ and phxoporphyrin a, 
comparable yields of acid (III) are obtained. 
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These results have prompted us to undertake 
investigations on dihydroporphyrins to establish the 
position of the twc hydrogen atoms. A full account 
of the present work will appear in the Annali di 
Chimica. 

Ropotro A. NICOLAUS 
LORENZO MANGONI 
Lucrano CAGLIOTI 
Istituto di Chimica Organica dell’ Università, 
i Rome. July 13. 


Structure of Anhydronium Bases 


DURING recent yəars, a number of authors’-* have 
attributed to several alkaloids containing the 
B-carboline system, 





the structure of anhydronium bases; for example, 
Schwarz‘ suggests : 


l 


(I) 





3 


following the formulation first introduced by Armit- 
and Robinson® in 1925, who described an analogous 
derivative of the «carboline. 

However, it appears to us unnecessary to write 
a formula bearing separated charges, because the 
covalent formula might rightly account for the 
chemical and physizal properties of the anhydronium 
bases, provided due attention is given to the valence 
state of the nitrogen atoms in these molecules. 

The main characsers of anhydronium bases appear 
to be: (i) a pyridine-like nitrogen on ring B (formula. 
I), that is, a nitrogen in the valence state s*xryz, Va 
(or, as reported in some examples given by Armit and 
Robinson’, a carbon atom in its trigonal state); 
(il) an amino-like nitrogen on ring C, that is, a 
nitrogen in the valence state sx°yz, Va It follows that. 
the anhydronium bases are characterized by two 
hetero-aromatic condensed rings, one with five and 
the other with seven conjugated z-electrons, built up 
with the contribution of the nitrogen p and lone pair 
electrons respectively, constituting a system clearly 
related to azulene. 

The passage from the carbolines to the correspond- 
ing anhydronium bases recalls in fact that from 
naphthalene to azulene. The main features of this 
change are the spectral bathochromic shift, the ap- 
pearance of a dipols moment and a marked increase 
in the strength of the base. All the anhydronium bases 
are reported to be yellow to deeply red substances, 
whereas the corresponding carbolines are colour- 
less?; they are very strong bases’, their basicity 
depending on the mutual position of the two nitrogen 
atoms’, Also, a dipole moment of about 8 D. has 
been reported for sempervirine?. 

The best way of testing the above assumptions 
seemed to us to be to calculate the charge distribu- 
tion, dipole momert and spectral shift for & simple 
molecule possessing only the fundamental conjugated. 
system of the ankydronium bases, represented by 
rings B and O. We chose, therefore, ds a model the 
compounds (III) and (IV), the last of which possesses. 
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the anhydronium base system corresponding to the 
e-carboline anhydronium base described by Armit 
and Robinson’, Compounds (ITI) and (IV) have 
been recently prepared and described by Robison 
and Robison; the anhydronium base character of 
(IV) results from its structure, which was proved 
unambiguously, from the spectral shift and its strong 
basicity. 

Calculations were made following the simplest 
form of the molecular orbital [CAO method with a 
set of parameters previously employed by Orgel et al.? 
for eighteen heterocyclic compounds, a set which 
seems to reflect fairly adequately the changes in the 
nitrogen valence states. ‘The calculated molecular 
diagrams are shown in Figs. 1 and 2. 





N 
-0323 





+0452 
Fig. 2. ‘Molecular diagram of 7.methyl-7H-pyrrole[2,3-b]pyridine 


The total dipole moments, using the method of 
ref. 9, are (I) = 1-25 D., & = 54° 30’; w(IV) = 
6-35 D., 4 = 180°, directions being taken anti- 
clockwise to the wv-axis and negative -> positive. 
The calculated and observed! m -—xn* transitions 
compare reasonably well: 


(IT): N > V, = 1-430 B cale.; 34,500 cm.- obs. ; 
“N > V, = 1-716 B eale.; 44,400 cm. obs. 
(IV): A —> V, = 1-208 B cale. ; 32,400 cm.~ obs. ; 


-> Va = 1-477 B calc. ; 40,800 cm.: obs. 


the average value for 8 being 26,000 cm.-! ; the batho- 
chromic shift of the whole spectrum is correctly 
accounted for. The calculated n — 7* transitions, 


which may be approximated by taking as a zero- 


point : the non-bonding molecular orbital energy- 
level of the molecules, give for (III) 0-700 8B’ and 
(IV) 0-521 R’. The large band of (IV) at about 
26,000 cm.-1, which the blue shift in aqueous solvents 
indicates es n — x, is responsible for the appearance 
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of a yellow colour and corresponds to a band appear- 
ing as a shoulder around 30,000 cm. in the plots? of 
the spectra of 7-aza indole and its derivatives, which 
show similar behaviour. 

_ Although a discussion of the molecular diagrams 
is beyond the scope of this communication, it may 
be interesting to remark that the partition of the 
t-electrons among the six- and five-membered rings 
is about the same in the two compounds", namely, 
(5-2 + 4-8)e in (IIT) and (6-3 + 4-7)e in (IV). The 
marked change in the polarity of (IV) with respect 
to (IIT) results, therefore, from the change of the 
molecular core as here represented : 


+ + 


+ + + 

3 l + + + 

N ee, 
+ | A N 


CH, N +. 








CH, 


that is, from the change of the potential field in which 
the ten x-electrons move; @ conclusion which sup- 
ports our assumptions about the structure of the 
anhydronium bases. 

Theoretical work is in progress, using the same 
method, in which the four carbolines and the corre- 
sponding anhydronium bases are treated as a system 
of fourteen electrons, with the view of obtaining a 
better understanding of their chemical behaviour and 
spectroscopic properties. These results are expected 
to provide useful information for the elucidation of 
the structure of new alkaloids isolated from South 
American Strychnos which are being studied in these 
laboratories". 

LEONELLO PAOLONI 

G. B. MARINI-BETTÒLO 
Laboratorio di Chimica Terapeutica, 
Istituto Superiore di Sanità, Rome. 
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- Steric Influences on the Structure of 
Chelating Agents and on the Stability of 
Metal Chelates 


2-PHENAOYLPYRIDINE and its derivatives are of 
interest because of their possible bacteriostatic 
activity’ and their power to chelate metals. In 
addition, it has been shown? that in the solid state 
they exist, with accountable exceptions, in the 
resonance-stabilized conjugate chelated enol form (I) 
rather than in the keto form (II). The purpose of 
this communication is to record some results of a 
study of their infra-red spectra, and to point out 
that they provide interesting examples of the influence 
of steric hindrance on molecular structure and on 
the stability of metal chelates. 
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When the keto-methylene group of 2-phenacyl- 
pyridine (which exists as a yellow solid in the form I, 
R = H) is substituted by an alkyl group, for example, 
ethyl, the infra-red spectrum of the resulting colour- 
less compound shows the presence of a carbonyl 
group, thus showing that it exists in the keto form 
(III), in spite of the remaining proton being available 
for enolization. The infra-red evidence is supported 
by the ultra-violet spectra! and by the proton spin 
resonance spectra (Branch, R. F., Bentley, P. G., 
and Hamer, A., unpublished work). This increase 
in thermodynamic stability of the keto form on 
substitution by an alkyl group is also observed in 
@-diketones and @-keto-esters, to which the present 
compounds are analogous. This effect has been 
attributed to the predominance of the inductive 
effect over the effect of hyperconjugation in these 
cases where the double bond of the enol form is 
conjugated with another unsaturated linkage’. 
Although this will be a contributing factor, it is now 
suggested that the stability of the keto form in this 
case is due, in the main, to the prevention of the 
attainment of uniplanarity in the enol form, with 
consequent loss of resonance stabilization, by steric 
hindrance between the alkyl group and the benzene 
ring hydrogen atoms. However, the infra-red 
spectrum of «-(1’-naphthoyl)-2-methylpyridine (IV) 
shows that it exists in the conjugate chelated enol 
form although a similar steric hindrance to uni- 
planarity would be expected in this compound. It is 
probable that the greater resonance energy of the 
naphthalene ring causes the steric effect to be less 
important in this case. (It should be noted, however, 
that naphthalene compounds have been observed to 
show anomalous behaviour where steric considera- 
tions are concerned. Thus, it has been shown‘ that 
optically active 1 : 1’-dinaphthyl derivatives racemize 
even when mechanical interpretations of a molecular 
model indicate this to be impossible.) 

When the keto-methylene group in 2-phenacyl- 
pyridine is substituted by a benzoyl group, it might 
be expected that steric hindrance to uniplanarity 
would be greater than with an alkyl group, and 
hence enolization suppressed. However, enolization 
does occur!; but it should be observed that the 
benzoyl group is a ‘slimmer’ group than methyl or 
ethyl, and co-planarity of the benzene ring, the 
chelate ring (involving nitrogen) and the pyridine 
ring can be attained with the benzoyl group lying 
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at right angles to this plane. The alternative mode 
of chelation in which the enolic OH group is in the 
position trans to the pyridme ring and hydrogen- 
bonded to the remaming carbonyl group is less 
probable on energetic grounds, since this structure 
would contain three non-parallel, non-coplanar 
aromatic rings. The relatively low solubility of 
hydroxy-pyridine derivatives has been ascribed to 
powerful hydrogen bonding between the pyridine 
nitrogen atom and the OH group‘, and this fact also 
suggests that chelation of OH to the pyridine nitrogen 
atom would be preferred in the present case. The 
suggested structure is supported by the fact that the 
aroyl derivatives —CO—C,H,, —CO—C,H,NO,-p, 
—CO—C,H,Cl-p and —CO—C,H,(NO,)31: 3:5 ‘all 
show an ultra-violet peak in the same position" at 
370 mu. Since the varying substituents lie outside 
the ‘resonance plane’, they will not be conjugated 
with the z-electron system in the plane. It is in- 
teresting to note that aroylation of 2-phenacyl- 
pyridine with p-chlorobenzoyl chloride gives the 
same yellow compound as when 2-p-chlorophenacyl- 
pyridine is aroylased with benzoic anhydride’. This 
indicates that the compound with the chlorine atom 
in the ‘vertical’ ring is the stable one. 

It is interesting to compare the structure of these 
compounds as revealed by their infra-red spectra 
with their knowr sensitivity towards metal ions}. 
Although other factors, such as solubility, influence 
these sensitivities, they are also dependent upon the 
stability of the mstal chelate. 6-Methyl-2-phenacyl- 
pyridine (V) shows no tendency to chelate copper, 
ferrous or ferric iron or cobalt, in spite of the fact 
that the infra-red spectrum shows that it exists in 
the conjugate chelated enol form. This is due to 
the prevention of complex formation by steric hind- 
rance involving the methyl group. This effect is 
analogous to the effect observed in 2-methyloxine, 
which fails to precipitate aluminium’, The steric 
effect in the present example is more severe than in 
2-methyloxine since the methyl group is more closely 
directed towards the metal-ligand bonds. This is 
readily seen by comparing the ions- of the methyl 
derivatives of oxime (VI) and 2-phenacylpyridine 
(VII). In the case of a planar, divalent chelate of 
6-methyl-2-phenacylpyridine, there is an additional - 
steric hindrance since the methyl group in one ligand 
tends to force the benzene ring of the opposite ligand 
to lie out of the plane of the rest of the molecule, 
thus causing loss of resonance stabilization. Another 
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example of steric hindrance to uniplanarity is given 
by 2-o-chlorophenacylpyridine (VIII), which shows 
only a slight tendency to chelation. This is due to 
steric hindrance, whereby the benzene ring containing 
the chlorine atom is forced to lie outside the plane 
of the rest of the molecule because of an ‘ortho 
effect’. 

It is suggested that these steric effects, in addition 
to the usual electronic effects of the substituents, 
will affect the stability of these chelates, but a final 
evaluation must await the determination of the 
stability constants. 

The infra-red spectra, the ultra-violet spectra and 
the nuclear magnetic resonance spectra of these com- 
pounds and their partially deuterated derivatives will 
be published elsewhere. Thanks are due to Drs. A. H. 
Beckett and K. A. Kerridge, of the School of 
Pharmacy, Chelsea Polytechnic, for providing the 
samples. \ 

R. F. BRANOH 
Chemical Inspectorate, 
Ministry of Supply, 
Block A, Station Approach Buildings, 
London, 8.E.3. 
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s Albert, ‘A, Chem. Soc., Spec. Pub., No. 3, 126 (1955). 
* Beckett, A. H., and Kerrldge, K. A., J. Chem. Soc., 2948 (1954). 
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Glucuronic Acid, a Precursor of Ascorbic 
Acid in Aspergillus’ niger 

Tux isotopic work of Jackel, Mosbach, Burns and 
King! with rats, and that of Sivarama Sastry and 
Sarma? with plants, showed definitely that in both 
these species, glucose is the ‘direct precursor of 
L-ascorbic acid. The studies of Horowitz and King? 
and Isherwood, Chen and Mapson‘ have established 
that in both cases glucuronic acid is an intermediate 
in the conversion of glucose to ascorbic acid, which 
takes place according to the sequence : 
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acid was a precursor of ascorbic acid in Aspergillus 
niger. 

The organism employed in these investigations was 
a strain of A. niger, obtained from the National 
Collection of Type Cultures, Poona, India, and main- 
tained by weekly transfers in this laboratory. Pre- 
liminary trials showed that this strain synthesized 
ascorbic acid to the maximum extent after 10 days 
when grown at pH. 2-5-3-0. The medium employed’ 
had the following composition, per 100 ml.: sucrose, 
15 gm.; ammonium nitrate, 250 mgm.; dihydrogen. 
potassium phosphate, 250 mgm.; crystalline mag- 
nesium sulphate, 250 mgm.; crystalline manganese 
sulphate, 100 mgm.; and crystalline zine sulphate, 
0:0125 mgm. 10 ml. of the above medium adjusted 
to pH 2-5~-3-0 was taken in 50-ml. ‘Pyrex’ flasks and 
A, niger grown for 10 days. Glucuronic acid was 
added as its lactone, p-glucurone, in suitable amounts 
as shown in Table 1. At the end of the growth period, 
the weight of the dried mycelia from each flask, as 
well as total acid and ascorbic acid produced, were 
estimated, the total acid by titration against N/20 
sodium hydroxide using bromthymol blue as: the 
indicator, and the vitamin by indophenol titration as 
in earlier studies’. The results are presented in 
Table 1. 


Table 1. INFLUBNOE OF GLUOURONE ON GROWTH AND ASCORBIO ACID 
SYNTHESIS BY Aspergillus niger, 
(10 days growth on 10 ml. medium; pH 2°56-3-0) 


in oe. 
evel (m; 
per a 


medium) 


growt! 
(mgm. of mat 
per flask} 





It may be seen from the data that p-glucurono-y- 
lactone stiroulates growth but not acid production. 
There is, however, no correlation between total acid 
and ascorbic acid under these conditions, which is in 
agreement with observations made earlier’. The syn- 
thesis of ascorbic acid is, however, significantly 
enhanced, showing that A. niger can utilize glucurone 

for this purpose; and, if the increase in 


H oH H OH co ascorbic acid over the control, that is, 
\ 7 \ 7 | without glucurone, is considered, it can 
C C— HOC bé seen that at the levels of glucurone 
L | I, employed, the conversion from glucurone 
HC—OH HC_OH HO- is between 1-8-3-5 per cent. The lower 

| | conversions at the higher levels of glu- 
HOCH. aA aes o — ai curone may possibly be a reflexion of 
increased utilization of the ascorbic acid 

T OH | E POSTE Tot eea due to the grentor govih 
Q of the organism as evince y mat 

a | E E weights. Thus these values are only 
CH,OH CO approximately indicative of the mag- 
nitude of the conversion, but neverthe- 

D-Glucose D-Glueurono-y-lactone L-Ascorbic acid less they serve to show that this is of 


Little is known, however, concerning the mechan- 
ism involved in the synthesis of ascorbic acid by 
Aspergilli. Geiger-Huber and Galli reported that 
certain strains of Aspergillus produced ascorbic acid 
and that this synthesis was maximal in presence of 

15-20 per cent sugars in the medium at pH 2-25. 
Glucuronic acid is also known to be produced, and 
Butkevitch, Menshinskaja and Trofimova’ have sug- 
gested that it may arise from 2-ketogluconic acid: 
It was of interest, therefore, to see whether glucuronic 


the same order as in plants and animals. 

Further, if glucuronic acid arises -from 2-keto- 

gluconate as suggested by Butkevitch et al.*, since 

2-ketogluconic acid is itself a product of glucose 

metabolism in A. niger®, it becomes obvious that in 
this organism also the sequence 


glucose —> glucuronic acid —> ascorbic acid 


represents the biosynthetic pathway involved in 
ascorbic acid formation. The occurrence of this 


sequence in such varied species as fungi, plants and 


, 
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rats-emphasizes the fundamental importance of this 
series of reactions in Nature. 

Qur thanks are due to the University of Madras for 
permission to publish the above results, which form 
part of a thesis for which one of us (K. 8. S.) was 
awarded the M.Sc. degree. 

K. SIVARAMA Sastry 
P. 8. SARMA 
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- Photosensitivity of the Iron (IH) Ethylene- 
diamine Tetraacetate Complex 
952, Jones and Long! observed that the iron 
ediamine tetraacetate complex is photo- 
_HilL-Cottingham* also noted the photo- 
dissociation of this complex, which he 
‘or qualitative work in his investigation. of 
ochemical dissociation of iron (ITI) chelates 





































enediamine tetraacetate complexes over a wide 
. They suggested that it is metabolized 
‘Heath and Clark have studied the iron 
plants by using this complex‘. 
several methods for. the quantitative 
m: of iron by the ethylenediamine tetra- 
complex: two volumetric ones®* for 0-1 N 
MLN solutions, and also two. spectrophoto- 
cal ones (one for amounts of 4-500 mgm. iron 
t 366 mu? and one for amounts of 0-5-12 
litre at 260 mp.*). The latter was used 
iments. However, we found that this 
carried out preferably at pH 3-6, 
-3 as suggested by Uzumasa and 
‘The dissociation is then less pronounced. 
ion. with the photochemical dissociation 
lex, we find that: (1). Dissociation 
© prevailing daylight: intensity ; in 
sociation takes place. (2) Dissociation 
when the excess ethylenediamine 
mall and: also at low pH values; 
low at high pH and large excess of 
iamine tetraacetate. ‘The influence of the 
wn by Table 1. Table 2 shows the influence 





5: 3-96 x 10° N; concentration of 
mine t 5i % 107 N. These solutions, kept in 

owed after 0-5 and even after one day extinctions 
of 0-367 at 260 mgin 1-cm.quartz cells 






Extinction atter.0-5 hr.| Extinction after 1 day 











NATURE 


45 


Table 2. Concentration of iron, 4-12.x 10-* N. pH 4-56. Extinction 
without dissociation 0.373 measured at 260 my in a l-cm. quartz cell 











Ethylenediamine tetra- Extinction Extinction 
acetate concentration after-0-5 hr. after 1 day 
4-12 x 1E 0-340 “0329 
4°33 0-342 0-330 
4-904 0-370 0-348 





of the concentrat.on of ethylenediamine tetraacetate. 
(3) Regeneration. as found by Jones and Long? is 
possible and very. pronounced when ethylenediamine 
tetraacetate is present in excess. An extinction of 
0°362 was observed for an iron solution (concentra- 
tion 3-96 x 10- N; pH 1:59) with a 25-fold excess 
of ethylenediamine tetraacetate and a light: path of 
l cm. at 260 my in the undissociated condition. By 
exposing the solation for 24 hr. ab a window, the 
extinction decreased to 0-270... 

After keeping tais solution for two days in the dark, 
the extinction increased to 0-358. Then the solution 
was exposed to Eght at a window again, this time 
for three days, and the extinction. became 0-311. 
Finally, the solution was kept in the dark. for one 
day, and the extinction increased to 0-342. 

ne J. KRUGERS 
J. AGTERDENBOS 
Laboratory for Aualytical Chemistry, 
University ef Amsterdam. 
Aug. 30. 7 
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A Crystallire Substance isolated from 
Egg Yolk which promotes Growth of a- 
Minute Inoculum of Human Tubercle 
Bacilli 

Eae yolk is the chief component of the solid culture 
media which are. surrently employed for the clinical 
detection of tubercle bacilli’. But these egg media 
coagulate during their sterilization treatment and 
cannot liquefy again once they are so treated. This 
property is an essential defect in laboratory practice 
compared with ordinary agar solid media. So I have 
attempted to finc the growth-supporting substance 
from a minute inoculum of the bacilli in the egg 
yolk and to add % to the agar medium which could 
be used as a rousine agar medium for the tubercle 
bacilli. This substance was isolated in the crystalline 
form and a simple synthetic solid medium was 
devised which coatained a small amount of it and 
‘Tween 80° as a carbon source’. This in minute: 
amounts supported the growth of human tubercle 
bacilli. This communication deals with the method 
of isolating the crystalline substance and its principal 
properties and those of the synthetic agar medium 
containing it. 

‘Tween’ solution extract of egg yolk was prepared 
by autoclaving 1@ per cent yolk suspension in 6 per 
cent “Tween 80’ soaution in water at 120° C. for 15 min. 
The transparent “Tween’ ‘extract of the yolk was 
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*“Tween’ solution extract 
of egg yolk 


: 





| cae 
precipitate suporiniast 


ather added. —| 





I | 
prècibitate superatant 
§ vols. of cold +} 
ethanol added : 





supernatant 


Teol itate ; 
| [bolling acetone added, and 
left overnight at 10-15° ©. 





I 
crystal 





supetatant pa 
+~--—-boiling acetone added and 
left overnight at 10-15° C. 
i | 
crystal supernatant 


Fig. 1. Purification process of the active crystal 


purified as shown in Fig. 1. The entire purification 
process was performed at 10~-15° C. The yield of the 
crystalline substance was about 1 per cent of the 
initial yolk. The crystals present a rosette. form 
ooi (Fig. 2). The melting point of this substance is 
- 85-36? 0. -It contains no nitrogen or phosphorus, 
and is very soluble in chloroform and ether, but 

-< scarcely soluble in acetone or ethyl alcohol at 10°C., 
» and insoluble in water at all temperatures. -Its 


activity is very stable to heat and this renders it 
fit for autoclaving of the synthetic agar medium 
containing it.: 





rystals of the active principle 








The composition of this synthetic medium is as 
follows: =" : 


. Na HPOH, O 6-0 gm. 
HPO, = i 30 gm. 
Ferric ammonium citrate GI gm. 
Glitamate 5-0 gm. 
Asparagine : 0-5 gm. 
be 30, ey ; 0-5 gm. 
Jalcium pantothenate 0-1 gm. 
‘Tween 80’ : 3 5-0 gm. 
* Crystalline substance Q-1 gm. 
Defatted perlaad age Gat Sy ake 
efatted purified agar (ref..3) gin, 
Distilled water- ` 1,000 0 mi. 


* The active crystal was added as an ether solution 





! vols. of cold ethanol 
‘edie 
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The final pH of the medium was 6-8 without 
adjusting. The medium can be sterilized by auto- 
claving at 120°C. for 20 min: and can be directly 
employed both for the clinical detection of the 
bacilli as a slant medium and for the colony count 


a8 a plate medium. 


Table 1. THE GROWTH RESULTS of Hack MEDIUM AT THE ELRvente 
-DAY OF INOUBATION 





` inocula 
mem. 
medium 





Synthetic medium 











Synthetic medium 
without crystal 














Egg medium. 














+++, +, + mean the growth grade which cannot be counted, 
The numbers indicate colonies at 


This medium was inoculated with 10-4, 10-5, 10-4, 
10-7, 10-8 mgm. of tubercle bacillus H37Rv strain `: 


in duplicate and incubated at 37°C. for 10 days. 


The same experiment. was performed with egg- 
coagulated medium (Ogawa’s medium, which is œ: 
modified form of Lewenstein’s medium used in this 
country). The results of the experiments were com- = 
pared. as shown in Table 1. Table 1 shows earlier 
growth on the synthetic medium than that on the | 





egg medium, from the minute inoculum of the — 


bacilli. This medium also can be employed as a 
colony count medium for the tubercle bacilli. Colony 
counting is possible after 15-20 days incubation at 
37° 0. O N 
Isao YAMANE 
Department of Bacteriology, 
Medical College, 
Fukushima. 
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t Yamane, I., Hyodo, S., Honda, T., and Kadoya, K., Fukushima J. 
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Influence of Analgesic Amines on Plasma 
Cholesterol of Rats 


ANALGESIC amines may influence, or be influenced 
by, the level of thyroid activity, for example, hypo- 
thyroid rats compared to normal controls gave 
enhanced response to 1-(p-cyclohexyloxyphenyl)-. 
ethylamine in ‘analgesic. assay. While seeking 
the chemical basis for morphine-like activity, by 
comparison of the above amine with its inactive. | 
analogue, 1-(p-dsopropyloxyphenyl)ethylamine!, the .« 
possibility was considered whether analgesic amines 
might interfere in processes that are linked to 
thyroxine. 

Plasma cholesterol cf rats (Sperry and Webb 
method?) was chosen as a convenient index of inter- 
ference. Results (Table 1) were- equivocal but had 
features of interest. Both amines-usually induced 
marked lowering of cholesterol-level,. but: occasionally 
marked rises occurred... All rats used on. any. one day. 
reacted in the same manner. The cyclohexyl ether 
could deplete plasma cholesterol by some 50 per cent 
within twenty minutes at analgesic dosage (20 mgm.) 
kgm.) and was effective at sub-analgesic dosage 


e eleventh day of incubation. . 
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Table A INFLUENCE OF AMINES ON TOTAL PLASMA CHOLESTEROL IN RATS 
MALE Fivporuyazom Rats 
Drug (p-cyclohexyloxy phenyl)- 1-(9-isopro loxypheny))- 
# eara HCI (20 mgm./kgm.) | ethylemine Hi riaxyhen jkgm. ) 
No pretröstniont ` 27-146-7* 312451 
ae with thyroxine (50 jm.) 26-345°8 472l 
5 min, before dosage SERS a 
ee NORMAL RATS 
R Sali i-(p-cyelohexyloxyphenyl) 1-(a-isopr wink oo Mo hi 
ethylamine ine p exyloxyphenyl)- -(2-isopropyloxyphenyl)-. Morphine 
2120 mgm.jkem. ethylamine HCl eth: viene, HO : ie 
2:10 mgm, ikem. : . 10 mgm jkm. j 
: go 28-627 167 +41 or 40-94.9-4 37aet2 | 
; ad $1°643-4 23240 SERTE 
-| with aroda? (50 ugm) $ 27-0441 26-6415 248450 
18 min: before dosage g ~ 21-4437 21-7419 
2 i- 22.34497 — 
E) om — SEESE 290 +205 
ven a intraperitonsally to groups of 5-8 rats. Blood taken into heparin from the hears ner sien anesthesia, Hypothyroidism 
jonractl in: water, Survival time 2 hr. Figures express mgm. cholesterol/#00 mi. plasma. 


mnym./100 ml. ee at 20 min. survival. 





ao mgm. Jkgm:). Plasma cholesterol-level is not 
- influenced much by most drugs; for example, pento- 
barbital and amphetamine in the present series. A 
ced fall in normal but not in thyroidectomized 
iga ‘has been described for adrenaline?, 
yroxine, usually’ considered to be slow in action, 
rompt effect in preventing depletion, though 
ere the cyclohexyl ether was given to hypo- 
thyroid animals, N-Allyl-1-(p-cyclohexyloxyphenyl)- 
ethylamine, : an analgesic antagonist, also significantly 
educed the degree of depletion (P =0-05). Morphine 
| small increases in plasma cholesterol, also 
in dogs’, but if thyroxine or nalorphine were 
beforehand, slight falls were found. All these 
gee were associated with a small rise in hæma- 
it. The cyclohexyl ether had no- influence on 
etete] of brain, or on the ratio of esterified to free 
cholesterol in plasma. It failed to release thyroxine 
in two rabbits (I am indebted to Dr. K. Brown-Grant 
this result) and there was no evidence for discharge 
line from the adrenals of rats'. 
ifficult to relate these results to analgesia, 
a common thread in relation to tempera- 
m. Both amines, like morphine, reduced 
ma perature of rats', Structures serving 
and pain sense are in close anatomical 
and physiological interaction is not 
"The observed uncertainty in direction of 
gosts a derangement in mechanisms 
lasma cholesterol-level. These may be 
ture regulation, for uncertainty in 
OF © of cholesterol-level is found in 
te ers. Artificial lowering or raising of body 
erature influences the level slightly. Thyroid 
sf caper influenced by the rate of heat 








































The p obability. of a complex interrelationship 
these various factors has an added interest 
t ight of at least ten distinct actions of mor- 
he body seem peculiarly fitted for main- 
the hibernating state, a state initiated by 
o of temperature control during increased rate 
of body heat. It seems not. improbable that 
e achivity may be a reflexion of an 
undefined neurohumoral activity. 








+t Normal rats without drugs had 44-743 
J yl-1-(p-oyelohexyloxyphenyl)ethylamine (20 mem./kgm.) 24 hr. before dosage. 


a mgm, fio 00 mi. 
§ Naicrphine (10° mgm. [kgm.) 5 min, before dosage, 
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Cholesterol Synthesis by Isolated Rat 
Liver Cells oy 


Tue losses of metabolic activity in isolated liver 
cells reported by Laws' and others might correlate 
with results we have obtained in studies of lipogenesis ` 
by such preparaticns. Our cell suspension procedure 
was essentially a combination of that of Anderson? 
and of Kaltenbach’. Rat liver was perfused, and 
back-perfused with 0-0138 M potassium citrate in 
0-1 M potassium phosphate buffer, pH 7-8. In some 
experiments one or. more lobes of the liver were 
first tied off and the remainder of the organ perfused, 


After treatment’ the liver was cut into chunks and’ © 


pressed through @ 30-mesh stainless steel sereen, 

3 em. in diameter, mounted in the end of a cylindrical 
‘Lucite’ press (Fig. 1). The 3-cm. diameter screen. is 
inserted between she screw-cap and the barrel of the 


6.2 thæods / cm. 





40,7 cm. 
Dzem 2 a 


i 





aa es KETE AERE CPS eae anne aa 


ae 4 ‘Lucite tissue press 
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Se Table L oe Baptoacerand. INTO ‘CHO 


LIVER Cnr FREPARANIO $ 








J Unperhise slice 


ie | 1,334 +500 
Unperfused, cell suspension | 323 





Perfused, slice* i 7 si 150 
Perfused, cell sispehsjon® | 17 +3 
ressed, 4 515 = 112 


Crude, exp 


* Liver erfused with 0-0133 M citrate in 0-1 M potassium phosphate 
buffer, p. 


t AS bounte per minute per mgm. cholesterol. 


7 pross ; the entire assembly may be readily cleaned. 
» All operations were carried out at 0° C, 
o expressed tissue is suspended in 0-1 M 
1 phosphate buffer and the cells washed and 
as deseribed by Anderson*. Cells suspended 
in Krebs-Ringer phosphate buffer were then in- 
. cubated either in Warburg flasks, or 20-ml. beakers 
»« Shaken in a Dubnoff metabolic shaker with 1-carbon- 
'-14-sodium acetate. The incubation mixture was: 
5 mi. cell suspension (approximately 20 mgm. dry 
p weight tissue) and 0-2 ml, 0-9 per cent 1-carbon-14- 
sodium acetate, with total activity per flask of 
1-02 x 107 counts per min. (windowless flow-gas 
counter). In some instances portions of the tied-off 
‘lobes. as. well as the perfused lobes were sliced 
(Stadie-Riggs slicer) and the slices incubated as above 
for comparison with the cell suspension systems. 
After incubation the cholesterol-containing fraction 
was isolated in the usual way by alkaline hydrolysis, 
“cether extraction and eventual precipitation with 
» digitonin, | 
“From the results in Table 1 it appears that liver cell 
suspensions, prepared by pressing perfused or un- 
-< perfused. liver through wire screens, evidence a loss 
“in. ability to incorporate radioacetate into cholesterol. 
Furthermore, perfusion of itself may effect the same 
result with liver slices, to a lesser extent. This latter 
result may be due to a state of partial disaggregation 
of the liver cells as a result of citrate perfusion, so 
that with a perfused slice we may be dealing to some 
extent with a ‘solid mat’ of isolated cells. Addition 
of coenzyme A, reduced diphosphopyridine nucleotide 
or adenosine triphosphate to a perfused cell suspension 
system did not result in a return of acetate-incorpora- 
ting activity. If the crude preparation expressed from 
the ‘Lucite’ press is incubated without separation of 
the cells, incorporation of acetate into cholesterol is 
retained, as indicated in Table 1 (crude, expressed 
„o preparation). The activity evidenced here is most 
wobably due to the portion of this crude preparation 
which is essentially a homogenate. Two of the 
possibilities- explaining these results are that some 
essential component of the systems studied is lost 
during perfusion and isolation or that the cell surface 
is altered in permeability either by loss of adherent 
ground substance or removal of the proximity of 
other cells. The second possibility is bolstered by 
-tho results with the crude preparation (Table 1) and 
. by the successful use of cell-cluster preparations, as 
= described by Currant, 
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_ the physiblogical responses of many arvestad fruita 





. radioactivity, 











and vegetables}. The presence of ethylene in ex- 
tremely low. concentration. in the atmosphere. sur- « 
rounding immature fruits accelerates the onset of the ` 
climacteric in most fruits by some mechanism as yeto: 
unknown. While ethylene production in fruits may 
be correlated in many cases with the climacteric rise. 
in their production of carbon dioxide®, it is still not 
clear whether ethylene induces the- climacteric rise in 
the nature of autostimulation or, as suggested by- 
Biale et al.*, ethylene is merely a by-product of fruita - 
at a certain stage of maturity. 

Therefore, it appears that tracing the biosyntheti 
pathway of ethylene in plants may help to explain- 
the biological function of this compound. Hal has: 
studied the effect of different substrates upon the 
production of ethylene from crude extracts of apple 
juice and Penicillium digitatum and postulated. tha 
ethylene arises by enzymatic degradation of a numbe 
of precursors including arabinose, ethanol, pectin,’ 
pectic acid, pyruvic acid, fructose and galactose. 
However, the validity of this work is impaired by the 
lack of specificity in the method used for the estima- 
tion of ethylene’. i 

Because of the limitations derived from dilution « 
factors inherent in the extremely low rate of ethylene ` 
production, for example, a maximum of 0-28 ml./kgm. 
hr. reported for pears‘,and by the fact that the specific 
precursor of ethylene is unknown, attempts using 
test substrates, ordinary or carbon-14-labelled, -i 
intact fruits failed to give conclusive results, » Gon. es 
sequently, experiments were carried out in which 
carbon-14-labelled ‘ethylene was introduced in the 
atmosphere surrounding the fruit in an attempt to 
study: (1) whether ethylene is a normal metabolic 
intermediate, in fruit; (2) and, if not, whether 
ethylene can be incorporated into fruit constituents 
by way of exchange reactions related ‘to the bio- 
synthetic scheme of ethylene. 

Ripe avocado or green pear fruits in large vacuum 
desiccators were exposed to 0:2 mec. portions ofe 
1,2 carbon-14-labelled ethylene gas (sp. act. 1-4 x 108” | 
c.p.m./mole) in concentrations of 1 part of ethylene 
to 1,000 parts of air over periods of several days. 
Each desiccator was equipped with a beaker of pot- 
assium hydroxide solution to absorb the respiratory 
carbon dioxide. Periodically, the oxygen taken up 
by the fruits, as indicated by an attached manometer, 
was replaced with oxygen gas from a cylinder. 

At the end of the experiment, the radioactive 
ethylene was swept from the desiccators and trapped 
in mercuric perchlorate solution’ and the respiratory 
carbon dioxide recovered from the trap solution as 
barium carbonate. The fruits were then mechanically 
separated into portions (seed, pulp and peel), and 
each section was treated separately in order to ascer- 
tain the distribution of radioactivity in the fruit. The 
results from two such experiments are given in 
Table 1. 

Incorporation of MC,H, activity oceurred to an 
extent of only 0-05 per cent of the input carbon-14 
and the majority of this activity 
appeared in the organic acid fractions. Subsequent 
experiments with the fruit, in atmospheres of oxygen 
or nitrogen, failed. to. improve the amount of 
incorporation. Moreover, other experiments with ripe 
oranges, limes, papayas, green apples, tomatoes and 
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ity. of MC\H, was 2°8.x 107-c.p.m. (specific activity 
m'in, mol, y used as ethylene-air mixture (1 ; 1,000). 


failed to show any incorporation of ethylene 
activity into these fruits. 
fact that ethylene can be incorporated into 
‘only two varieties of fruits, and even then the net 
amount of incorporation is extremely small, indicates 
: lene is probably a terminal product of a 
ee of metabolic processes in fruit and cannot 
or metabolized. This implies that the appear- 
of a small amount of “C,H, activity in fruit 
tituents is probably the result of exchange 
tions in the biosynthetic sequence of ethylene in 
. The fact that the majority of the incorporated 
activity was concentrated in the organic acid fractions 
‘of the fruit peelings and pulp further suggests that 
-ethylene is probably synthesized by a route which is 
closely connected with organic acid metabolism. 
ie fore degradation studies were carried out on two 
anic acids isolated from these experiments. 
T concentration of the ether extract of fruit 
jọ crude organic acids fraction of the avocado 
eviously exposed to ethylene-1,2-“C was 
aphed on a silica gel column using increas- 
tions of n-butanol in chloroform‘. The 
presenting the individual acids were com- 
meentrated and fumarie and succinic 
isolated from them in pure state. The 
lentity of all acid fractions were estab- 
aper chromatography in pentanol/formic 
or butanol/acetic acid/water. 
fio activity. of fumaric acid was determined 
the wet. combustion method. A portion 
was degraded according to the method 
ad Ruben? and Foster et al.*, in which 
vas oxidized with acid permanganate 
































STRIBUTION OF RADIOACTIVITY IN FUMARIC AND SUCCINIC 
ATED FROM AVOCADO FRUITS TREATED WITH ETHYLENE- 
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at low temperature wilh a resulting conversion of 
all its carboxyl caroons and h 8 middle carbon 





“atoms to carbon diexide with the remaining half to 


formic acid. The formie acid was steam distilled 
from the reaction mixture and oxidized to carbon 
dioxide according to the method of Horowitz and 
King’. 

The activity of the entire succinic acid molecule 
was determined by wet combustion. The acid. was 
degraded by high-semperature pyrolysis: according 
to the method of Kushner and Weinhouse"*, yielding 
barium carbonate from the carboxyl carbons... The 
activity of C-2,3 was obtained by difference. 

All samples were counted as barium carbona 
a gas flow counter to a statistical accuracy of 
cent. 

Degradation of the isolated Sieaario and suc 
acids revealed a rather interesting labelling pattern 
(Table 2). Appreximately three times as much 
carbon-14 activity was located in the carboxy! carbons * 
of these acids as was found in the middle carbon 
atoms. Although i is impossible to tell from these 
isotopic distribution patterns the biosynthetic 
sequences of these fruits, the fact remains that the 
metabolic intermediate associated with ethylene in 
fruit must be closely related to the acids. The higher 
proportion of carbon-14. labelling. in. the carboxyl 
carbon atoms as sompared to the middle. carbon. 
atoms of succinic and fumarie acids further suggests 
that ethylene is first incorporated into an unsymmetric 
intermediate compound in such a fashion that ran: 
domization has occurred preferentially in one of the ~ 
carbon atoms in tke ethylene skeleton. we 
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Incorporation cf Nitrogen-I5 in the 6-NH3 
Group of Adenosine Triphosphate by Muscle 
Extracts 


Ir is well known that skeletal muscle exirecté 
rapidly convert adenine nucleotides to inosine mono- 
phosphate ; yet alshough the latter and other inosine 
nucleotides have keen detected in muscle, the signi-- 
ficance of these substances and their relation to 
metabolic and le cnet Ser : 
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matters for controversy!?, Parnas considered 
reamination of inosine monophosphate — was an 


oxidative process, as did Engelhardt? in his postulated - 


adenylic cycle, whereas. Nekhorocheff: and Wajzert 
have recently provided evidence that creatine can act 
as @ precursor of the 6-NH, group of the adenine 
nucleotides. 

Kalekar. and Rittenberg* showed that after the 
administration of ammonium citrate labelled with 
nitrogen-15 to rats, the isotope was present in the 

6-NH,. group of the pooled adenine nucleotides which 
they considered to participate in reversible deamina- 
tion reactions. Using ion exchange chromatography 
bo isolate the adenine nucleotides from rabbit skeletal 
-> muscle after injection of ammonium citrate labelled 
`= with nitrogen-15, we have confirmed the findings of 
Kalckar and Rittenberg in that the 6-NH, group of 
adenosine triphosphate contained nitrogen-15. With 

cell-free homogenates of rabbit skeletal muscle, very 
low ‘figures for the incorporation of isotope into 
adenosine triphosphate from ammonium. chloride 
labelled. with nitrogen-I15 were obtained; but with 
aspartic acid labelled with nitrogen-15, the adenosine 
triphosphate fraction in both rabbit and pigeon 
muscle preparations contained up to 2:57 atoms per 
cent excess nitrogen-15. Incorporation occurred 
almost entirely’ in the 6-NH, group, for when a 
sample of the adenosine triphosphate thus produced 
“containing 0:275 atom per cent excess nitrogen-15 
-o was converted to adenosine monophosphate and then 
i deaminated with myosin 5’-adenylic deaminase, the 
-ammonia produced contained 1-35 atoms per cent 
excess nitrogen-15. 

The incorporating system was associated with the 

sarcoplasmic fraction of muscle, and active prepara- 
tions have been obtained in dialysed aqueous extracts 
of acetone-dried powders made from the supernatant 
obtained by high-speed centrifugation (20 min. at 
16,0009) of muscle homogenates. In these prepara- 
tions, nitrogen-15 as ammonium chloride was not 
incorporated into the adenosine triphosphate fraction. 
It has not yet been possible to compare the efficiency 
of aspartic acid as.a precursor of the 6-NH, group of 
adenosine triphosphate with other labelled amino- 
acids, but it is possible that adenine nucleotides are 
being produced. in the musele preparations from 
inosine monophosphate via the adenylosuccinate 
“pathway suggested by Carter and Cohen! for the 
synthesis of adenosine monophosphate in yeast and 
for which there is evidence in other systems’. 
j Determination of the synthesis of adenine nucleo- 
“tides in muscle homogenates is complicated by the 
active 5’-adenylic deaminase which is present. The 
-deaminase activity of acetone-dried powder extracts 
-o is low and in a system containing 5 m.molar adenosine 

: triphosphate, 5 m.molar inosine monophosphate, 

10 m.molar fructose diphosphate, 5 m.molar aspartic 

acid labelled. with nitrogen-15 (60 atoms per cent 

excess), 5 mamolar magnesium chloride, 0-002 per 
cent diphosphopyridine nucleotide and 0-01 M phos- 
phate buffer pH 7-5, there appears after incubation 
at 20° C. to be an increase in adenine nucleotides with 

a roughly equivalent decrease in inosine monophos- 
_ phate, No adenylic acid can be detected in this 
_< system, which in 60 min. transfers about 10 per cent 
of the aspartic amino nitrogen to the adenosine 

triphosphate. — 

In so far as dialysed extracts of acetone-dried 
powders were used in our system, it seems unlikely 
that creatine or phosphocreatine, as suggested by 
Nekhorocheff and Wajzer, or -alanine as proposed 
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=} bmetisni and Klein’, “were iitoled in the 


transfer of nitrogen to the ‘6-amino group of adenosine 


triphosphate. — 

‘We wish to thank Dr. G. H. Smith and Mr. B. Boon 
of this Department for their unfailing collaboration 
in carrying out a large number of nitrogen-15 determ- : 
inations. We are also indebted to the Medical 
Research Council for a research training grant to one 
of us (A. A. N.) and for a grant towards expenses 
(to S. V. P). 

ALISON A. NEWTON 
S. V. PERRY 


Department of Biochemistry, 
University of Cambridge. Aug. 13. 


* Parnas, J.-K., C.R. Soe. Biol., 101, 37 (1929). 3 
2? Embden, G., Carstensen, M., and Schumacher, M., Z. physiol. Chema. 

179, 186 (1928). ; 
"Engelhardt, V. A., Special Lecture, 2nd Int. Congr. Blochem.; Paris, B 


‘ Nekhorocheff, J., and Wajzer, J., Arch, Sei. Physiol., 8, 275 (1959). ae 
Nekhorocheff, J., Proc. 3rd Int. Congr, Biochem. eae! 1955; 
p 

ž Kalckar, H. M., and Rittenberg, D., J. Biol. Chem., 170, 455 (1947) 

* Carter, C. E., and Cohen, L, H., J. Amer. Chem. Soe., 97, 400 (1965). 

* Abrams, R., ‘and Bentley, M. J. Amer. Chem. Soc., 77, 4179 (1956), 
Liebermann, I., ibid., 78, '251 {1956). 

8 Kometiani, P. A., and Klein, E, E., Biochimia, 21, 389 (1958). 






Identification of Two Artefacts in an Alkaline 
Hydrolysate of Thyroid Tissue 5 


In a previous paper the presence of a fast-running 
in a column chromatogram of an alkaline .. 
hydrolysate of rat thyroid was reported’, This peak, 
representing an unknown radioactive iodine com- 
pound, amounted to 2-5 per cent of the total radio- 
activity. Further examination. of this component by 
paper chromatography in a éert-pentanol/2N am- 
monia (1:1) system disclosed the presence of two 
radioactive spots in approximately equal amounts. 
Both substances were readily extracted from aqueous 
solution with ether and were not absorbed by the acid 
form of the ion exchange resin ‘Dowex 50’. Neither 
substance could be detected in ether extracts of 
thyroid homogenates. These properties suggested 
that the substances might be artefacts and this was 
confirmed by the finding that they had the same Rp 
values in an n-butanol/n-pentanol/jammonia system 
as the artefacts produced by Stanley? by heating 
3-iodo- or 3: 5-di-iodo-tyrosine in 2 N sodium 
hydroxide for 16 hr. at 105° ©. Hydrolysis of 
N-acetyl-di-iodotyrosine or N-acetyl-mono-iodotyro- 
sine in 2 N hydrochloric acid or sodium hydroxide for 
1 hr. at 100° C. was found to be a quicker method 
of producing the artefacts, but in contrast to Stanley’s = 
finding, only one was produced from each substituted 
tyrosine. Sufficient material for identification was 
obtained by hydrolysis of 1 gm. of N-acetyl-di- 
iodotyrosine in 20 ml. 2 N sodium hydroxide. The 
hydrolysate was extracted twice with an equal volume 
of n-butanol and the concentrate applied in a band on 
three 10-com. Whatman No. 1 papers and developed ~ 
with tert-pentanol/jammonia. The artefact band was 
located under an ultra-violet lamp, cut out and 
eluted with methanol. After removal of the methanol 
the residue, about 5 mgm., was crystallized from 
acetic acid. Identity of the material as 3:5 di-iodo- 
4-hydroxybenzaidehyde was established by melting 
point and mixed melting point (201-202° C.) determ- 
inations. The. identification was confirmed by 
comparison of the infra-red absorption spectra of the — 
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isolated material andan OR specimen, Similar 
treatm né 















jenzaldehyde, which was identified by the 
lure (m.p. and mixed m.p. 113-114° C.). 

ydroxybenzaldehyde has been obtained 
iously from the hydrolysis products of iodinated 
in, but sold not be. isglated from hydrolysed 


Pranoi jammona, n ficienolidicina lem. 


+ 5-tri-iodothyro- 


n- p aooiaarmonia 









indebted to Dr. J. Maray, of the Chamistey 
apartment of this University, for the infra-red. 
jectr: determinations.: ; 

; T. H. KENNEDY 


docrinology Research Department, 
ew Zonland Medical Bement 


Dunedin, New Zealand. 
Sept. 27. 


: 'T. HL.jand Purves, H D; ‘Aust. J. Biol. Sei., {[9, 586 (1956)}. 
i Sanl. p. Giy Nature, LIL, 9383 (1953), . 
Vitt-Rivérs, R., Biochem. J., 48, 223 (1948). 


























‘Total Body X-irradiation on the 
tion of the Homogenized Duodenal 
; Mucosa of the Rat 


ave been endeavouring to examine the 
iochemical processes involved in the 
of radiation. injury... We have selected 
and especially duodenal, mucosa as experi- 
material, since it is highly sensitive to 
tion. 

Tho. morphological changes brought about by a 
gle dose. of 600 r. (170. KV. ; 10 m.amp. ; 05 mm. 
em. focal distance; 25-30 r. [rain.) in 
í miparablo with those described in the 
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60 

: a: Time: Gain. ) : 

er cent homogenate prepared in 0-25 M sucrose; ~ 
buffer, pH 7-2; 3 HM adenosine triphosphate ; ge 

chloride: 20 aM succinate. Total yolume, smo 
Irradiated; ~ = - ~ a non irradiated 








_ of N-acetyl-mono-iodotyrosine gave 3-iodo- 


bacteria at all times eae after irradiation. 


Piyon ad 3: Suh “systems, 


Tuns in the same- 


earotico-jugular cirsulation 
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literature, as regardis the weight changes of the 
duodenum, as well as the course of damage and 
rapid regeneration observed. in the histological 
picture!*, The duedenum was found to be free of 


and aaa ia 0- 25 
Elvehjem homogenizer. In 
of homogenized. mucosa, 

20 hr. after 600 r. total b 


that. high level all through 
period. A typical experim« 
showing the situaticn at eig! 

A few representative Qo, 
Table 1 obtained at differe 





illustrated in ve d, 
days after irradiation. 
Tues 








Qo, of non-irradlated contro! $ 
2 hr. pos'-irradiation 7-12 ( 
5 days .. E 1 


+ wae ay 


8 
Ib oy on m 


Irradiation has no similar effect. on pone or. 
fumarate oxidation: in a homogenate. of duodenal 
mucosa. 

Detrick et al.* have shown that i in the rat exposed 
to a single total body dose of 600 r. the impairment 
of function (glucose absorption) does not run parallel: 
with the histological changes (lesion and apparent 
restitution), the former being maintained even after 
histological repair is complete. A similar incongruence 
has been found to oceur in the succinate | oxidation 
of the duodenal mucosa. 


Further studies are in progress at our laboratory om i : 
aimed at a fuller elacidation of the mechanism of the. 


above radiation-indueed phenomenon. A fuller 


account of this work will be published elsewhere. : ae 


“8, Szonvr o o 
> W. VArrerisz 
Radiobiological Research Institute, y 
Pentz Károly u.5, = 
Budapest. 


‘Conard, R. A., Proc. Soe Exp, Biol. Med., 88, 833 (1953). 
à kenir, Bana Lannert, K., Acta Morph. Acad. Set. Hung., Supp. IV, 
(195: 
s Detrick, L. E; Upham, H. C, Highby, D. Debley, V., and Haley, 
T. J., Rad. ’ Res. 2 s #83 C858) : 






Growth of Pancreatic | let Tissue in the 
Anterior Chamber of the Eye 


Since Minkowsk:! showed that the presence of a 
subcutaneous implent of a portion of pancreas would 
prevent the development of diabetes in an otherwise 
totally depancreatized dog, various. investigators 
have observed the changes. (histological and physio- 
logical) which follow the grafting of pancreatic tissue 
into different. sites. Grafts have been made into the 
spleen, muscle ccat of the intestines, stomach, 
cervical region? and abdominal wall®. In. some cases « . 
autografts and: in. others homografts were made. 
Bottin’, using dogs, anasto: ‘the pancreatic and 
o neck but obtained. 
survival time of only a few hours. Simard’, how- 
ever, reported survival of islot tissue, neuro-insular 
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complexes and small amounts of acinar tissue for 
two months after transplantation of pancreas to the 
abdominal wall of the dog. Splenic grafts were 
unsuccessful. 

The aim of the present work has been to obtain 
relatively pure mammalian islet tissue. In order to 
obtain the maximum number of islets per unit 
volume, foetal pancreas was used. The risk of a homo- 
graft reaction was minimized by implanting the 
foetal pancreas into the eye of the mother. 

_ Twenty female Sprague Dawley and ten Wistar 
rats were used. A hysterotomy was performed under 
ether anesthesia on the 16th—21st day of pregnancy. 
Two foetuses were removed and the uterus and 
abdominal wound closed with catgut. A portion of 
the tail of the pancreas of one fœtus was inserted 
into the anterior chamber of the mother’s eye. The 
other foetus was used for histological purposes. 
Pancreatic tissue was taken from fcetuses of 19 mm. 
to full term, and in four cases it was obtained from 
day-old rats. Animals were killed at times up to 
six months after the insertion of the graft. ‘Tissue 
was fixed in Bouin, paraffin sections were cut at 6u 
and stained with hematoxylin and eosin or Gomori's 
aldehyde fuchsin. The oxidative stage of the Gomori 
reaction was modified in that sections were oxidized 
for 3-5 min. in equal parts of 1-0 per cent sulphuric 
ep 0-1 per cent potassium permanganate ; this 
solution of permanganate does not discolour 

the sections and as a result the bisulphite bleach may 
be omitted. This modification has been found to 
give excellent staining of the $-cells of both adult 
and fostal islets, with a marked reduction of the back- 
ground staining which often attends the use of the 
original Gomori method* or Scott’s modification® of it. 

There was no operative mortality. All grafts were 
vascularized by the iris and persisted up to the time 
the animal was killed. Homograft reactions did not 
occur. Acinar tissue degenerated during the first 
month, and after this time islet tissue, adipose con- 
nective tissue, a few lymphocytes and a few ducts 
remained. The duct epithelium was low cuboidal. 

In some cases the islets existed in more or less 
pure form and could be seen with the binocular 
dissecting microscope in the living animal, whereas 
others were embedded in connective tissue which 
often contained fat cells (Fig. 1). All islets had the 
typical appearance after hematoxylin and eosin and 


creatic graft obtained by inserting 


- 


jets of Langerhans 
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Fig. 2. (a) Discrete islet embedded in the iris. Graft obtained 
from a 32-mm. rat fœtus. Hematoxylin and eosin, 00 
(b) An acent section through the same islet stained with 
Gomori’s hyde fuchsin. The cytoplasm of the f-cells is — 
with stained granules ; the unstained esa form & clear peripheral 
zone, x 75 


the (-cells gave a faint to strong positive Gomori 
reaction which contrasted with the absence of stain 
in the peripherally situated a-cells (Fig. 2). 

The majority of this work was performed in the 
Department of Anatomy, University of Minnesota, 
and I wish to express my thanks to Dr. Arnold 
Lazarow, head of the Department, for his interest 
in this work and the facilities provided. 

Rex E. COUPLAND 


Department of Anatomy, 
School of Medicine, 
Leeds 2. 

Sept. 13. 


1 Minkowski, O., Klin. Wschr., 29, 90 (1892). 

* Bottin, J., O.R. Soc. Biol., Paris, 121, 872 (1936). 
* Simard, L. C., Rev. Canad. Biol., 2, 453 (1943). 

* Gomori, G., Amer. J. Clin. Path., 20, 665 (1950). 

* Scott, H. R., Stain Tech., 27, 267 (1952). 


Action of Schradan in the Cockroach 


Tue insecticide schradan (octamethylpyrophos- 
phoramide) is toxic to mammals and such insects as 
the aphid, squash bug and milkweed bug, but not to 
the cockroach, housefiy, honeybee or Colorado beetle. 
However, the resistant are as active as the susceptible 
insects in their capacity to convert schradan to a 
potent anticholinesterase', now believed to be the 
hydroxymethyl derivative of schradan**. It was 
suggested previously! that this metabolite might not 
penetrate to the nerve cord, perhaps because of the 
relatively polar character of the compound, so that 
only that fraction of the schradan which penetrated 
to the cord and was there converted was effective 
in poisoning. As the resistant insects converted more 
schradan in non-nervous tissue, less was available 
for penetration to the cord, and it was suggested 
that this might be the cause of their resistance. 

However, it was recently shown? that both the 
hydroxymethyl derivative and heptamethylpyro- 
phosphoramide, the further degradation product of 
the hydroxymethyl derivative, are toxic to the squash 
bug and mouse, but not to the cockroach. Therefore 
schradan is not the only compound that can pene- 
trate to the nerve cord of the squash bug ; the hypo- 
thesis above must be incorrect. 

A previously described technique! was used for 
showing that heptamethylpyrophosphoramide is con- 
verted to a potent anticholinesterase by whole cock- 
roach gut, or by suitably fortified mouse-liver micro- 
some preparations (Table 1). The requirements for 
conversion are the same as those previously shown for 
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Table 1 


Cholinesterase 

inhibition 

(per cent) 
Heptamethylpyrophosphoramide (HMPA) 10 
Cockroach gut + HMPA 40 
Cockroach gut + HMPA (anaerobio) y 5 10 
Liver Mierosomes + co-factors + Bs 52 
Liver microsomes -t co-factors + PENR + AMPA 77 
Liver microsomes + co-factors + HMPA akobi) 30 
Liver microsomes + HMPA 10 


Each Warburg flask sontalns 1 ml. human plasma diluted x 2:5 
(cholinesterase source) plus 1 ml. microsome preparation or tissue 
in 0:9 per cont potassium chloride, and co-factors were shown. After 

mL 2 52 per cent sodium bicarbonate is added, flasks are 
gassed ‘with 5 per cent carbon dioxide in nitrogen. 30 min. later, 
0'2 ml. 5 per cent acetyl choline bromide tipper in, carbon dioxide 
measured. HMPA, 71 x 10-4. DPNH, 0O-*M. Co-factors : 
Mgt+ 0 015 M, DPN 4 x 10-4 M, disotingmide 3 y 10-° M. Tissue: 
1 whole cockroach gut. Microsomes : precipitate at 40,000 g 
go min.) from supernatant produced by spinning 5 per cent mouse 
iver in 0'9 per cent potassium chloride at 10,000g for 10 min. 
‘Washed once. 


schradan oxidation’. This suggests a comparable 
reaction, and probably heptamethylpyrophosphor- 
amide conversion also involves the oxidation of a 
dimethylamino group, yielding the ‘second inhibitor’, 
which has been observed in the permanganate 
oxidation products of schradan®?*. The conversion 
accounts for the unexpected toxicity of heptamethyl- 
pyrophosphoramide. 

The problem of the non-toxicity of schradan to the 
cockroach was further investigated. Ten American 
cockroaches were each injected with 200y of schradan. 
After 4:5 hr., they were homogenized, the proteins 
precipitated and the solution extracted with chloro- 
form. The inhibitor thus obtained was assayed against 
the cholinesterase of (a) homogenized cockroach nerve 
cords and (b) excised cords. Similar inhibitions were 
found in both cases. A calculation was made assuming 
that the volume in which the insecticide might be 
distributed in a whole cockroach was 1 ml. It was 
calculated that at a dose of 200 y/gm. there was 
2-5 times as much inhibitor produced in the 4-5 hr. 
as was required to inhibit the nerve cord cholin- 
esterase by 95 per cent—if the inhibitor acts against 
the intact as it does on the excised cord. Now, in 
fact, Metcalf eż al. have shown that even at 300 y/gm. 
the enzyme in vivo is only 60 per cent inhibited. Also 
we find an LD,, for the cockroach of 1,340 y/gm. This 
substantiates the previous suggestion that non- 
toxicity is not attributable to inadequate oxidation 
and suggests that in vivo the cord is protected from 
the effects of the metabolite. 

Permanganate-oxidized schradan, which contains 
both heptamethylpyrophosphoramide and the hy- 
droxymethyl derivative, was prepared as previously 
‘described’, A solution containing the oxidation 
products of 27 mgm. of schradan in 50 ml. of 
tris(hydroxymethyl)-aminomethane buffer (pH 8-2) 
was used. When this solution was incubated with 
excised nerve cords, the cholinesterase of the latter 
was inhibited 73 per cent (average). When the 
solution was incubated with eviscerated cockroaches 
containing an intact nerve cord, the cholinesterase 
was only inhibited 9 per cent. The experiments with 
eviscerated cockroaches were repeated, but the cord 
was fully exposed by dissection, without damaging 
it. A similar small inhibition was observed (8 per 
cent). However, if the exposed cords were damaged, 
much greater inhibitions were found. Thus if the 
lateral connexions to the three thoracic ganglia were 
severed, incubation with the solution gave 50 per 
cent inhibition. If the thoracic ganglia were each 
pierced deeply with a microscalpel before incubation, 
69 per cent cholinesterase inhibition was found. In 
no case did damage followed by incubation in 
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inhibitor-free buffer give any inhibition. ‘These 
results show that the potent anticholinesterases pro- 
duced by the cockroach following injection of schradan 
do not substantially inhibit the cholinesterase of the 
nerve cord because they fail to penetrate the cord. 
Experimental damage of the cord permits the com- 
pounds to enter and to produce strong inhibition. 
Presumably a protective barrier is involved. It is 
unlikely that the simple enzymic techniques described 
above will be suitable for study of the schradan- 
susceptible insects, in which one would expect the 
barrier to be absent or imperfect. 
i R. D. O’Baren 
E. Y. SPENCER 

Science Service Laboratory, 

University Sub P.O., 
London, Ontario. 
Oct. 9. 


x O'Brien, Be D., and Spencer, E. Y., J. Agric. Food Chem., 1, 946 

Heder s D., and Spencer, E. Y., J. Agric. Food Chem., 3, 56 

* Spencer, E. Y., O’Brien. R. D., and White, R. W., J. Agric. Food 
Chem., [34, 1131 (1956) ]. 

* O’Brien, B D., Canad. J. Biochem. Physiol., 34, 1131 (1958). 

$ Heath, D. , Lane, D. W. J., and Park, P. O., Phil. Trans. Roy. 


S00., B, Tie, 191 (1955). 
* Metoatf, R. L., March, B. B., Fukuto, T. R., and Sprott, M. G.. 


? Soc. Amer. 1st Annual Meoting. Los’ Angeles, Dec. 1953, 


Normal Levels of Plasma Thiocyanate 


Iw the course of other experiments, values for the 
normal plasma concentration of thiocyanate were 
Although values for 
man have often been reported, other species appear 
to have been little studied, and few reports exist of a 
series of estimations on a range of species using the ' 
same analytical method. One such series reported 
by Bacq and Fischar! does not include the common 
laboratory animals. 

In the present work, the plasma thiocyanate 
concentrations of the mouse, rat, guinea pig, rabbit, 
cat and dog were determined. The analytical method 
used was that of Aldridge’, which 1s based on the 
conversion of thiocyanate to cyanogen bromide, this 
being estimated colorimetrically by its reaction with 
benzidine in pyridine solution. 

The results are given in Table 1, the thiocyanate 
being expressed as HCNS. 


Table 1 


Mean HONS 


Species No. of animals | (ugm.jml. plasma) 


Mouse 
Rat 


Guinea pi 
Rabbit ae 
Cat 


Dog 





The relatively high level of plasma thiocyanate m 
the guinea pig is of particular interest, especially 
since the animals were maintained on the same diet 
as the rabbits. Further work on the cause of this 
high level has yet to be done. 

R. Horumes 
Chemical Defence Experimental Establishment, 
Portcn, Wiltshire, 
Det. 23. 


1 Bacq, Z. M., and Fischer, P., Bull. Soc. Chim. Biol., 28, 808 (1947). 
2 Aldridge, W. N., Analyst, 69, 262 (1944); 70, 474 (1945). 
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Temporary Preservation of Carcasses of 
Small Laboratory Animals containing 
Radioactive Isotopes 


Tae safe disposal of carcasses containing radio- 
active isotopes often presents a difficult problem. 
Even if a specially designed incinerator is available, 
it is still important that the amount of radioactive 
isotope in the material to be burned is kept as low 
as possible. 

If animal carcasses containing ahoruliyed isotopes 
(particularly iodine-131 and phosphorus-32) could be 
conveniently preserved for a sufficient time to reduce 
the radioactivity to relatively innocuous levels before 
incineration, the. task of collecting and disposing of 
the radioactive ash would be avoided. 

A procedure has been worked out for the preserva- 
tion of whole carcasses or portions of tissue of animals 
not greater than 3 kgm. in weight by sealing them in 
polythene bags together with a mixture of fresh 
bleaching powder and ‘Vermiculite’ (a commercial 
expanded mica). 

The following details are essential to the success of 
the process. 

(1) It is desirable to slit the carcass ventrally 
along the mid-line, if this has not already been done, 
before placing it in the bag. 


(2) If the carcass is soiled with tissue fluid or- 


blood, it should be dusted with bleaching powder 
and allowed to cool before being placed in the bag. 
This avoids the development inside the bag of heat 
due to the rapid interaction of the bleaching powder 
and organic matter. The heating may also be avoided 
by applying ‘Vermiculite’ to the opened carcass. The 
finer grades of this material absorb about four times 
their weight of fluid, and thus the interaction with the 
bleaching powder is slowed down. 

(3) The open end of the bag (which should be made 
of the heavier gauges, 250-500, of polythene) should 
have been previously folded back in a double cuff, 
fold outwards, to protect the surfaces to be sealed 
from dust or organic matter. 

(4) The weights of bleaching powder and ‘Vermicul- 
ite’ should each be not less than one-fifth of the weight 
of the Carcass. This represents, in practice, a volume 
of about 300 ml. and 1,500 ml., respectively, per kgm. 
weight of carcass. 

(5) The animal’s claws should be cut before the 
start of the radioactive experiment. The feet of the 
carcass should be bound with adhesive tape, lint or 
bandage before it is placed in the bag to avoid the 
risk of puncturing the bag; for the same reason it is 
unwise to sever the feet of the animal with bone 
forceps lest sharp splinters are left. 

(6) The bag should be sealed with a suitable type 
of electrically heated ‘soldering-gun’ so that only a 
small amount of air is included ; but care should be 
taken in expelling the air not to blow dust on the 
surfaces to be sealed. 

(7) The ‘cocooned’ carcasses should be stored in 
open containers to allow for free circulation of air 
outside the bags, until the radioactive isotope has 
decayed sufficiently for incineration. 

Experiments which have been in progress for 
sixteen months have demonstrated the practicability 
of the method. The cocooned carcasses have been 
stored during this time in open tins in a black- 
painted hut on the roof of the Department of Patho- 


logy. For a period of about eight weeks during the ' 


early part of the experiment the mean daily maximum 
shade temperature, as recorded in the nearby 
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Geography School, was over 70°F., and the tem 
peratures inside the hut were certainly greater tha: 
this. In spite of these unusually severe condition 
there was never any obvious sign of putrefaction 
although there was a persistent odour of ‘bleachin, 
powder’ in the hut. 

Tests have shown that the presence of the ‘Vermi 
culite’ does not seriously impede the progress of th 
combustion in a gas-fired incinerator. 

J. ©. BOURSNELL 
Department of Biochemistry, 
and 
Agricultural Research Council 
Unit of Animal Reproductivə 
Physiology and Biochemistry, 
M. H. Gumeson-Warre 
. Department of Pathology, 
University of Cambridge. $ 
Oct. 5. 


‘Erythrocytin’ and ‘Erythrochelatin’ - 


In a recent communication!, Beckett and Smitl 
have described a thermolabile inhibitor acting oI 
8-hydroxy quinoline (‘Oxine’), which is either liberate 
or produced by erythrocytes and for which they hav: 
proposed the term ‘erythrocytin’. To avoid confusion 
my associates and I wish to direct attention to th 
fact that we have applied the same name to th 
clotting factor which we discovered in the erythro 
cytes*. This agent resembles the clotting principl 
occurring in the platelets, but is considerably mor 
potent and has properties sufficiently characteristi 
to warrant regarding it as a distinct substance. Wi 
considered the name ‘erythrocytin’ particularly suit 
able because the ending ‘in’ is the same as in thrombo 
plastin. The term has been employed in several o 
our publications*-* during the past year and in th 
titles of two of these communications*4, 

ARMAND J, Quick 
Department of Biochemistry, 
Marquette University School of Medicine, 
Milwaukee 3, Wisconsin. 
1 Beckett, A. H., and Smith, W. G., Nature, 178, 742 (1956). 
2 Georgatsos, J. G., Hussey, ©. V., and Quick, A. J., Amer. J. Phystol 
an. 20 1955), uick, A. J., ‘Georgatsos, J. a, "and Hussey, C. V 
ci., 288, 207 (1954). 
ates. ©. T Sa Kaser, M., Fed. Proc., 15, 279 (1956). 
* Quick. Ey Jey ‘and Hussey, ©. V., J. Lab. and Clin. Med., 46, 94 


5 Quick, A. J., and Hussey, C. V., Amer. ‘Med. Assoc. Arch, Int. Med 
97, 524 (1956). 


Wa were unaware of the application by Dr. A. J 
Quick and his associates during the past year of th 
hitherto unused term ‘erythrocytin’ to describe ı 
clotting factor they discovered in erythrocytes. Ti 
avoid confusion attendant upon using the same tern 
for two separate factors, we therefore propos 
renaming the factor we obtained from erythrocyte 
which inhibits the antibacterial activity of 8-hydroxy 
quinoline—a chelating agent. In future, we wil 
therefore use the term ‘erythrochelatin’ instead o 


. ‘erythrocytin’ to describe this inhibitor’. 


A. H. BEOKETT 
Chelsea Polytechnic, 
London, S.W.3. 

W. G. SMITH 

Pharmacological Laboratories, 

Bradford Technical College, 
Bradford. 
ł Beckett, A. H., and Smith, W. G., Nature, 178, 742 (1956). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, January 7 s 


ROYAL GEOGRAPHICAL SOOIETY (at 1 Kensington Gore, London, 
Bw), at 880 p.m.—Mr. Guy Arnold: ‘Oxford Expedition to 
rawak”, Š 


Monday, January 7—Tuesday, January 8 


PHYSICAL Soorery (at Queen Mary College, Mile End Road, London, 
E.1)—Conference on “Crystal Dynamics”. 


- Tuesday, January 8 


Soomry oF DARY TECHNOLOGY (at the North Hall, Victoria Halls, 
Bloomsbury Square, London, W.C.1), at 10.30 a.m.—Meeting on ‘The 
Assessment of Cheese Quality”. 


INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS (at 6 Bucking- 
ham Gate, London, 8.W.1), at 5.30 p.m.—Br. F. G. Sturrock and 
Mr. J. R. Warburton: “The Economics of Machmery Investment 
on the Farm”. 


INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5.80 p.m —Presenta- 
tion and discussion of papers entitled “An Investigation of the Transient 
Response of a Distillation Column”, Part 1: “Solution of the Equa- 
tions” by Mr. H. H. Rosenbrock; Part 2: “Experimental Work and 
Comparison with Theory” by Mr. W. D. Armstrong and Mr. W. L. 

lkinson. 


INSTITUTION OF ELEOTRIOAL ENGINEERS, MEASUREMENT and 
KADIO SECTIONS (at Savoy Place, London, W.C.2), at 5.30 p.m— 


B, R. Shersby-Harvie, Mr. L. B. Mullett, Mr. W. Walkinshaw, 


Mr. J. 8. Bel and Mr. B. @. Loach: “A Theoretical a Experimental, 


Investigation of Anisotroptc-Dielectric-Loaded Linear Electron 


Accelerators”. 


INSTITUTION OF MEOHANIOAL ENGINEERS, AUTOMOBILE DIVISION 
(joint meeting with the HYDRAULICS GROUP, at 1 Birdcage Walk, 
Westminster, London, 8.W.1), at 6 p.m.-—Mr. J. G. Giles: “A Review 
of Hydrokinetic Fluid Drives and their Possibilities for the British 
Motor Industry”. 


INSTITUTION OF THE RUBBER INDUSTRY (at the Royal Society of 
Tropical Medicine and Hygiene, 26 Portland Place, London, W.1), 
at 5.30 p.m.—Mr. S. M. Ardley: “Phenolic Resins as Reinforcing 
Agents”, 7 p.m,-—-Mr. A. E. Eagles and Mr, A. R. Payne: “Electronic 
Force Measurement in Rubber Testing”. 


ROYAL AERONAUTIOAL Soorety (at 4 Hamilton Place, London, 
‘W.1), at 7 p.m.—Mr. C. Maskell: “The Significance of Flow Separation 
in Three Dimensions”. 


ROYAL SOCIETY OF MEDICINE, PSYCHIATRY SEOTION (at 1 Wimpole 
Street, London, W.1), at 8 p.m.—Dr. E. Grey Walter: “The Brain 
asa Machine”, followed by a discussion opened by Dr. W. Ross Ashby. 


Wednesday, January 9 


Soorsty or CHEMIOAL INDUSTRY, MIOROBIOLOGY GROUP (joint 
meeting with the SOOIETY FOR APPLIED BACTERIOLOGY, in the 
Beveridge Hall, Senate House, University of London, W.C.1), at 
2.15 p.m.—-Discussion on “The Training of Microbiologists”. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, West- 
minster, London, 8.W.1), at 5.30 p.m.—Mr. O. M. Marsh: “Inlan 
Waterways” (Vernon Harcourt Lecture). 


Socrery FOR ANALYTICAL CHEMISTRY, MIOROCHEMISTRY_ GROUP 

(in the restaurant room of “The Feathers”, Tudor Street, London, 

Poth at 6.30 p.m.—Eighth London Discussion Meeting (Review 
esting). 3 


SOCIETY OF OHEMIOAL INDUSTRY, CORROSION GROUP (ab 14~16 
Belgrave Square, London, S.W.1), at 8.30 ews A. B. McIntosh : 
“Corrosion Problems in Nuclear Power Production”. 


Thursday, January 10 


INSTITUTION OF ELECTRIOAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 p.m.—Miss Miriam V. Griflith. “Some Aspects of 
Heat-Pump Operation in Great Britain, with particular reference to 
the Shinfleld Installation”. 


ROYAL AERONAUTICAL Soctery (at Church House, Westminster, 
London, 8.W.1), at 6.80 p.m.—Mr, E T. Jones—Presidential Address. 


INSTITUTION OF MECHANICAL ENGINHERS, LUBRICATION GROUP 
{at 1 Birdcage Walk, Westminster, London, S.W.1), at_6.45 p.m.— 
Discussion on “Diagnosis of Causes of Plain Bearing Failure”. 


Soorery of INSTRUMENT TECHNOLOGY, CONTROL SECTION (at 
Manson House, Portland Place, London W.1) at 7 p.m.—Mr. F. T. 
Lett: “Electronice Automation of Machine Tools”. 


Friday, January lI 


ASSOCIATION OF APPLIED BioLogists (in the Mining Lecture 
Theatre, Royal School of Mines, Prince Consort Road, London, S.W.7), 
at 10.50 a.m.—Symposium on “Wheat Bulb Fly”. 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION 
Engine GROUP (at 1 Birdcage Walk, Westminster, London, 3.W.1), 
at 6 p.m—Dr,. D. B. Spalding: “An Analogue for High-Intensity 
Steady-Flow Combustion Phenomena”. 
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SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (in the 
Chemistry Lecir-o Theatze, King’s College, Strand, London, W.C.2), 
at 7 p-m Mr J. L. Winfeld ; “Problems in the Packaging of Fine 


Saturday, January 12 


QUEREIT Micoroscopioat CLUB (in the Botany Department, Royal 
College of Science, South Kensington, London, 8.W.7), from 2 p.m. 
to 8 p.m.—Exhibition of Microscopy 1957.* ~ 


APPOINTMENTS VACANT 


APPLICATIONS are invised for the following appointments on or 
before the dates mentioned : 

LECTURER (with a degree in mathematics and teaching e: erionce) 
IN THE MATHEMATIOS DEPARTMENT—The Registrar, The Technica 
College, Sunderland (January 12). = 

SIOS GRADUATE IN THE DEPARTMENT OF RADIOTHERAPY, for 
duties which will include the physical investigations concerned with 
the clinical use of rotation therapy, multicurie cobalt units, low voltage 
X-rays and radioactive isotopes, and also some teaching of radio- 
grapher students—The Assistant Administrator, The Churchill 
Hospital, Headington, Oxford (January 12). 

SBNIOR TECHNICIAN IN THR CHEMICAL PATHOLOGICAL LABORATORY 
—The Group Secretary; North Middlesex Hospital, Edmonton, ~ 
London, N.18 (January 12). 

Assistant DIRECTOR {with an academic qualification in agri- 
culture and extensive practical agricultural experience) OF AGRI- 
OULTURE, Rarotonga, Cock Islands (Vacancy 2261)-—The High Com- 
missioner for New Zealand, 415 Strand, London, W.C.2 (January 19). 

ASSISTANT IN ZOOLOGY (ENTOMOLOGY)—The Secretary of Univer- 
sity Court, The University, Glasgow (January 31). 

CHAR OF PHYSICS in the University of Malaya, Singapore—The 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W.C.1 (January 81). 

LECTURER IN STATISTICS IN TRE DEPARTMENT OF MATHEMATICS-— 
The Secretary, The University, 38 North Bailey, Durham (January 31). 

LECTURER IN THE DEPARTMENT OF BOTANY and ASSISTANT CURATOR 


OTURER or ASSISTANT LECTURER 
College of the West Indics—The Secretary, Inter-University Council 
for peher S ucanion Overseas, 29 Woburn Square, London, W.C.1 

anuary 31). 

ASSISTANTS IN CHEMIsrRY—The Secretary of University Court, 
The University, Glasgow ‘February 1). 

ENGINEER (Compurine) (rit an honours degree in electrical 
engineering or physics, with experience particularly in electronic 
circuitry) at the University of Sydney, Australia, for work, under 
the supervision of the Senfor Engineer, on the development and 
design of electronic computing equipment for use in association with 
the computing machine SILLIAC in the School of Physics—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, Londcn, W.C.1 (Australia, February 1). 

LECTURER or ASSISTANT LECTURER IN MATHEMATICS at Makerere 
College (University College of East Africa)—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (February 6). 

I.C.I. RESEAROH FELLOWS IN BIOCHEMISTRY, CHEMISTRY, ENGIN- 
EERING, PHARMACOLOGY, PHYSICS or CHEMICAL T'ROHNOLOGY—The 
Secretary, The University, Edinburgh (February 16). x 

ASSISTANT LECTURER IN ZOOLOGY—The Principal, Royal Holloway 
College, Englefield Green, Surrey (February 18). 

BIOoHEMIST, NON-3EDIOAL (Basic grade), IN THE GROUP LABORA- 
TORT Guitacora The Eospital Secretary, St. Uuke’s Hospital, 

uildford. 

BIocHENIST (with an honours degree of an approved university 
and at least three years postgraduate experience in biochemistry) 
IN THE MEDICAL DEPARTMENT, Government of Hong Kong, to under- 
take clinical biochemical analysis, mostly routine, with assistance ; 
and to be in charge of blochemical work done for the Medical Depart- 
ment—The Director of Recruitment, Colonial Office, London, 8.W.1, 
quoting BCD.117/51/040. 

ENGINEER or PHysicist (young graduate, preferably with some 
mathematical ability and experience in the use of electronic instru- 
ments) for work in Sheffield on the problems of file testing and manu- 
facture—The Personnel Officer, British Iron and Steel Research 
Association, 11 Park Lane, London, W.1, quoting “F.3”. 

GRADUATE IN THE ERSONOMICS SECTION, to carry out research 
into the human engineering aspects of the design of control points in 
steelworks—The Personne! Officer, British Iron and Steel Research 
Association, 11 Park Lane, London, W.1, quoting “ERG 1”. 

MATHEMATICAL PHYSICISTS AND MATHEMATIOIANS (with a first- 
or second-class honours degree in mathematics or mathematical 
physics, preferably togethcr with some years of postgraduate research 
exporlenoe) to work in cne of the following fields: astrophysics, 
atmospheric diffusion, atomic physics, statistics or stochastic theory, 
statistical mechanics, reactor physics, fluid mechanies, solid mechanics 
or general applied mechanics, and numerical analysis involving the 
use of large digital computers—The Senior Recruitment Officer, 
Atomic Weapons Research Establishment, Aldermaston, Berks, 
quoting Ref. 1820/84. 

POSTDOOTORATEH FELLOWS IN FUNDAMENTAL RESEAROH IN SOINNOB 
AND ENGINEERING—The Secretary, The Advisory Committee on 
Scientific Research, University of Toronto, Toronto, Canada. 

RESEAROH TEOHNIOIAN (with a sound knowledge of electronics 
(amplifier circuits and display methods) and preferably biological 
experience) at the M.R.C. Laboratories, Hampstead, for electro- 
physiological research—The Personnel Officer, National Institute for 
Medical Research, The Ridgeway, Mill Hill, London, N.W.7. 
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SENIOR TECHNICIAN (with experience in preparing medical and 
dental student pharmacological experiments, sapable of general 
maintenance of departmental equipment and assisting with physio- 
logical or biochemical research)—-The irman, Department of 
Pharmacology, McGill University, Montreal, Canada. 

TEOHNIOAL OFFIOnR (with H.S.C. or G.C.E. (A) in mathematics 
and physics, and preferably with experience in meteorology) in the 
East Africa High Commission Meteorological Department—The 
Crown Agents, 4 Millbank, London, S.W 1, quoting M3B/43104/NF. 

TEOHNIOIAN (preferably with G.C.E. in science subjects at advanced. 
level, or similar qualifications) to assist in staff radiation protection 
services—The Secretary, Institute of Cancer Research, Royal Cancer 
Hospital, Fulham Road, London, 8.W.3 


REPORTS and other PUBLICATIONS 


(not uncluded in the monthly Books Supplement) 


Great Britain and Ireland 


Hopkin and Williams, Ltd. Organic Reagents for Metals. Mono- 
graph No 29 (1956); ‘Thorin’ (1-(o-Arsonophenylazo)-2-naphthol-8 : 
6-disulphonie acid); Reagent for Thorium, also for Lithium, Fluoride 
and Zirconium. By Eileen A. Johnson and E. J. Newman. Pp. 4. 
Monograph No. 80 (1956): ‘Dithizone’ (Diphenylthiocarbazone) ; 
Reagent for Lead. By R. J. Reynolds. Pp. 12. (Chadwell Heath: 
Hopkin and Williams, Ltd , 1956.) [711 

University College, London, Special Lectures in Biochemistry 
1954-1955. Pp.1+106. (London: University College, 1956. Distri- 
buted by H. K. Lewis and Co., Lid.) 128. 6d. neb. [711 

International Association for the Exchange of Students for Technical 
Experience. Ninth Annual Report. Pp. 91. (London: International 
me for the Exchange of Students for Technical Drperlendei 
Republic of Ireland: Department of Agriculture-—Fisheries Branch. 
Report on the Sea and Inland Fisherles for the year 1955, incorporating 
Statistics of the Capture of Salmon, Sea Trout and Eels. Pp. 48. 
(Dublin: Stationery Office, 1956) 2s. 6d, {711 

Bardsey Bird and Field Observatory. Report, 1955. Pp. 52. 
(Machynlleth: Bardsey Bird and Field Observatory, W. M. Condry, 
Hon. Secretary, 1956.) (711 

Department of Scientific and Industrial Research. Forest Products 
Research Bulletin No. 38: The Efficiency of Adhesives for Wood : 
Summary of Test Results as at December, 1955. By R. A. G. ght. 
Pp. aR O plates. (London: H.M. Stationery Office, 1956.) 

3. 6d. net. 

British Council. Interchange Visits between Commonwealth 
Universities—-a Report on the Work of the Committee for Common- 
wealth University Interchange, 1949-56 Pp. 40. (London: British 
Council, 1956.) 711 

Appointment With Mars. By Edwin Foley. Pp. 16. (London: 
The Iellowship of Reconciliation, 1050) le. 711 

Freshwater Biological Association. Scientific Publication No. 16: 
A Revised Key to the British Water Bugs (Hemiptera-Heteroptera), 
with notes on their Ecology. By Dr. T. T. Macan. Pp. 74. (Amble- 
side: Freshwater Biological Association, 1966.) 4s. 711 

The Physics of Nuclear Reactors: a Conference arranged by the 
Institute of Physics in London from 3 to 6 July, 1956. (British Journal 
of Applied Physics, Supplement No. 5.) Pp.iv+112+xvi. (London: 
Institute of Physics, 1956.) 258. (711 

Staffing and Organisation of the Factory Inspectorate. Pp. 48. 
(Cmd. 9879.) (London; H.M. Stationery Office, 1956.) 28. net. [711 

On Limiting Atomic War. Pp. 46. (London: Royal Institute of 
International Affairs, 1956.) 2s. 6d. net. [811 

Admiralty Bulletin No. 82: The Hydrographte Department of the 
Admiralty. Part 5: The Chart Branch. By N. Atherton. Pp. 11. 
(London: Admiralty, 1956.) {811 

The Physics and Chemistry of Solids. Vol. 1, Nos. 1/2, (September/ 
October), 1956. Pp. 128. Subscription per volume, (A) £6 (U.S.A. 
17 dollars); (B) for individual subscribers certifying that the journal 
is for their private use, £3 10s. (U.S.A. 9.80 dollars), including postage. 
(London and New York: Pergamon Press, Ltd., 1956.) [811 


r 


Other Countries 


rare oan Life Insurance Company. Statistical Bulletin. Vol. 37 
iRepten er 1956): Longevity Reaches Three Score and Ten. Pp. 12. 
New York. Metropolitan Life Insurance Company, 1956.) [711 
The Commonwealth Fund. Thirty-eighth Annual Report for the 
year ending June 30, 1956. Pp. xiv+61. (New York: The Common- 
wealth Fund, 1956.) [711 
Durban Museum Novitates. Vol. 4, Part 18 (31st August, 1956) : 
New or Little-known Tipulidae (Order Diptera) in the Durban Museum. 
By Charles P. Alexander. Pp. 293-328 (3 plates). (Durban: Durban 
Museum and Art Gallery, 1956.) 7s 6d. ya 
Centro Brasileiro de Pesquisas Fisicas, Notas de Fisica. Vol. 3, 
No.1: Elastic Scattering of «-Particles. By 8. W. McDowell and J. J. 
Giambiagi. Pp. 4. Vol.3, No.2: Polarization of Spin One Particles 
by Nuclear Scattering 5. W. MacDowell and J. Tiomno. Pp. 14. 
(Rio de Janeiro: Centro Brasileiro de Pesquisas Fisicas, 1956) [711 
Chicago Natural History Museum. Fieldiana: Zoology. Vol. 39, 
No. 3. A New Plethodontid Salamander from Nuevo León, Mexico. 
By George B. Rabb. Pp. 11-20. (Chicago: Chicago Natural History 
Museum, 1958.) 20 cents, [711 
he United States of America: a Trend Report. Edited 


Sociology Iu 
by Hans . Zetterberg. Pp. 1586. (Paris: UNESCO; London: H.M. 
Stationery Office, 1966.) 600 francs; 12s. Gd. ; 2.50 dollars. (711 


University of Mlinois, Engineering Experiment Station Bulletin No. 
485: Distribution of Air Within a Room for Year-Round Air Condition- 
ing—Part 1. By Harold E. Straub, Stanley F. Gilman and Seichi 
Konzo, Pp. 48. (Urbana, Ill: University of Illinois, 19503 

cents. 

National Research Development Corporation of India. Second 
Annual Report and Statement of Accounts for the period ending 
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31st March, 1956. Pp 15. (New Delhi: National Research Develop- 
ment Corporation of India, 1956.) ` (711. 

Museum of Comparative Zoology at Harvard College. Breviora. 
No. 59 (September 12, 1956): A New Subgenus of Chamaeleo from 
Rhodesia and New Race of Mabuya from Kenya Colony. By Arthur 
Loveridge. Pp. 4. No 60 (September 12, 1956): A New Species of 
Agriognatha from Jamaica, B.W.I By Arthur M. Chickering, Pp. 7. 
No. 61 (September 14, 1956): On Regeneration by Earthworms of a 
Species of the Lumbricid Genus Dendrobaena Eisen 1874 By G. E. 
Gates. Pp. 6. (Cambridge, Mass.: Museum of Comparative Zoology 
at Harvard College, 1956.) 711 

Bulletin of the Museum of Comparative Zoology at Harvard College. 
Vol. 115, No. 4: The Types of Naiades (Mollusca: Unionidae) m the 
Museum of Comparative Zoology. By Richard I Johnson. Pp. 101- 
142+2 plates. Vol. 115, No. 5: Pseudemys Scripta Callirostrs from 
Venezuela with a General Survey of the Scripta Series. By Ernest 
Will . Pp. 143-160+3 plates. (Cambridge, Mass.: Museum of 
Comparative Zoology at Harvard College, 1956.) fat 

United States Department of Commerce : Weather Bureau. Techai- 
cal Paper No. 15: Maximum Station Preupitation for 1, 2, 3, 12, and 
24 Hours. Part 18: West Virginia, Pp.ii+50. 35 cents. Technical 
Paper No. 26: Hurricane Rains and Floods of August 1955, Carolinas 
to New England. Prepared under the direction of Paul H. Kutschen- 
reuter. Pp. v+148 (9 plates). 1 dollar. Technical Paper No. 27: 
The Climate of the Matanuska Valley. Prepared by Robert F. Dale. 
Pp. v+26. 25 cents. (Washington, D.C.: Government Printing 
Office, 1956.) i [711 

Berichte des Deutschen Wetterdienstes. Nr, 28 (Band 5): Unter- 
suchungen fiber den Wärme- und Wasserhaushalt eines jungen Waldes. 
Yon Albert Baumgartner. Pp. 53. (Bad Kissengen: Deutschen 
Wetterdienstes, 1956.) i (711 

Transactions of the American Philosophical Soclety. New Series. 
Vol. 46, Part 3: The Interpretation of Dreams in the Ancient Near 
East, with a Translation of an Assyrian Dream-Book. By A. Leo 
Oppenheim. Pp. ii+179-374 (13 plates). (Philadelphia: American 
Philosophical Society, 1956.) 2.50 dollars. 711 

Conseil Permanent International pour l'Exploration de la Mer, 
Charlottenlund Slot, Danemark. Bulletin Hydrographique pour 
VAnnée 1952. Pp. x+164. (Copenhague: Andr. Fred. Host et Fils, 
1956.) 50 kr. 3 [711 

Union of South Africa: Department of Commerce—Division of 
Fisheries, Investigational Report No. 21: The Cape Fur Seal, 
Arctocephalus pusillus (Schreber): Its General Characteristics and 
Moult. By R. W. Rand. (Reprint from Commerce and Industry.) 
Pp. 52 (19 plates). (Pretoria: Government Printer, 1956.) (711 

Sudan Government: Ministry of Agriculture. Memoirs of the 
Forestry Division. No. 7: Forestry Research in the Sudan, 1950 to 
1954. By J. K. Jackson and F. G. G. Peake. Pp. 68. (Khartoum: 
Ministry of Agriculture, 1956.) 1 

Bulletin of the American Museum of Natural History. Vol. 111, 
Article 3: A Historical Review of the Mollusks of Linnaeus Part 4: 
The Genera Buccinum and Strombus of the Class Gastropoda. By 
Henry Dodge. Pp. 153-312. (New York: American Museum of 
Natural History, 1956.) 2 dollars. (711 

Université de Paris, Travaux et Mémoires de l'Institut d'Ethnologie. 
Tome 51: Bibliographie des Langues Aymara et Kitua. Vol. 4: 
1951-1955. Par Paul Rivet et Georges de Créqui-Montfort. Pp. 
{f1+957. 6000 francs; 20 dollars. Tome 59: Mariage et Bquilobre 
Social dans les Sociétés Primitives. Par Pierre Métais. Pp, xi+546. 
4000 francs; 15 dollars. (Paris: Institut d’Ethnologie, 1956.) {711 

Museu de Angola. Colecção Etnogrdiica. Pp. xvi+102+-80 plates. 
(Luanda, Angola: Museu de Angola, 1955.) (711 

Indian Council of Medical Research. Technical Report of the 
Scientific Advisory Board for the year 1955. Pp. xilt-+582. (New 
Delhi: Indian Council of Medical Research, 1956.) Rs. 1. (711 

South Australia. Institute of Medical and Veterinary Science. 
Seventeenth Annual Report of the Council, July 1954-June 1955. 
Pp. 113. (Adelaide: Government Printer, 1956.) z 811 

Culture and the Structural Evolution of the Neural System. By 
Prof. Fred A. Mettler. (James Arthur Lectures on the Evolution of 
the Human Brain, 1955.) Pp.iv+57. (New York: American Museum 
of Natural History, 1956 } 811 

Bulletin of the American Museum of Natural History. Vol. 111, 


“Article 4: Pleistocene Invertebrates from Punta China, Baja Cali- 


fornia, Mexico, with remarks on the Composition of the Pacific Coast 
uaternary Faunas. By Willam K. Emerson. Pp 313-342 -plates 
22 and 23. (New York. American Museum of Natural History, 10563 


50 cents. : 11 
of the CERN Sympósium on High Energy Accelerators 


Proceedin 
and Pion Physics, Geneva, 11th-28rd June 1956. ol, 1: High 


Energy Accelerators. Pp. x1li+567. Vol. 2: Pion Physics. Pp. xi+ 
443, (Geneva: CERN—Service l'Information, 1956.) 40 Swiss francs 
each volume. [811 
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= ACADEMIC FREEDOM AND UNIVERSITY FINANCE 


OR nearly ten years the Committee, of Public 
Accounts has taken strong exception to the 
device by which Parliamentary grants to the univer- 
sities in Great Britain are administered through the 
University Grants Committee, and to. the lack of 
Treasury control over recurrent and non-recurrent 
grants alike. Similar objection was raised to the 
absence of statutory authority for the expenditure of 
the Department of Scientific and Industrial Research, 
but that objection has been removed by the Depart- 
ment of Scientific and Industrial Research Act of 
last year. In the Committee’s Sixth Report for the 
Session 1955-56*, the attack is renewed, although 
the University Grants Committee has now published, 
with a covering note endorsing most of its recom- 
mendations, the report of the Gater Committee on 
methods used by universities of contracting and of 
recording and controlling expendituref. This Com- 
mittee was appointed by the University Grants 
Committee in June 1954, under the chairmanship of 
Sir George Gater, with the terms of reference. pro- 
posed in a Treasury Minute of December 15, 1953, 
arising out of the first three reports from the Com- 
mittee of Public Accounts for the session 1952-53. 
The Gater Committee was charged to report on 
whether the methods of contracting and of recording 
and controlling expenditure from non-recurrent 


grants used by universities in Britain are reasonably- 


designed and properly applied to secure effective 
safeguards against waste, extravagance, or other 
abuse. It found no evidence in the uriiversities of 
lack of appreciation of the need for economy; on 
- the contrary, the universities recognize that the 
present grant system places them under a special 
obligation to exercise the strictest control of expendi- 
ture. Nevertheless, 90-100° per cent of the grants- 
in-aid from public funds involve some risk of 
weakening the sense of the financial responsibility, and 
the Committee urges that it is vital that the univer- 
sities should never relax their vigilance, and that they 
should be able to show at any time that they have 
invariably been concerned to achieve true economy. 
The Gater Committee believes that in spite of 
formidable difficulties since the War, the universities 
have been successful in their efforts to keep down 
expenditure, and that any shortcomings have largely 
been due to causes outside their control. Improve- 
ments, however, are possible, and the Committee 
advances a number of suggestions for systems of 
administration capable of ensuring prudent and 
economical expenditure of public funds. The report 
is welcomed by the University Grants Committee as 
a valuable statement of the procedures which should 
be followed, though it has qualified its acceptance of 
a few minor recommendations. With these quali- 
fications, which are indicated in an annexe, the 
* Sixth Report from the Committee of Publie Accounts, Session 

1955-56. Pp. 36. (London: H.M. Stationery Office, 1956.) 1s. 6d, not. 


t University Grants Committee. Methods used by Universities of 
Contracting and of Recording and Controlling Expenditure. . 46. 
(Cmd. 9.) (London: H.M. Stationery Office, 19656.) 2s. net. 


University Grants Committee considers it of great 
importance that she universities should in future 
comply with the recommendations of the report ; 
and in fact some have already welcomed it as affording 
valuable guidance or commented on how nearly 
their own practice conforms with that recommended. 

This, however, Las not satisfied the Committee of 
Public Accounts. While welcoming the report of the 
Gater Committee and the action already taken by 
the University Grants Committee, it points out that 
the report in itself does nothing to. secure greater 
Parliamentary control over the expenditure of public 
money. It maintains that, on the evidence supplied, 
control by the University Grants Committee over the 
use of non-recurrerct grants is not as tight as might 
reasonably be expected, and, in particular, that 
grants made in tke expectation that they will be 
spent on major schemes should not be spent at 
the Committee’s discretion on minor schemes. It 
reiterates its previous recommendation that the 
Compiroller and Auditor General should at least be 
given the right of access to the relevant papers and 
records of the University Grants Committee. If the 
universities are spending their grants wisely, the 
Committee argues, zhey have nothing to fear; nor is 
it the practice or mtention of the Comptroller and 
Auditor General ta raise questions of policy which 
might conflict in ary way with their properly prized 
academic freedom. Meanwhile, the Public Accounts 
Committee asserts that it is unable to give Parlia- 
ment an unqualifiec assurance that grants have been 
spent on the purpose for which they were voted and 
with due regard to the elimination of waste and 
extravagance. As a Parthian shot, it suggests that 
the University Grarts Committee is not in a position 
to satisfy itself fully in this matter. 

So much for the argument of the Committee of 
Public Accounts ; end Dr. H. V. Wiseman may well 
remark in an excelent review of the constitutional 
position of the University Grants Committee, its 
place in the public finance system and it’ relations 
with Parliament ard the Treasury, contributed to 
Public Administration last spring, “the outcome of 
this new phase of a struggle which has now lasted 
nearly ten years w-ll be awaited with considerable 
interest”. The Committee of Public-Accounts appears 
to have overlooked at least one essential characteristic 
of the whole system, to which a clue may be found 
m Prof. S. H. Bear’s recent book, “Treasury Control”. 
Prof. Bear does not mention the University Grants 
Committee, but his stress on the importance in 
Treasury control of the professional standards of the 
Civil Service gives more than a hint why the whole 
system works, and” why in practice the control 
exercised through the University Grants Committeo 
and the universities themselves is in practice a good 
deal tighter and mcre efficient than the Committee 
of Public Accounts is inclined to admit. 

Prof. Bear’s remarks on the influence of the pro- 
fessional standards of the Civil Service are in line 


58 


with the comments of other observers as to “the 
bearing of common traditions and outlooks on the 


working of such a device as the University Grants ` 


Committee. Where the Civil Service and the Ministers 
do not share such an outlook or appreciate from their 
own. experience the point of view and the traditions 
of the universities, it is liable to break down—if 
indeed it works at all. Prof. Bear, moreover, refers 
to the informal sanctions of the corporate life of a 
college or professional body, and there is a further 
factor here which the Committee of Public Accounts 
appears to disregard but which can act as a most 
powerful check on any tendency to laxity in expendi- 
ture by a university body. 

The Committee of Public Accounts does not sug- 
gest that the universities are not spending their 
money wisely, though it implies that the universities 
might under the present system spend unwisely. In 
seeking for means whereby it may assure Parliament 
categorically that money is being spent “with due 
regard to the elimination of waste and extravagance”, 
the Committee has neither faced the difficulty of the 
criteria for wise spending nor the dangers of super- 
imposing on ‘the present procedure, not simply a new 
and unpredictable set of interpretations of the term 
‘wisely’, but also methods of control which could well 
have no less unpredictable effects on the autonomy 
of the universities, as indeed the Treasury obviously 
fears. Ignoring the extent to which professional 
standards and academic practice already provide a 
powerful and effective means of deciding whethér 
money is being spent wisely, and a sound body of 
precedent as to what ‘wisely’ means, the Committee 
is attacking an ingenious British device for super- 
vising public expenditure in the field of learning, 
which, if not exportable, has won the admiration of 
much of the world of learning. 

It is not simply that a project on which a university 
proposes to spend its grant has first to win the 
approval of the University Grants Committee, which 
has far more claims for grants than it has money to 
distribute. The project has itself had to meet the 
expert criticism of half a dozen committees and the 
stern cross-fire of professional opinion concerned to 
uphold university standards and largely quite- un- 
prejudiced, if not concerned rather to press the 
claims of other projects than to defend those of the 
one in question. Underlying this cross-fire of argu- 

-ment, there is the assumption, abundantly justified 
in practice, that in such fields as this, control of 
expenditure is best effected by controllers drawn 
from the ranks of the controlled : grants for scientific 
research by scientists, for medical research by medical 
men, for universities by those versed in academic 
practice and outlook, 

Indeed, to the outsider it may well appear that the 
Committee of Public Accounts, by its floundering, 
has largely destroyed its own case. It shows lack of 
sufficient understanding of the problems and needs 
of universities to appreciate the advantage to the 
State itself of the present procedure of allowing 
universities to control their own expenditure. Nor 
can any procedure be devised which will give the 
same safeguard against waste and extravagance as 
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“the high integrity and professional standards of 


-members of the university senates and councils. 


It is not, however, sufficient merely to await the 
outcome of the present struggle with the Committee 
of Public Accounts. With the present mounting 
scale of public expenditure in the universities already 
exceeding £30 million a year in recurrent grants and 
which could easily approach £50 million when the 
proposed expansion is achieved, others besides the 
Public Accounts Committees may be concerned. at 
the way in which such sums of public money are 
expended. Similarly, they may fail to appreciate the 
peculiar character of universities and the extent to 
which they require special treatment, from the point 
of view of the public interest, no less than-of their 
own. British universities cannot, as they have been 
trenchantly reminded by American and other 
observers, assume that their present independence 
will be retained indefinitely unless its meaning and 
purpose are understood and approved by the com- 
munity at large. The present procedure is a privilege 
which will survive so long as it 1s effective and is 
approved by those holding political power. 

The real lesson of the struggle with the Committee 
of Public Accounts is the need of greater efforts to 
interpret to the modern patron of universities—the 
taxpayer—the purpose of the university, the way it 
works, its function as a social institution and its 
place in the State. Clearly there is room for further 
such exposition in Parliament itself, to which the 
Parliamentary and Scientific Committee could pos- 


sibly make a useful contribution. The laymen to be 


found on the governing bodies of almost all the 
universities of Britain, however, may be even better 
placed to undertake this task of public education ; 
and it ranks in importance with the responsibility for 
scrutinizing expenditure on behalf of the man-in-the- 
street which, as Sw Eric Ashby. has remarked, such 
laymen. can be relied upon to discharge. Nor is this 
matter unrelated to the expansion projected during 
the next decade ; for unless Parliament as well as the 
Government has clear ideas of how the universities 
function and the conditions in which their work is 
best done, the University Grants Committee is 
unlikely to be able to prevent the waste of precious 
resources of man-power and material which will 
yield no commensurate return, while at the same 
time vitally important schemes are in abeyance for 
lack of finance or other resources. 


MAN’S HABITAT 


Man's Role in Changing the Face of the Earth | 
Edited by William L. Thomas, Jr., with the colla- 
boration of Carl O. Sauer, Marston Bates and Lewis 
Mumford. Pp. xxxviii+1193. (Chicago, IU.: Uni-- 
versity of Chicago Press; London: Cambridge 
University Press, 1956. Published for the Wenner— 
Gren Foundation for Anthropological Research and , 
the National Science Foundation.) 94s, net. 
N June 1955 after nearly three years of preliminary 
organization, seventy scholars of international 
repute, including fourteen from nine countries outside 
the United States, met for seven days at Princeton 
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least fourteen disciplines were represented, and the 
participants were selected ‘‘for their common interest 
and curiosity about what man has been doing to and 
with his habitat’. Planners and others committed 
by their professional posts to definite policies or 
actions were deliberately excluded and every effort 
‘was made to secure a free and frank exchange of 
views, encouraged by a maximum of facilities and 
creaturo comforts. The enormous field of studies 
covered was split into three—Retrospect, Process 
and Prospect—each forming a group under one of 
the three co-chairmen, who were respectively geo- 
grapher Carl O. Sauer (California), zoologist Marston 
Bates (Michigan) and city land planner Lewis Mum- 
ford (Pennsylvania). A primary object of the 
symposium was to reach a wide public by the 
publication as a permanent record of the 53 contri- 
buted-papers with a summary of the discussions. 
The result is a volume of more than 1,200 pages, set 
in double column, weighing nearly 6 lb. and embracing 
about three-quarters of a million words. It is, in 
both the English and the French senses, formidable, 
and can best be regarded as a source book. Most of 
the papers mcelude a bibliography, in some cases 
extensive, though the bibliography of one author 
which extended to 600 typescript pages was not 
included but has been made separately available. In 
many cases the papers are’ convenient summaries of 
the work for which their individual authors are 
already well known, but orientated towards the 
central theme: others have clearly put new thought 
into the neglected aspect of their own discipline, 
which deals with its application to human problems. 
Some have chosen a general approach—Pierre 
Gourou on tropical cultivation, Lewis Mumford on 
urbanization, Michael Graham on the harvests of the 


seas. Others use case studies, and it is interesting to 


note how European contributors—H. ©. Darby, 
E. Estyn Evans, G. Pfeifer, H. von Wissmann— 
faced with the complexity of the story of man’s 
occupance of the Old’ World, prefer to deal with the 
specific rather than the general. 

The summaries of the discussions give a good idea 
of the interplay of question and answer between 
experts in disciplines which all too rarely are brought 
thus into live contact, but a good lively discussion 
does not always read well in print afterwards. Not 
unnaturally with such @ mass of material the average 
reader will turn hopefully to the final twenty pages, 
in which the three co-chairmen make their summary 
remarks, Each, however, gives up any attempt to 
summarize even the ‘fields covered, and records 
personal impressions of the whole conference. In his 
colloquial speech, which seems to have been taken 
down verbatim, Carl Sauer comments on a matter 
of importance which all who have attended inter- 
national conferences know only too well. It is the 
growing tendency for his countrymen to abandon the 
use of simple English, not for a technical jargon which 
is usually international, but for American slang, 
extraordinarily difficult of comprehension for the 
foreigner even when he has a good command of the 
normal English language. ; 

With such & vast collection of material it would 
be invidious to mention individual contributions. 
There are currently two schools of thought regarding 
man’s future adaptation of Nature in the work of 
physical planning. One is that, to avoid in the 
future mistakes which have often been made in the 


NATURE 59 
University, NJ . as the invited guests of the Wenner— 
Gren Foundation for Anthropological Research. At- 


past, we should ssek humbly and scientifically to 
study the present position and the stages by which 
that position has been reached. Only so can we 
hope to lay a firm foundation for future developments. 
That is precisely what the symposium set out to do. 
For example, in the seven papers dealing with 
modification of biotic communities the past effects 
of man through fire, agriculture, grazing, forestry, 
exotic introductions, breeding and plant selection 
and the spread of organisms are all discussed, as 
elsewhere are mans work. as it affects erosion, land 
use, soil development. By contrast it is interesting 
that only seven participants—including Sir Charles 
Darwin—ventured to contribute papers in Section IIT 
—Prospect—dealing with the future. As a whole the 
symposium gives Litle support to the present wide- 
spread activity and influence of those technological 
experts who contend that we can safely ignore ‘the 
present (which is full of examples of man’s folly) and 
tho past, and go straight to the future. Ib is they 
who would plan the future on a basis of ‘land capa- 
bility’—using classifications based on empirical or 
subjective judgment. 

There is no doukt that this volume is one of great 
importance. Its very size and monumental character 
may prevent it from being as widely used as it should 
be and, although not as expensive by comparison as 
many recent American publications, cost is another 
barrier. Is a summary really impossible ? 


THE RABBIT* 
The Rabbit 


By Harry V. Thompson and Alastair N. Worden. 
(New Naturalist Special Volume.) Pp. xii+240+ 
8 plates. (London: William Collms, Sons and Co., 
Ltd., 1956.) 16s. met. l ‘ 


‘HIS book is the first substantial monograph 

on a once abundant but, because of its under- 
ground life, little-known wild mammal. It begins 
with a historical and distributional survey. The 
anatomy of the rakbit, so familiar from dissection in 
biology classes, is discussed, including the re-ingestion. 
phenomenon or procuration of the soft fæces from 
the anus for a second digestion in the stomach, a 
useful device providing food during a natural or 
enforced stay underground, as well as assuring the 
sanitation of the kurrows, which are kept clean of 
droppings thereby. That the rabbit ‘chews the cud’ 
is mentioned in ths Bible; but the significance of 
the fact was not recognized until the present century. 
The method of ageing full-grown rabbits by feeling 
for the apophysial gap (which is fused about the 
forty-first week of age) at the head of the tibia is 
described. Our umlerstanding of the elastic repro- 
duction system, still with many puzzling features 
such as pseudo-pregnancy (ovulation without con- 
ceiving) which is more prevalent in the domestic 
than the wild rakbit, and our knowledge of the 
pre-natal mortality and subsequent resorption, with- 
out abortion, of embryos (up to 64 per cent in wild 
does), owes much so Prof. Roger Brambell’s histo- 
logical work on 73: pregnant wild does collected in 
Caernarvonshire. Commercial rabbit trapping with 
steel-toothed traps catches males first and increases 
the proportion of females surviving, thus encouraging 
that which it was intended by farmers to destroy ; 
the trappers were well aware of this—it assured them 
a good annual crcp. The abolition of the steel- 

* See also p. 110.—EDITORS. 
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toothed gin trap is advocated on these and other 
grounds. 

- The evidence for a nine-eleven-year cycle of rabbit 
numbers in Britain was strong, until myxomatosis 
appeared. The virtual disappearance of the rabbit 
may benefit the hare because the rabbit is a reservoir 
for diseases affecting both animals and is, of course, 
also & grazing competitor. However, the rabbit will 
not disappear completely; myxomatosis is now 
enzootic in Australia and France and is appearing 
sporadically in recovering populations in Britain, 
where the rabbit’s own flea, Spilopsyllus cuniculi, has 
proved the only competent vector. To the benefit of 
agriculture and forestry we may now expect low 
numbers for years ahead. 

The authors consider that it is doubtful if natural 
predators are of importance in the control of rabbits 
except in special circumstances. 

This is an important book, bringing as it does right 
up to date the latest research on both the rabbit and 
myxomatosis, as well as a full chapter on the legal 
aspects of rabbit control, as pest and game. 

R. M. Lookiey 


THE STRUCTURE OF TURBULENT 
P SHEAR FLOW 


The Structure of Turbulent Shear Flow 
By Dr. A. A. Townsend. Pp. xii+315. 8} in. x 5} in. 
(Cambridge: At the University Press.) 40s. 


URBULENCE occurs so frequently in the world 
around us and is so grossly chaotic in appearance 
that the layman is inclined to accept it simply as one 
of the vagaries of Nature. However, turbulence 
plays such a significant part, not only in Nature, but 
also in our technological machines, that we are led 
to seek statistical regularity and predictability 
within the chaos of turbulence. For the first third 
of the present century, turbulence research was 
dominated by concepts of mixing lengths, which, 
since they were formulated in terms of mean flow 
properties, were immediately applicable to the 
solution of practical problems. However, as more 
information became available about the dynamical 
behaviour of the turbulence itself, it was found that 
concepts of mixing lengths were not consistent with 
the observed behaviour. It thus became necessary 
to rebuild turbulence theory in conformity with this 
revised picture of the structure of turbulence. 

Turbulence research is carried on in only a few 
laboratories throughout the world. One of the best- 
known is the Cavendish Laboratory at Cambridge. 
There, over the past decade, Dr. A. A. Townsend 
has been engaged in a systematic investigation of 
turbulent flows using some of the more advanced 
techniques currently available in hot-wire anemo- 
metry. With Sir Geoffrey Taylor and Dr. G. K. 
Batchelor, Dr. Townsend has been in the fore- 
front in providing information which undermined 
the earlier theories of turbulence. In an effort to 
build a sound theory of turbulence, Dr. Townsend 
has now written the monograph under notice. He 
has succeeded admirably in constructing a theory 
which appears to stand on a firm foundation. 

The central framework of the book consists of the 
experimental observations which have been made by 
Dr. Townsend and others on the following turbulent 
flows: isotropic turbulence, homogeneous turbulence 


undergoing uniform deformation, wakes, jets, flows . 
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in pipes and channels, boundary layers with and 
without pressure gradients and flows between rotating 
cylinders. Behind these experimental observations, 
there lurk subtle concepts such as Reynolds’s number 
similarity, self-preserving flows, moving equilibrium 
and the like that have formed in the minds of the 
men familiar with the data. Dr. Townsend has done 
an excellent job of formulating these concepts and 
showing the part they play in the interpretation of 
the observations and in the construction of theories 
consistent with the observations. 

From the experimental observations, Dr. Townsend 
has sought out a picture of the structure of turbulent 
fiows. Earlier, the view had emerged that for iso- 
tropic turbulence there exists a range of eddies of 
intermediate size which contain the major portion of 
the turbulent energy, and a range of eddies of small 
size which are responsible for the viscous conversion 
of turbulent energy to heat. For shear flows, Dr. 
Townsend adds a range of large eddies of simple 
structure which are responsible for thé large-scale 
convection. Using this structural picture, he con- 
structs an analytical description of shear turbulence 
which is convincingly consistent with the experimental 
observations of both the turbulent and the mean flow 
fields. 

The overall result is a remarkably able discussion 
of the difficult problem of turbulent shear flow. .This 


- monograph will undoubtedly stand as a cornerstone 


for much of the serious research on shear flows in 
years to come. Franois H. CLAUSER 


CHEMISTRY OF HYDROGEN 
PEROXIDE 


Hydrogen Peroxide 


-By Prof. Walter C. Schumb, Prof. Charles N. Satter- 


field and Ralph L. Wentworth. (American Chemical 
Society Monograph Series, No. 128.) Pp. xiii+-759. 
(New York: Reinhold Publishing Corporation ; 
London: Chapman and Hall, Ltd., 1955.) 132s. net. 


INCE its discovery in 1818 by Thenard, hydrogen 
peroxide has occupied a unique position in the 
scheme of chemistry on account of the nature of its 
chemical bond and its usefulness to the study of 
catalysis. As the knowledge of its properties increased 
it was realized that hydrogen peroxide was not an 
inherently unstable substance and the development 
of concentrated hydrogen peroxide in Germany 
during the Second World War as a military propellant 
demonstrated that the material could be handled on 
a technical scale and in large quantities. The present 
book, which covers all aspects of hydrogen peroxide 
chemistry and technology, is the most exhaustive 
survey of the existing knowledge on this compound 
which has yet been written. The authors and their 
co-workers have during the past decade made a 
considerable contribution to a wide variety of 
problems concerned with hydrogen peroxide and they 
write from a deep and extensive knowledge of tech- 
nique and experiment with this material. Although 
reference is made to more than 2,500 published 
articles the book is‘not solely a compilation of data— 
the treatment throughout is selective, thorough, 
critical, and no aspect of the subject is omitted. 
The book begins with the early history and technical 
development of hydrogen peroxide. This is followed 
by descriptions of the present-day methods of 
formation and manufacture from water or oxygen 
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and"from peroxy compounds. Since the technological 
processes depend on the detailed knowledge of the 
chemical reactions involved these two aspects of the 
subject are considered in juxtaposition. <A large 
number of synthetic processes have been considered 
from time to time and these chapters provide a most 
illuminating account of the wide variety of reactions 
involved. Subsequent chapters are devoted to the 
purification, concentration, and handling, and an 
extensive, accurate and detailed summary is given 
of the thermodynamic and electrical properties. The 
structure and architecture of the molecule and the 
nature of its solutions have always been intriguing 
problems to the chemist and the account in chapter 6 
is clear, very readable and valuable. The discussion 
of the chemical properties of hydrogen peroxide 
which occupies the next three chapters is considered 
under the broad titles: (a) chemical properties, 
(b) decomposition processes, and. (c) stabilization. In 
each section completeness has been attained by a 
certain amount of duplication and overlapping of 
information. The final three chapters deal with the 
methods of qualitative and quantitative analysis, the 
use of hydrogen peroxide including bleaching, oxida- 
tion, and as a source of energy, and the preparation and 
properties of inorganic peroxides and super oxides. 
The book can be unreservedly recommended to 
all interested in hydrogen peroxide, whether their 
interest be fundamental or technological. Portions 
of the book will also prove of value to those concerned 
with biology and medicine, catalytic processes and 
rocket propulsion. Cc. E. H. BAWN 


MINERAL WEALTH OF THE 
INDIAN SUB-CONTINENT 


India’s Mineral Wealth 

A Guide to the Occurrences and Economics of the 
Useful Minerals of India, Pakistan and Burma. By 
Dr. J. Coggin Brown and Dr. A. K. Dey. Third 
edition. Pp. xxiv+761+8 plates+12 maps. (Lon- 
don: Oxford University Press, 1955.) 50s. net. 


HE last edition of this work was published in 

1986 and has for long been out of print. This 
greatly enlarged third edition comes at an opportune 
time, when India, Pakistan and Burma are concerned 
with elaborate plans for industrial development. 
Since modern industry depends so much on the 
availability of minerals, an up-to-date appraisal of 
the mineral wealth of the three countries will prove of 
value to their Governments, to their industrialists 
and to their geologists, mining engineers and metal- 
lurgists engaged in exploring and exploiting those 
minerals. 

When the first two editions were published, present- 
day India, Pakistan and Burma formed part of the 
Indian Empire; and though the original title has 
been retained, the work is now concerned with the 
mineral wealth of three independent States, and not 
with present-day India alone as the title might 
suggest. 

Since the Geological Survey of India was started 
just over a century ago, a great deal of information 
has been accumulated and recarded in the various 
publications of that department, and in the trans- 
actions of learned societies. Few of those concerned 
with mineral development have the opportunity to 
search these publications for the information they 
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require. Bub with this new edition available they 
can obtain up-to-late information about almost any 
mineral found in the three countries. This includes 
a summary of the geology and origin of each mineral, 
an account of the industry and its economics, statis- 
tics of production, analytical data, and maps showing 
the distribution and geological provenance of the 
more important minerals. In addition to minerals 
proper, similar irformation is also given regarding 
mineral fuels, building materials, soils and water 
supplies, the last two having been added to this 
edition because of the importance of increasing food 
production to keep pace with a growing population. 
There is also a valuable bibliography covering every 
substance dealt with. 

No country is completely self-sufficient in minerals. 
India has adequats supplies of bauxite, coal, iron ore, 
ilmenite, magnesise, manganese ore, mica, monazite, 
chromite and golc, but is deficient in ores of copper, 
lead, silver, tin, zine and tungsten, and in petroleum 
and sulphur. Pakistan is poorly provided with most 
minerals except cil and natural gas, salt, gypsum, 
chromite and limestone, and at the time of partition 
little more than 3 per cent of the mineral production 
of undivided India came from what is now Pakistan. 
Burma, however, has good supplies of tin, tungsten, 
lead, zinc and petroleum. ‘Therefore, if the three 
countries are considered together, as is done in this 
book, we have a region that is fairly well supplied 
with the major minerals required in modern industry. 

The total value of minerals produced in India has 
risen enormously during the past few decades. In 
1928 the total annual value of minerals raised in 
India, Pakistan and Burma amounted to about £24 
million. To-day the figure for India alone must 
amount to more than £90 million. Though much of 
this increase is due to increase in the actual value per 
unit, there has also been a steady increase in the 
volume of many of the minerals produced, and new 
developments dur-ng the past few years suggest that 
the rate of increase will become accelerated, These.” 


new developments, as the authors point out, include ` * 


the discovery of en extensive lignite field in Madras 
State (where no ccal occurs), new oilfields and a great 
gasfield in West Pakistan, the revival of lead and 
zinc ore mining in Rajasthan (begun in the fourteenth 
century but abandoned at the beginning of the last 
century), the prcof of the continuation in depth 
(without loss of quality) of the manganese ores of 
Madhya Pradesh. the discovery of emeralds in 
Rajasthan, the manufacture of ammonium sulphate 
on & great scale in Bihar (from Indian gypsum), the 
installation of several oil refineries (for which at 
present most of ths crude oil has to be imported), the 
processing of ursnium and thorium-bearing rare- 
earth minerals in Travancore, and the proposed great 
increase in the preduction of pig iron, steel and ferro- 
alloys. Perhaps tie most important present require- 
ment is an increass in the production of oil, and it is 
significant that tha Government of India is prepared 
to spend somethirg like £25 million during the next 
five years on explcration for oil in areas outside those 
covered by private oil companies. 

The book is an up-to-date and accurate survey of 
the mineral wealth of India, Pakistan and Burma, 
and it should be in the hands of all those concerned 
with the development and utilization of that wealth. 
If criticism is offered, it is with regard to the format 
of the book, which has now swelled to a thickness 
out of proportion to its other dimensions. 

W. D. West 


62 


- Design’ of Reinforced Concrete 
By Dr: Boris W. Boguslavaky. Pp. viii+428. (New 
ig and ponden': The Macmillan Company, 1960; ) 


Tats book has been written mainly for the young 
designer of reinforced concrete and would be 
very suitable for technical college evening classes 
were it not based wholly on American practice. This 
very seriously detracts from its value to the British 
student, who finds changing methods and notation a 
very serious handicap with reinforced concrete design 
work, and who, moreover, requires to be trained in 
British practice for his various examinations, 

The simplicity of approach is rather overdone for 
the university undergraduate in Britain, who normally 
has a good grounding in strength of materials and in 
theory of structures before starting on design work, 
and would be able to work more’ easily from his 
basic knowledge than from some of the elaborate 
formule evolved. That, combined with the purely 
American practical angle, would weigh heavily against 
its recommendation as a text-book for British univer- 
sity students, although no doubt it would be very 
suitable for-their opposite numbers in the United 
States, whose approach is rather different, and who 
naturally wish to be familiar with the regulations of 
the American Concrete Institute. 

Starting with elementary theory of structures, and 
progressing, with an eye to practice, through the 
design of simple reinforced concrete elements, the 
student is led to the design of a reinforced concrete 
building by easy stages, with a small amount of work 
on arches and pre-stressed beams en route. There aré 
meny detailed illustrative examples throughout, 
most of which are simple and easy to follow, in the 

-light of American methods; but prestressed beam 
design, being wholly on non-bonded post-tensioned 
cases, would be very misleading to British students. 
On the whole, this is a book for students in the United 
States, or for the already knowledgeable in Britain 
who wish for a glimpse of American practice. 

J. W. H. Kine 


Androgens . 

Biochemistry, Physiology, and Clinical’ ‘Significance. 
By Prof. Ralph I. Dorfman and Prof. Reginald A. 
Shipley. Pp. xvii+6590. (New York: John Wiley 
and Sons, Inc.; London: Chapman and Hall, Ltd., 
1956.) 1088. net. 


N the foreword to this book, Warren O. Nelson 

rightly directs attention to the far-reaching 
significance of androgenic function ; so vast has the 
literature on this subject become (as, indeed, on many 
other endocrine subjects) that the need for a truly 
comprehensive monograph has long been felt by a 
wide circle of clinicians, biochemists, biologists and 
others, This is the first and only publication devoted 
specifically to the androgens, and it has been con- 
ceived on a large scale ; a glance through the contents, 
which, in. fairly small print, alone covers nine pages, 
is sufficient to carry conviction on this point. 

After a brief introduction, which also sketches the 
historical background, the second part deals with 
biochemistry, including an extensive section on the 
metabolism of androgens. Part 3 is devoted to the 
physiological effects of androgens, and Part 4 to 
clinical aspects. Finally, there are important 
appendixes. The first of these gives the names and 
structural formule of 225 compounds of significance 
to this subject; each is numbered, and at each 
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mention in the text the eno is given—a most 
valuable reference device. The remaining appendixes 
are concerned with the techniques of androgen 
determination, chemically and biologically. ` 
Obviously, workers in many disciplines may find 
valuable information in this book, which has a good 
index, extensive bibliographies at the end of each 
chapter, and large numbers of tables and figures. 
Though perhaps mainly a work of reference, the 
clinical section is certainly very readable, the others— 
ia is sae slightly less so. 
G. I. M. SWYER 


Ceramics for the Archæologist 

By Anna O. Shepard. (Publication 609.) Pp. xii+ 
414. (Washington, D.C.: Carnegie Institution of 
Washington, 1956.) Paper bound, 6.75 dollars; 
Cloth bound, 7.75 dollars. 


OR many a year, archeologists have been trying 

to make common ground with scientists versed 
in the special techniques of importance for analysis 
of the results of work ın the field. Here 1s an excellent 
example of such co-operative thought applied to 
ceramics. But Miss Shepard has achieved more than 
that. She has welded, so to say, the ‘know-how’ 
with just the requisite amount of esthetic theory 
(for example, problems of proportion, shape, tangency 
relations and so forth) to lift the subject well out of 
the range of mere ‘doctoring’ and ad hoc solutions. 

It is possible, however, that the physicist and chemust 

would wish to refine their methods a little further, 
in which case some reference to the microscopical Ț 
processes and instrumentation associated with the 
names of Schneiderhéhn and von Federov would have 
been helpful; these developments being particularly 
well suited (within their own limitations) for the 
examination of opaque sections, and even of curved 
fragments, without any trace of destructive testing. 
Given- adequate illumination, classical optics, in 
modern guise, could render still further assistance to 
workers in archzological enterprise. : 
3 F. I. G. RAWLINS 
The Elementary Particles of Nature 
Prepared by’ Dr. D. K. Butt, Dr. E. G. Michaelis, 
Dr. G. L. Miller and Dr. P. T. Trent. Pp. 19. 
(London: Science Information Service, 1956.) 


HE purpose of the very useful set of notes 
contained in this pamphlet is to present a simple 
but informed account of the now numerovs particles, 
including the unstable forms of matter, the mesons 
and hyperons, which are studied extensively to-day 
and which constitute the basis of nuclear physics. 
The notes have been prepared by four young and 
active workers in this field, but they have taken care 
to avoid too much detail and technicalities and to 
express the main agreed results in a form which 
teachers in colleges and schools in particular will find 
most valuable. In 1930 the number of fundamental 
particles required to describe matter was no more 
than two, the proton and the electron, but following 
the discovery of the neutron in 1932 and the u-meson 
in 1935 the number of ‘elementary particles’ has 
continued to increase and no less than twenty-four 
are listed in the pamphlet. These do not include the 
anti-neutron the existence of which was verified too 
-recently to receive mention. Brief reference is made, 
however, to the anti-proton, which was identified 
with certainty towards the end of 1955. 
S. WEINTROUB 
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COMMUNICATION IN SWARM-BEES SEARCHING FOR 
A NEW HOME* 


By Dr. M. 


LINDAUER 


Zoological Institute, University of Munich 


HEN animals establish a new dwelling place, 
most of them meet many different kinds of 
problems. In general, the following three require- 
ments must be met by the new home: (1) it must 
afford protection against all kinds of weather con- 
ditions; (2) it must be well situated as a headquarters 
from which to obtain nourishment; (3) ıt must 
afford a rendezvous for courtship and a nursery for 
the offspring. ' 
In the case of animals, such as the honeybees, 
which live a social life, the dwelling place takes on 
an additional significance : here is the meeting place 
whore many thousands of bees gathor agaia after 
having roamed about during the day. Here is the 
place where every bee, day in and day out, receives 
information. In other words, here is the place where 
all functions of those 50,000-80,000 individuals 
become integrated into a community life. 

In such a situation it is understandable that the 
seeking out of a nesting site takes on a special im- 
portance. The establishment of a new dwelling place 
of bees is always accompanied by swarming. As is 
well known, the mother colony separates itself in 
such a way that one half remains behind in the old 
home with the newly raised queen and the old queen 
moves out with the other half of the colony. This 
is the swarm which forms a cluster in the neighbour- 
hood of the mother hive. 

If the swarm is not caught (as is usual in bee- 
keeping) it must provide a new home for itself. So 
after the bees have formed the swarm cluster some 
scouting bees fly off in order to seek a suitable nesting 
place. These ‘messengers’ fly off in all directions, and 
when they have discovered a suitable building place 
they fly back to the swarm and announce the spot to 
their companions. They do this in the same manner 
as successful forager bees; that is to say, by the 
well-known bee dance, they give information con- 
cerning the distance and the direction of the newly 
found nesting site. 

If the scouting bees are marked and a record kept 
of the messages given by their dances, then it will be 
seen that the bees announce several different nesting 
sites at the same time. For example, it can happen 
that some of the scouting bees indicate a spot which 
is situated 800 m. tothe north where a hole in a tree 
has been discovered ; others indicate a dwelling place 
2 km. to the south, where perhaps a hole in the 
ground has been observed ; a third group apparently 
has inspected a hollow in an old wall. This conclusion 
is drawn from the fact that the dancing bees are 
covered with red brickdust or with street dust, which 
is never the case with dancing forager bees. Further- 
more, by examining the dancing bees, I could some- 
times discover the location of the nesting site long 
before the swarm moved in. In one case, it appeared 
that the bees found a nesting place in an empty 
chimney at 300 m. distance: their dancers were com- 


* Substance of a paper read before Section D (Zoology) at the 
Sheffield meeting of the British Association. 


pletely covered with soot, and when I caught some 
in the swarm cluster they smelt very lke chimney 
sweeps. 

In this way, ten to twenty different locations can 
be communicated to the swarm, and so we arrive at 
the question: How do the bees come to an agree- 
ment as to which of the many possibilities they 
should choose ? The swarm cannot break itself up. 
It must move in a group with its queen into one of 
the dwelling places offered. 

That agreement actually takes place can be seen 
if the dancers in the cluster are carefully watched. 
At first the scout bees indicate different directions 
and distances through their bee dances; then, step 
by step, after a few hours or sometimes after a few 
days, the dances become more harmonious ; in other 
words, a definite direction is chosen, while the other 
dances disappear. Only when an agreement is 
reached in such & way does the swarm fly off and 
move into its new home. 

Fig. 1 demonstrates an example of how a swarm 
comes to such an agreement. Each arrow represents 
a scouting bee which was marked during the dance 
in the swarm; direction and length of the arrow 
represent to scale the location of the goal. In all, 
twenty-seven nesting places ‘were discovered by the 
scouting bees of this ‘Eckschwarm’. It appeared 
first of all as if the nesting site 1,000 m. away to the 
north would be preferred. But on the fourth day 
interest became ecncentrated more and more on the 
place 300 m. io the south-east, and to that place on 
the fifth day the swarm flew off. We were able to 
follow the swarm during the trip and we saw the 
bees move into æ hole in an old wall 300 m. to the 
south-east. 

But agreement about one of the nesting places 
offered does not slways take place so quickly and 
harmoniously as this. It can happen that the interest 
of the scout bees becomes concentrated upon two 
nesting places at the same time. In this case it is 
very difficult to force one of the two groups to yield. 
Fig. 2 demonstrates such a case. 

Finally, however, agreement normally must take 
place before the swarm moves. Up to now it has hap- 
pened only twice in nineteen experiments that agree- 
ment was not reached, and this led almost to a catas- 
trophe for the swarm. In the case of the ‘Moosacher 
Schwarm’, two equal groups of scout bees were formed, 
and as neither of them yielded, the swarm flew off 
and—I could scareely believe my eyes—it tried to 
separate itself into two groups: one group of scout 
bees wished to lead the swarm to & nesting site in the 
north-west, the other group to the north-east, each 
to its ‘own’ nesting place. Since such a division into 
two groups was naburally not possible, a battle took 
place in the air between the two groups until, after 
half an hour, the swarm finally flew back to the old 
headquarters. Now the north-east group gave up, 
and so in this case also an agreement was eventually 
reached over the rew home to the north-west. 
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Fig. 1. The scout-bees were marked during the dance. Each arrow represents the 
announcement of one such bee. Length and direction of the arrow correspond 
to the location of the newly found nesting-place. For the nesting-place 300 m. 
instead of separate arrows 
theInumber of dancing scout-bees is directly indicated. From Z. vergl. Physiol., 37, 


south-east, in favour of which the decision was made, 
263ff., Ab. 3 and 4 (Springer-Verlag, 1955). 


Much more tragic was the fate of the ‘Busch- 
Schwarm’: since after fourteen days no agreement 
was reached, the scouting bees gave up their dances 
and the swarm made itself at home in the first head- 
quarters under a bush. There it built combs and set 
up a new brood-nest. That behaviour may be the 
last resort when no agreement is reached; but 
naturally in the climate of a country such as Ger- 
many the colony could not survive the winter in this 
manner. ~ 

Nevertheless, these are exceptional cases; and we 
must now examine the deeper causes which lead to 
an agreement between the swarm bees over the 
different nesting sites. 

Bearing in mind that a swarm normally consists of 
10,000—30,000 bees, we. may well ask : Which of them 
decides which of the nesting places to choose ? Does 
each of the bees have a say in the matter, or do they 
leave the decision in the hands of a small committee 
whose choice is accepted unanimously by all ? 

In brief, the answer is that the decision is left 
entirely in the hands of the scout bees. In order to 
reach this decision they make use of their dances, 
with which they announce the nesting sites. These 
dances of the scout bees not only communicate the 
location of a nesting place, but also they give exact 
details about its quality. 

When a ‘first-class’ nesting site has been found 
then the scouting bees begin a long dance with great 
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vivacity which can last an hour or even 
longer, instead of just a few minutes as 
-in the case of the forager bees. A fairly 
suitable home is announced, on the 
contrary, by a modest and lazy dance 
which is stopped in a few seconds. In 
this way the interest must be concen- 
trated immediately on the most favour- 
able nesting site; and it is easily 
understood that the decision will be 
made always in favour of the best 
nesting places announced, 

But whether the choice actually made 
was the best could not be determined 


27 ` solely by observing the bees in the 
74009500 swarm; it was necessary to know also 


what took place at the different nesting 
places before the migration. I therefore 
provided my scout bees with artificial 
nesting places on an inhabited island or on 
a flat piece of waste land, making various 
alterations in the nests themselves. 

In the first experiment, two empty 
boxes were placed at the disposal of the 
bees. One of them was set up under a tree 
and covered with twigs; the other one 

` stood unprotected in an open field. Both 
places were discovered by the scout bees 
and carefully inspected and were an- 
nounced to the swarm by means of 
dances. From. these dances alone it could 
be seen that the two boxes were of differ- 
ent quality ; the scout bees which came 
back from the unprotected place an- 
nounced their finding through a short and 
modest dance, while the other group 
carried on long and lively dances. As a 
consequence, in æ. short time the better 
nesting site received the more attention. 

Furthermore, it was observed that 
marked scout bees which first of all 
had announced and recommended the 

unprotected place were gradually influeneed by 
the lively dances of their competitors; then they 
inspected-the other—more favourable—nesting place, 
and after returning they campaigned for this better 
home. 

That the decisive factor in this case was the pro- 
tection and the location of the box (not, for example, 
the construction or the ‘furniture’ of the boxes) I ‘was 
able to demonstrate in the following manner. I 
moved the branches from one box to the other, and at 
once the scout bees which formerly had announced 
the shaded nesting place were favourably influenced 
by the lively dances of those scout bees coming 
from the newly protected nesting site. In this 
manner we could lead the swarm into whichever box _ 
we wished, merely by exchanging the protective 
covering. 

This is therefore the simple method by which 
swarm bees come to an agreement: the better the 
nesting site the more excited the dances of the scout 
bees, and the more new scout bees become recruited 
for this new place; the more bees therefore then fly 
off to this spot, inspect the home and then likewise 
announce it to the swarm by the same lively dances. 
When, furthermore, those scout bees which at first 
had announced the inferior nesting places are won 
over by the more lively dances of their competitors 
and as a result themselves inspect this home—so 


that they can compare the two—then they naturally 
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choose the better one. Hence 
nothing more stands in the way of 
an agreement. 

But now there arises a new ques- 
tion: How can the scout bees judge 
so exactly the quality of a nesting 
place? Which qualities of a bee 
home are taken into consideration ? 
Which receive a positive evalua- 
tion, which a negative ? This ques- 
tion is naturally also of interest to 
the practical beekeeper, who has 
for centuries sought to construct 
the ideal beehive. 

As we have already seen, the loca- 
tion of the future dwelling place 
plays an mportant part; the most 
umportant factor m this case is pro- 
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tection against the wind. However, Gd 


the wind can change from day to 
day, and a nesting place which on 
one day appears to be protected 
against the wind can on another day 
have no value in this regard. It is 
of particular interest that the scout 
bees take this fact into considera- 
tion. They come, back again and 
again to the nesting place, from 
morning to evening, and they come 
again on the next day and likewise 
on the thud day, and so on until 
the migration has taken place. In 
this manner they can assure them- 
selves that the nesting place. will 
retain its favourable characteristics 
at least over an extended period of 
time. 

As a matter of fact, I was able to 
observe that the reactions of scout 
bees changed when unfavourable 
conditions were experienced during 
the period of repeated visits at the 
nesting site. In one experiment I 
set up two hives, both of which 
were situated at the edge of a 
thicket; one of them had open 
spaces to the west and was therefore 
protected against the east wind, 
whereas the other had the open 
spaces towards the east, and was 
therefore protected from the west 
wind. During days with an east 
wind the former was preferred by 
the scout bees, while durmg those 
days with a west wind the other was 
preferred. Since in general west winds prevailed, the 
swarm finally moved into the former nesting place. 

In a second case, one of my empty beehives which 
had been highly favoured by the scout bees from the 
beginning was suddenly rejected. I was puzzled over 
the matter until I saw that through a split in the back 
of the hive ants had invaded the box. Because of this, 
it could no longer be used as a home for the bees. 

On another occasion a hole in the ground—also 
favoured by the swarm bees—became filled with 
water during a thunderstorm. Although on the day 
before a lot of scouting bees were attracted by this 
possible nesting place, from now on they completely 
ignored it. 

In addition to the location of the hive, the scout 
bees naturally tako other factors into consideration, 
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Fig. 2. If two equally strong gioups of scout-bees announce two different nesting places, 
the swarm moves only when one of the grcups of scouts gives up its dances. From 
Z. vergl. Physiol., 87, 263ff., Ab € and 4 (Springer-Verlag, 1955). 


such as the size und construction. That 1s easily 
understood, because the swarm does not move into 
just any hollow; it must be a hollow space which 
corresponds in sizs roughly to an artificial beehive. 
But ıt is worthy of note that each swarm does not 
make the same c-aims on the size of the hive. A 
giant swarm prefers a larger nesting site than a 
dwarf swarm. I once offered to a dwarf swarm— 
scarcely larger than a man’s fist—two hives which 
during early experiments had been immediately 
accepted by the scout bees. This trme, however, the 
scout bees would not accept the boxes. Only when 
I made the space emailer in one of them—by padding 
it with cotton—was this smaller compartment found 
suitable to them and the swarm actually moved 
in. 
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In addition to size, the art of construction of the 
new home is taken into consideration. A wooden box 
is preferred to a basket; a hole in the ground is, on 
the other hand, preforred to a wooden hive. Perhaps 
the location of the entrance has also some importance ; ; 
particularly it is important that no draught can arise 
in the new home. 

The following finding was completely unexpected, 
namely, that the distance of the future home from 
the mother colony plays a part. One might suppose, 
naturally, that the nearer the future home is to the 
old dwelling place the more it would be preferred by 
the swarm. But the opposite is the case: if two 
similar hives are offered, one at a distance of 30 m., 
the other at 300 m., then the latter is preferred. The 
biological significance of this choice is immediately 
obvious: the farther away the swarm moves from 
the mother colony the more easily are the bees able 
to acquire new feeding areas from the new head- 
quarters which have not yet been exploited by other 
colonies. 

It is truly astounding that the scout bees can take 
account of so many different characteristics in looking 
for a new home; all the more so as they are unable 
to gain experience in this function during their life. 

In this connexion there remains still another 
problem to be solved: in the normal plan of the 
division of labour in the bee colony, the function of 
house hunting 1s not undertaken like all other tasks. 
In the case of most bees, the ‘profession’ of scout does 
not exist, for many generations may pass without 
any need for seeking a new home. But when m May 
swarming-time takes place suddenly, then they must 
be there and for a few days the fate of the whole 
race lies in ther hands. Is there then in the bee 
colony a special group of trained scouts, which wait 
months and even years to exercise their function ? 

In order to answer this question, I set two empty 
hives at the disposal of the colony which was pre- 
paring in May to swarm. I put up a feeding table 
close by, where a group of marked forager bees of 
this colony could feed. First of all they took no 
interest whatsoever in the empty hives, but only 
collected around the feeding place. <A few days 
before swarming, I noticed that the interest in 
feeding dwindled and most of the forager bees 
remained idle in the hive. Some of them, nevertheless, 
came back—but not as forager bees. They sipped 
only a little sugar solution and then they investigated 
splits in the bark of trees and the mouse holes in 
the ground in the neighbourhood; and last of all 
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they checked the two hives. There was no doubt. 
that these forager bees had become scout bees. 

In this way it was shown that there is no special 
group of scouting bees in the colony, but that the 
scouts were recruited at the swarming time from old 
experienced forager bees. What was truly surprising, 
however, was that the act of swarming itself did not 
cause the search for the new home, for house hunting 
had been taken up a few days before. > 

Why had these scouts given up the function of 
foraging at this time? Normally, the bees exercise 
the function of foraging for the entire second half of 
their life. The immediate observation of the behaviour 
of the bees in the colony at this time gave the fol- 
lowing information. As all supply chambers in the 
hive were completely full of nectar and pollen, and 
as also the honeysacs of the honeybees were filled to 
bursting point, the forager bees could no longer 
deliver the nectar to the other bees and they had no 
other choice than to remain idle in the hive. In such 
a situation some of them seize the initiative and take 
over the only other function possible, namely, home 
hunting. 

In this way at the time of swarming everything 1s 
bound together in a very reasonable manner: that 
the function of home hunting, as we have just seen, 
is associated with an abundance of nectar and pollen 
provides the guaranty that swarming time always 
takes place at a time when rich food supplies simplify 
the setting up ofa new home. The young swarm must 
build new combs, it must raise the young brood 
quickly and it must bring in enough supplies for the 
coming winter. All this is only possible during a 
good food season. 

Everyone who has occupied himself ın any way 
with bees will have admired the harmony of ther 
community life. In no case is this community life 
put to a more strenuous test of self-preservation than 
at swarming time. The raising of the young queens, 
the migration of the swarm, the seeking of a new 
home, the moving into this new home, all demand 
unanimous decisions from many thousands of bees. 
But even more surprising are the simple ways by 
which such unanimous decisions in a bee colony are 
taken. Nothing more is necessary in the final case 
in this search for a home than that each bee renders 
an objective and absolute true judgment of the 
worth of the newly found home ; then the only other 
thing demanded is that the bee should not adhere to 
its first choice when other bees have better poss- 
ibilities to offer. 


MARINE SCIENCE IN THE SOUTH-EAST PACIFIC OCEAN 


OLLOWING its policy of arranging discussions 

on marine science in areas where they are likely 
to attract new interest, the United Nations Educa- 
tional, Scientific and Cultural Organization invited 
its Marine Sciences Advisory Committee and other 
specialists to meetings in Lima. There can be few 
places where the power of the ocean is more obvious. 
The Sun was almost overhead and the shadows west 
or east, but the air was cool and thick cloud over- 
head, and the feeding flocks of birds gave evidence 
that the coastal water teemed with life. The Gulf 
Stream may be the greatest wonder of the ocean 
world, but the Peru Current runs it close. There is 
no tremendous flow of water—probably never more 


than 10-20 miles a day-—-and at some times and 
places it is so weak as to pass unnoticed; but the 
isotherms run more or less north and south for some 
two thousand mules, and cold water off the coast of 
Peru is as remarkable and beneficial as warm water 


_nhear the Newfoundland Banks and Iceland. 


The story is well told by Gunther?. The current, 
the cloud, the coldness of the water, and the richness 
of the animal life were reported soon afver the South 
Sea was first sighted, and have been keenly discussed 
ever since. Humboldt, in 1802, was the first to dip a 
thermometer into the current, and he thought the 
low temperatures were maintained by a strong 
northward flow of cold water. This idea was soon 
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questioned on account of the weakness of the north- 
ward current, especially off southern Chile, and in 
1844 French navigator suggested upwelling of the 
lower layers close to the coast as a cause. This 
explanation gained ground with the discovery that 
there was often little or no current close to the shore 
where the water was coldest but a westerly set, 
out to sea. The upwelling was attributed to this 
westerly set and to the effect of the trade wind over 
the ocean at large. The idea, of upwelling was further 
strengthened when it was learnt that the effect of 
the Earth’s rotation on. the north-going current would’ 
bring cold water to the surface along the coast. 

Biological calamities have always been associated 
with warming of the water. Gunther notes that 
Acosta, writing in 1608, described north winds as 
troublesome and unwholesome, and this is possibly 
the earliest record of the ills which arise when the 
usual northward current, upwelling and offshore 
movement are interrupted. The worst consequences 
occur when strong north-east trade winds extend 
southwards into the Gulf of Panama. There is then 
a southward flow of equatorial water down the 
Peruvian coast, and in 1891 and 1925 the water 
temperature off Callao was as much as 10 deg. C. 
above normal. The rise in temperature kills fish and 
plankton ; but the popular conception of a recurrent 
series of major catastrophes is an exaggeration, and 
there is some local resentment about the many 
popular articles which give the impression that dead 
and decomposing fish are the rule rather than the 
exception. Where marine growth is maintained at 
such @ high level it is not surprising that there are 
occasional setbacks, such as disappearance of the 
anchovies and migration or starvation among the 
guano birds, and mortality of fish. The relative 
importance of the factors which produce these ill- 
effects is not really known. 

The warming of the surface water, together with 
the assòciated stratification of the water column and 
restriction of vertical circulation, favour the swarm- 
ing of brightly coloured flagellates and related 
organisms. This growth can be so dense that it dis- 
colours the water brown or red, and has such poisonous 
effects on fish that they become affected and event- 
ually die. The temperature of the water depends on 
such things as the relative strength of north and 
south currents, the activity of divergence from the 
coast and upwelling, and the complex interchange of 
heat between ocean and atmosphere by radiation, 
conduction, evaporation and condensation. When 
the temperature rises, the fish may seek cooler areas 
or remain at greater depths, inaccessible to the 
birds. The ‘red water’ may itself be harmful, or it 
may bring about the death of the abundant phyto- 
plankton by cutting off the light below the first few 
feet of water. Sears? mentions an instance where 
plankton nets fished below discoloured water came up 
loaded with a yellow-brown slime from decaying 
phytoplankton. On this occasion there were reports 
of some dead fish and a putrefactive smell; but as a 
whole the fish and bird life seem to have been little 
affected. 

The physics is as difficult as the biology. Gunther 
gives a bold outline, but has to emphasize the: extra- 
ordinary variability of the current in almost every 

particular, drift, temperature, breadth and colour. 
One can only guess what will happen when the 
theoretical workers now studying the Gulf Stream 
consider this complementary problem. The north- 
ward current and the upwelling may prove to be 


NATURE 


67 


dynamical consequences of westward drift induced 
by the winds far cut over the ocean as well as of the 
local winds. The facts observed by Gunther (ref. 1 
p. 205) suggested as much. The details of wind dis. 
tribution and the bottom topography may sometimes 
cause upwelling st a distance from the coast and 
favour the development of counter-currents close 
inshore. The submarine topography, shape of the 
coast and persistent features of the distribution of 
air pressure and wind associated with the topography 
and character of the land must give the pattern a 
bold outline like that reported by Gunther and 
others; but visiting scientists have perhaps set up 
models which are too simple and have dismissed 
observations which do not conform to them. Rela- 
tions between the current and weather are also not 
so simple as has been supposed: heavy rains are 
generally associated with the southward movement 
of warm water from the Gulf of Panama, but 1955 
was very cold and very wet. 4 

The most urgent needs are for quantitative studies 
of the horizontal and vertical exchanges of water 
and interchange of heat with the atmosphere, and of 
the factors which promote discoloration of the water. 
Some authorities hold that the swarming flagellates 
enrich the surfacs with phosphate, whereas others 
suggest that enrichment of the surface water by bird 
droppings in the adsence of downward mixing favours 
the swarming. It would be particularly useful to 
have a more detailed understanding of the effect of 
upwelling on productivity and the distribution of the 
fish ; the coldest water is not itself the richest. 

It is difficult to urge the need for more work with- 
out risk of appearing to undervalue what is already 
being done, and the discussions at Lima showed that 
Dr. E. Schweigger has by careful and persistent 
observations acquired a very wide experience of the 
trends and eccentricities of the problem. This 
experience will g> a long way to improve under- 
standing of the fuctuations in the productivity of 
the area, and in the amounts of guano deposited on 
the islands. 

There are other marine problems, particularly the 
heavy swell and surf; this often makes poorly 
sheltered harbours unusable and renders the task of 
erecting artificial protection expensive and difficult. 
There can be no country where a practical system of 
wave prediction might be more useful, and since 
little or no meteorological information is received 
from the vast ocean to the westward it would be an 
ideal place to investigate the possibilities of using 
recordings of microseisms to gain warning of the 
approach of swell. 

Other problems of the east Pacific Ocean were 
discussed. Particular attention was paid to the need 
for a quantitative survey, with closing nets, of the 
layer of water with a very low oxygen content found 
between depths of 300 and 1,000 metres in 5°-25° N. 
off the American coast. 


Unesco Advisory Committee on Marine 
Science 


The Committee met for the first time during 
October 22-24, though the ground had been prepared 
by an mterim committee in Tokyo (Nature, 177, 353 ; 
1956), and by reports on the needs of marine science. 
from national commissions and- international organ- 
izations. The Cormittee considered a wide range of 


, problems and recommended direct or indirect sup- 


port for work that will cultivate interest in the 
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oceans and understanding of their behaviour, 
especially in countries where little attention has been 
paid to them. It also urged support for organizations 
engaged in perfecting various aspects of the science 
to the point where they can become really effective 
in practical problems. 

The recommendations provided for the arrange- 
ment of symposia in countries most likely to profit 
from the visit of marine scientists, and for support 
of international meetings which seem likely to attract 
the attention of scientists who are effective in other 
fields. There was also support for regional meetings. 
The use of fellowships and travel grants was dealt 
with, and useful steps taken to help m such matters 
as bibliographies, text-books, translations, regional 
guides, joint planning, and exchange of facilities, 
scientists and equipment. 

The funds available are too small for all the things 
the Committee had in mind; but the members took 
& realistic view of the difficulties and will reconsider 
their proposals and be more specific about priorities 
as the year advances. 

Many of the problems that have to be solved 
require observations in regions where there are no 
. research vessels, and the exploitation of new tech- 
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niques on a scale beyond the present facilities of all 
countries, and after long discussion the Advisory 
Committee recommended that Unesco should ask its 
General Conference to set up a convention to arrange 
for an international research ship. It was realized 
that many governments would not subscribe without 
the prospect of immediate economic benefits, and it 
was emphasized that the long-term nature of the 
work must be stated very frankly. The idea is for a 
strictly co-operative venture to make observations 
which will be studied by existing laboratories. The 
Committee recognized that the difficulty of making 
such æ complicated organization effective would 
deter the larger countries, but hoped that the 
example of the European Centre for Nuclear Research 
and the success of international co-operation in cul- 
tural, medical and humanitarian, and other non- 


` political fields would help to persuade them. It was 


noted that there is increasing demand for very special 
information about the oceans from international 
committees concerned with atomic waste disposal. 


G. E. R. Deacon 


1 Gunther, E. R., Discovery Reports, 13, 107 (1938). 
2 Sears, Mary, Deep-Sea Research, 1, 141 (1954). 


THE CALDER WORKS NUCLEAR POWER PLANT 


THE BRITISH NUCLEAR ENERGY CONFERENCE 


HIGHLY successful symposium was held at 

the Central Hall, Westminster, during Novem- 
ber 22-23, 1956. The sessions of most general interest 
were attended by more than two thousand members, 
including a large overseas contingent. It is under- 
stood that the large official United States party 
inchided officers of @ private organization which 18 
carrying out, under an Atomic Energy Commission 
contract, an impartial, objective and far-reaching 
cost comparison between the types of power reactors 
represented by Calder Hall and: pressurized water 
reactor, Shippingport ; it is hoped that the results 
of this study will be made public early in 1957. 

The symposium was divided into five sessions, 
during which nineteen papers were presented. The 
papers, which were introduced in groups by reporters, 
will be published, together with the discussions, in 
the April and July issues of the Journal of the British 
Nuclear Energy Conference. Sir John Cockcroft pre- 
sided over three sessions, ‘Introduction and General 
Design”, “Technical Research Problems” and ‘‘Future 
Developments-and Summary”. The sessions on 
“Engineering Design” and “Light Engineering and 
Electrical’? were presidéd over by Mr. W. L. Owen 
and Mr. J. Eccles, respectively. 

The symposium was opened by a paper presented 
by Sir Christopher Hinton, entitled “The Place of 
the Calder Hall Type of Reactor in Nuclear Power 
Generation” ; this first session, which was completed 
by papers by Mr. R. V. Moore and Mr. B. L. Goodlet 
on the 1951-53 Harwell design study, and by Mr. 
Moore on the design and construction of the plant, 
traced the history of the project and put the gas- 
cooled graphite-moderated reactor into its correct 
perspective in the atomic energy field. Although 
some facts which had already been published were 
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repeated, Sir Christopher said that many new details 
would be revealed by experts who had taken im- 
portant parts in the research, development, design 
and construction stages; furthermore, each paper 
gained from the unique comprehensiveness of the 
whole. 

Sir Christopher referred to the initial considerations 
which, in 1946, influenced the choice of reactor by 
the newly formed British organization. The origmal 
intention, to build a water-cooled graphite-maderated 
pile of the Hanford type, was departed from because 
the dense population in the United Kingdom made 
the inherent -stability of the gas-cooled type more 
desirable. From the beginning. it was appreciated 
that it might be possible to put the whole system 
under pressure and to extract useful heat, especially 
if extended heat-transfer surfaces were employed on 
the fuel elements. Owing to the urgent defence 
requirements for plutonium, it was not possible to 
utilize these ideas for BEPO or Windscale, but the 
general studies of this type of reactor were continued. 
When a new requirement for plutonium arose it was 
possible to modify the design parameters for this pur- 
pose and the first Calder Hall reactor was approved 
in March 1953. . 

Sir Christopher emphasized strongly the fact that 
Calder is designed and operated to produce military 
plutonium, with electricity as a by-product; the 
industrial cost of power from reactors of this type can 
only be determined from designs for optimal elec- 
trical power. During the construction of Calder, 
however, a study was initiated, later to become the 
basis of the 1955 White Paper, which surveyed the 
national requirements and suggested that reactors of 
the Calder type could produce electricity at about 
1-0d. per unit sent out, with plutonium as a useful by- 
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product, which might, however, need to be burnt in 
more highly rated reactors. K 

Sir Christopher said that the Calder reactors have 
the very great immediate advantages of using natural 
uranium as fuel and not requiring any exceptionally 
novel materials or techniques in their construction ; 
they are, however, heavy, cumbersome and expensive 
in capital cost. He showed how weight and cost had 
been reduced with time in the case of other types of 
generating equipment and, drawing analogous curves 
for the Calder type of plant, suggested that costs of 
about 0-5d. per unit sent out could readily be achieved 
by 1975. He concluded that such reactors would 
still be built in twenty to twenty-five years time, 
although the Atomic Energy Authority was con- 
currently pursuing the development of other more 
highly rated systems. 

Mr, R. V. Moore described the Harwell design 
study carried out during 1951-53 and explained 
the important factors which led to the main decisions. 
The key items were the size of tho pressure vessel 
which might be built, the maximum fuel element 
temperature and the extent of the carbon dioxide- 
graphite reaction. By a careful study of other similar 
structures, it was decided that a cylindrical pressure 
vessel of 37 in. internal diameter could be safely 
fabricated on site and operated at 100 Ib./sq. in. 
pressure with a maximum temperature of 400° ©. A 
maximum fuel element temperature of 400° C. was 
also selected and experiments during the design 
study showed this to be feasible. A critical experiment 
on the rate of reaction between carbon dioxide and 
graphite also showed that, although influenced by 
irradiation, it was not likely to prejudice the design. 
Thus, in 1953 it was possible for the Industrial Group 
to take up the work, and Mr. Moore, who transferred 
to Risley at that time, went on to describe the main 
features of the plant and the special features of con- 
struction, of which the very tight time-scale and the 
need for extreme cleanliness were perhaps most 
interesting. One major doubt which remained until 
the reactor was operated was the exact enrichment, 
if any, which would be required. In fact, the reactor 
operates easily on natural uranium. 

In the discussion which followed these general 
papers, universal tribute was paid to the United 
Kingdom Atomic Energy Authority for its wisdom, 
courage and energy. Sir Claude Gibb called for an 
immediate decision to. increase the power reactor 
programme, Other representatives of the firms now 
designing commercial stations of this type for 
optimal power production discussed the main changes 
they are introducing to reduce costs. Increased size 
is very important and here the feasible size for a 
pressure vessel is still the limitation, although much 
progress has been made. In order to obtain a good 
load factor, charging and discharging on full power 
have been introduced and special attention was paid 
to maintenance problems. It is forecast that the 
export market may require two types of reactor— 
one of about 60 MW., with electricity costs of about 
2d. per unit sent out, for countries short of conventional 
power, and a smaller ‘package’ type, requiring en- 
riched fuel. Difficulties which were mentioned include 
the shortage of scientists, steel and material-testing 
reactors. Mr. Brown (Central Electricity Authority) 
also pointed out that electricity costs for conventional 
stations are continually being reduced, so that atomic 
energy is faced with an increasingly difficult target. 
Mr. W. L. Owen (director of engineering, Risley), in 
reply, said that two further reactors of the DIDO 
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type are under construction, at Harwell and Doun- 
reay; the requirement for the ‘package’ reactor is 
under consideration. He emphasized the importance, 
in Britain, of making the correct decisions regarding 
the type of reactor to build and of keeping ruthlessly 
to the programme. He was aware of the technical 
progress in conventional power generation, but felt 
that increases in costs of fossil fuels would outbalance 
this, to the advantage of atomic energy. 

‘From an overseas member there was a question, 
referred to again later in the meeting, on the inherent 
safety of the reaetor. Sir Christopher Hinton and 
others replied to shis with great thoroughness. The 
important point & that the loss of coolant, or any 
other such failure, cannot result in an increase in 
reactivity, so thas there is no possibility of a ‘run- 
away’. Many other types of failure, and combinations 
of failures, have baen studied from the point of view 
of district contamination and it has been concluded 
that the magnitrde of the worst hazard is com- 
parable to that of transport and storage of chlorine. 
The effluent protlem from normal operation is of 
minor importance and there will be’a tendency to 
reduce siting restrictions. 

In the session cn “Technical Research Problems”, 
greatest interest was shown in the problems of heat 
transfer and metallurgy of fuel elements and on 
nuclear physics. Discussion on heat transfer from the 
fuel elements centred upon the use of transverse fins 
in Calder in contrast with longitudinal fins in the 
Windscale reactors. Several contributors emphasized 
the need for a comparison of performance based on 
heat transfer and pressure drop data. Others pointed 
out that any suca comparison depended upon the 
particular reactor to which the results were applied. 
One member, Mr. Margen (Sweden), introduced 
an interesting comparison between the transverse 
finned can and packed columns of various types. 

On fuel elemerts, emphasis was placed on the 
heat-treatment o? uranium to avoid irradiation 
effects, on the strength and method of support of the 
fuel elements and on‘the properties of the magnesium 
can. A fine random grain in the uranium has been _ 
demonstrated to te best, and an elegant method of 
obtaining this, involving continuous high-frequency 
induction. heating, has been developed; the effects 
of minor impuritias, previously unconsidered, have 
had to be studied -n a manner analogous to the work 
on the breakdowr of austenite in steels. The im- 
portance of creep, and the intricacies of this phen- 
omenon under irradiation, were referred to and the 
decision to stack the cartridges vertically was 
questioned. In reply, it was said that the problems 
of this arrangement, which has the merit of sim- 
plicity, were appreciated at an early date and great 
efforts have been made to obtain quantitative data, 
at the same time preparing alleviating measures, 
Some fuel elements have been discharged for exam- 
ination and there is reason for believing that the 
original decisions are basically sound. Creep and 
support problems can be overcome by ingenious 
design in future reactors requiring much longer ` 
irradiations. A more persistent problem will be the 
ability of the magresium can to accept the inevitable 
deformations without cracking ; a particularly inter- 
esting aspect of this is the phenomenon of void 
formation at grair boundaries under certain condi- 
tions of temperature and strain rate. 

Dr. B. F. J. Schonland (deputy director, Atomic 
Energy Research Establishment) discussed the 
nuclear physics problems and asked to what extent 
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theoretical calculations could replace the expensive 
experiments. In reply, it was said that experiments 
of the exponential type will continue to be necessary, 
but it is essential also to develop an academic basis 
on which to explain the results. In the industrial 
reactors there will be spare reactivity which may be 
used either for flattening or for increasing the 
irradiation level of the fuel elements. 

In considering the pressure vessel, greatest atten- 
tion was given to the problems of brittle fracture, 
site fabrication, inspection and pressure testing. A 
special steel of superior notch ductility was selected 
and controlled by transition-temperature tests. Plate 
examination and welding procedures of the highest 


standard were required and all butt welds were’ 


examined by X-rays, with crack detection of im- 
portant fillet welds. On completion, the vessel was 
fully stress-relieved and both pressure and vacuum 
tested; all these operations were carried out with a 
large number of strain gauges in position, so that a 
complete picture of stresses and deformation was 
obtained. All speakers agreed with the necessity to 
use steel of good notch ductility, but one commented 
that it is very difficult to obtain the necessary large 
forgings to such a specification. 

The steam-cycle analysis was complicated initially 
by interlocking variables in other fields and later by 
the emphasis on plutonium production, which pre- 
vented the use of optimum steam conditions. How- 
ever, the dual pressure cycle adopted has now been 
shown. to be very satisfactory under the practical con- 
ditions applicable, especially the relatively low reactor 
outlet temperature (336° C.) Modest improvements in 
the latter will bring rapid increase in efficiency. The 
view was expressed that multiple-pressure cycles will 
remain advantageous, however high the fuel element 
temperature, since the additional efficiency will out- 
weigh the extra complexity and cost. 

In the session which covered reactor control and 
instrumentation and the detection of faulty fuel 
elements, a most interesting contribution was made 
by Mr. Stretch (works manager, Calder Hall), who 
commented from the point of view of the user. 
He thought that it will be possible in due course to 
remove some of the instruments as experience shows 
which ones give the best indication of what is 
happening in the reactor. This point was not received 
very sympathetically by the authors of the paper on 
instrumentation, who felt that they had been quite 


severely restrictive with regard to numbers and types’ 


of instruments installed. With regard to faulty fuel 
element detection, however, the equipment was con- 
sciously made more comprehensive and flexible than 
may be found necessary for future reactors, when 
the requirements are more fully understood. 

Mr. Stretch was very appreciative of the flexibility 
permitted in the patterning of the control rods. 
During the first scheduled shut-down, opportunity 
has been taken to bring about a second approximation 
and he thought a further adjustment will be advan- 
tageous later. He also said that the practice has been 
adopted of using the variable speed motors of the 
circulators to change the power level; very smooth 
adjustment of load can be obtained by this means. 

The final session on further development was un- 
doubtedly most important and inspiring. The subject 
was introduced by a further paper by Mr. R. V. 
Moore, “Development of Gas-cooled Reactors for 
Power Production”. 

Mr. Moore outlined the elements of power cost 
analysis for reactors and used this to estimate the 
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cost of power from Calder if this plant were to be 
used as a power station with no value abtributed to 
the residual plutonium. If the plant were operated 
at 80 per cent load factor and the fuel elements, 
costing £20,000/tonne, were irradiated to 3,000 mega- 
watt-day/tonne, the cost per unit sent out would 
be about one penny, of which about half would 
be capital charges and one-third fuel consumption 
charge. The importance of achieving high irradiation 
levels in the fuel was emphasized, especially up to 
about 2,000 megawatt—day/tonne.. 

Considering early improvements for power pro- 
duction, over the Calder design, the most obvious 
and effective means is to increase the size of the 
This not only reduces the capital charges 
per kilowatt but also provides excess reactivity which 
may be used for flattening, thus improving the factor 
for mean/maximum channel output. Combined with 
a modest pressure increase, say to 150 lb./sq. in., a 
reactor of 400-500 MW. heat could be built using 
3-in. thick plate; this would have a marked effect 
on cost without departing from the experience being 
gained at Calder. 

Raising the maximum fuel element temperature 
improves several economic factors, but may increase 
fuel costs. Relatively little increase can be obtained 
from magnesium-canned elements. Other materials 
have lower thermal conductivity ; this, coupled with 
the higher heat fluxes required, makes fins pro- 
gressively less effective. The alternative is to 
increase the primary surface and this leads to poorer 
nuclear conditions and the probable need for enrich- 
ment. Nevertheless, if fuel element temperatures of 
600° C. could be obtained, in a reactor of 400 MW. 
electrical the overall efficiency would be 31 per cent, 
and the rating 5-8 MW./tonne, compared with 25 per 
cent and 2 MW./tonne for the larger Calder design. 

The need for enrichment leads to consideration of 
plutonium recycling. The ideal here might be to 
reach an equilibrium condition in which, on pro- 
cessing irradiated fuel elements, the plutonium is 
returned, some depleted uranium is rejected andthe 
make-up is natural uranium. This would enable 
perhaps three times as much heat to be extracted 
from a given quantity of uranium and at the same 
time allow reactors which initially require enrich- 
ment to be fed with natural uranium. The economics 
of this system are not yet known, an important 
unknown factor being the cost of fabricating fuel 
élements containing alpha-active plutonium, but the 
possibilities are attractive. 

The use of ceramic fuels, such as uranium dioxide 
and uranium carbide, will probably be required in 
order to raise the temperatures above about 600° O. 
In addition to their much higher softening point, 
these fuels are expected to be more resistant to 
irradiation and to attack gaseous coolants. It may 
be desirable also to disperse the fuel throughout the 
graphite moderator. With gas outlet temperatures 
of 800° C. overall efficiencies of 40 per cent could be 
obtained, with further considerable reduction in 
capital costs. There is also the prospect of gas- 
turbine cycles. g ; 

Mr. Moore concluded that there was æ satisfying 
field for future development of gas-cooled reactors, 
and. this was the view of all the succeeding speakers. 
Dr. J. V. Dunworth (Atomic Energy Research Estab- 
lishment) concurred, and endorsed particularly the 
potentialities of recycling plutonium, which’ he 
thought might enable 10,000 megawatt—day/tonne to 
be obtained from natural uranium. Mr. Davey 
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{works general manager responsible for Calder) com- 
pared the time scales for commissioning the first 
Windscale pile with those for Calder. Despite the 
much greater complexity of the latter, the work had 
gone remarkably smoothly. This, together with the 
fact that the operating figures were very near the 
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design figures, ecnvinced him that he had a very 
satisfactory plant to operate. 

On this note of mixed satisfaction with the present 
and high expectasion for the future, Sir John Cock- 
croft closed a highly successful and possibly historic 
conference. 


OBITUARIES 
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Prof, C. A. Chant 


Wrra the death of Clarence Augustus Chant, pro- 
fessor emeritus of astrophysics of the University. of 
Toronto, on November 18, in his ninéty-second year, 
Canadian astronomy has lost the one who has often 
been referred to as its ‘dean’. He was the founder of 
the Department of Astronomy at the University of 
Toronto and of the David Dunlap Observatory and 
editor for fifty years of the Journal of the Royal 
Astronomical Society of Canada. More than anyone 
else, he had been responsible for the growth of that 
Society from a small Toronto group to a nation-wide 
society which is truly representative of all Canadian 
astronomy, both professional and amateur. 

Chant was born near Toronto on May 31, 1865. 
Educated in country schools, he was a school teacher 
for a year before entering the University of Toronto. 
After his graduation as an honours student in mathe- 
matics and physics in 1890, he was appointed in the 
following year to the teaching staff in physics at the 
University. During his early years there he experi- 
mented with Hertzian waves and is credited with 
transmitting the first wireless message in Canada. 

By 1904 Chant"had become engrossed in astronomy, 
had become president of the newly chartered Royal 
Astronomical Society of Canada and had won recog- 
nition for astronomy in the creation by the University 
Senate of a teaching department and of a graduating 
option of the mathematics and physics honours 
course. Under his enthusiastic leadership, the Royal 
Astronomical Society of Canada, then restricted to 
Toronto, expanded to include centres all across the 
country and embarked upon publication of its 
Journal and annual “Handbook”, both of which 
were edited by Chant from their inception in 1907. 
At the same time, he expanded the teaching of 
astronomy at the University, and among his students 
were numbered nearly all the Canadian astronomers 
who were to develop observational astronomy in 
Canada, during the first half of the century—at 
Ottawa, at Victoria and later at Toronto. Chant 
himself felt hampered at Toronto by the lack of an 
observatory, and as early as 1912 he began to strive 
to acquire for the University a major research 
telescope. It was not until 1928 that these efforts 
promised to come to fruition, when Mrs. Jessie 
Donaida Dunlap offered to present to the University, 
in memory of her late husband, an observatory to 
bear his name. Chant devoted the next seven years 
to the plans for this observatory and its 74-in. 
reflector, which was built to his specifications in 
Britain by Sir Howard Grubb Parsons and Co., 
Ltd., the first of a series of similar instruments made 
by that firm. The David Dunlap Observatory was 
opened on May 31, 1935, and Chant, its first director, 
retired at the age of seventy. 

During the years when he lacked adequate 
observing facilities in Toronto, Chant made a 


number of visits to American observatories and led 
five solar eclipse expeditions. The most successful of 
these was an expedition to Australia -for the 1922 
eclipse; he and R. K. Young obtained at that time 
one of the first verifications of the Einstein prediction 
regarding the deflexion of starlight by the Sun’s 
gravitational field. He also had success as a writer 
of popular science articles, of school and college 
physics text-books and of an excellent popular 
astronomy book, “Our Wonderful Universe”, which 
was published in Canada, in Britain and in five 
foreign language translations. r 

Chant’s degrees included a Ph.D. from Harvard 
and an honorary LL.D. from Toronto. He was 
Fellow of the Royal Society of Canada, of the Royal 
Astronomical Society in Britain, of the American 
Physical Society, and member of the Société Astro- 
nomique de France and of the Astronomische 
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Since 1935 Chant had lived in retirement at 
Observatory House near the David Dunlap Observ- 
atory. Until a few weeks before his death he had 
maintained an active interest in the work of the 
Observatory and had continued his writing and his 
editorial activities. His mind remained alert and 
occupied with the many things that interested him, 
but especially ‘with astronomy, the science to which 
he had devoted Lis long life. J. F. HEARD 


Lady Flinders Petrie 


By the death of Lady Flinders Petrie on Novem- 
ber 23, the archeological world has lost a striking 
parsonality. As a girl, her interest naturally turned 
to geology owing to the friendship between her family 
and that of Prof. Seeley, the geologist, and this 
interest remained with her all her life. But after her 
marriage she devcted herself to her husband’s work. 
She accompanied him in all his expeditions to Egypt, 
to Sinai, to Palestine, enjoying the sense of freedom- 
which camp-life gives. 

When working with her husband she did not take 
part in the actual excavation, but helped in the 
measuring of buildings and in the drawing of the 
finds. She always called the roll of the workmen as 
they came at sunrise to the excavation, she visited 
the work at intervals during the day, and in the 
evening, when the workmen brought the day’s finds 
to the camp to be inspected and their value assessed 
by Petrie, she kept tally of the amount due to each 
man. She was present at all the spectacular finds— 
the jewellery of the First Dynasty, the treasure of 
Lahun, and that dramatic moment when Petrie 
identified an apparently worthless broken mud figure 
as an ivory statuette, the only known portrait of 
the builder of the Great Pyramid. She did two 
excavations hersel=: the first when she and I together 
opened up the Osireion at Abydos, and in the fol- 


x 


72 


lowing year she cleared seven sculptured tomb- 
chapels at Saqqara. But when her husband left the 
Egypt Exploration Society, the whole burden of 
raising funds for his work fell on her. It was then 
that she. developed that gift of rousing not merely 
interest but also enthusiasm, and it was through her 
efforts that he was able to continue his work, with 
only the break of the First World War, until within 
three years of his death. After his death she devoted 
herself to preparing his unfinished -manuscripts for 
publication, and on her return to England she saw 
them through the press. 

Lady Flinders Petrie herself wrote two books. 
Her report on her excavations at Saqqara was pub- 
lished under the name of “Seven Memphite Tomb- 
Chapels”, In this the carefully drawn plans and 
details of building show her accurate work, and the 
letterpress also shows the same meticulous accuracy. 
Her other book, “Early Egyptian Hieroglyphs”, 
though less imposing in size, is perhaps the more 
important of the two. For anyone studying the 
actual meaning of the hieroglyphic signs and the 
objects which they represent, this book is indis- 
pensable. The signs are drawn from examples of the 
First and Second Dynasties, and the identification 
of the object which the sign represents often throws 
light on the root meaning of the sign when used in 
later writings. It is a book with which every student 
of Egyptology should be well acquainted. 

M. A. Murray 


Prof. O. W. Tiegs, F.R.S. 


Wirra the death on November 5 of Prof. O. W. 
Tiegs, Australia has lost a great zoologist. An 
avowed disciple of descriptive morphology: during an 
age when most biologists are turning more and more 
towards experimentation, Tiegs has an assured place 
in the history of zoology. _ : ; \ 

Born in Queensland in 1897, Oscar Werner Tiegs 
received his early education at Brisbane Grammar 
School and then proceeded to the University of 
Queensland, obtaining his B.Sc. with first-class 
honours in biology in 1919. It was his original 
intention to enter the medical profession; but, 
fortunately for zoological science, there was no 
medical. school in Queensland and so he decided to 
continue his studies in zoology. After ‘carrying out 
postgraduate work on insect metamorphosis and on 
the biological control of prickly pear, he joined the 
staff of the Zoology Department of the University of 
Adelaide in 1922, obtaining his D.Sc. from that 
University in 1925. In the same year, he was 
appointed to a lectureship in the University of 
Melbourne. Three years later, he was awarded the 
Syme Prize and Medal, one of Australia’s foremost 
scientific prizes. The award of a Rockefeller Fellow- 
ship enabled him to spend a year working in Europe. 
Most of this time was spent in Cambridge and 
Utrecht. After his return to Melbourne, he was 
appointed associate professor of zoology, a post 
which he held until 1948, when he was called to the 
chair on the retirement of the late Prof. W. E. Agar. 

Prof. Tiegs was elected a Fellow of the Royal 
Society in 1944 and was a foundation member of the 
Australian Academy of Science. His research acti- 
vities were mainly in the field of nerve and muscle 
histology and of arthropod embryology. His study 
of the embryology of myriapods and insects, recorded 
in a magnificent series of memoirs, culminated in the 
development of his well-known views on the ancestry 
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of the insecis. Just a few days before his death, he 
completed a masterly review of the whole problem of 
arthropod evolution. In some of his more recent 
research activities, he returned to a study of the 
histogenesis of flight muscles in insects. All his 
published work was superbly illustrated, for Tiegs 
had great artistic ability. To watch-the metamor- 
phosis of a plate, from the rough pencil sketches made 
at the binocular microscope to the finished work 
ready for reproduction, was indeed a fascinating 
spectacle. i ; 
By nature, Tiegs ‘was a-shy and reserved man, 
more at home in the laboratory than at the com- 
mittee meeting or the social function. He possessed 
a keen sense of humour and a fine appreciation of art, 
literature and music. To share with him the pleasures 
of a musical evening was a joy indeed. His death is 
& severe blow to zoology and a great personal loss to 
those who have enjoyed the privilege of working in 
his department. A. M. CLARK 


Mr. George Patchin 


GEORGE PATOHIN, born in 1877, died on September 
7 after a long illness. He entered the Royal School 
of Mines in 1895 and obtained the associateship of 
the College with first-class honours in 1898. He was 
also awarded the Besserner Medal, presented to the 
best student of the year. 

In 1898, Patchin was appointed lecturer in metal- 
lurgy at Birkbeck College, London, and remained 
there until 1912 when the department was closed and 
the work was transferred to the Metallurgy- Depart- 
ment of the Sir John Cass Technical Institute. He 
joined the Cass department under the late Mr. C. O. 
Bannister, whom he succeeded in 1919. Patchin 
published several papers, chiefly on cupellation, both 
independently and in collaboration with Bannister. 
During the First World War, he undertook investi- 
gations in the Department for the Inventions Branch 
of the Ministry of Munitions and served on several 
committees of that Ministry. 

He succeeded the late Dr. C. A. Keane as principal 
of the Sir John Cass Institute in 1926, but continued 
also in his post as head of the Metallurgy Department, 
and he held both posts until his retirement in 10465. 
He was greatly attached to the interests of Sir John 
Cass’s Foundation, and in his work for the Institute - 
during more than thirty years his constant purpose 
was to advance the standards of the courses both 
in his own Department and later in the other 
departments which came under his care. 

In 1931, Patchin was engaged in an important 
extension of the Institute building. He devoted great 
care to this work, which unfortunately had to be 
considerably curtailed because of the economic 
depression ; but he justifiably took great pride in 
the results achieved. During the Second World War, 
much of the normal work of the Institute had to 
cease. The training of navigating officers for the 
merchant navy and of radar mechanics for the 
R.A.F. was undertaken under conditions that were 
often both difficult and uncomfortable. It became 
impracticable to hold most evening classes, and 
students attended their courses in the science depart- 
ments at week-ends. Although there was major 
damage to the building, particularly in an air raid in 
1941, he never allowed work to be brought to a 
standstill. y 

Patchin took a particular interest in all branches 
of metallurgical education. He was an active member 
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of the Bursaries and Lectures Committee of the 
Company of Armourers and Braziers from the time 
when it was set up in 1926 until its activities were 
brought to.a close by the outbreak of war in 1939. 
He served on, and was chairman of, metallurgical 
advisory committees of the City and Guilds of 
London. Institute, and he gave much time to this 
work after his retirement. 


NEWS and VIEWS ù 


` Oceanography at Monaco : Captain J. Rouch 


CAPITAINE DE VAISSEAU J. Rovos recently retired 
from, the directorship of the Oceanographical Museum 
of Monaco on reaching the age of seventy-two and a 
half years. He had held the post since the death of 
Dr. Richard in 1945. Owing to successive monetary 
devaluations, the original endowments of the founda- 
tion had become of derisory value, and it redounds 
greatly to the credit of Rouch’s efforts that the vast 
museum and its companion institute in Paris can 
now function on the funds produced by entrance fees 
paid by visitors. During his term of office, the yearly 
tally of visitors rose from _170,000° to 660,00u. 
Rouch was a.collaborator of Jean Charcot during his 
second Antarctic Expedition of 1908-10 in the 
Pourquoi-Pas ?, and was responsible for the meteor- 
ological and oceanographical observations in addition 
to those on atmospheric electricity. That polar work 
of his was published in three excellent memoirs of 
high repute. After’ his return from the Charcot 
expedition, Captain Rouch was elected professor of 
meteorology, oceanography and hydrography at the 
Keole-Navale, and was, in 1937, made professor of 
physical oceanography at the Paris Oceanographical 
Institute, which had been founded and endowed by 
Prince Albert I of Monaco in 1906. During the years 
1943-48 he published his three-volume treatise on 
physical oceanography. From his pen have come 

‘numerous publications on marine meteorology, on 
the polar regions, and on the Mediterranean Sea, and 
his writings on hydrography and atmospheric elec- 
tricity amount to a very umpressiveé total. The many 
oceanographers who would readily proclaim Rouch 
the greatest living writer on descriptive oceano- 
graphy would add their meed of praise for the service 
he has done m recording so much of the history of 
the subject in a large array of books and papers 
Which are a delight to read. A facile and elegant 
writer, he has the attractive habit of adorning his 
pages with effective citations from the classics. To 
read Rouch on the subject of the Bosporus, for 
example, is to read much about Jason, Herodotus, 
Darius, Xerxes and other famous men of ancient 
days. Rouch is a vice-president of the International 
Association of Physical Oceanography, a member of 
the French Marine Academy, and has, since 1946, 
been a corresponding member of the Academy of 
Sciences. a 


- Captain J.-Y. Cousteau 


Carrarn JacQguEs-Yves Cousteau, distinguished 
for his work on underwater exploration made possible 
by the aqualung developed by him in association 
with Émile Gagnan, is forty-six years of age. Well 
known to the general public because of his highly- 
successful film, “The World of Silence”, Cousteau’s 
first experiments with self-contamed underwater 
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He was meticulous and economical in his adminis- 
tration, and decisions were never taken without 
careful consideration. His somewhat austere manner 
tended to conceal his essential kindness and the 
satisfaction he found in helping others. His first 
wife died in 1931 as the result of an accident. He is 
survived by his second wife and by the two daughters 
of his first marriage. A. M. Warp 


- 


breathing apparatas date back to 1937. It was in 
1944, ın conjunctien with Commandant Tailliez, that 
he established the ‘Groupe d'Études et Recherches 
Sous-Marines” (GE.R.S.} for. the study of the 
physiology and techniques of diving. Between 1947 
and 1949 he was busy fitting out the vessel Ingénieur 
Elie-Monnier as ac. oceanographical ship, and was in 
command of her wren he ‘attended the unlucky trials 
of the Piccard batkyscaphe off the Ivory Coast. The 
participation of tha French Navy in that expedition, 
and the subsequent signature of the Franco—Belgian 
convention in respect of bathyscaphe F.N.R.S. III, 
were brought abort by the Museum’s new director. 
Captain Cousteau has himself made two bathyscaphe 
dives to 1,450 and 1,600 metres depth, respectively, 
and holds the distinction of taking the first colour 
photographs and eolour films by artificial lighting 
while diving free syle. His own free-diving exploits 
have taken him: down to 90 metres depth. Much 
occupied with uncerwater photography, submarme 
television and relased activities carried out in great 
measure from the oceanographical research vessel 


‘Calypso, bought aad equipped with private money 


obtained by him, Cousteau has recently aroused 
great interest by his new technique of anchoring 
ship in the deep-sea to a slender cable of nylon. 
Having so anchored the Calypso in 4,000 metres of 
water, with a cable-length no more than 14 times 
depth sufficing well for roughish water, Cousteau 
18 confident that his method has no ocean depth 
limit. New winches of his design are under con- 
struction for the purpose in France at the present 
time. 


Aerodynamics at tre Royal Aircraft Establishment : 
Mr. L. F. Nicholson 


Mr. L. F. Nicszotson has resumed his duties 
as head of the Asrodynamics Department, Royal 
Aurcraft Establishment; on his return to Farnborough 
after a year at tha Imperial Defence College; his 
promotion to the rank of chief scientific officer has 
been announced. Mr. Nicholson was educated at 
King’s College, Cambridge, graduating in mechanical 
sciences in 1939. During his earlier years at Farn- 
borough he was @ member of the Engine Department, 
and worked on the aerodynamics of engine cooling. 
During 1947-51 he controlled an experimental 
group concerned with the design and operation of 
supersonic wind tunmels, and in 1951 he was appointed 
head of the supersonics division of the Aerodynamics 
Department. In this period he became well known 
to the aircraft industry, since the design problems of 
supersonic aircraft and missiles were making con- 
siderable demands of research workers. The Aero- 
dynamics Department comprises a formidable research 
unit, sınce it embraces the aerodynamic facilities of 
the Royal Aircrafi Establishment both at Farn- 
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borough and at Bedford. The late Dr. G. P. Douglas 
led the Aerodynamics Department for many years, 
and, upon his retirement ın 1953, Mr. Nicholson was 
appointed as his successor. 


The Electricity Bill 


Tue debate in the House of Commons on Decem- 
ber 17 on the second reading of the Electricity Bull 
had several features of scientific and technical 
interest, quite apart from its umportance in relation 
to the generation and distribution of electricrty, 
particularly of that generated by nuclear power 
stations. Further tributes were paid to the achieve- 
ments of scientists and engineers at Calder Hall and 
elsewhere, but the debate centred largely around the 
Herbert Report, which had not previously been dis- 
cussed in the House. Particular attention was 
directed to the question of research and to the 
importance of management and the human factor. 
Mr. J. Callaghan had expressed some concern as to 
the co-ordination of research, and Mr. Albu also had 
” emphasized the importance of such co-ordination in 
relation to the large-scale research on storage, heating, 
etc., which is required. 

In reply, the Pariamentary Secretary to the 
Ministry of Fuel and Power, Mr. D. Renton, said 
that while the area boards will carry on ther 
own research, the ‘results will be pooled with 
the Electricity Council, which would also conduct 
research on its own behalf. He did not, however, 
meet the specific criticisms of the Herbert Com- 
mittee as to the volume of research. More specific 
attention was directed to the question of manage- 
ment, particularly to the mmportance of attracting a 
sufficient proportion of the ablest admmustrators and 
technologists. In regard to this, the Herbert Com- 
mittee was highly critical and 1ts recommendations 
found general support. The Minister, in opening the 
debate, had said that, while the Government 1s 
giving serious thought to the matter and appreciates 
the force of the comments made both by the Fleck 
Committee and the Herbert Committee, it is unable 
to act on the recommendations regarding the dis- 
parity of rewards for those at the head of a national- 
ized industry compared with those in corresponding 
positions in private industry ; nor did Mr. Renton, 
add to this in replying on the debate. Mr. C. R. 
Hobson pressed the necessity for staff trainmg and 
of providmg avenues for promotion to the top for 
suitable talent from all levels, while the importance 
of attention to the appointment, selection and pro- 
motion for the lower managerial posts was stressed 
by several speakers, Sir Kerth Joseph poimting out 
also that the failure to pay high enough salaries at 
the top levels of management adversely affected, as 
the Herbert Report emphasized, the position of the 
middle management and technical staff. It was 
clear that the House was not satisfied that adequate 
steps have been taken to deal with a matter which 
determines the efficiency of the management of the 
whole industry. This point was firmly made by Mr. 
Geoffrey Lloyd, who incidentally paid a tribute to 
the value of the research carried out on a boiler plant 
to consume low-grade fuel, as well as by other 
speakers, and the debate established that the recom- 
mendations of the Herbert Committee are largely 
accepted by Parliament, independently of party lines. 
Mr. Albu stressed the value of joint consultation at 
all levels, and the importance of the human factor, 
not only m management but also throughout the 
industry, is fully appreciated. È 
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Scientific and Technological Education | 

Tue “Rationalist Annual” for 1956 (pp. 96. ©. A. 
Watts and Co., Ltd.; 3s. 6d.) mcludes a forthright 
article, “The Chaos in Scientific Recruitment”, by 
Prof. H. Levy, criticizing the methods hitherto 
adopted to increase the supply of scientists. The acute 
shortage of science teachers is only one aspect of a 
shortage which has caught both Government arid 
industry unawares. Not only is the Atomic Energy 
Authority without more ‘than one-tenth of the 
scientists it needs on its staff to direct research groups 
of a dozen or more juniors, but also in 1955 the 
Services recruited less than half the graduate 
scientists, especially those with degrees in engineering, 
physics and mathematics, which they required. Prof. 
Levy stresses the importance of removing barriers to 
the fullest exchange between industry, industrial 
research and practice and so-called academic isola- 
tion, and that the fundamental need is to review the 
whole educational system, from five to twenty-five, 
to ensure that at each stage facilities exist for 
bringing out the full potential energy of the whole 
population and encouraging its interest in directions 
that are most desirable socially. The prospective 
‘bulge’ m the number of senior pupils or university 
students was an opportunity for which we should 
have been preparing during the past ten years, and 
Prof. Levy remarks that while normal academic 
procedure provides for the passage from theory to 
practice, society has not yet provided for the equally 
important transition from practice to theory. This, 
he suggests, is largely the business of industry, the 
research laboratories of which could provide the basic 
structure for such developments if they extended 
thew scope by the provision of instructional labora- 
tories and, where possible, used personnel engaged on 
research. Lord Chorley contributes an article on 
“Freedom of Discussion To-day’, dealing more 
particularly with the question of libel and with the 
guidance which American experience offers Britain. 


International Exchange of Students 

Tae nmth annual report of the International 
Association for the Exchange of Students for Tech- 
nical Experience records another increase of 558 in 
the number of students exchanged, the 5,711 ex- 
changed in 1956 bringing the grand total to 28,668. 
Germany (1,284), Great Britain (743), Austria (637), 
the Netherlands (417), Sweden (415) and France 
(367) sent the most students, and Sweden (1,305), 
Germany (1,019), Great Britain (774), the Nether- 
lands (354), Austria (337), France (336) and Finland 
(304) received the greatest numbers. ‘There was a 
large increase in the exchange between the United 
States and other countries (131 compared with 59 
in 1956) and also in the exchanges of Canada, the 
Netherlands, Spain and Turkey. The Union of South 
Africa joined the organization as an associate member 
in January 1956. The annual conference was held’ at 
Trondheim, January 16-20, 1956, when the Advisory 
Committee was asked to examine the possibility of 
improving training programnies in industry and also 
to investigate the possibility of establishing a fund 
to assist necessitous students with their travel 
expenses. In some countries students participating 
in the exchange already have the advantage of 
reduced railway fares, and considerabls progress has 
been made in the exemption from income tax of 
payments to students by the establishment of . 
reciprocal agreements between.certain Foreign Offices. 
Mr. R. A. Beijer, Svenska Industrins Praktiknémnd, 
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has succeeded Mr. J. Newby, of the Imperial College 
of Science and Technology, as general secretary, and 
the report includes a warm tribute to Mr. Newby’s 
work, The annual conference in 1957 will take place 
in Aachen, January 14-17. 


Industrial Information Overseas 


UNDER the title “Telling Industry’s Story Over- 
seas” (pp. iv+61; 3s. 6d.), the Publicity Committee 
of the Federation of British Industries has issued a‘ 
guide to the channels available for distributing indus- 
trial information overseas. The first chapter describes 
the final outlets—newspapers, magazines, periodicals, 
broadcasting agencies, films—through which a story 
can reach the public, or a particular section of the 
public, in overseas markets. In the second chapter 
the various channels of communication through which 
a@ story can be distributed and fed into these final 
outlets are described, while in the third, practical 
hints are given on how to use these channels. Appen- 
dixes hst journals published in Great Britain mainly 
or exclusively for overseas; B.B.C. external regional 
services ; world television services; and the names 
and addresses of the Central Office of Information’s 
Chief Regional Officers. 


“British Rainfall, 1954” 


1954 was the wettest year over Great Britain as a 
whole since 1903. Over a large part of the country 
the fall was 140 per cent of the average. This was 
due not so much to the wet summer as to the fact 
that an unusually rainy summer was followed by an 
even more unusually rainy autumn. Though the 
summer rain impressed the public more, probably, 
than that of-the autumn, it was by no means record- 
breaking. In both 1912 and 1879 nearly half as much 
rain again (15-9 and 15-7 in., respectively) fell in the 
three months June to August as fell in 1954 (11-6 in.). 
The 1954 average for the whole country was 39-1 in. 
compared with a normal (1881-1915) of 32-67 m. 
Only the Thames Estuary, by a few per cent, had 
less than the normal. The nature of the summer of 
1954, with its succession of major depressions giving 
long periods of continuous moderate rain, is reflected 
in the comparative absence of heavy falls in short 
periods associated with thunderstorms. April 1954 
was an exceedingly dry month, in which two stations 
in Devonshire had only 0-01 in., and the fall was less 
than 25 per cent over much of the country. Among 
other information in “British Rainfall, 1954” 
(Meteorological Office, London: H.M. Stationery 
Office, 1956. 25s, net) we learn that the organization 
of instruments for the recording at Cardington, 
Bedford, of rainfall variations over a small area 
reached an advanced stage. In this work, sixteen 
synchronized recording rain-gauges distributed over 
an area of four square miles will provide a detailed 
and accurate analysis of the spatial distribution of 
heavy falls of rain which will be of especial value in 
the design of surface water drainage systems as well 
as being of general meteorological interest. 


International Committee for Bird Preservation 
Tue first meeting of the International Committee 
for Bird Preservation to take place in the continent 
of Africa will bé in Bulawayo this year, when the 
Central and South African Conference will be held 
during July 8-11, followed by an excursion through 
the Wankie Game Reserve. Inquiries should be 
addressed to the secretary, Miss P. Barclay-Smith, 
British Museum (Natural History), London, S.W.7. 
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The Federation of Rhodesia and Nyasaland is the 
latest country to form a National Section of the 
International Ccmmittee for Bird Preservation, 
thereby bringing the total up to forty-five. The 
membership of the National Section of Rhodesia and 
Nyasaland is composed of the National Museums of 
Southern Rhodesia, the Department of National 
Parks, Game and Tsetse Control Department, 
Natural Resources Board, Natural and Historical 
Monuments Commission, Southern Rhodesia Game 
Department, National Hunters and Game Preserva- 
tion Association and the Rhodesian Ornithological 
Society. 


Forest Research in Canada 


THE recognition in Canada of the great destruction 
of its forests and the wasteful utilization, with the 
realization that the forests were not inexhaustible, 
has resulted in a great swing towards conservation 
with a growing interest in forestry research in all its 
branches. In a recent publication of the Forestry 
Branch of the Department of Northern Affairs and 
National Resourecas, entitled ‘“Research Work of the 
Forestry Branch” (Misc. Pub. No. 6; Ottawa, 1956), 
it is stated that research into the many phases of 
foréstry and forest utilization is now carried out by 
a number of governmental, university and industrial 
agencies within & fairly definite pattern and with 
little duplication of effort; the latter a most im- 
portant point. This is an important small publica- 
tion, since it deas with both the forests and forest 
research situations in Canada and the organization 
of the Forestry Branch. It outlines the history of 
forest research and organization of the Research 
Division and its functions, and of forest policy. 
Forest products research is dealt with separately as 
this has more spécially reference to industrial require- 
ments. Finally, forest economics are glanced at. . 


Forest Products Statistics of the World 


THE ninth “Year Book of Forest Products Stat- 
istics”, prepared by the Forestry Division of the 
United Nations Food and Agriculture Organization, 
contains informacion gathered from more than a 
hundred and twenty countries for 1954, together with 
revised data for 1953. The tenth anniversary of the 
Organization occurred last year, and the work of the 
decade has been devoted to improving the standard 
of international forestry and forest products statistics. 
The latest year book is more complete and accurate 
for more countries than its predecessors. Good 
statistical information is considered to be the base 
of good forestry, and programmes for this purpose 
are being started and improved under the auspices 
of the Organization. 


Films on Parasitology 


AT a congress of the International Scientific Film 
Association whick met in Brussels in 1949, it was 
decided-to collees information about films dealing 
with human and comparative parasitology. The work 
was begun. by Praf. Rodolfo V. Talice of the Univer- 
sity of the Easterr Republic of Uruguay and was later 
published. A third edition of the list of films has now 
been published and contains information about 260 
films from nineteen countries. Britam is well repre- 
sented; but, noi surprismgly, the United States 
contributes more than any other country; the 
number from the U.S.S.R. is disappointingly few. 
The films are grouped under the heading of general 
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‘parasitology, epidemiology ; insecticides, vermifuges, 
and antimalarial drugs; rickettsia; and animal 
parasites, and are clearly set out and described. 


Further information about the list, which contains ` 


English translations of the French text, may be 
obtamed from W. de Vogel, Catharijnesingel 59, 
ingang Sterrenbos, Utrecht, Holland. 


A New Core-sampler 


An almost unexplored record of the Earth’s history 
is preserved in the sediment under the great oceans. 
Profiles of the uppermost layers have been obtained 
by many different types of corer, and to this hst 
Prof. B. Kullenberg has now added a modified 
version of his elegant piston corer which should reach 
deeper than ever before (Meddelanden fiån Oceano- 
grafiska Institutet, Goteborg, 26, 1955. Göteborgs 
Kungl. Vetenskaps—och Vitterhets-Samhalles Hand- 
lingar, Sjatte Foljden. Ser. B, 6, No. 15). The new 
corer carries the same weight as the old model, 
1,500 kgm., but has greater penetrating power, 
because with a length of only 2-3 metres there is a 
relatively small area of wall in frictional contact with 
the sediment. With such a design the driving weight 
must enter the sediment and so the weight encases 
the tube and is shaped to cause minimum drag. 
The corer sinks down through the sediment to @ 
depth determined by the length of cable wrapped 
around its upper end. When all this cable has been 
unwound, the piston, which up to now has been locked 
at the lower end of the corer, is released and a core 


is taken, Although this ingenious corer has reached. 


down to 29 m. and is expected to reach 50 m. in soft 
sediment, it is only suited to giving ‘spot’ samples, 
and so there still remains the ultimate problem of 
how to reach and take a continuous profile of sediment 
which can be a full kilometre thick. 


Physics of Nuclear Fission 
A symposrum on the physics of fission was held at 
Chalk River, Ontario, Canada, in May 1956, and a 
detailed account of the proceedings has been pub- 
lished as a report by Atomic Energy of Canada, Ltd. 
(AECL No. 329, pp. 414; 5 dollars). The twenty 
papers presented are in the nature of authoritative 
reviews of the present state of knowledge, rather than 
reports of original research, since the symposium had 
a mainly educational purpose. An introductory 
section outlines the experimental results of low- 
energy and high-energy fission (‘low-energy’ and ‘high- 
energy’ here refer to the excitation energy of a 
nucleus before fission, the dividing line being at 
roughly 20 MeV.), and the discrepancies between 
observation and the predictions which can be made 
on the basis of the liquid drop nuclear model. Sub- 
sequent sections deal with the probability of fission 
(including spontaneous fission and photofission), the 
detailed experimental results, and the theoretical 
aspects. A summary of the spirited discussion which 
took place is given at the end of each section, and 
many diagrams and references are also given. The 
report is an excellent and comprehensive survey of 
the experimental results of fission physics and the 
” extent to which they can be interpreted on current 
nuclear theories, and gives well-informed views on 
the directions in which future work may develop. It 
is stated that a classified supplement has been pre- 
pared; but it is unlikely that physicists interested 
in the fundamentals of nuclear fission will be frus- 
trated by the requirements of secrecy, which nowadays 
cover a rather small area. 
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Spring Strips o T 


Sprine strips made of tempered steel or other 
elastic materials are used extensively in the con- 
struction of many types of measuring instruments. 
Flexible couplings, prvots, simple means of obtaining 
parallel motion, and the magnification of small move- 
ments are among their more common applications, 
and their particular advantages are freedom from 
friction, play and wear, and the absence of lubrication. 
Instrument design may often be considerably sim- 
plified and the cost of manufacture reduced by usmg 
spring strips, and in order to assist designers and 
provide them with a knowledge of the general 
principles of function of some of the more useful 
arrangements of spring strips the National Physical 
Laboratory, Teddington, has recently published 
Notes on Applied Science, No. 15, ‘Applications of 
Spring Strips to Instrument Design” (H.M. Stationery 
Office, 1956 ; 2s. net). In its various sections, single- 
strip pivots, cross-spring pivots, parallel motion, 
conversion of linear into angular motion, buckling 
strips and twisted spring strips are dealt with, and 
both theoretical and numerical data are quoted 
together with suitable applications of the mechan- 
isms. In the final section a brief discussion is given 
of methods of attaching spring strips to related parts 
of instrument mechanisms, the most common method 
being the use of clamping plates. The text of the 
booklet is adequately illustrated by clearly-drawn 
line drawings and graphs. f 


Solar Deflexion of Light 


TuE deflexion of starlight by the gravitational field 
of the Sun forms one of the three well-known tests 
of the theory of relativity. Einstem’s theory predicts 
that a ray of light passing close to the Sun will be 
deflected through an angle twice that predicted by 
Newtonian mechanics. While the relativistic effect 
has been discussed in print on many occasions, it is 
rare to find a text-book which treats the problem by 
means of Newtonian mechanics. Teachers and 
students will therefore be glad to have such a treat- 
ment available, and Dr. M. Davidson (J. Brit. Astro. 
Assoc., 66, 268; July 1956) has provided one, 
deriving the result from first principles without even 
the use of the usual formule of dynamical astronomy ; 
the use of the latter formule would provide a still 
shorter derivation. 


Publication of Lectures in Biochemistry 

Waen possible, the Biochemistry Department, 
University College, London, intends to publish the 
publie lectures given in the Department by invited 
lecturers. The first instalment covers the year 1954- 
55 and contains lectures on the catalytic activity of 
vitamin B, by E. E. Snell (Texas), on the respiratory 
mechanisms in bacteria by S. R. Elsden (Sheffield), 
and on metal complexes and metallo-enzymes by 
R. J. P. Wiliams (Oxford). A full report of a 
colloquium on biochemical aspects of chelation is also 
included. These public lectures were anything but 
‘popular’, but it is good to have them made available 
to a wider circle of specialists. The distributing 
agents are Messrs. H. K. Lewis, London. 


Handbook of Magnesium-Organic "Compounds 


“A HANDBOOK of Magnesium-Organic Compounds”, 
by S. T. Yoffe and A. N. Nesmeyanov (ım three 
volumes, with a foreword by Prof. W. Wardlaw, 
translations and notes by Dr. A. L. Mackay. Per- 
gamon Press, London and New York, 1956; £24, 
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or 72 dollars the set), recently published, lists 13,395 
reactions, which are indexed by magnesium-organic 
compound used, by starting material, by end product, 
and by author. The list was compiled principally 
from the Chemisches Zentralblait from 1899 to 1940 
and from Chemical Abstracts from 1941 to 1948, and 
supplements are planned to maintain this work as a 
standard contemporary source of reference. The 
nomenclature confirmed by the International Com- 
mission on the termmology of organic compounds 
held at Liége in 1930 is used. References to non- 
Russian literature are in the Latin script, but sources 
in the Russian language are quoted in the Cyrillic 
alphabet. 


Nuclear Data Cards 


THe National Academy of Sciences, National 
Research Council, announces that the large number 
of subscriptions to the monthly card sets prepared 
by the Nuclear Data Group has enabled them to be 
issued ut a substantially reduced cost. The price to 
subscribers during 1957 will be: in the United States 
and Canada, 15 dollars (first-class mail) ; elsewhere, 
15 dollars (printed matter rate) or 19 dollars (first- 
class mail); air-mail subscriptions for Europe will 
be about 30 dollars, and for Japan about 45 dollars 
por year. 


International Congress of Crop Protection 


Tux fourth International Congress of Crop Pro- 
tection will be held in Hamburg during September 
8-15, when the following subjects will be discussed : 
fundamental research (diseases, causal agents, pests), 
phytotherapy, protection of stored products, crop 
protection techniques, plant quarantine, organization 
and legal regulations. Visitors’to the Congress are 
asked to give the titles of papers they wish to deliver 
before April 1, to the Biologische Bundesanstalt fur 
Land- und Forstwirtschaft, Messeweg 11/12, Braun- 
schweig, from which further information can be 
obtained. 


University of London 


Tue following appointments in the University of 
London are announced: Prof. D. H. R. Barton, 
regius professor of chemistry in the University of 
Glasgow, to the university chair of organic chemistry 
tenable at the Imperial College (see Nature, 175, 
194; 1955); Dr. E. Neil, reader in physiology at the 
Middlesex Hospital Medical School, to the John 
Astor Chair of Physiology tenable at that School ; 
Dr. Cyril Dodd, lecturer in physics at University- 
College, to the university readership in physics 
tenable at that College. The title of reader in 
chemistry in the University of London has been 
conferred on Dr. P. B. D. de la Mare, in respect of his 
post at University College; and that of readét in 
pharmacology in the University of London has been 
conferred on Dr. J. A. Nissim, in respect of his post 
at Guy’s Hospital Medical School. 


Announcements 

SUBRAHMANYAN CHANDRASEKHAR, distinguished 
service professor of theoretical astrophysics in the 
University of Chicago, has been awarded the 1957 
biennial Rumford Premium of the American Academy 
of Arts and Sciences, ‘‘for extending to the cosmic 
realm the stochastic laws which, on the atomic scale, 
govern the phenomena of heat; and for his monu- 
mental work, ‘On the Radiative Equilibrium of a 
Stellar Atmosphere’, in which heat is transported as 
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light, and light supports matter, and matter is 
ultimately the source of heat itself” 


Dr. W. J. Wor3oys has been awarded the Medal 
of the Society of Chemical Industry, which is awarded 
not more than once every two years for conspicuous 
services to applied chemistry or to the Society. 
Dr, Worboys has ben a director of Imperial Chemical 
Industries, Ltd., snce 1948. 


Dr. D. C. Moore and Mr. E. A. Taylor, of Imperial 
Chemical Industriss, Ltd., have been awarded the 
Sir William J. Larxe Medal for 1956 by the Institute 
of Welding for theis paper on “The Welding of Copper 
and Copper Alloys”, being the paper judged of the 
highest merit among those presented to the Institute 
during the -year. 


Mr. J. F. Ricnarpson has been appointed tech- 
nical secretary of the Radio Communication and 
Electronic Engineering Association, under Mr. H. E. F. 
Taylor, who was racently appointed executive secre- 
tary of the Association. 


CoronsL B. A. Austin has been appointed chief 
engineer to Isotope Developments, Ltd. Prior to his 
service in the Army, Colonel Austin was with Vickers- 
Armstrong, Ltd., engaged on design and development 
of computing gear end artillery fire control equipment. 


Mr. H. F. Tremierr has been appointed deputy 
director to the Brisish Welding Research Association 
at its Research Station at Abington. Mr. Tremletit, 
who graduated at she Royal School of Mines in 1932, 
was head of the welding section, central research 
organization of the Siemens Melting Department at 
Samuel Fox and Co. 


Mr. E. A. Pounron has been appointed director 
of aircraft mechanizal engineering equipment research 
and development :n the Ministry of Supply in suc- 
cession to Mr. R. Graham, who has retired. 


AN international convention on starch, anie 
by the West German Cereals Research Association, 
will be held at Detmold, Germany, during April 
24-26. It will comprise three sessions as follows : 
research and anelysis; starch manufacture and 
industry ; starch fractions and derivatives. Further 
information can be obtained from the Arbeitsgemein- 
schaft Getreideforechung e.V., Detmold. 


Tar Aeronautical Engineering Department of the 
University of Southampton is to hold a course on 
acoustics during Avril 1-6. The course is designed 
for those having” no preliminary knowledge of 
acoustics, and is irtended chiefly for workers in the 
aeronautical indussry, and elsewhere, who have to 
deal with the increasingly important problems of 
noise. Further details may be obtained from Mr. D. J. 
Mead, Aeronautical Engineering Department, The 
University, Southampton. Applications should be 
made before March 1. 


THREE postgraduate fellowships for those wishing 
to pursue advanced courses on research in the earth 
sciences, with espezial application to oceanography, 
have been established by funds from the Associates 
of the Woods Hole Oceanographic Institution. The 
fellowships, which are tenable at any approved 
college or universisy, will carry a stipend of 2,500 
dollars per annum for a smgle man, or 3,000 dollars 
per annum for a married man. Application should’ 
be made before February 1 to the Director, Woods 
Hole Oceanographie Institution, Woods Hole, Massa- 
chusetts, U.S.A. - 
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EDUCATION AND TRAINING OF THE CHEMIST 


CONFERENCE attended by about 250 chemists 

which was called by the Royal Institute of 
Chemistry to consider “The Education and Training 
of the Chemist” was held ın the Wilham Beveridge 
Hall, the Senate House, University of London, on 
the afternoon and evening of October 26. The 
president of the Institute, Dr. D. W. Kent-Jones, 
welcomed the company, especially the many visitors 
representing a great variety of educational and 
technical organizations and employing bodies. He 
expressed his pleasure that Sir Ian Heilbron, who 
had much experience of the subject for discussion, 
had been able to accept the Council’s mvitation to 
preside at the openmg session. Another distinguished 
chemist, Prof. J. W. Cook, took the chair for the 
evening session. 

Sir Ian Heilbron said that the conference was 
timely in view of the national demand for an increase 
in the annual output of scientists. He stressed the 
need for avoiding the “relentless creation of a nation 
of specialists”. 

The five invited speakers, Dr. Norman Booth 
(industry), Sir Owen Wansbrough-Jones (government 
service), Prof. E. G. Cox (universities), Dr. E. G. 
Edwards (techmeal colleges), and Sir Eric James 
(schools), briefly presented thew opening papers. 
These contributions have been published ın full in 
the September issue of the Journal of the Institute. 
They covered a wide field and the discussion ranged 
over it. Difference in outlook mainly between the 
industrial and university representatives was mani- 
fest ; the opinions of the industrial group were not 
always urbanely expressed. 

There were a number of criticisms of the university 
efforts. It was suggested that academic staffs were 
recruited for their research rather than for their 
teaching abilities so that their interests lay mainly 
with the few brilliant “alpha men”, who would 
eventually teach in a university. The good “solid 
beta man” destined for industry got rather step- 
motherly treatment. 

The normal honours course found little favour. It 
was said that it put a premium on the ability to carry 
abstract concepts in the mind for a prolonged period 
with little contact with their application. One 
speaker called for its disembowelment, and its present 
high content of odd and unimportant facts replaced 
by a logical sequence of fundamental principles which 
the student should be trained to use in his thinking. 
The lecture system was criticized and voluminous 
note-taking at high speed deprecated. 

But if the course was bad, the product was worse. 
Industry definitely does not want the brilliant highly 
trained specialist, who has come to the much-talked- 
of frontiers of knowledge, passed through the sense- 
barrier, and toppled into the abyss beyond. Brilliant 


scholars with breadth of knowledge are often. 


extremely difficult in a works. Intellectual cream 
concentrated in one place tends to turn sour. Men 
with a sound grounding in chemical principles who 
have been trained to think are required in large 
numbers. The conference was also told that there 
is more than a small gap, there is a howling wilderness 
between the product of a university and the require- 


. ments of mdustry. Many fresh graduates coming 


out of universities looked and no doubt felt like fish 
out of water when they entered a factory ; they were 
unable to tackle the sumplest matter without detailed 
instructions. 

Experience in government departments differed 
radically from that m mdustry. The State authorities 
were in the main satisfied with the graduates they 
recruited and with the trainmg thesa had received. 
The university gradmg was generally confirmed. 

The industrial representatives placed great stress 
on the prmeiple that the foreman should be able to 
knock out any man of his gang. One university 
product mildly but rashly suggested that, admitting 
the importance of practical training, 1t was perhaps 
a waste of time to teach a student to carry out 
analytical work with an accuracy approaching that 
of a routine analyst. He thought that a chemist in 
charge of technicians need not be able to carry out 
each of the operations he supervised better than the 
expert—-‘‘a man who drives fat oxen need not himself 
be fat’. This tentative view was regarded as ‘‘non- 
sense” and ‘‘a shocking thought’. Indeed it was 
considered that university students and examiners 
attach too little importance to practical examinations 
when they exist. The young alpha graduate entering 
industry is somewhat delta when given a job at the 
bench. 

The proposal that with the growth of fundamental 
knowledge it would eventually be necessary to add a 
year to the honours course found little favour. There 
was, however, a ready market for a suggestion which 
involved the replacement of the present final year 
by one in which the student was shown how practical 
problems are tackled and given practice in tackling 
them. Some considered that the training of a 


‘chemist should mclude an introduction to such 


subjects as applied electricity, fwd flow, unit opera- 
tions of chemical engineering, and fuel technology.. 

On the academic side it was stressed that the 
universities would not entertain any considerable 
alteration in the type of work they were doing despite 
considerable pressure from without. All present 
were agreed that a chemist should be educated so 
that he would be a life-long student, who, apart 
from his training, would have acquired habits of 
study and be able to teach himself. The differences 
in opinion manifested in the conference were m 
relation to traming rather than to education. The 
academicians held that practical skill was not suffi- 
cient to justify admission to the profession of chemis- 
try—inteliectual capacity must be the criterion for 
the award of honours. In this connexion the pos- 
sibility was canvassed that some of the difficulties of 
industrialists with chemistry graduates arose from a 
tendency to employ chemists on routine practical 
operations proper to technicians. 

It was admitted, however, that the university 
course could be streamlined so as to avoid over- 
lapping and repetition. There was at times too great 
an emphasis on factual knowledge, for example, in 
the study of natural products and certain sections of 
inorganic chemistry. It was possible that there was 
undue concentration on research with lessened 
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interest in teaching in modern departments of 
chemistry. 

The proposal to have a final ‘applied’ year for an 
honours degree was rejected by the university repre- 
sentatives. They pointed out that students should 
atudy a full applied or a full academic course. Doubt 
was expressed about the mtellectual content of the 
proposed applied year. A man taking it would be 
committed to applied chemistry as a career and 
would lose the freedom of choice that an honours 
graduate now received from his all-round basic 
training in chemistry. Further, the normal final year 
is essential to round off the work of the previous 
years. The present course is not too long by compari- 
son with continental practice or with that of twenty 
years ago when there was so much less ground to be 
covered. l 

For the rest, the conference discussed with rather 
less tension a number of topics of interest, among 
them the teaching of science in schools. The point 
was made that so far as possible modern knowledge 
should be fed back to school classes and an effort 
made to introduce electronic theory at an early stage. 
Generally the lack of trained laboratory technicians 
was a stumbling block alike to the efficient presenta- 
tion of chemistry and to the recruitment of teachers. 
Otherwise there was an optimistic note about science 
teaching in boys’ schools, The position in girls’ 
schools left more to be desired. Stress was laid on 
the possibility of increasing the supply of chemists 
by @ wider recruitment of women. However, it was 
mentioned that their susceptibility to matrimony 
involves their frequent untimely removal from the 
profession. ' 

~ Mathematics and physics were regarded as first- 
choice ancillary subjects for the chemistry degree. 
But most of all the necessity for a thorough grounding 
in the English language was stressed. Precision and 
clarity so essential in discussing science-depend on 
skill in manipulating language. The ability to think 
is largely dependent-on the ability to use language. 
It was not. thought that with the present over- 
loading of the courses in chemistry the student could 
find much time for the study of cultural subjects. 
These must be left to his home and school environ- 
“ment. i 

The importance of technical colleges in training a 
large number of students who otherwise would have 
no opportunity of receiving professional qualifications 
in chemistry was recognized. There was support for 
the view that it is wasteful for a young student of 
ability to have to undertake a chemical education 
solely through evening classes. Transfer to full-time 
or sandwich courses was recommended. It appeared, 
however, that it is often more awkward for chemical 
than for engineering firms to fit in with sandwich 
courses. The difficulties of students from technical 
colleges who frequently have to sit externally assessed 
examinations, such as those of the Royal Institute of 
Chemistry, with no published syllabus was mentioned. 
Both teachers and students should have a reasonably 
precise statement of the course to be covered and 
should not have to depend on previous papers. 

To return to the main issue, the impression gained 
was that some industrialists resemble patients, who 
could not care less whether their doctor has studied 
the premedical and preclinical sciences, if he can treat 
the common diseases and recognize an acute state 
needing hospitalization. Similarly, the employers 
require their chemists to have merely the theoretical 
knowledge and practical skill adequate to the duties 
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assighed. It matzers little if a professional chemical. 
employee cannot ~ecognize a lone pair of electrons if 
he sees one, or thinks an axial bond relates to pre-war 
diplomacy—proviled his duties do not require a 
knowledge of these concepts. In this respect the 
industrialists follow the great Locke, who wrote in 
1693: “Could it be believed ... that a child should 
be forced to learn the rudiments of a language, which 
he is never to use in the course of life that he is 
designed to, and neglect all the while the writing of 
a good hand, and casting of accounts”. The universi- 
ties, of course, hold with Newman that science should 
be studied as a discipline and that general culture of 
the mind is the best aid to professional and scientific 
study. They reject the criterion that utility should 
be the basis of what is taught. They do not seek to 
train students to be professional practitioners, but 
rather to educate them so that eventually they 
become professional men of full stature. How to 
continue to accomplish these aims and also to modify 
the courses to sat_sfy the employers, if indeed this is 
desirable, remains for the future to solve. i 
T. S. WHEELER 


PHYSICS OF LIQUID HELIUM 


RAL discussion between scientists who are 
unable to visit each other easily is commonly 
brought about by means of large-scale conferences. 
In the case of low-temperature physics, for example, 
international conferences are held at two-yearly 
intervals. They are attended by perhaps two hundred 
and fifty people and usually cover about eight more 
or less separate subjects. ‘Che high cost of travel to 
foreign countries, and the limited size of the con- 
ferences compared. with the number of people actually 
engaged in the work, make it difficult or impossible 
for a young research worker to attend these meetings 
except when they take place in-his own country. 
Moreover, when he is able fo attend, he finds the 
atmosphere generally formal and indeed on occasion 
somewhat compesitive, and the amount of time- 
available for discussion 1s in any event strictly limited. 

The Low Temp2rature’ Committee of the Physical 
Society, under the chairmanship of Dr. K. Mendels- 
sohn, therefore ccnsidered that there is a place for 
occasional smaller meetings, in which it would be 
possible for young research workers as well as others 
directly interasted to discuss informally the subject 
of their research. In order to provide for this, a 
series of one-day discussion meetings has been 
initiated, the first of which, on the subject of liquid 
helium, was held on November 2 at the Institute of 
Physics, and atterded by about forty people. While 
it was not intended that the meeting should be an 
international one, it was thought that the discussion 
would benefit from a report on recent work in Leyden, 
and an invitation was sent to one research worker 
from the Kamerlingh Onnes Laboratory. The prin- 
cipal aim of the meeting was to allow adequate time 
for discussion of the work: the contributors were 
therefore asked to: restrict the length of their papers 
to about ten minutes, and a rather longer time than 
this was allowed for discussion of each paper. 

With a meeting of this kind, which is intended to 
be informal, it is neither possible nor desirable to 
make a full record of the individual contributions 
to the discussion. In the following report I have 
therefore summarized as completely as space allows 


e 


80 NATURE 


the main points brought out in papers and dis- 
cussions together, without attempting to separate the 
two. I have been greatly assisted in writing this by 
Dr. E. Mendoza and Messrs. L. J. Challis, L. Grimes, 
M. J. White and R. W. Whitworth, who made notes 
of the proceedings. 

The opening of the meeting was overshadowed by 
the very recent death of Sir Francis Simon. A tribute 
was paid to him by Dr. K. Mendelssohn, who has 
been associated with him for thirty years, and the 
meeting stood for a few moments in silence m his 
memory. 

In the first paper, Mr. O. V. Lounasmaa (Oxford, 
on leave from Turku University, Finland) described 
recent measurements of the specific heat of liquid 
helium, carried out at Oxford in collaboration with 
Dr. R. W. Hill. These experiments, which cover the 
range from 1-8° K. to the critical point under the 
saturation vapour pressure, are particularly inter- 
esting for two reasons. 
measurements below the lambda-point finally resolve 
the discrepancy which has existed for some time 
between earlier results obtained in Oxford and in 
Leyden, since they agree closely with the Leyden 
results. It is unfortunate that the reason for the 
error in the earlier Oxford results is unknown, since 
it is still impossible to assess with certamty any 
error which may be present in the results at higher 
densities which were obtained at the same time. In the 
second place, the specific heat above the lambda- 
point is now known with much more accuracy than 
hitherto. This is especially important in view of.the 
present discussions on the helium temperature scales, 
since the scale of van Dijk and Durieux makes use 
of these data. The new results agree fairly well with 
the previously available data, of Keesom and Clusius, 
and so it is not to be expected that any great change 
will ensue in this scale; but the considerably 
increased accuracy and number of the measurements 
will give more certainty than it possessed before, 
and make possible a more realistic comparison -with 
the American experimental scale. 

Observations on the osmotic pressure of helium-3/ 
helium-4 mixtures were discussed in contributions 
from Dr. H. London (Atomic Energy Research 
Establishment, Harwell) and Mr. Wansink (Kamer- 
lingh Onnes Laboratory, Leyden). In Dr. London’s 
experiments, which were performed with Dr. E. 
Mendoza (H. H. Wills Physical Laboratory, Bristol), 
a helium-3/helium-4 solution is made to com- 
mounicate with pure liquid helium-4 through a super- 
leak, and the temperatures of the two liquids adjusted 
until their fountain pressures balance, with no net 
flow of liquid through the superleak. The difference 
between the measured fountain pressure and the 
fountain pressure of pure helium-4 (calculated from 
the temperature difference across the superleak) gives 
the osmotic pressure of helium-3> At helmm-3 con- 
centrations X from 0-019 to 0:023, and for tem- 
peratures between 1-0° K. and 1:7° K., the osmotic 
pressure is found to have approximately the value 
one would expect for helium-3 in perfect solution, 


namely, t = — y= In [(1 — X)f,] with the activity 
coefficient fa, which indicates departure from ideality, 
equal to unity. At higher concentrations of 0-14-0-16, 
the osmotic pressure is less than this, so that f, > 1; 
but the results are not yet accurate enough to give 
more detail. These experiments extend the tem- 
perature range of some measurements already made 
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in Leyden, using a similar technique, and Mr. 
Wansink described further results which again follow 
the same equation with f, > 1. Values of f, can also 
be calculated from the vapour pressure, and in this. 
way & corrected vapour pressure versus concentration 
relation has been constructed at 1-2° K., replacing 
previous unreliable results. Some discussion took 
place concerning the possibility of cavitation in the 
slit due to complete sucking out of the liquid to the 
warmer side, which was encountered in London’s 
experiments, but apparently not in Leyden. It was 
suggested that this might be due to a slightly different 
experimental arrangement, but no satisfactory reason 
emerged. 

Theoretical contributions to the meeting were made 
by Mr. H. N. V. Temperley (Atomic Weapons 
Research Establishment, Aldermaston), Dr. R. K. 
Eisenschitz (Queen Mary College, London) and Dr. . 
C. G. Kuper (St. Andrews). Mr. Temperley discussed 
recent treatments of liquid helium based directly on 
the many-atom Hamiltonian. He began by reviewing 
the considerable achievements of the two-fluid picture 
which, although in ‘the first place a purely phen- 
omenological model, was later shown to follow from 
an energy spectrum involving two kinds of excita- 
tions. Landau was led to such an energy spectrum, 
which could also correlate certam other phenomena 
in helium-3 and helium-4, through the quantization 
of the equations of hydrodynamues, but it 1s uncertam 
whether this is consistent with the Hamiltonian. 
More recently, attempts have been made to derive _ 
the two-fold spectrum directly from the Hamiltonian, 
either by means of a transformation of wave- 
functions (Bijl, Feynman) or of co-ordinates ; in the 
latter case one can use either a solid-like approach 
(Debye—Peierls) or a plasma-like approach (Bohm— 
Pines, Tomonaga, Zubarev, Brenig, Bogolyubov and 
others). In all cases the difficulty is to ensure that 
the correct-boundary conditions are obeyed. Dr. R 
Eisenschitz dealt with various aspects of the phonon 
representation as put forward by Zubarev and 
Bogolyubov, and having applied this representation 
to the flow of momentum and energy as derived from 
the principles of quantum mechanics, concluded that 
the naive picture of phonons carrying momentum 
and energy is of limited validity. A more stringent 
test of the theory could be made by evaluating the 
Russian authors’ expression for the velocity of sound ; 
so far, only an elementary estimate of its upper limit 
has been made, but more accurate calculations are in 
progress. 

The possible importance of surface excitations in 
determining the behaviour of helium I was pointed 
out by Dr. Kuper. Landau showed that a massive 
body moving in liquid helium IT at less than a certain 
velocity could not create excitations and so would 
suffer no retardation. Considering only volume 
excitations (phonons and rotons), these critical 
velocities were estimated to be of the order of 
10 om./sec., whereas experimentally they are found 
to be only a few centimetres per second. For a 
surface wave on a deep liquid, on the other hand, 
the critical velocity for the creation of ‘ripplons’ 
turns out to be about 10 cm./sec., and although in 
the bulk liquid the small values of critical velocity 
are probably due to the effect suggested by Feynman 
—the creation of vortex lines—these surface excita- 
tions might be the determining factor in the case of 
the film. One might also expect them to form an 
appreciable part of the normal fluid in the un- 
saturated film, thus lowering its temperature of onset 
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of superfiuidity, as observed. However, this lowering 
of the onset of superfluidity is also found in the flow 
of ‘bulk’ liquid helium through channels narrower 
than the film thickness, and it is not clear how the 
theory would apply in this case where there is no 
freo surface. Experiments on the flow of helium 
through such narrow channels were actually described 
later in the day by Mr. D. C. Champeney (Clarendon 
Laboratory, Oxford), The average width of the 
channels was about 50 A. (that is, approximately 
half the saturated film thickness), and the onset 
temperature agreed with the value for an unsaturated 
film of this thickiess. An appreciable flow of liquid 
was found even above the depressed onset tem- 
perature, with no significant change at the normal 
lambda-point, the flow being proportional to the 
square root of' the pressure head, that is, corre- 
sponding to turbulent flow in a classical liquid. In 
passing through the onset temperature, the flow-rate 
meoreased by a factor of more than 20,000 within 
0-2 deg. K., and was still strongly dependent on 
pressure. With experiments such as these, the 
possibility occurs of dependence upon pressure in 


superflow due to the heat developed in the reservoir . 


by the mechano-caloric effect. It seems that this 
possibility has been eliminated, since the deliberate 
introduction of additional heating makes no sig- 
nificant difference to the dependence on pressure. 
During the past few years, much research has been 
done in Bristol on the formation and properties of 
the helium film, using the now well-known optical 
technique. The investigations there, as in other 
laboratories, have been mainly directed to deciding 
whether the film is formed by purely van der Waals 
adsorption or is due to some quantum mechanism. 
The purpose of the latest work, described by Dr. 
L. ©. Jackson, is to see if the film formed from the 
saturated vapour has the same thickness and profile 
as when it is in contact with the liquid. The main 
problem in this experiment is to mount the mirror 
on which the film is formed in such a way that it 
receives no extraneous heat input which might 
evaporate the film, without contact with the liquid. 
This is solved in an ingenious way, by floating a 
magnet above a superconducting lead cup in the 
manner first described by Arkadiev, and suspending 
the mirror from the magnet by a fine thread. The 
method works surprisingly well, and there is a quite 
sufficient degree of stability. The results are so far 
only preliminary, but the thickness and profile of 


the film seem to be very similar to those when it is | 


in contact with liquid. 

Considerable progress towards the understanding 
of liquid helium has lately been made through 
Landau’s theory of excitations and the Onsager- 
Feynman theory of quantized vortex lines, and the 
remaming papers presented to the meeting dealt 
with further experiments which could be described in 
terms of these theories. By consideration of the 
relaxation processes occurring in æ phonon—roton 
gas, Landau and Khalatnikov have worked out 
theories of the absorption of sound, and of the normal 
fluid viscosity of liquid helium. Additional evidence 
of the essential correctness of ‘these theories was 
presented by Dr. K. Dransfeld and Mr. D. O. 
Edwards (both of the Clarendon Laboratory, Oxford). 
The absorption of sound has been measured by 
Dransfeld, Newell and Wilks as a function of tem- 
perature, pressure and frequency. As the tem- 
perature is reduced from 2° K., the absorption rises 
to a maximum at about 0-9° K: and then falls off 
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quite quickly. Above the maximum, the absorption 
is mainly due tc Khalatnikov’s process of second 
viscosity, whereas below the maximum this effect 1s 
negligible, the absorption being determined prin- 
cipally by heat canduction, which is dominant at the 
lower temperatures because of the long phonon mean 
free path. At the maximum itself both processes 
contribute in a complex manner, and it is difficult to 
decide the magnitude of each; but the variation of 
the height and position of the maximum with 
pressure and frequency agree -qualitatively with 
Khalatnikov’s theory. Extremely good agreement 
between experiment and the theory of Landau and 
Khalatnikov is als> found in the viscosity experiments 
described by Edwards. These measurements are 
made not by the rotating cyhnder method, but by 
measuring the sub-critical heat conduction in capil- 
lary tubes, which also yields the normal component 
viscosity. Values of the viscosity for tubes of dia- 
meter 0-05 mm. and 0-1 mm. suggest that it is 
necessary to make corrections for a phonon mean 
free path effect, and when this 1s done the results 
for both tubes fall on one curve, giving to within a 
few per cent the dependence on temperature pre- 
dicted by theory between 1-15° K. and 1-7° K. The 
measurements agree very well in magnitude with 
rotating-cylinder viscometer values and it now seems 
safe to conclude shat the divergence between these 
and the oscillating disk results is due to some defect 
in the latter measurements, probably the presence of 
unwanted heat flcws. Experiments were also made’ 
at pressures up to about 30 atm., where the main 
effects are large positive dependence on pressure at 
temperatures abcve about 1-8° K., and small 
dependence on pressure at lower temperatures. 

For the purpos of the viscosity measuremenis, 
the heat flow in these experiments is kept to such a 
low value that the.superfluid experiences no frictional 
forces and the heat resistance’ is constant to a first 
approximation. Dr. D. F. Brewer (Clarendon 
Laboratory, Oxford) described the effects occurring 
when, using the same capillary tubes, the heat flow 
is increased. Above a certain critical velocity there 
is first a well-defined transition region where the 
resistance rises sherply, and then a region where the 
resistance increases more slowly. Over a restricted 
range of tempereture and mutual velocity, the 
resistance increases with the fourth power of the 
mutual velocity for the narrowest tube, changing to 
an approximately third-power law for the widest 
tube (0-36 mm. diameter); many of the results 


- cannot .be described by a power law at all. Other 


curious effects are observed, such as extreme sensit- 
ivity to vibration. and pronounced hysteresis and 
time effects. These can be given a plausible explana- 
tion along the lines of the Onsager—-Feynman. theory, 
but it is unlikely that a quantitative explanation can 
be given owing to the small number of vortex lines 
involved, and the possible influence of: the surface 
condition of the capillary tubes. 
On the other hand, a quantitative theory can be 
given when there is a large number of vortex lines 
and the influence of the neighbouring surfaces is 
negligible. Dr. W. F. Vinen (Royal Society Mond 
Laboratory, Cambridge) has performed experiments 
on the propagation of second sound in uniformly 
rotating helium IL, which gave a marked excess 
attenuation dependent on the direction of propa- 
gation and the axis of rotation. Detailed inter- 
pretation in terms of the two-fluid model indicate a 
mutual friction proportional to the product of 
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the angular velocity of rotation and the mutual 
velocity, and dependent on the angle between 
them. Previous heat-conduction measurements m 
wide tubes had given a third-power mutual friction 
of the Gorter—Mellink type associated with turbulence 
in the superfiuid, and it was suggested that this 
turbulence took the form of a confused tangle of 
vortex lines, mutual friction being due to collisions 
between normal fluid excitations and the vortex 
lines. A calculation based on this mechanism leads 
to a cubic mutual friction of the mght order of 
magnitude with a collision diameter for roton—vortex 
line collisions of about 10 A., but a number of diffi- 
culties arise m attempting to derive a complete 
theory. It now appears that different results obtamed 
at Yale with a similar experiment can be reconciled 
with the present observations. 

The theory of vortex lnes is again used in explain- 
ing the results of experiments by Dr. H. E. Hall 
(Cambridge), in which measurements are made of the 
forces producing angular acceleration and retardation 
of helrum II contained between closely spaced disks. 
For an angular velocity of 1 rad./sec. the amount of 
angular momentum collected on stopping the rotation 
has the full classical value, but for smaller angular 
velocities ıt falls progressively below this, the missing 
angular momentum corresponding to ® persistent 
current which is probably irrotational and has a lıfe- 
time of more than 0:25 hr. The simplest mechanism 
for the generation of such persistent currents 1s the 
removal of vortex limes by the Magnus effect, but 
the actual mechanism is probably more complicated. 
Comparison of the frictional forces observed using 
spacers of different diameters between the disks 
suggests that at an early stage in the retardation 
process the superfluid becomes turbulent with an 
rotational mean flow. At superfluid velocities less 
than a critical value turbulence decays on the disk 
surfaces and retardation stops. 

Following the success of this first discussion day, 
plans are going forward for a second meeting, which 
will be concerned with low-temperature distillation, 
and will take place early in the present year. 

D. F. BREWER 


THE TEACHING OF 
METEOROLOGY IN SCHOOLS 


N the past, the teaching of meteorology in British 
I schools was largely a matter of climates and trade 
winds, with but little study of the actual weather 
outside the windows or much relevance to the future 
lives of most of the pupils. The October 1956 number 
of the Royal Meteorological Society’s magazine 
Weather, which has the teaching of meteorology as 
its main theme, gives evidence of the commg of a 
more vivid, physical and realistic approach. 

A group of H.M. Inspectors of Schools contribute 
the main article, ‘“Meteorology m Secondary Schools’’, 
which deals with the reasons for studying physical 
meteorology as well as geographical climatology m 
schools and provides an outline course of study. The 
group points out that the weather may be of vital 
importance to some pupils after they have left school 
and will at least be of interest to all. Apart from 
future use of knowledge of the processes of 
weather, study of them provides ilustrations of 
important physical principles and, in simple observing 
work, an introduction to scientific accuracy and 
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method. The outline course opens with the basic 
physics of radiation, condensation, relation of wind 
to pressure, etc., and goes on to properties of air 
masses and fronts and methods of observation. It is 
stressed that the teacher should correlate his lesson 
on air-masses by reference to the weather of the day 
but does not mention the interpretation of the broad- 
cast forecasts. The latter is the most obvious omission 
ın the course and is regrettable because weather 
forecasts will be used to greater or lesser degree by 
all the pupils m adult life. An amusmg note is 
provided by the examples of awkward questions 
which pupils might ask on matters not under- 
standable without more advanced physics or mathe- 
matics. 

Mr. J. B. Rigg describes the meteorological studies 
at Watford Grammar School. These begin at the 
age of 11 years with the making of simple rain-gauges. 
In the sixth form the geography students, who include 
many also takmg physics and mathematics, carry 
out much practical work with the comprehensive 
collection of instruments. 

A number of publications, such as the “‘Observer’s 
Handbook”, are mentioned in the articles. Reference 
might also have been made to the Ministry of Agrı- 
culture pamphlet, “Weather and the Land”, written 
by the Agriculture Branch of the Meteorological 
Office, which gives admirable guidance in the inter- 
pretation of the broadcast weather forecasts to meet 
local conditions. 

An editorial discusses whether ıb is likely to be 
possible to teach any of the more recently gained 
knowledge in meteorology in sixth forms. It considers 
that there is a great opportunity for physics teachers 
to show the operation of basic physics in the weather, 
but little possibility of modern dynamical meteorology 
being taught because ın their honours courses most 
mathematics teachers have not learnt real hydro- 
dynamics with vorticity and viscosity. 


UNUSUAL UPPER-AIR 
REFRACTION PHENOMENON 


HE optical phenomenon of ‘looming’ which 

occurs when the air temperature mereases very 
markedly with height is well known at low altitudes, 
especially in the polar regions. The rays of light 
from distant objects are then much more strongly 
curved in an arc convex upwards than usual, so that 
distant objects are apparently raised and multiple 
images successively upright and inverted are ‘seen. 
This is the effect opposite to the mirage associated 
with a very steep fall of temperature with height, in 
which the rays become convex downwards and the 
sky is seen on looking along the ground. 

The August number of the Meteorological Magazine 
contains an account by C. S. Durst, Q. A. Bull and 
E. J. Sumner of ‘looming’ of distant clouds seen from 
a Canberra aircraft of the Royal Aur Force flying 
north-east at 45,000 ft. some 200 milés off the west 
coast of Norway at lat. 66° 20’ N., long. 2° 30’ E., 
at midday on November 29, 1955. The crew, Flying 
Officers E. E. Kortens and F, P. Fraser, saw a cloud 
lke a bowler hat protrude upwards above the cirrus 
cloud before and ahead of them. It expanded ver- 
tically and sideways. Then another cloud lump 
appeared at the top of the first one and also spread 
sideways and vertically. Next a mushroom-like top 
appeared and finally another lump on top of the 


‘ 


ve. asso January 12, 1957 


mushroom. ‘They likened’ the effect to published 
photographs of atomic bomb explosions and con- 
sidered it was larger than any thunder cloud they 
had ever seen. No estimate of the distance was 
possible. The colour was white at first, later turning 
yellow-orange. At this stage they had to turn south- 
wards and could not look backwards. 

In turning, they noticed the temperature changed 
by 6 deg. C. Investigation revealed that an upper- 
air temperature observation at Keflavik, Iceland, at 
3 a.m. on the same day included an unusual mcrease 
of temperature (inversion) by 4 deg. C. between 
43,500 and 45,000 ft., well in the stratosphere, and 
that the wind distribution was such that this inver- 
sion would have reached the position of the aircraft 
at the time of the observation. Further, cumulo— 
nimbus clouds .(towermg thunder clouds) were 
observed at stations on the north-west coast of 
Norway during the morning. 

From this it w concluded that the aircraft flew 
through the inversion and that the abnormal refraction 
within the inversion produced the distorted vision 
of these distant clouds. Photographs very similar in 
appearance of the Bavarian Alps have been taken in 
known inversion conditions from a peak in the Black 
Forest. Few similar observations have been reported 
by aircraft;crews, unless some so-called ‘flying saucer’ 
reports have such a phenomenon as their basis, and 
certainly none from so great a height. 

The Meteorological Office would welcome addi- 
tional aircraft reports, especially for the light they 
would throw on the existence of unusual thermal 
structure at great heights. 


ORDINARY FAMILIES AND THE 
SOCIAL SERVICES 


ITH the financial assistance of the Nuffield 

Foundation, Political and Economic Planning 
is undertaking an investigation into the impact of 
the social services ın. Britain upon ordinary famulies. 
A pilot survey has already been made, and, m view of 
the importance of the findings, PEP has decided to 
make these available before the main survey is 
completed*. N 

The original proposal for the inquiry grew out of the 
considerable amount of research already carried out 
by PEP on different aspects of social welfare policy. 
This indicated that the time had come when further 
assessment of the working of the different services 
would be helped by a survey aimed at collecting 
information on the attitude of consumers to the 
services and on the extent to which their needs are 
bemg satisfied or overlooked. 

In order to make the group studied reasonably 
homogeneous, only families with children were 
included in the survey. The inquiry was made into 
conditions affecting ordinary families and did not 
concentrate upon families in special difficulties, even 
though such families may be heavy claimants on the 
social services. j 

The basic purpose of the inquiry was to throw light 
on the extent to which it is felt that the needs of 
ordinary families have been met as well as to provide 
information on the role of the social services in family 
life. 

* Planning. Vol. 22, No. 403 (8 October 1956): Ordinary Families 


and the Social Services——Piloting an Enquiry. Pp. 189-204. (London: 
Political and Economic Planning, 1956.) 2s. 6d. 
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An early step m the inquiry was to consult social 
workers to discuss the occasions when the different 
social services ware likely to be used by ordinary 
famihes. Prelim nary interviews were then carried 
out with some families in which discussion was based 
upon the points which had been formulated by this 
means; but no Hrmal questionnaire was used. The 
interviews were long and all the situations relevant to 
use of the social ssrvices were discussed, ranging from 
childbirth to care of the aged. These interviews 
provided case-study material and showed that it was 
possible to find out the kind of use made of these 
services by @ particular family. 

Increased concern for the interests of the family as 
a whole has been one of the features of social thought 
in recent years. Attention has been directed to gaps 
in the working of welfare services and to overlapping 
or division of function leading to inefficiency in action. 
In spite of the wide range of statutory services it is 
still possible for families to get into difficulties which 
threaten their stability. The PEP inquiry sought to 
find out whether families had had difficulty m using 
particular services or were conscious of occasions when. 
they had needed help but had not obtained it. 

The extension cf the statutory social services in the 
post-war years has led to some concern lest people 
should be encouraged to seek help outside the family 
circle, with a consequent lessening of personal sense of 
responsibility. It is believed by some that people are 
now looked after from the cradle to the grave, and 
that the Welfare State is the final realization of the 
aims of social reformers. It is also believed that the 
community has gone too far in taking over responsi- 
bility formerly left to families and individuals; that 
the cost of the scial services bears too hard upon 
certain sections of the population; and that the 
present system of universal benefits is not needed in 
conditions of full smployment and a high standard of 
living. The inquiry hoped to find out how far these 
attitudes are refiscted in the opinions of ordinary 
families. 

For the pilot icquiry, the main need was to mter- 
view as quickly as possible a large enough number of 
families to be able to judge whether the information 
could be obtained and handled as planned. Certain 
areas were chosen for convenience of interviewing in 
three different Lcndén boroughs, and random calls 
were made and inserviews carried out wherever there 
was a mother witk children in the house available for 
interview. In all. ninety mothers have been inter- 
viewed so far, and two fathers. There have been very 
few refusals. Interviews all took at least an hour, 
and sometimes two. = 

So far the inqviry has been entirely exploratory. 
Questions ‘have been asked to obtain the following 
information : 

How do mothers regard the help they receive ? 
Do they feel their families are helped a great deal or 
not very much ? Of which parts of the social services 
are they most aware? Is there a Welfare State 
attitude ? What form does it take ? How does the 
feeling of different sections vary ? Which are the 
most important s=rvices? With which do families 
and mothers have a lot of contact ? What differences 
are there between different sections of the population 
in contact with the services ? Which services are 
considered to have-worked well ? How do people view 
the amount of helo given? To what extent is there 
failure to obtain any service needed and how does it 
arise ? What difficulties are experienced ? How have 
families managed in particular situations of difficulty ? 
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What resources of help have they used ? What degree 
of difficulty do they consider they have had ? What 
problems do families face at the moment? What 
services might be concerned ? Do some families have 
problems which might be relevant to more than one 
service ? 

The inquiries showed that, while there were many 
peculiar impressions about the different kinds of 
social services and how they were paid for, on the 
whole people had a clear idea of how they were 
financed, what the benefits were, and appreciated 
them. To take a measure of the success of the 
services, mothers were asked what they thought of the 
help they had received when they had last had contact 
with each service. They were also asked more 
detailed questions about their experience of some 
services. 

Comments on the help given by the doctor showed a 
high degree of appreciation and also indicated what 
kind of things appreciation was based on ; these were 
mainly connected with the personal attention given 
by the doctor. The general attitude towards treat- 
ment received at hospitals was also extremely 
favourable. There were, however, a few more critical 
comments, particularly m connexion with the out- 
patient service. Most of these were complaints about 
waiting, but some were about treatment; others 
were about conditions in which the treatment was 
given.. 

Many of the families with children under five were 
using welfare centres, but some were not. Most 
mothers using the centres thought them very useful, 
but some comments of a different kind were made ; 
complaints were usually that the centre was too far 
from their homes. The maternity grant was generally 
regarded as useful although it was thought to have 
little relation to the expense of confinement. In some 
cases the wife had worked beforehand to prepare for 
the expenses of this occasion and to provide a supple- 
ment to the grant. The attitude towards home 
confinement allowance was rather the same. 

Most of the familhes who had drawn sickness benefit 


had had to rely upon additional resources of some , 


kind. The part played by the benefit itself in meeting 
the cost of the family when the breadwinner was ill 
does not seem to have been as great as is generally 
believed. Many cases were found where the money 
had been made up by the husband’s firm. Extra 
sources of help mentioned were club money, savings, 
borrowed money. wife’s earnings, and so on. 

Very many of the families interviewed had tried at 
some time to get help with a housing problem, and 
many of them still had their names down on housing 
lists; many had been unsuccessful. Some families 
had managed to help themselves, and this was 
remarked on somewhat ruefully since the chance of 
obtaining a council house had thereby been lost. 
Several families considered that housing was their 
chief problem. 

As the mothers were shown each list of services 
they were asked whether they could remember any 
oceasion when one or other of their family had needed 
a particular service but for some reason had not been 
able to get it. The information resulting from this 
question was considered together with answers to 
specific questions about how they had in fact managed 
when the mother was ill, for example, or when the 
father was at home from work, or some other crisis 
had occurred. : 

Most of the families had had to cope with situations 
when the mother was ill through confinement and had 
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managed with the help df friends and relatives. In 
several cases the husband had stayed at home from 
Mik either taking annual leavə or taking time 
off. 

One of the purposes of the design of the survey had 
been not only to ask about the use of the different 
social services, but also to get a picture of the range 
of problems which families were facing. Some of the 
families had problems which were relevant to more 
than one of the social services. 

The purpose of the pilot survey was to show what 
kind of material could be collected, and how to 
collect it. It did not attempt to collect sufficient data 
to provide the answers to the questions posed. This 
will be the task of the main inquiry. It is proposed 
that a random sample of something like a thousand 
families with children should be interviewed in a 
particular area. - 


EXPERIMENTS IN GROUP 
. CONFLICT 


ONFLICT between groups is often rooted deep 

in personal, social, economic, religious and his- 
torical forces. Inter-group conflict and harmony is 
not æ subject that lends itself easily to laboratory 
experiments, and in recent years there have been 
attempts to investigate the problem under controlled 
yet life-like conditions. 

A series of experimental studies was begun by 

uzafer Sherif and his colleagues in 1948 and are 
still continuing. What the limited experiments have 
so far shown is described in The Scientific American 
(November 1956). 

It was decided to conduct the study with groups 
of an mformal type, where group organization and 
attitudes’would evolve naturally and spontaneously. 
For this purpose an isolated summer camp was 
chosen as a good experimental setting; and boys 
about eleven or twelve years old who would find 
camping natural and fascinating were selected as 
subjects, The boys were of homogeneous background 
and did not know one another before they went to 
the camp. ~ 

None of the boys was aware that he was part of . 
an experiment on group relations; the investigators 
appeared as a regular camp staff. To keep the 
situation as lifelike as possible, experiments were 
carried out within the framework of regular camp 
activities and games. Projects were set up which 
were so interesting and attractive that the boys 
plunged into them enthusiastically -without sus- 
pecting that they might be test situations. 

Observations were first made to show how the 
boys became a coherent group. As was to be 
expected, they quickly formed particular friendships 
and -chose ‘buddies’. In a few days the boys were 
divided into two groups and put into different cabins. 
Before this happened each boy was asked informally 
who his best friends were, and then ‘best friends’ 
were placed in different groups so far as possible. 

A group of strangers brought together in some 
common activity soon acquires an informal and 
spontaneous kind of organization. It comes to look 
upon some members as leaders, divides up duties, 
adopts unwritten norms of behaviour, and develops 
an esprit de corps. These boys followed this pattern 
as they shared a series of experiences. In each group 
the boys pooled their efforts, organized duties and 
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divided up tasks in work and play. -Within a few 
days one person had proved himself more. resourceful 
and skilful than the rest. 

.These developments were closely watched, and the 
boys’ relative positions in the group were rated. 

Wayward members who failed to do things ‘right’ 
or who did not contribute their bit to the common 
effort found themselves receiving the ‘silent treat- 
ment’, ridicule or even threats. Hach group selected 
symbols and a name. 

Conclusions on every phase ‘of the study were 
based on a variety of observations, rather than on 
any single method. For example, a game was devised 
to test the boys’ evaluations of one another. It was 
found that the boys consistently over-estimated the 
performances by the most highly regarded members 
of their group and under-estimated the scores of 
those of low social standing. 2 7 

When the two groups in the camp had developed 
group organization and spirit, .the experimental 
studies of intergroup relations was begun. 

The working hypothesis was that, when two groups 
have conflicting aims, their members will become 
hostile to each other even though the groups are 
composed of normal well-adjusted individuals. To 
produce friction between the groups of boys, a 
tournament of games was arranged. The tournament 
started in a spirit of good sportsmanship. As it 
progressed, good feeling soon evaporated. The 
members of each group refused to have anything 
more to do with individuals in the opposing group. 

Within each group solidarity increased, but co- 
operativeness and democratic behaviour did not 
carry over to the group’s relations with other groups. 

The next problem investigated-was how two groups 
in conflict could be brought into harmony. The 
observers first undertook to test the theory that 
pleasant social contacts between members of con- 
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flicting groups will reduce friction between them. _ 
Far from reducing conflict, these situations only 
served as opportunities for the rival groups to berate 
and attack each other. 

The observers also believed that, just as. com- 
petition generates friction, working in a common 
endeavour should. promote harmony. Where har- 
mony between groups is established, the most 
decisive factor is the existence of ‘superordinate’ 
goals which have a compelling appeal for both but 
which neither could achieve without the other. To 
test this hypothesis experimentally, a series of urgent 
and natural situations which challenged the boys 
were created. (ne was a breakdown in the water 
supply. Both grcups promptly volunteered to search 
the ‘water line’ for the trouble. They worked togéther 
harmoniously, and before the end of the afternoon 
they had located and corrected the difficulty. Other 
situations. showed similar rapprochements. These 
joint efforts did not immediately dispel hostility ; 
but gradually the series of co-operative acts reduced 
friction and conflict. In the end, the groups were 
actively seeking opportunities to mingle, to enter- 
tain and ‘treat’ each other. Interviews with the boys 
confirmed this change. From choosing their ‘best 
friends’ almost exclusively in their own group, many 
of them shifted td listing boys in the other group as 
‘best friends’. 

What these limited experiments have shown 1s 
that the possibilities for achieving harmony are 
greatly enhanced. when groups are brought together 
to work towards common ends. Favourable informa- 
tion about a dis_iked group is then seen in a new 
light, and leadera are in a position to take bolder 
steps towards co-operation. In short, hostility gives 
way when groups pull together to achieve over- 
riding goals whieh are real and compelling to all 
concerned. 
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PROBABLE EXISTENCE OF RADIOACTIVE MANGANESE-53 IN IRON 
METEORITES 


By. Pror. R. K. SHELINE and Dr. J. E. HOOPER 


Institute for Theoretical Physics, University of Cosenhagen 


JE believe that the half-life of manganese-53 is 
much longer than previously believed, and that 
thé amount of manganese-53 radioactivity produced 
in iron meteorites exposed to cosmic ray fluxes m 
solar space for a million years or more within the 
pest few million years should be easily detectable. 
Further, we think that the determination of man- 
ganese-53 activity in meteorites and elsewhere could 
have a considerable number of interesting uses 
because of its long half-life. 

Recently, Jeffries: has found the spin of man- 
ganese-53 to be 7/2 and the magnetic moment 
ju(®8Mn)| to be 5:02 nuclear magnetons. This is 
consistent with the assignment of the ground-state 
of manganese-53 as a 7/2-state. Since the ground- 
state spin of chromium-53 has been found to be 3/2, 
the decay of manganese-53 ıs almost certainly a 
7/2. -> 3/2-transition. Such a second forbidden 
transition should have a logft value*® of 12-2-13-5 
and a half-life of 1 x 10° to 2 x 107 yr. if a pure 


orbital electron capture activity‘ and a decay 
energy®* of 598 keV. are assumed. Nineteen counts 
per minute of a long-lived manganese-53 activity 
have been produced‘ by the reaction **Cr(p,n)**Mn, 
and these results have been used to calculate a half- 
life of 140 years. However, this estimate was based 
upon some rathe> uncertain assumptions, of which 
one at least has now been shown to be wrong. It 
seems probable, therefore, that the half-life of man- 


~ ganese-53 is much longer than 140 years. In fact, if 


one uses the cross-section for the production of 
manganese-53 measured by Jeffries? from the strength 
of the hyperfine structure lines and the activity 
observed by Wilkinson and Sheline‘, together with 
the appropriate integrated fluxes of particles used in 
the two bombardments and factors for the geometry, 
self-absorption, aad target differences, calculation 
gives a half-life o? 2 x 10° yr. for this activity. Un- 
certainties involving the differences in the targets 
used in the two bombardments and other factors 
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mean that this measured half-life is uncertain by a 
factor of ten. Comparing this estimate with that 
obtained from §-decay theory above, the agreement 
is better than could have been expected. In any 
event, 16 is certainly important for the development 
of the ideas presented here to determine experi- 
mentally a more accurate half-life for mangan- 
ese-53. 

Such an activity should be produced by the effect of 
cosmic rays on iron, the most prominent reaction 
being ®Fe(p,«(or its equivalent) )53Mn. In par- 
ticular, one would expect to observe the activity in 
iron meteorites which have been exposed to cosmic 
ray fluxes within the solar system for a time com- 
parable with the half-life of manganese-53 and which 
have fallen so recently that the activity has not died 
away. Singer? has suggested that meteorites may be 
used as integrating cosmic ray meters by virtue of 
the production m them of tritium by the secondary 
effects of primary cosmic radiation, He has also 
suggested the possibility of observing tritum in 
meteorites. Paneth and his school® have been able 
to demonstrate the existence of tritium in meteorites. 
More recently, Fireman? has determined the existence 
and amount of tritium in very recently fallen 
meteorites. However, the long half-life of man- 
ganese-53 makes it particularly valuable as a dating 
tool in studying meteorites. In addition, the facts 
that 90-9 per cent of iron meteorites! are iron and 
91-6 per cent of iron is iron-56 ensure an ideal target 
for the production of manganese-53. It may be 
remarked that in stone meteorites the production of 
aluminium-26, which has a half-life of about 10° yr., 
might be used in much the same way, though the 
presence of large quantities of other aluminium 
isotopes would render the experimental work much 
more difficult. 

Unfortunately, there are no experimental measure- 
ments of the cross-sections for the production of 
manganese-53 from iron. Therefore, at the sug- 
gestion of Prof. T. W. Bonner, we have assumed that 
the cross-section in the region of 10 MeV. for the bom- 
barding protons is about 1/3 barn, being inversely 
proportional to the bombarding energy at higher 
energies. At high proton energies (1 BeV.) the 
dependence of cross-section on 1/# is in reasonable 
agreement with the total cross-section calculated from 
the probability of production of one- and two-prong 
stars in emulsions exposed to the cosmic radiation at 
high altitudes. At lower energies the cross-section 
drops very rapidly, so that it may be assumed to be 
negligible for protons of energy less than about 
7 MeV. ` 

Using the assumed cross-section and the data given 
by Peters! on the energy spectrum and intensity of 
the cosmic radiation for energies greater than 350 
MeV., an attempt has been made to estimate the 
expected intensity of the activity in a newly fallen 
meteorite. The absorption length of the star-pro- 
ducing radiation in iron is assumed to be 5/2 the 
interaction length’? (13-7 em.), so that some account 
is taken of the effects of high-energy knock-on 
protons and the fact that the m-mesons produced will 
interact rather than decay in a dense material. 
Details of the numbers and energies of secondary 
protons produced in disintegrations by the primary 
cosmic ray particles have been taken from nuclear 
ernulsion studies!?-!4, being reduced by a small factor 
to take into account the fact that the iron nucleus 
is smaller than those of silver and bromine, in which 
most of the interactions take place in the emulsion. 
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Fig. 1. The expected manganese-53 activity as a function of the 
distance from the centre of a spherical meteorite of radius 10 cm. 


e a: activity due to low-energy primary cosmic radiation ; 


curve ù: activity due to high-energy primary cosmic radiation ; 
curve c. total activity 


On the assumption that secular equilibrium has been 
reached, the rate of production will be equal to the 
rate of decay found in a newly fallen specimen. 
Also of interest to the cosmic-ray physicist is the 
intensity of the very low-energy radiation outside 
the influence of the Earth’s magnetic field. On the 
assumption that Peters’s spectrum may be extra- 
polated down to 100 MeV., a separate calculation has 
been made of the intensity of the activity due to 
this’ part of the beam. ‘These expected activities 
have been calculated as a function of the distance 
from the centre of a meteorite of 10 cm. radius. The 
results are shown in Fig. 1. The shape of these 
curves is of interest. The most intense activity 
would seem to be expected from a shell about 3 cin. 
under the original surface (before ablation by the 
Earth’s atmosphere). It may be remarked that an 
intense beam of very low-energy protons, such as 
those that have been supposed to be responsible for 
the aurora borealis, would be expected to produce a 
sharp rise in the activity within 1 cm. of the surface 
of the meteorite. With respect to the shape of the 


` curves, it should also be remarked that a more 


detailed calculation of the meson—nucleon cascade 
might be expected to emphasize somewhat the 
maximum in the activity produced by the high- 
energy component of the radiation at a depth of 
38cm. Further, we stress that the absolute numbers 
are dependent on the assumptions discussed above. 


_ - However, in spite of considerable possible errors in 


the estimates of the production cross-section for 
manganese-53, it seems probable that an easily 
observed activity of manganese-53 should result if 
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manganese is extracted -from 100 gm. of recent 
meteoric iton. Fortunately, there are only about 3- 
parts of manganese in every 10,000 parts of iron. 
meteorite.: Consequently, the specific activity of 
manganese- -53 will not be so low that self-absorption. 
is a serious problem, particularly if a counter is 
chosen which employs a large sample area. 

At the present time, plans are being made in this 
laboratory, to look for manganese-53 activity in 
meteorites. This search will at the very least give 


additional information on the cosmic-ray intensity in ~ 


solar space. If activity is found, then the determ- 
ination of the activity in concentric shells as a 
function of depth should yield information on the 
intensity of the low-energy cosmic radiation within 
the solar system. If problems such as the uneven 
burn-off of the meteorite in our atmosphere can be 
overcome, it should be possible to date the fall of 
meteorites by their manganese-53 content. Such 
dating could presumably go back several million 
years. One might also hope to learn something about 
the constancy of cosmic-ray intensity over periods of 
approximately a million years by studymg the 
relative amounts of tritium and manganese-53 in 
recently fallen meteorites. Finally, although the 
amount of manganese-53 produced by cosmic rays 
at the Earth’s surface would demand especially large 
samples of iron, it is possible that this activity may 
be accumulated in the polar regions of the Earth’s 
surface for other reasons. If there are appreciable 
amounts of manganese-53 on the Earth’s surface, 
then the activity might be used as an important 
geological datmg tool. More specifically, one might 
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hope to determina the time of burial of terrains back 
to a few million years. 

We wish to express our appreciation to Prof. Niels 
Bohr for the ideal working conditions which exist at 
this Institute. Gne of us (R. K. S.) wishes also to 
thank the Institute, the Fulbright Foundation and 
the Guggenheim Memorial Foundation for the 
visitng professorship and grants which made this 
work possible, while the other (J. E. H.) expresses 
similar thanks to the Rask-Ørsted and Ford 
Foundations. 
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By ANTONIA MEDINA* and Dr. D. J. D. NICHOLAS 


A.R.C. Unit of Plant Nutrition (Micronutrients), 


Wheres is known to be important for the utilization 
of carbohydrates by fung: because less sugar is 
oxidized when there is a deficiency of the metalt. Apart 
from aldolase activity which may be reduced in 
amne-deficient plants? there is little information on 
the effect of a a on enzymes concerned in 
glycolysis. 

This communication reports thatzincisspecrficallyre- 
quired for maximal hexokinase activity in Neurospora. 

Neurospora crassa wild type 146 (microconidial 
type) was grown in a Fries culture solution containing 
glucose instead of sucrose*. The metals, iron, copper, 
zinc, manganese and molybdenum, were removed 
from the basal culture solutions by the methods 
described previously*; the trace metals used for 
supplementing the media, were checked for purity by 
means of a spectrograph. The culture solutions were 
dispensed in 100 ml. amounts in 500 ml. Erlenmeyer 
flasks, and after sterilizing at 10 Ib. sq. in. for 10 min. 
were cooled and inoculated with a spore suspension 
of the fungus contained in sterile glass-distilled water. 
After 4 days growth in the dark at 28° C. the mycelial 
mats from the normal and the various metal-deficient 
cultures, collected separately; were well washed with 
glass-distilled water and frozen at —15° C. They 


* British Council Scholar from the Instituto de Edafologia y Fisio- 
logia Vegetal, Madrid. 


Long Ashton Research Station, University of Bristol 


AA 


were homogenized in a pestle and mortar`with four 
times their weight of cold glass-distilled water 
containing 5 x 10-?M sodium ethylene diamine 
tetra acetic acid and then in a Ten Broeck glass 
macerater at 0° C. The homogenate was centrifuged. 
at 2,000 g for 5 nin. More than 90 per cent of the 
hexokinase activity of the homogenates was in tho 
supernatant. Tae enzyme was purified by frac- 
tionation with ammonium sulphate. Hexokinase was 
determined by the method of Crane and Sols®, the 
enzyme was inccbated for a defined period, usually 
15 min., at 30° C. with 6 uM sugar, 15 uM adenosine 
triphosphate (98 per cent’ pure), 7-5 uM magnesium 
sulphate and 20 pM each of sodium fluoride and 
potassium hydrcgen phosphate and trts-(hydroxy- 
methyl)-amino nethane at pH 8:0, final volume 
0-3 ml. The phosphorylation -was followed by 
determining resicual sugar using Somogy1’s method’. 
Fructose and fructose-6-phosphate were determined 
according to Roe s procedure’. The specific activity 18 
defined as moles glucose phosphorylated in 15 min. 
per mgm. protein. Protein contents of the fractions 
wére determmed by Lowry’s method’. Glucose-6- 
phosphate was identified as the product of reaction 
by paper chromatography’ and enzymically by the’ 
triphosphopyridine nucleotide, glucose-6-phosphate 
dehydrogenase assay. 
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Table 1. EFFEOT oF METAL DEFICIENCIES ON HEXOKINASE FROM N. crassa SPECIFIO ACTIVITY (“MOLES GLUCOSE ESTERIFIED 15 MIN./MGM. PROTEIN) 














Treatment of | Control ~magnesium* | Control -iron | Control -copper | Control -zinc | Control -manganese | Control -molybdenum 
culture solutions 
Exp. 1 3:17 280 3:09 1-47 2-60 2 20 3:17 4-13 
Exp. 2 2 82 2-71 1-84 095 248 2:17 2 82 4-06 
Exp. 3 2 97 2°92 2°40 19 2-97 3°40 





* Magnesium, one-hundredth of the magnesium content of full culture. Enzyme preparation, 0-100 per cent ammonium sulphate fraction 


of supernatant (after centrifuging homogenate at 2,000 g for 5 min.). 


5 x 10-3 M sodium ethylene diamine tetra acetic acid In water and 


dialysed for 12 hr. against 5 x 10-‘ M sodium ethylene diamine tetra acetic acid in 2 x 107? M tris(hydroxymethy!)-aminomethane, pH 7. 


The effects of individual deficiencies of magnesium, 
iron, copper, zmc, manganese and molybdenum 
on hexokinase are shown in Table 1. 

Deficiencies of magnesium, iron, copper or man- 
ganese did not markedly affect the enzyme activity. 
When molybdenum was deficient, hexokinase in- 
creased whereas a zine deficiency depressed it. The 
effect of adding graded amounts of zinc to zinc- 
deficient media was to increase the hexokinase 
activity of the felts. The effect appears to be specific 
for zinc. 

After 4 days growth, zinc-deficient felts were given 
200 ugm. zine per flask aseptically and triplicate 
cultures were harvested at intervals within a further 
24-hr. period. The results, illustrated in Fig. 1, show 
that the enzyme in the zinc-deficient mats is recon- 
stituted to about 90 per cent of that in the normal 
felts within 12 hr. of adding the micronutrient. 

The enzyme prepared from the zinc-deficient. felts 
was stimulated in vitro to 30 per cent of the normal 
enzyme by the addition of zinc sulphate, over the 
range 0:59-1:19 ugm. zine/umole glucose phosphoryl- 
ated. Zine ethylene diamine tetra acetic acid could 
nat be substituted for ionic zinc in this process. 

An increase in specific activity of hexokinase in 
the fractions was not paralleled by a similar increase 
in zine content per mgm. protein. Thus zinc may 
affect the protein moiety only or the metal may be a 


Specifle activity 





4 8 12 16 20 24 
t (Hr.) 5 t 
4-day j 5-day 
Fig. 1. RECONSTITUTION oy Haxoxmasn IN ZINO-DEFIOINT 
TS 


O---O, complete nutrient; []-----(, zine deficient ; 

@-—@, 200 agm. zinc added aseptically to zine-deficien' 

felts after 4 days growth and enzyme production followed at 
intervals within a further 24-hr. period 


loosely bound constituent of the enzyme which is 
readily removed during fractionation. 

The inhibition of the enzyme by p-chloromercuri- 
benzoate and its reversal by glutathione suggest 
the presence of —-SH groups in the enzyme. The 
mymoles —SH/umole glucose phosphorylated were 
0-16 and 0-53 for the enzyme prepared from normal 
felts and zinc-deficient felts respectively. 

The effect of zinc in protecting —SH groups in the 
enzyme from the inhibitory action of p-chloromer- 
curtbenzoate is shown in Fig. 2. 


100 





80 
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a 
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g 
B 40 
20 
“1 2 3 4 5 6 
vem, Zinc/umole glucose phosphorylated 
Fig. 2. Tas EFFEON oF ZINC SULPHATE, ADDED in vitro, IN 


PROTECTING HEXOKINASE FROM INHIBITION BY 10° M p-CHLORO- 
MEROURIBENZOATE 


O-——O, enzyme from normal felts; x —~—x, enzyme from 
zinc-deficient felts 


Maximum protection from inhibition by -chloro- 
mercuribenzoate is afforded by incubating the normal 
enzyme with 1:2 ugm. zine and the enzyme from 
zinc-deficient felts with 2:5 ugm. zine/umole glucose 
phosphorylated. The addition of other metals at 
similar concentrations, for example, copper or iron, 
was without effect on the inhibition of the enzyme by 
p-chloromercuribenzoate. Zinc cannot reverse the 
inhibition of the enzyme when the mercurial is added 
first to the enzyme. 

A full account of this and related work will appear 
in the Biochemical Journal. 
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EFFECT OF WAVE-LENGTH ON THE DISTRIBUTION OF CARBON-14 
IN THE EARLY PRODUCTS OF PHOTOSYNTHESIS 


By THEODORE CAYLE* and Pror. ROBERT EMERSON 


Department of Botany, University of Illinois, Urbane, Illinois 


i 


ECENTLY, Voskresenskaya! (quoted by Nichi- 

porovich®) reported that in plants carrying on 
photosynthesis in the presence of 4CO,, the distribu- 
tion of radioactive carbon between proteins and 
carbohydrates depended upon the wave-length of 
light to which the plants were exposed. Both authors 
agreed that the red end of the spectrum favoured the 
appearance of radioactivity in carbohydrates, while 
the blue favoured incorporation into proteins. 

The techniques specified by Voskresenskaya! for 
separating protein and carbuhydrate fractions (lead 
acetate precipitation of protems) would be expected 
to result in contamination of the ‘protein’ fraction 
with phosphate esters of carbohvdrate precursors. 
The experimental evidence, therefore, provides only 
an uncertain foundation for the conclusion drawn. 

Since the question whether colour of light may 
modify the sequence of reactions in photosynthesis is 
important, we thought it desirable to make compari- 
sons similar to those made by Voskresenskaya and 
Nichiporovich, but based upon more reliable methods 
of separation. Instead of comparing carbohydrates 
and proteins, we studied the precursors of these 
substances, the phosphate esters and amino-acids. 

We report here measurements of the distribution of 
carbon-14 in these fractions following photosynthesis 
in the presence of carbon dioxide labelled with 
earbon-14. 

The experiments were made with Chlorella cells 
(C. pyrenoidosa Chick, Emerson’s strain), suspended in 


Table 1. 


* The reaction vessel was illuminated from both sides, ~ 
by means of two lemps and duplicate sets of lenses and 
filters. The volume of the reaction vessel was about 
20 ml., and the light path about 10mm. A cell density 
of 10 pl. per ml. was sufficient to give total absorption 
of the incident light at both 436 and 644 mp. 

The cells were pre-iluminated for 5 min. in the 
absence of added earbon dioxide (to minimize dilution 
of the labelled carvon dioxide to be added). This was 
followed by addition ‘of “CO, as bicarbonate and 
exposure was continued for 30 sec. A sample of cells 
was then withdrawn under sharply reduced pressure 
into a vessel that contained a measured quantity of 
absolute ethanol to give a final concentration of 70 
per cent after mixing. Extraction in the 70 per cent 
alcohol was cont.nued for thirty minutes at room 
temperature, and the extract was fractionated by 
paper chromatog-aphy to separate the amino-acids 
and phosphate esters (together with free sugars, 
orgame acids, erc.). The phosphate esters were 
chemically separsted into barum acetate-insoluble 
(BI) and barium acetate-soluble — alcohol-insoluble 
(BSAT) residues. The incorporation of carbon-14 in 
the various fractions was determined by conventional 
counting methods. 

In these experiments, no correction was made for- 
incorporation of 2arbon-14 through dark processes, 
because measurernents showed that in darkness the 
rate of incorporation was less than 1 per cent of that 
in the light. 


A COMPARISON OF CARBON-14 INCORPORATION IN AMINO-AOIDS AND PHOSPHATE ESTRES; 30-SEC. PHOTOSYNTHESIS AT 436 Mu AND 


44 ma 

















*SAA = specific activity of amino-acids. 


acid culture medium. Blue and red light were 
isolated from the light of 400-watt mercury-cadmium 
lamps by means of filters. The red beam included the 
cadmium line at 644 mu and was free from all shorter 
wave-lengths, but was contammated with a small 
amount of radiation of longer wave-lengths. The 
filter combination for blue light transmitted primarily 
the mercury line at 436 my with small amounts of 
energy from lines of longer wave-length out to the 
546 my line, as well as from the 406 my mercury line. 
For both the red and the blue light, the incident 
intensity at the reaction vessel was approximately 8 
micro-einsteins/cm.*/min. 


* Present address: Henry Shaw School of Botany, Washington 
University, St. Louis, Missouri. 





Total SAA* BAA 436 my? 
a Fraction (ct./min.) (ct.mun./mgm.}) SAA 644 mu 
Amino-acids 13,760 220,500 
436 mu BI } Phosphate esters 296,500 
BSAI 
Total 310,260 
17 
Amino-acids 10,150 132,400 
me ne } Phosphate esters 272,500 
Total 282,650 


Table 1 shows a.-comparison of carbon-14 incorpora- 
tion in amino-acids and phosphate esters during thirty 
seconds of photosynthesis at 436 and 644 mu. 

For the sum of radioactivity incorporated in amino- 
acid and phosphete ester fractions, the table shows 
282,650 counts pər minute after photosynthesis in 
red light, and 319,269 after photosynthesis in blue. 
The difference is minor, and'we attribute no signi- 
ficance to it. In most cases, the sum of activity in 
these two fractions was the same for red and blue 
light, within the experimental error. The fraction 
going into the ecmbined amino-acids was generally 
not very different for red and blue light (in the experi- 
ment tabulated, it was 3-6 per cent for photosynthesis 
in red, and 4-4 ner cent for blue). However, the 
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Table 2. INCORPORATION IN INDIVIDUAL AMINO-ACIDS DURING 30-SEC. 
PHOTOSYNTHESIS AT 436 ma AND 644 mp 











SAA* SAA 436 my* 
a Amino-acid (ct./mun./mgm.) SAA 644 mz 
Alanine 187,000 
436 Mu Glycine 145,300 
Serine 110,800 
Alanine 62,300 30 
644 myu Glycine 58.000 25 
Serine 58,300 18 





* SAA = specific activity of amino-acids, 


difference was consistently in this direction, and must 
therefore be regarded as significant, even though small. 
This apparently small difference between the effects 
of blue and red light becomes more striking if we 
compare specific activities (activity per mgm. 
material). The specific activity of the amino-acids 
is almost twice as great after photosynthesis in blue 
as it is after photosynthesis in red. This greater 
specific activity 'in the amino-acids, following photo- 
synthesis in blue light, together with the neariy equal 
counts per minute in the amino-acid fraction for both 


NATURE 


January 12, 1957 von. 179 


the slight differences in the distribution of the label 
at 496 mu and 644 my to be significant. 

The pattern of labelling in the alanine is essentially 
the same as that reported for phosphoglyceric 
acid?ë and is consistent with the interpretation 
that this amino-acid arose from the phosphate ester 
by way of pyruvic acid and a transamination. 

The distribution of labelling in glycine after photo- 
synthesis at 644 mp was similar to that reported for 
this amino-acid by Vernon and Aronoff following 
15 sec. of photosynthesis by soybean leaves in white 
light. There was a slight preponderance of activity 
in the alpha carbon atom. On the other hand, in 
our experiments with blue light we found quite a 
different distribution of labelling in the glycine. The 
slight preponderance of labelling found in the alpha 
carbon after photosynthesis at 644 my was replaced 
by a groater preponderance in the alpha carbon 
following photosynthesis at 436 my. This heavy 
labelling in the alpha carbon is difficult to interpret, 
unless one supposes that during photosynthesis in 
blue light the carbon dioxide was converted to glycine 
by way of formate and glyoxylate. 


Table 3. THE EFFEOT oF BLUE AND RED LIGHT ON THE DISTRIBUTION OF CARBON-14 IN ALANINE AND GLYCINE; 30-SEO. PHOTOSYNTHESIS 






























SAA* 
4 Am{no-acid Total activity of amino- | Activity In each carbon Per cent of the total SAA 436 myu* 
acid (dls./sec /m mote) (dis./sec./m.mole) activity in each carbon SAA 644 my 
Alanine 495 
C: OOH 326 65 9 
H C! NH, 98 198 
5 Ha 65 13 1 
436 mu Total 489 
Glycine 192 
© OOH 42 21:9 
H, d NH, 150 78-1 
Total 192 
Alanine 184 n 
C! OOH 129 70:0 
H d NH; 27 14°7 27 
7 Hs 26 14:1 
644 mu Total 182 
Glycine 87 
C' 00H 28 41:8 
H, ds NH, 38 56-7 29 
Total 86 











* SAA = specific activity of amino-acids. 


red and blue light, implies, of course, that in the experi- 
ment tabulated the amount of amino-acids in the 
isolated fraction must have been smaller after photo- 
synthesis in blue than after photosynthesis in red 
light. 

Table 2 shows some of the specific activities for 
individual amino-acids. Alanine, glycine and serine 
show specific activities greater at 436 mu than at 
644 my, by factors of 3:0, 2-5 and 1-9, respectively. 

Alanine and glycine eluted from the chromatograms 
and co-crystallized with carrier amino-acids were 
degraded to show the distribution of labelling. The 
results of such an experiment are shown in Table 3. 

The distribution of the tracer in alanine at both 
wave-lengths was similar to that reported by Calvin 
et al. for this amino-acid after photosynthesis in 
white light. Here we find the heavy label in the 
carboxyl carbon, and much less activity in the alpha 
and bets carbons, but with approximately equal 
labelling in these two positions. We do not consider 





‘To summarize, our results do not indicate preferen- 
tial synthesis of carbohydrates during photosynthesis 
in red light, or preferential protein synthesis in blue 
light. However, we did find significantly greater 
specific activities of the amino-acids produced at 
436 mu, with glycine displaying an interesting pattern 
of distribution of the label incorporated within the 
molecule. 

A more extensive report of this work will be 
presented elsewhere. 

This work was supported by the National Science 
Foundation under grant G-1398. 
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. Relative Abundances of Different Charge 
Groups of Heavy Primary Cosmic-Ray 
Nuclei 


Since the discovery in 19481 that primary cosmic 
rays entering the Harth’s atmosphere contain nuclei 
of elements ranging in size up to iron, many measure- 
ments have been made to establish the charge 
distribution of the primary radiation. Knowledge 
of this distribution is of crucial mmportance for 
astrophysical investigations into the origin of cosmic 
rays. There is agreement between different labora- 
tories regarding the flux of nuclei of medium charge, 
M nuclei, but disagreement on the flux of both light 
(L) (3 <Z x5) and heavy (H) (Z > 10) charge 
groups. Figures given for the relative primary 
abundances of L and M nuclei exhibit a particularly 
wide spread, for L/M ranges from < 0-1 to > 1-0. 
The spread in published values of the heavy-to- 
medium ratio 1s less, 0-2 to 0-5, but enough to make 
further work necessary. 

The main reasons for the conflict between the 
results are the experimental difficulties of separating 
the charge groups and, especially for H nuclei, the 
smallness of the numbers found ın any one experi- 
ment. Also, m all experiments mvolving high- 
altitude balloon flights, there ıs some atmosphere 
above the detector (for example, 11 gm./em.? at 
100,000 ft.) and, in addition, packing and other 
materials are traversed by the meident radiation. 
Since the interaction mean free path is only about 
18 and 26 gm./cm.? for the heavy and medium 
groups respectively’, it is necessary to have balloon 
altitudes well above 100,000 ft. if the corrections for 
the effects of interactions are to be kept small. This is 
particularly’ important because L-group nuclei are 
frequently produced in the interactions of heavier 
nuclei. 

If the ratio L/M at flight altitudes around 100,000 ft. 
were of order 0-1, all observed L nuclei would prob- 
ably be secondary fragmentation products, but a 
value of order 1-0 would prove that light nuclei exist 
in the primary radiation. 

We have recently completed an experiment. to 
determine whether LZ nuclei are abundant in the 
primary radiation or not. Detailed accounts will 
appear shortly®. The results were obtained from 
a large-area stack of nuclear-emulsion sheets without 
glass support, flown for around 6 hr. at above 
110,000 fb. (8-6 gm./em.® air + 2 gm.j/em.*? packing) 
in Texas (41°N. geomagnetic), in February 1956. 

In Table 1 we give our absolute fluxes and relative 
abundances both for flight altitude and extrapolated 
to` the top of the atmosphere. The extrapolation 
was carried out using the usual diffusion equations’, 
and two different values** were used for the prob- 
ability p of a lght nucleus being produced in an 
interaction of a heavier primary one in the atmosphere 
above the stack. Table 1 contains, for comparison, 
the cosmic abundances obtained from astrophysical 
data by Suess and Urey®. The results show (a) 
that lithium, beryllium and boron are definitely 
present in the primary radiation, and (b) that the 
relative abundances of the different charge groups 
found in cosmic rays are quite different from those 
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Table 1 
Z=2 8«Z~«5 | 6«<Z~10 Z>10 
Flight altitude +10 , 
Numbers found 487 4647 | 2044 
Relative to M 
group 1 00 1 00 0 43 
Top of atmo- #7 
sphere 
Flux* with 
p=0°45 3-5 55 26 
100 +20 
p=0 23 42 55 26 
Relative bi M group | E 
p=04 i 0-64 1-00 0 47 
p=0-23 0-76 1 00 0 47 
Cosmic abundances 
(relative to M 
group) 100 5x10- 1:00 0 08 
* Fluxes are given in particles m7? sec.-? sterad.~? 
given for matter in the universe’. The E group 


is more than 10? times as abundant (relative to 
the M group) ir cosmic rays as m the universe, 
and the heaviest nuclei (the H group) appear to be 
relatively six times more common in cosmic rays. 

The observed cosmic-ray charge distribution 
depends not only on the relative abundances in the 
source regions but also on the acceleration mechanism 
and the fragmentations m collisions with matter 
encountered during acceleration or in interstellar 
space. If L nucli are absent in the source regions, 
and if they are not produced during acceleration 
there, the light-element flux must be due to fragmenta- 
tions with interstellar material so that one can derive 
from it an upper limit to the time cosmic rays have 
travelled before reaching the Earth’s atmosphere. 
Assuming that most interstellar matter is hydrogen 
with a density of 1 atom/cm.’, our data give a travel 
time of the ordez of a few million years. If light 
nuclei occur in the source or are produced during 
acceleration there this time is reduced. 

The large proportion of ‘nuclei with Z > 10 is of 
great importance, for it implies either that very 
heavy nuclei are more abundant in cosmic-ray source 
regions than in the rest of. the universe or that 
the acceleration mechanism strongly favours heavy 
nuclei, or both. Recent work on supernovee® and on 
possible mechanisms of accelerating particles to - 
cosmic-ray energ-es in them? suggests that super- 
nove might be 2 source of cosmic rays giving a 
charge distribution with a high proportion of heavy 
elements. This hypothesis could be tested if the 
effects of fragmentations were better understood, and 
if the charge speetrum of heavy nuclei were known 
in greater detail. 

J. H. Noon 
A. J. HERZ 
B. J. O'BRIEN 
The F.B.S. Falkirer Nuclear Research and 
Adolph Basser Computing Laboratories, 
School of Physics, 
University of Sydney. Dec. 10. 
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Abundances of Meteoric Lead Isotopes 


In a recent publication Patterson! shows that the 
measured isotopic abundances of leads from five 
different meteorites and recent terrestrial ocean 
sediments are simply related. From this fact, 
following a series of convincing arguments, he 
deduces that all these leads have developed from a 
single primeval lead by the addition of radiogenic 
lead-206, Jead-207 and lead-208, and that the 
additions of radiogenic lead commenced at a common 
time (4-55 +0-07) x 10° years ago. Without disputing 
any of these arguments, I wish to point out some 


interesting features of the meteoritic lead-isotope. 


ratios which appear when they are compared with 
the observed ratios of these isotopes in terrestrial 
lead minerals. s 

Patterson’s calculation is based on an application 
of Holmes’s equation*, namely, 


Y¥—Yo __l ,expA%—exprt » 
L — To & Xp Aly — exp àt 


In this equation x and y, and x, and y, are the ratios 
206Pb/2°4Pb and *9°7Pb/24Pb at the time ¢ of isolation 
of lead as a mineral, and at some mutial time to 
before which lead abundances were everywhere the 
same. 2, \’ and æ are constants equal to 0-153(7) x 
10-* (yr.)-4, 0-972(2) x 10-* (yr.)-! and 137-8, respec- 
tively. This equation, which applies only to closed 
systems containuig uranium and lead, has been used 
recently by Holmes and Cahen? for calculating ages 
for many African galenas with results in apparent 
agreement with independently estimated geological 
ages, particularly in the case of paleozoic and younger 
minerals, where agreement was often within a few 
tens of millions of years. z 

Now if'tho meteorites are very old and unaltered, 
they should provide closed systems for uranium and 
lead, and this assumption in the equation should be 
fulfilled much more rigorously than in the case of 
terrestrial rocks, where the gross transport of materials 
has taken place. Therefore, it is interesting to try 
to ‘date’ the meteorites by the same method o 
calculation as has been used for galenas. 

To do this I have taken as the lead ratios z, and 
¥ in primeval lead the average of the ratios measured 
by Patterson for iron meteorites. These contain 
negligible uranium and thorium and therefore may 
represent the lead with which the members of the 
solar system were originally endowed. I have used 
his ocean sediment lead ratios for defining the present- 
day isochron and thus evaluate tọ This gave tę = 
4:50, X 10° yr., essentially the same as Patterson’s 
result, differing slightly because I have used only 
three of the five values used by him. The ‘ages’ 
obtained for the three stones are given in Table 1. 


Table 1. Leap ISOTOPE RATIOS FROM PATTERSON (REF. 1) AND 


CALCULATED ‘AGES’ OF THREE STONE METEORITES 


Description 206/204 


207/204 


‘Age’ value* 





Henbury, Australia 
(fron meteorite) 
Canyon Diablo, 
zona 
(iron meteorite) 
Ocean sediments 
Nuevo Laredo, Mexico 
(stone meteorite) 
Forest City, Iowa 
(stone meteorite) 
Madoc, Kansas 
(stone meteorite) 


9 55 
Primeval lead 


10-38 
a 
34°86 
15-86 
15-76 


Zero by def’n. 
830 m.y. 
5 m.y. 
—420 m.y. 


19-27 
19°48 





* Calculated time at which uranium lead ceased to be added to 
the lead in the meteorite. 


NATURE 


x 


January 12, 1957 ` von 179 


If the three stones had remained isolated, closed 
systems until recent times, all ages should be zero 
within. experimental error. This is the case for the 
Forest City meteorite, which (perhaps by coincidence) 
is the only one of the three which has been dated at 
4,000-4,500 million years by both the potassium- 
argon and rubidium-strontium methods. We there- 
fore know that it has remained unaltered for the last 
85-90 per cent of its lifetime, at least. 

If these were terrestrial lead minerals, we would 
say that Nuevo Laredo lead had been isolated from 
the greater part of its uranium about 330 mullion 
years ago, and that Modoc lead was anomalous! (cf. 
Houtermans’s' J-type lead), having been exposed to 
much larger proportions of uranium during the recent 
past than during the rest of its history. Evidence 
for the latter conclusion would then be considered 
to be well outside experimental error. For example, 
Houtermans® has shown by direct measurements of 
lead-210 that cotunnite lead from Vesuvius, which 
gives a negative age of only about 200 milhon years, 
has been recently in an environment ten times richer 
in uranium than the average source rock for all leads. 

Thus although the meteoritic isotope ratios fit a 
Single isochron so closely that they provide an 
excellent estimate of the age of the Earth-meteorito 
system, they deviate from it by amounts that would 
be considered clearly significant in the case of terres- 
trial lead minerals. Assuming that the reproduci- 
bility of the meteorite lead analyses is as good as that 
generally obtained for ore leads, one must conclude 
that either the three stones were formed at signi- 
ficantly different times (corresponding to tọ values 
differmg by a few tens of millions of years), or that 
Nuevo Laredo and Modoc have experienced chemical 
alteration in the past few hundred million years. 
The second possibility would demand that potassium— 
argon measurements on these two meteorites give 
young ages since radiogenic argon would escape at 
the time of alteration, and that Nuevo Laredo 
contains less uranium than would be calculated from 
its radiogenic lead content. Suess and Urey* have 
recently directed attention to the fact that present 
experimental evidence does suggest a deficiency of 


. uranium in Nuevo Laredo. 


Therefore the isotopic data of Patterson could be 
interpreted as indicating recent chemical alteration 
of some stone meteorites. 

R. D. RUSSELL 

Physics Department, 

University of Toronto, 

Nov. 2. 
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A Fast Method for reaching Equilibrium in 
the Ultracentrifuge 


Tax inherent power of the equilibrium method! 
for study of molecular weight, polydispersion, and 
activity coefficients in the ultracentrifuge has been 
limited by the length of time required to reach 
equilibrium. We have found that this time can be 
appreciably reduced by using the synthetic boundary 
cell? and by selecting the starting conditions—speed 
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of the ultracentrifuge, the relative heights and the 
relative concentrations of the two layers—in accord- 
ance with a mathematical analysis of the approach 
to equilibrium. 3 

The approximate*, as well as the exact‘, solutions 
by Archibald of the ultracentrifuge differential 
equation are not useful in our problem because of 
the extensive numerical computation needed for each 
set of experimental conditions. We have obtained a 
manageable solution by a perturbation treatment of 
the centrifuge equation, retaining terms of the first 
order in the parameter A = (ra — ri)i(ro + ri) œ~ 0-05, 
where the 7’s are distances of the cylindrical surfaces 
of the equilibrating solution from the axis of rotation. 
For the analysis required here, however, the zero 
order approximation is adequate. This approximation 
corresponds to the exact solution of Mason and 
Weaver’ for sedimentation in a uniform gravitational 
field. 

The concentration of an equilibrating component 
having sedimentation and diffusion coefficients S 
and D is 


Clore) = O*(p) + exp ap . exp(—ax/2) È AnXalo) 


where exp(—n’x*t/2a) (1) 


p = (r —)/H, H = rm — 3 
a = HV/2D,V = Sa? (ry + 11)/2; 


T = tlto to = HIV ; Xn(p) = cos nrp + («/nx) sin nrp, 


and where the asterisk denotes equilibrium. Since 
O* = A, exp 2ap, œ determines the final distribution 
in the zero order approximation. It also determines 
the exact distribution, as is shown by its equivalence 
with the familiar expression 


O% _ MU vear) 
O*, 2RT 
S olr — re) VH 
D x 2 D 


For a given value of « the A,’s are constants which 
are determined by the initial distribution of con- 
centration. 

Because the time exponential in (1) involves n’, the 
deviation from equilibrium after a short time is given 
by the leading term of the sum, n = 1; equilibration 
will be accelerated if it is possible to choose initial 
conditions such that A, vanishes. 

For the initial condition 


Cy, O< ep < 8B 


In 


= 20 (2) 


C(p,0) = 
C, B<p<1 


where ß is the position of the synthetic boundary, 
A, can be made to vanish if C,/C, and B are chosen 
so as to satisfy 


C.[C, = (yı — exp Be)/(y. + exp {—(1—8)«} (3) 
with 
i Yı = cosnB — [ (x? — g?)/2ra] sin zg 


In Fig. 1, C./C, is plotted against B according to 
equation. (3) for the case of « = 0-6, that is, C*,/O*%, = 
3-3. The curve shows that there exists a wide range 
of choices for the location of the synthetic boundary, 
all of which are consistent with the vanishing of A,. 
It is interesting to note that pure solvent may be 
used as the top layer (C,/C, = ©) if the boundary 
is placed at B = 0-19. It is also to be noted that 
in the vicinity of B = 0-55 the curve has a broad 
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Fig. 1. Position of the step and the corresponding relative con- 
centrations in the layers that cause A, to vanish. Calculated 
from equation (3) for a=0-6, that is, C*%%/0*; = 3-3 


minimum and the system is insensitive to filling 
errors. 

We turn now to a consideration of the saving in 
time brought about by starting with a step distribu- 
tion chosen in accordance with equation (3). We 
define equilibrium as the state in which the concentra- 
tion deviates nowhere by more than 1 per cent from 
the concentration at true equilibrium, and let t* be 
the value of + calculated from equation (1) for this 
equilibrium state. In applying the fast method to an 
actual system the- value of « will be incorrectly 
estimated (also tha system may be polydisperse and 
therefore possess a range of « values) so that the 
step distribution will be incorrectly chosen and A, 
will not quite vanish. The effect of an error of this 
kind on +* is shown by curve a, Fig. 2. Compared 
with the conventicnal method, there is an eight-fold 
reduction in time when the value of «æ for the system 
agrees exactly with the value assumed and about a 
two-fold reduction when the error in « is approx- 
imately 15 per cent, curve c. The saving of time 
results from setting up step distributions to approx- 
imate the final distribution and from advantageous 
‘combinations of sedimentation and diffusion to trans- 
port material. 

For the above comparison, we have also evaluated 
t* for an initially uniform distribution from equation 
(1); the results are plotted as a function of a in 
eurve b. The equiibrium distributions of interest in 
the ultracentrifuge are C*,/C*, = 2-4, and corre- 
spondingly, « = 0 4-0:7. This leads according to 
curve b to t* a 0-5, and to values of é* one-fourth as 


1-0 
0:9 
08 
0-7 
0-6 


t*5/t*a 


0-4 
0-3 
02 
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Fig. 2.° a, The dependence of 1* on the actual value of a startin; 

with the step distribusion, 8=0 5, C./C,=2-17, chosen on the 
basis of a=0 6. b, The dependence of z* on a starting with a 
uniform solution. c, The ratio of times required to reach equili- 


brinm in systems 5 and a 2 
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large as are usually expected’ on the basis of t* = 2 
(ref. 1, equation 108). 

The theoretical results have been confirmed with 
ribonuclease (Armour) in expermental runs at 
13,410 r.p.m. ın the Spinco Model Æ ultracentrifuge 
equipped with a temperature-control system and 
phaseplate schlieren optics. A stationary distribution 
of the protein, which did not appear to be truly 


homogeneous (Mz = 14,800), was reached in the case 
of a uniform initial distribution in about 40 hr. 
compared with the caleulated time of 36 hr., and in 
less than 20 hr. for an initial step distribution for 
which C,/C, was 2-12 and B was 0-53. The speed, a, 
chosen from (2) was such that the assumed value of 
M, 13,600, corresponded to an « value of 0-6 in a 
0:61-cm. column of solution. 

This investigation was supported in part by the 
National Institutes of Health, Bethesda, Maryland, 
and in part by a grant from the National Science 
Foundation. A more extensive account will be 
published later. 

R. A. Pasternak* 
GIRAR M. NAZARIAN 
JEROME R. VINOGRAD 
Gates and Crellin Laboratories of Chemistry, i 
California Institute of Technology, 
Pasadena, California. 
Sept. 27. ; 
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Temperature Coefficient of Resistivity of 
Polythene and Oil-impregnated Paper 


Tae distribution of d.c. electric stress in insulation 
is controlled by the resistivities of the dielectrics 
involved. In turn, the resistivity at any point is a 
function of the temperature at that pomt. Thus in 
order to compute the electric stress under d.c. 
conditions, a knowledge of the variation of the 
resistivity of the dielectric with temperature after 
long periods of electrification is necessary. Some 
data on the properties of polythene have been given 
by Fowler and Farmer! and by Ramsey?; but the 
agreement is poor, and in general the published 
information is scant. Accordingly, it has been 
necessary to make some measurements on polythene 
and oil-impregnated paper in connexion with a 
high-voltage d.c. cable project. 

Typical results for three cable matərials are given 
in Fig. 1. It will be seen that the resistivity (p) 
varies with the absolute temperature (T) in accord- 
ance with the general relationship : 

P = eo exp (b/T) 
where p, and b are constants. Electrification times 
of not less than 1 hr. were needed, in general, before 
the resistivity of polythene approached a constant 
value. 

The values of b for the three curves shown in 
Fig. 1 are 12,500, 13,100 and 9,700 for polythene, 
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2'8 29 3-0 3-1 3-2 33 3-4. 
10/7 (T in ° K.) 
Fig. 1. Variation of resistivity with temperature: a, polythene 


cable; 6, mass-impregnated non-draining cable; e, mass- 
impregnated oll-rosin cable from service 


non-draining and oil-rosin cable respectively. The 
value for polythene lies between the two values 
obtained by the workers mentioned above. 

This work is being continued ; but in the meantime 
it 1s hoped that the values of temperature coefficient 
obtained will assist others engaged on similar 
problems. 

Thanks are due to Messrs. Telegraph Construction 
and Maintenance Co., Ltd., who supplied the 
polythene sample. 

A. W. Stannetr 
D. H. Scurorr 
Central Electricity Research Laboratories, 
Leatherhead, Surrey. 
Oct. 10. 
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Structure of Bone in Relation to Growth 


In a recent communication}, Jackson and Randall 
have shown, using electron microscopy and electron, 
diffraction, that at a very early stage in the develop- 
ment of bone, apatite crystals are deposited in what 
appears to be a definite relationship to the collagen 
fibres. They did not, however, find any evidence 
of preferred orientation of the crystals. The samples 
examıned by Jackson and Randall were of embryonic 
avian. bone, and the absence of preferred orientation 
in such young bones is ın accord with results we 
have obtamed with X-ray diffraction. 

We have exammed the femora of rats from birth 
onwards, and find that there is no preferred orienta- 
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. tion of the inorganic crystals until Tabe 1 
the rate. are approximately throe Observed wzttage Imat | Mean | Energy 
days old; after three days, the Length of | distances fiom Q. | ImifIm, | abs. coeff | afv* x 107 
orientation increases until at about Liquid in trap | vessela’ |e=5-5em. ==15 5 cm. B 
thirteen days old the orientation Toluene Lem. 0 42 0-33 
is as marked as in adult bones. » sem 103 He 128 | 0 0247 137 
Golden hamsters gave a similar Carbon disulphide 1 cm. 132 0-88 PE ees 4o 
; H 7 r i cm. te ` "i 
result, but in guinea pigs orientation k , 3 om; uo a 
was present at birth. ; Benzene lem. 0-72 0 50 145 | 0 0385 205 
We have, in addition, examined a ” 5 cm. 211 1 44 





series of human femora from ap- 
proximately two months mtra- 
uterine development to old age. At birth human 
femora show marked orientation; but with fetal 
bones there is no orientation before approximately 
four months intra-uterine development. 

It appears, therefore, that the first morganic crystals 
which are laid down in bone are randomly orientated, 
and that there is a definite stage in the early growth 
at which preferred orientation appears. More detailod 
information on the above results is bemg published 
elsewhere’, 

A parallel investigation on the effect of age on the 
orientation of collagen fibres in decalcified bone gave 
some slight indication that the degree of orientation 
tended to increase with age, but the results were not 
conclusive. On the other hand, collagen from another 
source, human chorde tendiner, gave definite results 
which showed that the degree of orientation, as 
revealed by X-ray diffraction, does change with age. 
The specimens examined ranged in age from fourteen 
months to eighty-one years. The X-ray diffraction 
pattern from the youngest specimen shows only 
three diffuse contmuous rings; at three years the 
degree of orientation is quite marked, and the adult 
specimens give a typical, well-orientated collagen 
pattern similar to that of adult rat tail tendon. 

We are indebted to many colleagues in the 
Pathology and Physiology Departments of this 
University for providing us with specimens. 


SHEENA M. CLARK 
JOHN IBALL*Y 


University of St. Andrews, 
Carnegie Laboratory of Physics, 
Queen’s College, 
Dundee. 

Nov. 6. 
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Real and Apparent Absorption Coefficient 
of Ultrasonic Waves in Liquids 


Iv has been suggested that the generally accepted 
high absorption coefficient of ultrasonic waves! in 
carbon disulphide. and also, to some extent, in 
benzene, are not m accord with some experimental 
observations made by us*. This problem has now 
been studied more critically. 

‘For this purpose, three thermostatic trap-vessels, 
with thin mica windows on opposite sides, having 
inside path-lengths of 1 em., 3 cm. and 5 em, were 
used. The front surface of any of these vessels was 
placed at either of the distances 5-5 em. or 15-5 cm. 
from the vibrating quartz, oscillating at 3 Mc./sec. 
and with 90 W. as the power input, in a long tem- 
perature-controlled metallic vessel containing toluene. 
An absorber was placed at the farthest end. 








The rise of temperature, due to absorption of 
ultrasonic energy in the trap vessels, in equilibrium 
condition, containing either toluene, carbon disulph- 
ide or benzene, was noted. The equivalent electrical 
wattage to generate the same rise of temperature 
was determined ky electrical heating. Stirrmg was 
by ultrasonic waves. The recorded wattages at the 
two positions, for different vessels with different 
liquids, are given in Table 1. 

The general reletionship to determine the relevant 
quantities may bə written: 


Im = Lexp (— 82) {1—exp(— 8’x’)} = 
I; {L — exp(—B'2’) } 


where I, Ii, Im measure the ultrasonic energy at 
the quartz, incident at the trap vessel and inside 
the trap vessel, respectively ; B and B’ measure the 
energy absorption coefficients of the outside and the 
inside hquid ; #,a”” measure the distances from quartz 
to vessel and thst inside the vessel respectively. 
The Im ratio for a particular vessel with a particular 
liquid, for two dfferenb values of v, gives us the 
@-value for the outside quid toluene and hence the 
value of «/v? for soluene. 

It will be observed that the value of the measured 
absorption coefficients for the outer liquid toluene 
varies, if not with the vessel size, definitely with the 
liquid in the trap vessel, which 1s rather unexpected. 
Further, it may be noted from the observations that 
the absorption ccefficient 8’ of the liquid inside, 
obtained from measurements of Im for two vessels 
placed at any particular values of x, changes curiously 
with the pair of szes chosen and also, perhaps, with 
the chosen value cf x. 

The absorption coefficient of toluene, obtained 
with a l-cm. trap-vessel containing also toluene, is 
in fair agreement with the usually accepted value 
obtained by other methods. Let us assume that the 
corresponding data measure the phenomenon con- 
sidered correctly. As shown in Table 1, it is found 
that B = 8’ = 0-)247 and Im = 0:42 W., when 
v= 5-5 em. and g=] em. From the general 
relationship we have, immediately, I; = 16-8 W. 
and J, = 19 W., which is about 20 per cent of the 
input energy. Wath these values of the incident 
energy J; and B, the expected wattages at the near 
position for the larger vessels are 1-2 and 1-9 W., 
respectively, which are little larger than the measured . 
values. Somehow, the energy of absorption in larger 
vessels has become slightly reduced. 

The measured wattage, Im, with carbon disulphide 
m the 1-cm. trap-v2ssel, at the nearer position, gives, 
with the same value of I;, the relation 1-32 = 
16-8 {1 — exp(—".1)}. This gives a/v? = 444 x 
10-17 for carbon disulphide. Similarly for benzene, 
we have a/v? = 240 x 10-17. With this absorption 
coefficient the expested wattages, at the near position, 
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with larger vessels containing carbon disulphide, are 
3-6 and 5-5 W. showing a larger reduction of 
measured values than for toluene. With the usually 
accepted high value of a/v? for carbon disulphide and 
benzene, the values of Im would be 11 W. and 2-5 W., 
instead of about 1 W. and 0-7 W. observed. 

On the other hand, with liquid carbon disulphide 
in the outer vessel, one obtains practically no energy 
in the trap-vessel, in the near position, indicating a 
very high absorption coefficient apparently, in 
accordance with the high value obtained by other 
methods. Accurate, measurements of rise of tem- 
perature are, however, not possible under these 
conditions, the temperatures on the different sides 
of the vessel reaching different values. The rise of 
temperature outside the trap-vessel is, on the whole, 
too small to indicate a large absorption coefficient. 

To test this point directly, the rise of temperature 
due to the same ultrasonic source was measured in 
liquid carbon disulphide in a long glass vessel, so 
that practically no energy is likely to be reflected. 
The rise was found to correspond to 1:5 W. only, 
from a comparison with electrical heating. This is m 
correspondence with the-low wattage measured in 
a 5-cm. trap-vessel, which requires a low absorption 
coefficient. The high input ultrasonic energy 1s not 
found to be absorbed as internal energy, degenerating 
into heat. 

It is clear from the above that the ultrasonic 
energy in carbon disulphide is dissipated in other 
ways than internal absorption. In seeking other 
possibilities it was found, by putting lycopodium 
powder in the liquids, that a strong turbulent motion 
is set up in carbon disulphide by ultrasonic waves ; 
a rather smaller turbulent motion is also observed 
in benzene and toluene. It is considered that the 
effective dissipation of energy in carbon disulphide 
and also in benzene is due to turbulent motion. A 
measure of the generating energy of turbulence is 
given by the expression pu‘a-!, where u is the vertical 
component.of velocity. Although accurate measure- 
ments of this velocity component were not possible, 
a rough check indicates that the proportion of the 
energy of turbulence is of the order of the proportion 
of missing energies. 

We suggest, therefore, that the drop in measured 
ultrasonic wattages in the trap-vessels is due to dis- 
sipation of vibration energy to turbulent motion 
developed. The dissipation appears to be more 
effective with larger vessels, which allow the develop- 
ment of turbulent motion ; the energy of turbulence 
appears to be transmitted through the window. 
The small turbulence observed with’ toluene in- 
dicates that the absorption measured by displace- 
ment is not due to conversion to internal energy 
only. This would lower the assumed real absorption 
coefficient of toluene, and thus also for the whole 
set of observations. On the other hand, if turbulence 
has developed from vibratory motion in a small 
vessel, which appears to be probable at least for 
carbon disulphide, the real absorption coefficient 
would be correspondingly increased from the value 
calculated above. 


A. K. DUTTA 
K. SAMAL 
Utkal University, 
Cuttack, India. Oct. 22. 


2 Pinkerton, J. M., Proc. Phys. Soc., 62, 129 (1949). 

2 Dutta, A. K., and Samal, K., Nature, 174, 976 (1954). 

3 Goldstein, S., “Modern Developments in Fluid Dynamics”, 221 
- (Clarendon Press, Oxford, 1950). 
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Non-Isothermal Membrane Potentials 


ALTHOUGH the measurement of isothermal mem- 
brane potentials has received considerable attention, 
we know of no previous work in which the e.m.f. of 
@ membrane-cell has been measured when the two 
halves of the cell are at different temperatures. 
Application of the methods of the thermodynamics 
of irreversible processes to a system consisting of 
two half-cells separated by a membrane yields the 
following equation for Ji, the flux of the ith com- 
ponent, through the membrane: 


Ji = 2 Lae {+ VzaP + Q% dint + RT din ag + eg dp} . 
(1) 


where the Lips are the phenomenological coefficients 
obeying the Onsager reciprocal relations, Ly = Ly, 
Vx is the partial molar volume of the kth species, 
Qg its heat of transfer, ep (= zF) the charge, in- 
cluding sign, per mole of the kth species, and dP, 
aT, dyg (=RZ' din ax) and dy the differences in 
pressure, temperature, chemical potential of the 
kth species and electrical potential, between the two 
half-cells. If the half-cells are well stirred, the valties 
of these parameters are uniform throughout each 
half-cell and all thè above differences occur across 
the membrane. Previous theoretical treatments!? 
have neglected the possibility of temperature as a 
variable, treating only the isothermal case. 

The interrelationship of the various phenomena 
which may be studied with the view of testing the 
predictions of the theory is illustrated in Fig. 1. 
The energy flux, Ju, is normally of no interest but 
is included for completeness. 

The complete examination of even a single mem- 
brane system would entail a long research programme ; 
for the present®, we have concentrated on the measure- 
ment of membrane potential, thermal diffusion 
potential, transport number, electrical conductance, 
electro-osmosis and -self-diffusion coefficient, using 
homogeneous membranes of cross-linked polymeth- 
acrylic acid. 
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Substituting from (1) in the relation : 


T = Z Jger (2) 
k 


and utilizing the definitions of electrical conductance : 


I ` ; 
a = (5) 
' (a aP = 0, dT = 0, à In ap = 0 
and reduced transport number : 


EJ gN 
& = (F5) 
aP = 0,dT =0,dIng, =0 


yields the expression for the potential difference: 


1 Ea 
ap= +3- pia Wear + gant + 
RT dina) (5) 


An equation of this form but without the temperature 
term has been obtained by Kirkwood?, who regarded 
the membranes as a continuous system. At zero 
current, when dP = 0, dln ag = 0, equation (5) 
becomes : 


ay = — 72% GdnT (6) 


Since it is only possible to measure the emf. of a 
membrane cell, the temperature coefficient of the 
reversible part of the coll e.m.f., dErev./dT', must be 
added to dw/d7 to obtain the complete expression 
for the temperature coefficient of the membrane cell, 
dH/dT. Neglecting contact potential differences and 
the thermo-electric effect in the cell terminals, this 
expression is : 


dE- ASV R RT ding uQ 
a eee ces Ree . parce E S eN. 
m tar ™%* oe aT Y FT 


where z; is the charge, in units of e, on the ¿th species, 
to which the electrodes are considered to be reversible. 
Unfortunately, because of the impossibility of 
measuring heats of transfer of single ions, and of the 
uncertainties regarding conventional’ entropies of 
single ions which preclude the evaluation of the 
entropy change for the electrode reaction, AS®°, a 
complete experimental test of this equation is not 
possible. A complete derivation of these equations 
and experimental results will be published elsewhere. 
` G. J. Hars, 
P. W. M. Jacoss 
N. LAKSAIMINARAYANAIAH 
Department of Chemistry, 
Imperial College of Science and Technology, 
London, §.W.7. 
Oct. 16. 


1 Staverman, Trans. Farad. Soc., 48, 176 (1952). 
Beattie “Ton Transport across Membranes” (Academic Press, 
1954). 


3 Lakehminarayanaiah, thesis, University of London (1958). 
$ Guggenheim, “Thermodynamics”, 147 (North-Holland Pub. Co., 
1949). f 


Optical Rotation of the Isomeric Trehaloses 


MoLEouLaR rotation of any glycoside containing 
an optically active aglycone is equal, according to 
Klyne!, to the sum of the molecular rotations of the 
corresponding methylglycoside and aglycone. This 
rule has been used successfully many times for the 
calculation of molecular rotations of the glycosides 
containing steroid substances as aglycones*, later for 
the calculation of molecular rotations of glyco- 
alkaloids®. Hitherto, this rule has not been used 


(3) 


(4) ` 
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for calculations of molecular rotations of disaccharides, 
which can also ke considered as glycosides. Some 
complications are to be expected, as a disaccharide, 
containing two Lexosepyranoid units, can exist in 
at least eleven isomers which differ in their values 
of specific and mclecular rotations. The contribution 
of the aglyconic vart of the molecule will influence 
the molecular rotation of the whole molecule in an 
unknown fashion. 

The calculation of molecular rotation of the non: 
reducing disacchazides is possible on the assumption 
that both parts of the molecule are equivalent ; then 
one can use two values of molecular rotation of the 
methylglycosides :n question, in order to replace the 
value of the aglyconic part by the value of the 
methylglycoside. For the calculation of molecular 
rotations of the three isomeric trehaloses the following 
values of the methyl-p-glucosides were used : 


rA lalo i pilo 
Methyl-a-D-glucopyranoside (H0 + 158:9° + 88-860° 
Methyl8-D-glucopyranoside (H,0 — 342° — 6 640° 
Tetra-O-acetyl-methyl-«-D-glucopyranoside s 
racs! Gi thyl-ED-g) id + 180-5° -+ 47 280° 
a-O-acetyl-methyl-f-p-glucopyranoside 
(CHOL) — 182° — 6:590° 


For the three isomeric trehaloses the following 
values were obtaired (that is, the sum of the values 
of the two methyl-p-glucosides); these are com- 
pared in Table 1 with the values calculated by 
Hudson‘ and those found experimentally. 

With the exception of the values calculated for 
the a,«-trehalose, the coincidence with the other 
values is very good; rather better than those of 
Hudson, which difer very much in the case of the 
isotrehalose. It is interesting that the calculations 
for the neotrehalose agree very well with the values 
found for the less positive products. -~ 

Another caleulazion was carried out for the [«] 
of «-D-galactopyranosy]-8-p-galactose ; the calculated 
value, + 111°, dces not agree, however, with the 


Table 1 











Found 


Calculated according ' 
to experimentally 
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(ref. 4) 


[e]» 
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+ The value given for the dihydrate. 
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values found experimentally’, -+ 67-6° and? + 56°. 
The calculated value for the octaacetate of the com- 
pound mentioned above, + 63-4°, does not agree 
with the value found experimentally’, + 51-+7° 
and + 58°. 

For any other calculations of this kind, experi- 
mental values are lacking. 

A very similar calculation was used, several 
months ago, with complete success, for the calculation 
of [a]p of saccharose and isosaccharose. 


JAROSLAV STANĚK 
Instituto of Organic Chemistry, 
~ Charles University, 
Prague. 
Sept. 10. 
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Occurrence in Butterfat of n-Heptadecanoic 
Acid (Margaric Acid) 


ALTHOUGH it was formerly assumed that the 
saturated and unsaturated fatty acids which com- 
prise butterfat were straight-chained and possessed 
an even number of carbon atoms!, recent work has 
established that both branched-chain saturated acids 
and n-odd-numbered acids are also present. Of the 
saturated odd-numbered acids, n-undecanoic ‘acid 
has been identified in hydrogenated butterfat, 
while n-tridecanoic and m-pentadecanoic acids 
have been shown to occur in butterfat which 
has not been subjected to hydrogenation. In this 
communication the isolation is reported from un- 
hydrogenated butterfat of m-heptadecanoic acid 
(margaric acid). Margaric acid has not previously 
been reported as a component of butterfat, although 
work in this laboratory has shown it to be present 
in mutton fat, in shark liver oil, and in hydrogenated 
ox perinephric fat. It has also been found in the 
free fatty acid fraction of human hair fat?. James 
and Martin? recently reported that their gas-liquid 
chromatographic analyses indicated the probable 
presence of margaric acid in goat milk fat. 

The bulk sample of butterfat (B/36, 37; 
36-66 kgm.) used for the work reported in this 
communication was investigated by means of mole- 
cular distillation of the mixed methy] esters, fractional 
distillation of the resulting concentrates in a ‘Vigreux’ 
column, followed by refractionation of individual 
fractions in a packed column. Fractions with con- 
stants ranging between those of methyl palmitate 
and methyl stearate were bulked together and 


refractionated in a highly efficient spiral column.’ 


Purification was then effected by repeated low- 
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*61-1--61-3° (reported melting points? : 61-3° ; 


” ‘Wolfrom, M. Lọ and Inatome, M., J. 
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temperature crystallization of the corresponding 
acids from acetone and from ether. 

The following chemical and physical properties of 
the fraction isolated (Y2S10S, wt. 13-20 gm.) 
establish it as n-heptadecanoic acid: melting point, 
61-1°); 
when mixed with pure margaric acid (melting point 
61-1-61-2°) it gave melting point 61-1-61-4°; 
saponification equivalent 269-6 (cale. for CyyH3,02; 
270-4); combustion analysis (carried out by Dr. 
A. D. Campbell, Chemistry Department, University 
of Otago, Dunedin, New Zealand), C, 75-7; H, 
12-7 per cent (cale. for Cı;Ha40a: C, 75-5; E 12-7 
por cent); iodine value 0:0; X-ray long-spacing of 
sample crystallized from benzene, 39:6 + 0-5 A. 
(reported values‘: 40-45 A., 40-3 A.,; 40-05 A. 5); 
methyl ester, melting point 28-9-29-3° (reported 
melting point, 29-7°) ; n% 1-4348. As is character- 
istic of odd-numbered long-chain normal fatty acids, . 
fraction .Y2S10S shrinks from the wall of its con- 
taining glass vessel. 

We are much indebted to Dr. G. G. Claridge, of 
the Soil’ Bureau, Department of Scientific and 
Industriel Research, Wellington, New Zealand, for 
the X-ray diffraction measurement reported in this 


communication. Í 
R. P. HANSEN 
F. B. SHORLAND 
N. Jonze Coors 

Fats Research Laboratory, 
Department of Scientific and Industrial Research, 
Wellington, 
New Zealand. 
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Excretion Equations and Interpretation 
for Digitoxin 


Tae recent communications of Stern!, and Hough, 
Barnard and Bassir®, have dealt with equations for 
the mathematical interpretation of experimental 
urinary excretion data. Approximately exponential 
excretion appears to be typical of the process for a 
number of substances taken into the body; and 
several experimentalists have employed this con- 
cept®-*, The rate constants which may be determined 
lend themselves to convenient tabulation or discussion. 
in terms of scalar units*-®. 

An appreciable segment of the urinary excretion 
curve (also blood or other tissue concentration curves) 
frequently approximates to the shape of the common 
die-away curve, defined by the equation : 


= 0, exp(—kt) (1) 


In terms of urinary excretion, after attainment of 
pseudo steady state diffusion conditions in the body, 
the terms may be defined as follows: C is amount 
of unexcreted substance following a single dose; C, 
is apparent. maximum amount of excretable sub- 


‘stance; k is the specific velocity constant charac- 


terizing the elimination process; and ¢ is time. 

Straight-line graphical evaluation of k is accom- 
pia by putting equation (1) in its logarithmic 
‘orm : 
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“tog Oo + log Ce ~ (2) 















F Tm 


shown that a plot of the dwe in C for 
crement of t is also a straight line having 
e as equation 2. This follows from the 
ee the differential form of the first-order 


A EN (3) 


(4) 


equations (1) and (2), when :applied to 
etion data, require a knowledge or de- 
the amount of drug entering the tissues 
de. of maximum excretable substance 
letermine k, equation (4) does not. It 
knowledge of the amount of substance 
, series of reasonably equal time-intervals, 
‘latter preferably are. somewhat less. than 
logical half-life of the drug*. This equation 
and its applications to the calculations of disappear- 
tes of substances or drug activities from the 
ild appear to be useful especially following 
here the: degree: of absorption isun- 
where bioassay is required and may 
active products of biotransformation. 
application of equation (4) is illustrated in 
















ers and Bland’, describing the average urinary 
nof digitoxin and its active derivatives from 
human subjects receiving a single oral 
digitalizing dose of digitoxin. Though this 
‘is not a rigorously correct. mathematical 
tion of equation. (4), its use in this manner 
itutes, under the conditions of the study, a 
her good approximate evaluation of the total 
disappearance rate for digitoxin activity. 

The graph indicates an apparent biological half-life 
of approximately 5-3. days corresponding to k of 
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Fi ig age s dally urinaty excretion of digitoxin agtivity for 
| thirtee subjects after single ge dose of 1-2 mgm. Data from: 
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with the bioassay data of Friedman, Bine, : 
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about 13 per cent/day. One may estimate the total 
average urinary digitoxin-equivalent excretion of 
the subjects by acding the values of the activities 
excreted per day, until the process is virtually 
terminated. When this is done for the data in Fig. 1, - 
slightly more than 40 per cent of the activity of the 
original dose may ke accounted for in the urine. The 
remainder of the activity possibly is lost primarily 
through metabolisra. 









i iing of the rate- 

constant: suggests that about 13 per cent of the 

digitalizing dose is dissipated within one day, 13 per 

cent of the remaining dose the day, ete. Fora. 
1-2 mgm. dose, this implies that activity correspond- 
ing toa 0-16 mgm: oral dose is lost during the first 

day. The usual daily adult dose for maintaining 

digitalization generally varies between 0:10 and 

0-20 mgm. of digitoxin. The calculations applied to 

these data may afford a theoretical: rationalization 

of a well-established dosage regimen. 


T OSEPH yV. SwintosKy 


Smith, Kline and French Laboratories, 
Philadelphia L Pooneylvanin. 
Oct 10. ; 
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Dr. J. Swrntosry has made a valuable addition to 
the literature of urinary excretion equations by 
enabling a specific velocity constant, k, to be derived 
from the rate of uzinary excretion. The meaning of 
k is not discussed and superficially it- appears to 
depend only on excretion. Our work on inulin has 
shown us that this is not the case, and it appears 
useful to give a more general derivation of Swintosky’ §: 
equation (4) and also to assign a physical meaning: 
to the constant K of that equation. — 

If the quantity of substance excreted; U, is to 
show a simple exponential growth curve; then the 
rate of eliminatior by other processes must also ‘be 
directly proportioral to the quantity of substance, 
C, still not elimirated. Mathemelicaly, 

aC = — tee; @ 
where k, and k, are the specific seloity constants for 
excretion and the other processes of elimination. 
Integration yields 


k,C, 

= E [1 — exp {f+ 

E, aj Ut 
where O, is the quantity of substance to be eliminated. 
In simple cases C, will be the quantity of drug ad- 
ministered ; but ic many eases it will be less, as drug 
absorption may be incomplete, particularly after oral 
administration. 

The maximum value of U, Swintosky’s Ce, is 


k0, 
kı ky 


=H 0. (1) 


(kı +k] (2) 


y= 


(3) 
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From equation (2) is obtained 


dU _ _ (ky + yt 

ad a303 © BHC, (4) 

—_ is the equivalent of Swintosky’s equation (4). 
us 


k = k, +k; K = logk,C, = logkC, (5) 


Swintosky’s specific velocity constant, k, is seen to 
depend on all processes of elimination in the same 
manner. K enables a value of O, to be found and, 
used with C, and k, enables k, and k, to be estimated. 

In fact, it is not possible to measure the rate of 
excretion, but only the average value, E, over a 
period, 7. It is not difficult to show that if E is 
used instead of dU/dt, K becomes: 


log a {1 — exp(— kT)} (6) 


log 


If the data on digitoxin are re-examined in this 
way, then C, = 580 pgm. 
James Hoven 
Physics Department, 
University, Hull. 


yperprotection against Radiation by 
icine! thes Addition of Cysteine with 
Lyophilization 


By the addition of protective agents, such as broth 
and gelatin, it has become possible to obtain X-ray 
survival curves for phages in solution which are the 
same as those obtained from dry phages’, thus making 
it possible to interpret the results as being due to 
direct hits of the radiation on the phages. This 
attractive possibility has been rendered tenuous by 
the finding of hyperprotection by irradiating at low 
temperatures* or by irradiating in the presence of 
agents such as cysteine’. Both these devices decrease 
the slope of the survival curves by a factor of about 
l-4. The purpose of this communication is to present 
a technique which decreases the slope of the survival 
curve by a factor of about 2-5. 

T2 coliphages in 4 per cent broth were frozen by 
being dropped into an aluminium cup standing in 
‘dry ice’, and were irradiated with 100 kV. X-rays 
(half-value layer 2-0 mm, aluminium) while at ‘dry- 
ice’ temperature. The cups were then placed in pre- 
cooled test-tubes standing in a salt — ice bath (about 
— 20°C.) and pumped through a manifold and a 
trap by a ‘Highvac’ pump. ‘The preparations are 
pumped for 4-5 hr., which is about twice as long as 
needed to make them dry, as judged by eye. The 
preparations were reconstituted by being dropped 
into broth at room temperature and are then assayed. 

The results of twelve experiments with broth and 
sixteen with 0-15 M cysteine added to the broth are 


Table 1. FRACTIONAL SURVIVAL OF T2r aT VARIOUS X-Ray DOSES 
(10,000 R./MIN.) 





12 min, | 24 min. 
0-061 | 0-0041 | 
0-091 | 0-010 
0-11 | 0-017 
0-093 | 0-014 


0 min, 
1-00 
1-00 
1-00 
1-00 


Broth solution at 0° C, 

Frozen, irradiation at — 73° C. in 
broth 

Frozen, irradiation at — 73° C. in 
broth plus 0:15 M cysteine 

Frozen, irradiation at — 73° C. in 
broth, dried at — 20° C. 

Frozen, irradiation at — 78° C. in 
broth plus 0-15 M cysteine, dried 
at — 20°C. 


1-00 0-42 0-10 
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given in Table 1. The survival due to other treatments 
is also given, by way of control experiments. ‘That 
the increased survival is not due to the combination of 
the effects of cysteine and low temperature is clear, 
because preparations treated this way, but not dried, 
show a smaller increase of survival. 

The added effect due to the presence of cysteine 
is very probably not due to inerease of concentration 
of cysteine due to sublimation, because the con- 
centration used gives maximal protection in non- 
frozen solutions. Accordingly, we have tentatively 
adopted the postulate that the protective action may 
be due to irradiated cysteine, which could be ex- 
pected to be concentrated by the sublimation. If 
this postulate is adopted, the experiments offer 
evidence that the mechanism of protection is that 
of repair of damage to the phages, because the 
concentrated protector should be unable to get to 
the phages until the samples are again in solution ; 
this is long after the radiation has done its damage. 

This investigation was supported by research grant, 
E-805, from the National Microbiological Institute, 
National Institutes of Health, U.S. Public Health 
Service. 

H. T. EPSTEIN 
D. Scuarpn 
Brandeis University, 
Waltham, Mass. 
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A Technique for One-Stage Bilateral 
Adrenalectomy in the Rabbit 
Reports of total adrenalectomy in the rabbit are 
indeed few in number‘. In general, bilateral adrenal- 
ectomy in this species has been accomplished in two 


stages and has been attended by high mortality. We 


have been impressed by the desire of many in- 
vestigators to utilize the totally adrenalectomized 
rabbit in experimental studies and with the fact that 
this desire has often been frustrated because of tech- 
nical difficulties following one-stage adrenalectomy. 
Most workers are able to remove the left adrenal 
with ease, but attempts to excise the right adrenal 
gland, even at the hands of a skilled surgeon, often 
result in fatal hemorrhage from the vena cava. 
This occurs because the capsule of the right adrenal 
is connected to the adventitia of the inferior vena 
cava in this species. 

The purpose of this communication is to present 
a technique for one-stage bilateral adrenalectomy in 


b. 
Se a << 


Fi „stage adrenalectomy : 
(a) McKenzie brain clip applying forceps ; (b) chalazion forceps ; 
to silver clips 


g. 1. Essential instruments for total one 
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the rabbit which has been developed in our lab- 
oratories and which can be performed by unskilled 
operators with an overall mortality of less than 10 per 
cent. Actually, in our studies of the role of the 
adrenal gland in infection and intoxication in the 
rabbit, we have performed total one-stage adrenal- 
ectomies in more than five hundred rabbits by this 
technique. The method is simple and rapid, and 
should be of value to anyone wishing to study the 
adrenalectomized rabbit. 

The necessary instruments are sterilized and kept 
under aqueous zephiran (l per cent). The three 
essential instruments include the chalazion forceps, 
the MeKenzie brain clip applying forceps and neuro- 
surgical-type silver brain clips specially designed for 
this purpose (Fig. 1). 

Adequate pre-operative preparation of rabbits 
consists of intramuscular injections of 25 mgm. 
cortisone, 5 mgm. deoxycorticosterone acetate, and 
250,000 units aqueous penicillin, one or two hours 
prior to surgery. Nembutal anesthesia is given 
intravenously in a dosage of 0-4 c.c. per kgm. but 
not exceeding 1-2 c.c.; the required depth of 
anesthesia is then completed by cautious administra- 
tion of ether, by cone. 

A generous ventral incision is performed under 
sterile conditions, after careful shaving and prepara- 
tion of the skin, and extends from the xiphoid to the 
level of the iliac crests. The intestines are carefully 
displaced and enclosed in sterile towels soaked with 
warm isotonic saline, revealing the right renal area. 
The renal fascia is incised around the borders of the 
right kidney, and the latter is reflected medially to 
obtain exposure of the right adrenal bed. Dissection 
of the right adrenal gland is accomplished by use 
of a blunt probe and is facilitated by ligation of the 
lumboadrenal vein as it enters the inferior vena cava, 
and the use of saline-soaked sponge in keeping liver 





Fig. 2. Silver clip in place. 


Right adrenal 
chalazion forceps, readied for excision by sharp dissection between 
forceps and clip 


land enclosed in 
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Fig. 3. Right adrenal excised, right kidney replaced, clip in place 


lobes from the field. Careful dissection of the superior 
and inferior poles of the right adrenal allows complete 
enclosure of the glaad in the chalazion foreeps. The 
neurosurgical clip is then applied as shown, so as to 
include a minimum portion of vena cava immediately 
adjacent to the adranal gland (Fig. 2). The adrenal 
gland is then excised by sharp dissection between 
the chalazion forceps and the clip (Fig. 3). The 
excised gland is examined at this time for complete- 
ness of the adrenal capsule; if the latter has been 
interrupted, the ancmal is discarded, since we have 
found that when any portion of the capsule is left 
behind, the glanduler tissue readily regenerates. The 
right kidney is then replaced, and the left adrenal is 
similarly approached. Use of the silver clip is not 
absolutely necessary on the left side, but is a con- 


venience. Closure is accomplished in layers, using 
000 or 0000 silk. 
When well praetised, the procedure requires 


approximately fifteen to twenty minutes per rabbit. 
The principal difficulty encountered is hemorrhage 
at the right adrena site due to inadequate or poor 
apposition of the neurosurgical clip surfaces (these 
clips are similar to the hemostatic silver clips used 
by the neurosurgeon, but are somewhat longer, being 
1 cm. in length; they are prepared locally from 
silver wire by our scientific apparatus shop. The 
McKenzie forceps are specially grooved to fit clips 
of this size). The mortality at surgery is, however, 
reducible to less than 5 per cent. In our experience, 
anatomically identifiable accessory adrenal tissue is 
present in less than 1 per cent of the rabbits of the 
stock we have been using. 

Post-operative requirements include frequent 
changes and replenishment of water containing 
sodium chloride anc sodium bicarbonate, and strict 
attention to cleanliness, constant temperature, and 
minimum handling :n the animal quarters. 

This investigatior was aided by grants from the 
U.S. Public Health Service (7988 and H-2085), Helen 
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Thyrotrophic and Gonadotrophic Hormone 
Contents of Pituitaries and Blood of 
Dogs during the Winter and Summer 


SIXTEEN mature mongrel dogs were used in this 
experiment. They were obtained from the Isolation 
Hospital at Abbassia, Egypt. Three males and five 
females were obtained during the summer (August) ; 
four males and four females were obtained during 
the winter (January). The females were ancestrous, 
non-pregnant and non-lactating. The pituitaries of 
the dogs of the same sex and season were pooled, 
and equal parts of the plasma of individuals of the 
‘same group were also pooled. 

The: thyrotrophie and gonadotrophic hormone 
eontents of the pituitaries and blood were determined 
by the use of the chick assay method!, Groups of 
chicks corresponding to each of the dog groups were 
given daily doses of either 1 mgm. pituitary in 0-5 ml. 
of saline or 1 ml. of plasma for four days. The 
weights of the chick thyroids indicated the level of 
thyrotrophic hormone, and the weights of the testes 
the level of gonadotrophic hormone. 
- ‘The results obtained are shown in Tables 1 and 2. 
From these findings it appears that the thyrotrophic 
‘and gonadotrophic hormone contents of the pituitaries 
are not altered by season. Similar results were ob- 
tained in studies with the ewe*?, The rate of pro- 
duction of these hormones, however, is altered by 
` geasonal variations, as indicated by their level in the 
blood, - 
“able 1. TEYROTROPHIC AND GONADOTROPRIO HORMONE CONTENTS 
OF. DOG'S PITVITARINS AS INDICATED BY WEIGHTS OF THYROID AND 
: wees TESTES OF 1-DAY-OLD MALE CHICKS 


F 








ie : Thyroid wt. Testes wt. 
“Season Sex of > No. of | (mgm./100 gm. | (mgm./100 gm. 
; dogs chicks body-wt.) body-wt,) 
| Summer | -Male 5 8-57 + 2-01* | 39-10 + 10-71 
es. < Female 8 12-94 + 1-38 | 41-284 6°81 
Winter Male 6 $13 40-59 | 80-684 4-09 
: Female 5 46-31 + 1:11 40-51 + 7-97 
Control : 
chicks —_ 9 5-27 + 037 


25:17 + 3:12 





* Standard error. 


Table 2. THYROTROPHIOC AND. GONADOTROPHIO HORMONE CONTENTS OF 
Doe's BLOOD. AS INDICATED BY WEIGHTS OF THYkoID AND TESTES 
ae 3 ‘OF 1-DAY-0LD MALE CHICKS 




















: E: REO nee Thyroid wt. Testes wt. 
po Beason Sex of | No.of | (mgm./100 gm. | (mgm./100 gm. 

DORSAL ash dogs) -ehicks body-wt. body-wt.) 
Summer | Male - 4 620 + 0-32 | 38-51 -+ 3-93 
Female. 4 10:37 = 0-52 | 31-82 + 6°17 
Winter Male- 7 | 1077.4 090-1 22-144. 2-20 
-Female 8 15°70. + 1-60 27-03. + 1:56 

E Standard error. j 
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-The thyrotrophic hormone content of the blood 


~ owas higher daring the wimter than during the summer, 


both in male and female dogs: The level of gonado- 
trophic hormone in the blood tends to rise during 
the summer as compared to the winter level. These 
differences proved to: be statistically significant. Si 
The -gonadotrophic hormone content of -the 
pituitaries of male and female dogs did not show a 
statistically significant difference; but the thyro- 


trophic hormone content of the pituitaries and blood.) 


of female dogs was significantly higher than that of- 
the males, during both seasons. 
Fovap A. Souman 
Department of Physiology, 
Faculty of Veterinary Medicine, 
University of Cairo. 
Y. S. GHANEM.- 
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Comparison of Interphase and Prophase vue 
in Isolated Rat Liver Nuclei 


Ir has often been found that isolated interphase 
nuclei can be made granular or homogeneous arti- 
ficially by alteration of the composition of the medium © 


in whieh they are suspended’*; and there is an 
obvious possibility that this is related to the con- 
densed and decondensed states of chromosomes in- 
prophase and interphase respectively, that is, that 
the change from interphase to prophase is merely a 
‘granulation’ produced by a change in physical — 
properties of the cell sap. The only apparent differ- 
ence is that artificial granularity in isolated interphase 
nuclei is of finer texture, that is, the granules are 
smaller and probably more numerous (though difficult 
to count) than the chromosomes in natural prophase.: 
A simple explanation of the difference in texture = 
could be based on analogy with crystallization, for 
example, of proteins, where in some cases fine texture 
results from too rapid change in the medium. We 
therefore tried to ‘crystallize’ chromosomes in isolated 
interphase nuclei by changing the medium continu- 
ously over periods up to a few hours, by dialysis or 
by drop-wise additions with gentle stirring. 

The changes tried, each of which produced granu- 
larity when applied suddenly, were increase of ionic 
strength from 0-03 to 1-03, decrease of pH from 7-0 
to 5-1, addition of magnesium chloride (0-008 M), 
addition of protamine (0-02 per cent) and addition 
of histone (0-05 per cent). The result was negative, 
that is, in no case was the texture noticeably coarser 
than when the same change had been produced 
suddenly. This is illustrated by the phase-contrast 
photographs (Fig. 1), where (a) shows a typical 
isolated nucleus kept in the homogeneous condition 
(except for the nucleoli) by suspending in a medium 
similar to that recently described by us*, which gives 
a good imitation of the normal interphase appearance 
inside cells; (b) shows a nucleus from part of the 
same suspension to which $ vol. of the same medium. 
plus 0-1 per cent histone had been added suddenly; _ 
(c) shows. one from another part to which the his. 
tonized medium had been added drop-wise with gentle — 
stirring over a period of two hours; and (d) shows a. 
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Fig. 1. a, b,c, d, e, J, g, h, j, k,l, m, from top left across to 
bottom right 


prophase nucleus, occurring in a suspension of nuclei 
from regenerating rat liver in the medium used for 
(a). On careful examination, it will be seen that the 
texture in (c) is not noticeably coarser than in (b), 
and that both are finer than the texture in (d), 
suggesting either that the condensation of chromo- 
somes at prophase is more than a mere ‘crystalliza- 
tion’ of nucleohistone, or that we have not found 
the right conditions for crystallization. Under the 
conditions of this experiment there was less tendency 
for the granularity to be concentrated at the periphery 
than in the experiments previously described by us’. 
The regenerating liver was produced by 70 per cent 
hepatectomy two days previously’. Condensed 
chromosomes were found in all three sizes of nucleus 
which occur in rat liver, diploid (l), octoploid (m), as 
well as in the most frequently occurring’ tetraploid 
size shown in (d). 

The erystallization hypothesis is also opposed by 
the fact that the chromosomes in (d) are condensed 
even though they are in the same normal medium as 
the interphase nucleus in (a), which is homogeneous. 
It is possible that the interphase nuclei are ‘super- 
saturated’ in this medium and will crystallize into 
condensed chromosomes without change of medium, 
given time ; but we have not seen this happen during 
three days. It seems, therefore, that prophase chromo- 
somes are less ‘soluble’ than interphase ones, which 
could be due to the possible presence of more histone. 
We tested this by adding to the prophase nucleus a 
little potassium triphosphate, which is one of several 
reagents that can remove histone competitively from 
its salt-like combination with nucleic acid. This 
experiment is illustrated in (d) to (g), where (d) is the 
prophase nucleus in normal medium ; (e) is the same 
nucleus made homogeneous by perfusion on the slide 
with 0-03 M potassium triphosphate ; (f) is the same 
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still homogeneous efter returning to normal medium ; 
and (g) is the same with the original discrete chromo- 
somes regranulated by addition of 0-01 per cent 
histone. A group of interphase nuclei from the same 
preparation is shown for comparison, (/:) in normal 
medium, (j) in 0-03 M potassium triphosphate and 
(k) in 0-01 per cent histone. It is seen that the 
prophase nucleus became homogeneous as expected, 
and remained so when returned to normal medium ; 
but though thus resembling an interphase nucleus it 
was not identical, because when histone was added 
it became granular with the original coarse texture, 
showing that the chromosomes were still in the discrete 
prophase form. 

The above experiment shows that some structural 
difference between prophase and interphase nuclei 
persists even when both are homogeneous. It might 
be, for example, that in interphase the chromosomes 
are cross-linked to 2ach other by some bonds that are 
broken in prophase. If these bonds are electrovalent 
they should be loosened at high ionic strength, 
possibly just befors the loosening of internal bonds 
which causes nucleoprotein to pass from the homo- 
geneous gel to the sol form and to diffuse out through 
the nuclear membrane. Experiments on these lines, 
at ionic strengths up to 2-4, with or without addition 
of protamine or hstone to suppress sol formation, 
were unsuccessful. Other possible cross-links (which 
might be present ir the non-histone protein to which 
Mirsky and Ris* and Dounce and Monty’ attach 
structural importanze) are hydrogen bonds or—S—S— 
bonds as in keratin. but addition of 5 M urea, 0:5 M 
potassium thioglycollate and 0-15 per cent histone, 
which should break these bonds while granulating the 
interphase nuclei, failed to produce the desired coarse 
texture. 

We conclude thet interphase and prophase differ 
in at least two proverties, degree of granularity and 
fineness of ‘latent texture’ (‘latent’ because only 
observable in the granular state). We can alter the 
degree of granularisy at will by many methods, but 
all our attempts to alter the fineness of the latent 
texture have so far failed. 

We wish to thank Mr. R. Gutsell for assistance. 

J. Sr. L. PHILPOT 
J. E. STANIER 
Radiobiological Research Unit, 
Atomie Energy esearch Establishment, 
Harwell. 
Oct. 15. 
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6-O-Acetylglucose: a New Metabolite formed 
by a Cobalamin-producing Strain of 
Bacillus megaterium 


Ir was shown by paper chromatography that a 
cobalamin-producing strain of B. megaterium (N.C.1.B. 
No. 8508) gave a eomparatively large amount of a 
new metabolite. This was a carbohydrate with 
Rg 0-28 in butanol-wvater at 30°, reducing ammoniacal 
silver nitrate and giving a brown colour with aniline 
phthalate. 
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bi a typical experiment the strain was grown for- 


4- days ab 28° in a medium containing mineral sijia 
and 4 per cent (w/v) glucose (in some cases 0-2 

cent. (w/v) ‘Difco’ yeast. extract was added). Tho 
centrifuged medium was treated with ion exchange 
resins to remove inorganic material, evaporated at 
30° in vacuo, and the metabolite was isolated by 


chromatography ona cellulose column. The infra-red 


spectrum showed that the substance was an acetylated 
glucose with a pyranose ring structure!. It crystallized 
from water as minute prismatic rods with melting 
‘point 133° and [a]2? + 48° at equilibrium (c, 4-0 in 
water); (Elementary analysis gave: ©, 43-1; H, 
6:29. CyH,,0, requires C, 43-2; H, 6-35 per cont.) 


“Hydrolysis with acid gave glucose {identifed by 


paper chromatography, by optical rotation and as 
the osazone, melting point and mixed melting point 
211°) and acetic acid (identified by Duclaux numbers, 
by paper chromatography and by X-ray powder 
photography of the sodium salt), The hydrolysis 
products were present in equimolar proportions. 
Acetylglucose formed a phenylhydrazone, melting 
point 134-36°; [a] — 13° (c, 1-3 in water) (found : 
CH,CO, 12-9; N, 8-6. C,,HsO .N, requires CH,CO, 
13-8; N, 8:97). The acetyl residue was partly re- 
moved under the conditions used to form the osazone 
and. only glucosazone was isolated. With modified 
conditions a suspected acetylglucosazone was obtained 
(found: CH,.CO, 9-9; C,,H.,,0,;N, requires CHs.CO, 
10°8) with an infra-red spectrum very similar to that 
of glucosazone but with an additional band at 5-79y. 
corresponding to an acetyl carbonyl group. 
“Acetylglucose did not form a trityl ether under 


_the conditions normally used for reaction at the 
primary, alcoholic group. 


«Oxidation with periodic acid gave a clear indication 


-of the structure of the acetylglucose. The ester 


{111-2 mgm.) was treated with the appropriate 
amount of periodic acid in bicarbonate buffer as 
described by Reeves*. No formaldehyde-dimedon was 
obtained and other experiments showed that the ester 
was oxidized to give formic acid. 

Bell? has indicated that periodate oxidation with 
production. of formaldehyde affords a reliable qualita- 
tive test for the presence of free primary hydroxyl 


„groups, and Manson and Lampen* have characterized 
“<a 2-deoxy-p-ribose 5-phosphate because it failed to 
yield formaldehyde on oxidation with periodate. 


It follows that the new metabolite is 6-O-acetyl-p- 


i glucopyranose. Since it can be produced from a growth 


experiment ina yield of not less than 20 per cent (on 


_ the basis of the total glucose initially used) there 


is no doubt that it is one of the major products of 
metabolism of this strain. 
A total of fourteen strains of B. megaterium have 


been examined: (N.C.1.B. No. 2605, 7581, 8508 and 


eleven others, obtained by courtesy of Dr. Ruth 


“Gordon, Institute: of Microbiology, Rutgers Univer- 


sity): Of these, only three produced acetylglucose. 
Cobalamin production has been reported in the case 


of ten of the strains? and was highest (as was acetyl- 


glucose production) with the strain used in this work. 
A relation between the metabolites is not apparent 


fromthe above. 


Tt was shown that resting cells of the organism 
were able to synthesize the ester from glucose and 
that pyruvate increased the amount produced in 
4 hr. (Table 1). 

The results suggest that pyruvate acts as a source 
of active acetate... The presence of phosphotrans- 
acetylase was demonstrated in a cell-free extract 


Table 1, SYNTHESIS OF AcHTYLGLUCOSE FROM GLUCOSE BY BRESTIN 
CELLS oF B: megaterium N.C.1B. $508. THE Ervect OP PYRUVATE. 


| z Acetylglucose formed (umo'es) 
Time (hr.} — Laue) 











- Glucose only Glucose + pyruvate 
A n 
13 37 








Filter flasks (100 mi.) were charged with glucose (890 uM) in water a 
(2 ml.}, washed cell suspension (4 ml. dry weight 38 mgm. Jml. in’ 


0-1 M phosphate buffer of pH 70), and ‘puffer (2 ml}, or sodium pyru- © | 


vate (1,450 aM) in buffer Qml.). Each flask was exhausted, charged 


with oxygen through the side A and shaken in a shermostatic bath © | 


at 28°. Samples were removed at intervals and cells removed by 
centrifuging or by passing through a bacterial. filter, Acetylglucose: 


was estimated by comparison with a standard ona paper chromatogram > 
with the ald of a Joyce-Loebl recording doubie-beam reflectance | 
densitemeter. The filter flasks were refilied with oxygen after temoving a 


each sample. The pH remained unchanged at the initial value of 7 “0 a 
throughout the experiment. : 


(prepared by grinding the cells with aluminat) by the | 
method of Stadtman ef al.’, suggesting that either _ 
acetylooenzyme A or acetyl phosphate could par- 
ticipate in the synthesis. K 
Details of the above and related work will be- 

submitted for publication elsewhere. We are in- | 
debted to Mr. W. A. Mitchell of this Institute for. 
taking the X-ray powder photographs. 

R. B. Durr 

D. E WEBLEY. 

V., C. FARMER — 
Macaulay Institute for Soil Research, 

Countesswells Road, 

Craigiebuckler, Aberdeen. Oct. 18. 
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Incorporation of Phosphorus-32 and Muta- 3 
genesis during Spermatogenesis in Drosophila 


RADIOACTIVE isotopes may be used as a source of 
radiation not only for tracing biological processes but 
also for influencing them. The following is a summary 
of the results of some experiments utilizing a com- 
bination of these two principles, in that the incor- 
poration of radioactive phosphorus has been followed 
during spermatogenesis in Dresophila melanogaster, 
and at the same time the genetic effect of the radio-. 
active decay of the phosphorus atoms has been | 
measured. The genetic and metabolic effects of the ” 
decay of phosphorus-32 have been investigated byo 
several authors in different materials: in Droso- 
philat4, in Habrobracon®, and in micro-organisms*. 

In the present experiments, newly eclosed males. - 
were fed a single meal of a sugared solution of 
phosphorus-32. They were then mated daily to an 
excess of fresh virgin females, some of which were used 
for measuring productivity and induced sex-linked 
recessive lethals, and others provided collections of 
newly ripe sperm in which the radioactivity was 
measured after fat extraction and hydrolysis as for 
Feulgen’?. Results from one typical experiment are. 
presented in Table 1. 

The mutation curve obtained from these daily: — 
broods and the activity curve for the sperm are- 
presented in Fig. 1. It is seen that the shapes of the 
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: Table L SUMMARY OF Dara FROM ONE EXPERIMENT WITH Drosophila 
: ‘MALES FED WITH PHOSPHORUS-32. ONE GROUP (a) OF 15 
i & WERE yamp FOR INCORPORATION MEASUREMENTS AND ANOTHER 
or 10 msd FOR GENETIC MEASUREMENTS. DAY 1 ACTIVITIES IN 
2 IN THE Two GROUPS WERE 14,200 + 750 (a) AND 

; 17,100 41,500 (b) 



















Sex-linked C.p.m, in 2 
odo recessive C.p.m. | per df per 

tested | lethals in b in 99 |e.p.m.in gd 
be} (percent) ina | per offspring 
2174044 63-1 1°34 x 10-* 
27940 3 461 0-49 x 10-* 
0-994-0-26 50-8 0-42 x 10-* 
2-464-0-56 50-6 0°83 x 10-* 
2:74 40:06 47-4 0-95 x 107$ 
4 €°89-40°99 63°3 1-72 x 10-* 
10-2242 58 42:7 4:17 x 10°* 
2945-26-19 202 2-58 x 10-8 

eh are very similar, suggesting some sort of 


relationship between the two observed phenomena. 
— esent, the results do not permit any definitive 
jon... The shape of the present mutation 
mewhat different from the curve obtained 
o irradiation; but 
ether this difference should be attributed to the 
7 protracted beta-irradiation suffered by the testes in 
- the present experiments, or if there are other causes 
to be considered. 
: ie close correlation found between incorporation 
and mutation is, however, intriguing, and one is 
tem) tempted to suggest the following alternatives : 
ü) The mutations are caused by the transmutation 
Sp orus-32 atoms incorporated in the genic 
|; and the correlation between the curves 
68 a true causal relationship. 
(2) The mutations are caused by radiation emitted 
the phosphorus-32 contained in the whole fly, 
orrelation reflects a coincidence in time of 
ion activity and mutagenesis. 























ae ee ê 7 8days 


Incorporation. , Sex-linked recessive - 
„ counts per min. after batkgro’ 
ber male > per .p.M., Per offspring 
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If only the first of these alternatives is true, it 
probably means thet all the phosphorus-32 remaining 
in the sperm and seminal fluid is the phosphorus in 
deoxyribonucleic aeid. It would also mean that the 
level of radiation “rom. phosphorus-32 in the fly in 
general is so low shat it has- very little mutagenic 
effect. 

If only the second alternative is true, it means 
that there is a correspondence between phosphorus 
incorporation and sensitivity to the mutagenic action 
of radiation. If it is permissible to generalize, one 
might put it that the curves indicate a correlation — 
between synthetic activity—that is, certain aspects 
of metabolism in general—and radiosensitivity. This’ 
might have some bearing on the mechanism of anoxic 
protection, and also protection: Through some chem- 
icals, for example, cyanide. = ` 

It is hoped that experiments now under way will 
make it possible te determine to what extent each 
of these mechanisms is responsible: for the. genetic 
effects observed. 

The technical assistance of Miss Brit Falck Madsen 
and of Mrs. Sonja Thon Johansen. is gratefully 
acknowledged. The investigations. have been made 
possible through a research fellowship from. the. . 
Norwegian Cancer Society (P. O.) and a research. 
grant from the Norwegian Defence Research Estab- 
lishment (J. M.). 
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Effect of Carcinogenić Compounds on the 
Hzmatin-catalysed Oxidation of 
Unsaturated Fat 


Errorts aimed at establishing | a biochemi 
mechanism for carcinogenic action have includ 
studies of the inhibition of unsaturated lipid oxidation: 
by carcinogenic ecmpounds!, The hematin cóm- 
pounds, particular y hemoglobin, myoglobin and’ 
cytochrome c, appear to be the main catalysts of . _ 
unsaturated lipid oxidation ocecurring in animal =» 
tissues. This reaction has been postulated to be of 
prime importance in many types of pathological 
unsaturated. fat oxidation im vivo®, This report 
presents results of studies undertaken in an attempt 
to demonstrate what, if any, effects were induced 
by the presence of certain carcinogenic compounds 
in in vitro heratin-catalysed unsaturated fat 
oxidation systems. 

Two different ursaturated fat. oxidation systems, 
a cod-liver oil emulsion and a linoleic acid emulsion, 
were utilized in this study. The lipid emulsions were 
prepared by adding 10 ml. of linoleic acid (60 per 
cent, Nutritional Beochemicals) or 10 ml. of cod-liver oe 
oil (iodine number 144, McKesson and Robbins) to E 
















=20 ml. of 0-1- M phcsphate buffer (pH 7-0) containing 


0-25 ml. of ‘Tween. 40’ (polyoxyethylene sorbitan 
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‘ratihopaimivsts), The resulting mixture was “passed. 
E three ‘times through a hand homogenizer. The 
E7 carcinogens studied, namely, dimethylaminoazo- 
“benzene, o o-tolylazo-o-tolylazo-8 -naphthol, 1,2,5,6-di- 
benzanthracene, 3,4- benzpyrene and 3-methylchol- 
anthrone, were added in the lipid phase. Aliquots 
of 3-0 ml. of the prepared emulsions were put into 
* the main compartment of Warburg vessels, the side- 
arm of which contained 1-0 ml. of a 2 x 10-4 Af 
. hamatin or a 5 x 105 M hemoglobin solution. 
> Following an equilibration period, the contents of 
the side-arm were mixed with the emulsion, and the 
erate of oxidation, at 37°C. in the presence of pure 
oxygen, was measured using conventional manometric 
techniques. Carcinogen concentration in the final 
suspension was either 10° or 10 M. 
The rate of oxidation of the hæmoglobin-catalysed 
linoleic acid emulsions is substantially greater than 
that of the haematin-catalysed cod-liver oil emulsion, 
although the rate in either case is quite rapid. A 
short initial induction period of approximately 0-1 hr. 
was observed in the cod-liver oil system; following 
this brief induction period, the rate of oxidation was 
essentially constant over the period of measurement, 
“1-0-br. There was no induction period in the case of 
the linoleic acid systems, but there was a gradual 
slowing of the rate of oxidation in every case over 
Ə- 1-0-hr. observation period. Table 1 contains 
‘ombined results of the two sets of experiments. 






















Table 1. EFFECT OF CaRCINOGENIC COMPOUNDS ON THE RATE OF 
OXIDATION OF HASMATIN-CATALYSED UNSATURATED FAT OXIDATION 


P BYSTEMS 

*.Qod liver oli emulsion : carcinogen added Oxidation rate 
(ml. oxygen/hr.) 

None 12 

FM Dimethylaminoazobenzene 11 

M Dimethylaminoazobenzene 1-4 

107° MH o-Tolylazo-o-tolylazo-8-naphthol 10. 

“L0-* M o-Tolylazo-o-tolylazo-f-naphthol 14° 


Linoleic acid emulsion : carcinogen added Oxidation rate 
(ml. oxygonjhr.) 
X pan Miey M 1,25, €-Dibanzanthracens 

: 1074 M 1,2,5,6-Dibenzanthracene 2:3% 
(O-* M3-Methyleholanthrene 2-6* 


0e ‘M. 8-Methylcholanthrene 2-3 
3,4-Benzpyrene 2-3¢ 
| 8,4-Benzpyrene 2-98 


* Average rate for I-hr. period. 


Dic bea and o- ae. o-tolylazo- 
hthol had a very slight antioxidant activity at 
ntrations of 10> M, while at concentrations of 
10° M a more pronounced, pro-oxidant effect was 
observed, the rate of oxidation being increased by 
ightly. more than 20 per cent. In the case of the 
noleic acid emulsion systems, the presence of 
5,6-dibenzanthracene or 3,4-benzpyrene in either 
oncentration had essentially no effect on the rate 
yxidation. Similarly, 10-5 M 3-methylcholanthrene 
did not affect. the rate of oxidation of these systems. 
However, in the presence of the higher concentration 

M 23-methylcholanthrene, the rate of oxidation 
the hamoglobin-catalysed. linoleic acid emulsions 
was’ increased, 

The results of these experiments indicate that in 
unsaturated fat. oxidation systems catalysed by 
hematin compounds, there is no pronounced anti- 
oxidant effect exerted by several important carcino- 
genic agents, ‘There are, indeed, stronger indications 
that these carcinogenie compounds affect such fat 
oxidation systems pro-oxidatively. These carcino- 
orapounds probably react with the free radical 
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lipids produced in hematin catalysis to form rela- 
tively stable, free-radical carcinogenic compounds. * 
Because they are less reactive and form less stable ; 
free-radicals than do polyphenolic antioxidants, and. - 
because of the large initiation reaction of hematin ; 
catalysis, these carcinogenic compounds do not 
inhibit. Their pro-oxidant effect suggests they enter 
into the propagation of lipid oxidation and are — 
co-oxidized. a 








W. Duans BROWN 
A. L. TAPPEL 
University of California, 
Davis, California. 
Aug. 28. 


1 Bernheim, M. L. C., Bernheim, F., and Wilbur, K 
306 (1953). 


! Tappel, A. L., Arek: Biochem. and Biophys., 50, ae dosa); 54, 2086 
(1985). Hove, . L., Amer. J. Clin. Nutr., 8, 328 (1955). i: 


<. M., Nature, 172, a 


Evidence for a Mechanoreceptive Function 
of the Ampullz of Lorenzini 


Waen the ampulle of Lorenzini were first studied 
experimentally (see ref. 1), they were considered. to 
be sensitive to mechanical stimuli like the: other 
organs of the acoustico-lateralis system. But whe 
Sand? recorded the electrical activity in their nerves, 
he found no response to mechanical stimuli but only 
to thermal stimuli; large, transient changes in 
impulse frequency occurred when the temperature 
was changed slightly. Ever since it has been widely 
accepted? that the function of the ampulke is thermo- 
reception, but this opinion has never been confirmed gi 
by behavioural experiment. 

The possibility of mechanical sensitivity in the 
ampullary system of Raia clavata has now been 
re-investigated, using an electrical recording tech- 
nique. A response to mechanical stimuli does in fact 
occur, but only to those stimuli which increase or 
reduce the pressure within the ampulle themselves 
relative to the pressure outside (Fig. 1). The result 
of a sudden increase in pressure is an increase in 
the basic frequency, which then undergoes rapid and 
almost complete adaptation ; the result of a sudden 
reduction in pressure is a decrease in frequency with 
a similar, rapid adaptation. In each case, when the 
pressure is returned to normal, there is an ‘off’ effect 
of opposite sign to the ‘on’ effect but equally rapid 
adaptation. The adaptation in other preparations 
is not so complete as it is in the case of Fig. 1. Part 
of what is shown here as adaptation is probably due 
to changes in pressure caused by mechanical accom- 
modation of the tissues. Almost all single-fibr 
preparations (twenty-five out of twenty-seven) we 
mechanically sensitive in this way: they were also 
sensitive to temperature change. 

The changes in pressure within the ampulla were 
brought about in the apparatus shown in Fig. 2. The 
mandibular capsule of the ray was dissected out with 
its jelly-filled tubes and the strip of skin in which 
they ended; the preparation was held down on a 
flat plate by a partition which fitted closely around 
the tubes at the point at which they entered the 
capsule, so that movements of the skin did not cause 
movements of the capsule while pressure changes 
could be transmitted to the ampulle through the 
tubes. The nerve trunk was cut down until the 
activity of only a single-fibre was recorded, and therë- 
fore only a single ampulla and tube were involved, 
This method of mounting the preparation, though 
not necessary, was convenient in obtaining a response, 
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on the outside of the capsule wali 
has no effect onthe impulse fre- 
quency, nor has sudden. increase 
by one atmosphere or release of the 
pressure within an air-tight box 
containing the preparation. These 
results help to explain why the 
ampulla have previously been 
reported as insensitive to mech- 
anical stimulation... ee 
It is therefore suggested. that. 
. the ampulle of- Lorenzini. have, 
after all, a mechanoreceptive func... 
tion. 14 is not possible at the ~~ 
moment to determine which nat- 
ural stimuli arg the most inport- 
ant ones, but certainly contacts. 
with solid objects. on the sea 
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partition. | 


tubes ampulla capsule 


most effective stimulus was the insertion of a 
robe into the opening of the tube; this 
n a vigorous outburst of impulses. The 
in the ampulle could also be increased or 
ed by pushing the distal end of the preparation 
ards, or pulling it away from, the capsule; a 
ement of 0-25 mm. towards caused a doubling of 
asic frequency, and a movement of 0-25 mm. 
r caused total inhibition. A similar effect could 
oduced by tilting the whole preparation about 
at right angles to the tubes. Raising the 
md increased the pressure in the ampulle 
f the weight of the skin and connective 
down on the tubes where they were 
tition; a 10° tilt in this way caused a 
quency, . When the preparation was 
er way the skin and tubes were pulled 
partition, lowering the pressure in the 
0° tilt caused total inhibition. The 
t probe pressing on the skin varied 
its position; the frequency increased 
o probe was directly above the tube and was 
refore increasing. the pressure in the ampulla ; 
e discharge slowed down when the point of 
pplication was on another part of the skin, for in this 
the distortion. of thetissues must have resulted 
stive reduction of pressure within the ampulla. 
dentation of the skin of 0-5 mm. caused a 
ng of frequency ; sensitivity of the same order 
ind in the pressure receptors in the margin 
fin (ef. ref. 4). 
as been suggested’ that the ampulle are depth 
nsitive to hydrostatic pressure. This kind 
ulus can easily be imitated in experiments, 
not depend on a differential pressure 














Impulse frequencies in a single fibre from an ampulla of Lorenzini during 
ulation by tilting. Lower trace, frequency ; upper trace, stimulus 



























Fig. 2. The preparation mounted in the apparatus 


de and. outside the ampulle. Pressure - 






















50 60 bottom when swimming or bur- 
vowing would be effective stimuli. 
The ampulla:may also be sensitive 
snough to detect the local changes. 
and patterns of water pressure © 
ever the surface of the body as. 
she fish swims, especially as they 
are affected by. the presence of 
near-by obstacles, . The. function 
ef the ampulla would therefore: 
everlap on one hand that.of th 
segmental cutaneous receptors, 
and on the other that of the lateral. 
line. The morphological arrange- 
ment of the: organs, with their 
tubes ending all over the dorsal 
and ventral surfaces. and. thei 
sensitive ampulle gathered into a few specialized. 
tough capsules with cranial innervation, makes poss- 
ible a more rapid and accurate comparison of informa- 
tion from different parts of the body than would be.’ 
possible by the cutaneous receptor system. Never- 
theless, the ampulla: have a slower and less complete 
adaptation than the lateral-line organs, and would 
therefore be usefu. in detecting the slower and 
longer-lasting pressare stimuli. If this. be so, thi 
thermal sensitivity may, as in other. excita 
tissues?*, be an incidental effect, that. is, a 
product of the mechanisms in the nerve endi 
responsible for the repetitive discharge. 
R. W. MURRA 
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Department of Zoology 
and Comparative Physiology, 
University of Birmingham. 
Oct, 12 


1 Parker, G. H., Bull. U.S.Bur. Fish., 28, 43 (1909). 

*Sand, A., Proc, Roy. Soe B, 125, 524 (1938). i f 

* Prosser, ©. L. (àit, “Comparative Animal Physioiwgy", 35 
(Saunders, Philadelphia, 1950). Hensel, H., Z. vergl. Physiol 
37, 509 (1955). 

‘ Lowenstein, 0., J. Exp, Biol., 38, 417 (1956). 

$ Dotterweich, H., Zool. Ji, Abt. 3, 50, 347 (1932), 

‘Murray, R. W., J. Ezp. Biol. (in the press). 


Amyloids of Plant Seeds 


Usixe the staining of cell-walls blue by an iodine 
in potassium iodide solution (0-3 gm. iodine and 
1-6 gm. potassium iodide dissolved in 100 ml. water’), 
many plant species previously designated as contain- 
ing amyloid in their seeds" (for example, of the genera. 
Tria, Polygonatum; Narcissus, Hydrophyllum) are 
excluded, while others show the amyloid reaction 
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Nie | spede found 
positive. | species for 
Plant family Genus species - 

ote previously | posi- | nega- 

g known tive tive 

Acanthaceas” Anisacanthus — 1 soe 

Belaperone — 2- ~ 

Peristrophe — | 1 l 2 

Sehwabea 1 1 ~= 

s Thunbergia 1 3 | - 
| Aponaceae 15 genera -e 26 — 
Balsaminacéac Impatiens . 1 1 7 
Linaceae. Linum 1 3 fe 10 

Melanthaceae Melianthus —_ 2 - 
4 Myrsinaceae Aniisia I 5 — 
Maesa — 5 — 

Myrsine _ 1 — 

; Rapanea — 2 — 

i Papilionaceae Goodia 1 i = 
i Be UCUNA 1 1 4 
Primulaceae 20 genera 3 80 = 
Ranunculacese ia 1 e. 20 ~~ 
Sapindaceae Cardiospermum — 2 = 
Sapotaceae Achras ~— 1 — 
Dipholis 1 2 — 

ipe — 1 

Mimusops $ 3 ~ 

Omphalocarpum == 2 ~ 

Sideroxylon i 3 — 

Theophrastaceae | Jaequinta -~ 1 — 
| Tropaecolaceae Trapecolium 1 4 = 











with- this reagent. The species of the latter group 
are summarized in Table 1. 

By testing seeds of about 2,500 species I found 
it, besides the species already known to contain 
yloid, a fair number of other species also show the 



























“In the Caesalpiniaceae I found 85 amyloid-con- 
taining species (belonging to 42 different genera) and 
8 amyloid-negative species (belonging to 61 genera). 

With. two exceptions, all the positive species belong 

to the tribes Cynometreae and Amherstieae, which 

suggests that amyloid is a physiological characteristic 
for these tribes. In this connexion it is interesting 

“ ¢hat I found starch especially in the tribe Swartzieae, 

while it is known that galactomannan occurs fre- 
quently as a cell-wall constituent of the cotyledons 
in the tribes Cassieae and Eucaesalpinieac. 

Roughly speaking, the chemical characteristics of 

he carbohydrate of the seed runs parallel to the 

morphological characteristics on which the classifica- 
ion of the Caesalpiniaceae is based. 

_In other plant families I found that amyloid occurs 

ither universally or only occasionally (Table 1). The 

number of fifteen species (belonging to fourteen 
genera) which were previously known to contain 
amyloid in their seeds has now been extended to 
roughly 120 species in 80 genera ; these do not include 
_ the Caesalpiniaceae. 

“> os Some amyloid-containing plant families are inter- 

o related; for example, of the order Primulales, the 
> seeds of all tested species of the three families 
- (Primulaceae, Myrsinaceae and Theophrastaceae) 
< contain amyloids. 

: Very little is known of the chemical constitution 

_of the substances responsible for the amyloid reaction. 

“Only in Paconia and Tropaeolum were the sugars 

glucose, galactose and xylose demonstrated*; in 

Tamarindus these sugars appeared to be the only 

amyloid constituents. 

Presuming that the blue-colouring substances were 
chemically interrelated, I investigated the amyloids 
from seeds of 36 plant. species, belonging to 31 genera ; 
all the plant families of Table 1 were represented in 
this number.. On hydrolysis and . r chromato- 
graphy of the products of hydrolysis it appeared that 

ee ee $ i 
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with all investigated. species glucose, galactose and 


xylose were found as ‘the only sugars. 

The relation between the quantities of these’ 
three sugars, however, differs from species to species. 
In Tamarindus indica the relation between the molar 
quantities of glucose, xylose and galactose is roughly. 
as 3:2:14, while in Tropaeolum majus it appears 
to be about 4 : 3 : 2, and in Cyclamen hybr. as 4: 3.11. 

In view of these results, it seems that the armyloids - 
are a group of chemically related substances, in the | 
same way as the starches or the galactomannans, = 

This conception is supported by the following : 
amyloid threads, drawn by injecting a Tamarindus- 
amyloid solution from a syringe into an ethanol bath. 
and stretching the threads before drying, showed a’ 
characteristic X-ray diagram. Similar diagrams were. 
obtained from threads of the other amyloids in- 
vestigated, namely, Hymenaea courbaril, Schotia lati- 
Jolia, Tropaeolum majus and Cyclamen hybr. The. 
diagram of Tamarindus indica is reproduced in Fig. 1. 
(I am indebted to Dr. D. R. Kreger and Miss H. J. M. 
Poot for preparing the X-ray diagrams.) : 








Fig. 1 


In Anonaceae the cell-walls of the cotyledons are 
stained a brown-violet by iodine in potassium iodide 
solution. The colour produced by the isolated 
amyloid, however, is a bright red. From a qualitative 
observation, I gained the impression that in this 
‘amyloid’ only a small quantity of xylose is present ; 
perhaps this accounts for the aberrant colour with 
the reagent. Further investigation on the amyloid 
of Anonaceae will be published later. 

Polarization microscope studies on sections from 
amyloid-containing seeds and on threads of amyloid 
showed that, just like cellulose, the positive bire- 
fringent amyloid chain molecules are deposited 
parallel to the cell-walls of Tamarindus indica, 
Hymenaea courbaril, Tropaeolum majus and Cyclamen 
hybr. I suggest this is general. oe 

The function of amyloid in most seeds is without 
any doubt that of a reserve carbohydrate. Frank*, 
found. that the thickenings of the cell-walls of the 
cotyledons of Tropaeolum majus disappeared during 
germination, from which he concluded that amyloid 
was utilized by the embryo. I have been able to 
corroborate this. Moreover, the press-juice of cotyle- 
dons of germinated Tropaeolum seeds appeared to be 
able to liquefy a viscous amyloid solution, after 
which mono- and oligo-saccharides were formed. 

Presumably the same holds for other amyloid- 
containing species, especially the amyloid-containing 
Caesalpiniaceae, which are a very rich source of. 
amyloid. However, other species, for example, 
Linum usitatissimum, have such a low amyloid-con-_ 
tent that its usefulness as a carbon reserve in the 
embryo is dubious. 7 
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During germination of Tropaeolum seeds starch 
grains appear in the cells of the cotyledons. It is 
uncertain whether this arises from the slowly dis- 
appearing amyloid, or from the oil in the cells. 
A remarkable fact is that in unripe seeds the cell- 
walls do not show the amyloid reaction, whereas the 
cells contain much starch. Only in the very last phase 
of ripening does amyloid appear while the starch dis- 
appears wholly. Therefore it is likely that amyloid 
in Tropaeolum is stable only during the resting period 
of the seed. 

Details of these investigations will be published 
elsewhere. 


P. Kooman 
Technical University, 
Delft. 
Oct. 13. 
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i Savur, G. R., and Sreenivasan, A., Current Sci., 15, 48 (1946). 
5 Frank, A. B. Jahrb. Wiss. Bot., 5 161 (1866). 


ae K., “Handbuch der Pflanzenanatomie”, Abt. II, 2, 10 


Differential Insecticide Damage in Maize 
Varieties: 


A MIXTURE of three parts of ethylene dichloride 
and one part of carbon disulphide (by volume) 
applied at the rate of 0-6 c.c./litre of storage space 
by pouring the liquid on to the surface has been 
effective for some years in preventing insect damage 
to maize grain (var. Tsolo) stored in closed bins for 
subsequent sowing. In 1956 the variety Mexican 
Elite was grown instead of Tsolo, and the grain after 
storage was found to have a very low germination 
capacity. A series of experiments was carried out to 
test the hypothesis that the insecticide was affecting 
the grain adversely, and that some varieties of maize 
were more susceptible than others to this treatment. 

Grain of each of four varieties of maize was divided 
into two portions, one being kept as control and the 
other given the normal insecticidal treatment. Ten 
days later, seventy-eight grains from each of the 
treated and untreated samples of each variety were 
planted in garden soil under conditions suitable for 
germination. After seven days the number of plants 
that had germinated was determined by counting the 
number of shoots that had emerged. These results 
are summarized in Table 1. 

Many of the emergent seedlings from the treated 
grain were distorted, and in order to obtain a measure 
of this distortion and the resultant stunting of the 
shoots, all-seedlings were harvested at the first node 
and weighed on the eighth day after sowing. The 
results are summarized in Table 2. 

It can be seen from the tables that in every 
instance treatment of the grain resulted in an increase 
in‘the number of plants that failed to emerge, and 
that response to the treatment differed from variety 


Table 1. PERCENTAGE GERMINATION OF TREATED AND UNTREATED 
GRAIN, SEVEN DAYS AFTER SOWING 









Variety 


Lagos White 
Abakaliki Red 
Mexican x Sie 
Trinidad 





~ 
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Table 2. MEAN FRESH WEIGHT OF SHOOTS (IN GM.) ON Pronta Day 
FROM SOWING 


Treated 


S.E. of 
aiff. 


Pp 
(per cent) 
m` g? 


2-15 048 
2-05 0-42 
1-78 0'31 
1°82 026 


Lagos White 
Abakaliki Red 
Mexican x Sie 
Trinidad 





to variety both in this respect and also in the degree 
of stunting suffered_by the seedlings that did emerge. 
Further, the suppression of germination and the 
stunting of growth are not necessarily parallel. On 
one hand, in Abaxaliki Red the germination was 
strongly suppressed, but the majority of seedlings 
from the treated grain showed normal growth. On 
the other hand, in Trinidad, the treatment did not 
markedly affect germination but caused severe 
stunting. 

It would seem desirable that the effect of the above 
insecticidal mixture on the viability of maize grain 
should be determined before this method of pro- 
tection is employed for seed corn. 

F. E. S. ALEXANDER 
: H. T. CLIFFORD 
University College, 
Ibadan, 
Nigeria. 


Lungworm from Rats- awa in 
Britain 


. DuemG the period December 1954—April 1956, 


the lungs of a total of 191 wild rats from Cambridge, - 


‘Cardiff, Liverpool, London, Nottingham, St. Albans 


and Wolverhamptcm were examined for lungworms. 
They included 24 Rattus rattus L. and 167 Rattus 
norvegicus Erkl. Zt was only possible to examine 
fresh lungs of nine Rattus rattus from London. The 
remaining lungs were collected by staff of the 
Infestation Contrcl Division of the Ministry of 
Agriculture, Fisheries and Food. They were pre- 
served in 10 per cant formalin and examined later. 
None of these rat- lungs was infested with Angio- 


atrongylus cantonensis (Chen., 1935), and in no case . 


did the lung tissu2 appear to be abnormal patho- 
logically. 

Table 1 shows‘ tke number of rats examined from 
each location. The Rattus rattus were collected from 
British ports. 


Table 1 









Locality 


Cambridge 
Cardiff 





Wolverhampton 
Total 


In examining several hundreds of wild rats from 
England over a number of years, Mr. F. R. N. Pester, 
London School of Hygiene and Tropical Medicine, 
has not observed any lungworm infestations (personal 
communication). 

In the present eurvey, although the results from 
the examination cf such a small number of rat’s 
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lungs cannot be regarded as being conclusive, it is 
indicated that Angiostrongylus cantonensis is probably 
an Oriental form' which has spread southwards and 
become established in both the wild rats Rattus 
norvegicus and Rattus raitus in eastern Australia. 

I wish to thank the staff of the Infestation Control 
Division of the Ministry of Agriculture, Fisheries 
and Food for co-operation in the collection of rat’s 
lungs for examination; also Mr. F. R. N. Pester for 
his discussion on his previous observations. 

The survey was carried out while holding an Ida 
Smedley MacLean Fellowship for 1954-55 and an 
Ohio State Grant for 1955-56 awarded by the 
International Federation of University Women, and 
also @ grant made available by the trustees of the 
Science and Industry Endowment Fund of Australia. 


DorotHea F. Sanpars* 


London School of Hygiene and Tropical Medicine, 
Gower Street, 
London, W.C.1. 
Oct. 12. 


* On study leavefrom the University of Queensland and the Queens- 
land Institute of Medical Research, Brisbane, 


The African Freshwater Jellyfish 
Limnocnida tanganyicae 


Tue freshwater medusa Limnocnida tanganyicae has 
been known for more than seventy years from the 
lakes of East, West and Central Africa. Until very 
recently, no evidence had been found for the existence 
of a hydroid stage, and it was generally considered 
that development must proceed from the egg through 
some larval form direct back to the medusa, which 
can also reproduce asexually by budding. 

In 1954, Bouillon! discovered the hydroids attached 
to the stems of reeds in Lakes Tanganyika and 
Mohasi, and observed their development from fixed 
elongated larve. He also followed the development 
of medusæ by budding from the hydroids. The 
events between the laying of the eggs and the fixation 
of the larvæ, however, had not been observed; in 
fact, it was not known whether or not a free-swimming 
planula larva is produced. 

On September 22 at about 6 p.m., we were lucky 
enough to sail into a swarm of sexually mature 
medusæ off Kazi on Lake Victoria. They were 
swimming close to the reeds on the lee side of an 
island in dead-calm water. Both eggs and sperms 
were shed in dishes in the laboratory, and we were 
able to observe cleavage as well as development and 
subsequent fixation of the free-swimming larve, and 
thus'to complete our knowledge of the main events 
in the life-history. 

Active sperms were seen among the eggs, which 
were about 90u in diameter, and 2- and 4-cell stages 
appeared during the first four hours. After 16 hr. 
spherical morule 90-110y in diameter were developed 
with a few long cilia insufficient for. propulsion. In 
28 hr. many of these had, without increase in size 
but with further cell division, become spherical free- 
swimming larve propelled by a large number of cilia. 
Some of these had just begun to elongate. After 
42 hr. many had settled on the bottom and sides of 
the dish and in 60 hr. all were fixed, were elongated 
and had lost their cilia. The approximate dimensions 
of this stage were 130u x 50u. Hydroids were first 
seen after five days. These were flask-shaped, without 
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tentacles, about 150% long and 70u in maximum 
diameter. 
The temperature of the laboratory was 20-23° C. 
L. C. BEADLE 
I. F. THOMAS 
Department of Zoology, 
Makerere University College, 
Kampala, Uganda. 
Oct. 25. 
1 Boutllon, J., Bull. Acad. Roy. Sci. Colon., Tome 1, fasc. 2, 229 (1055). 


Rabbits in Africa 


A STATEMENT on the distribution of the common 
rabbit, Oryctolagus cuniculus L., in “The Rabbit”, 
by H. V. Thompson and A. N. Worden! (see p. 59 
of this issue), calls for comment and correction. On 
pp. 4-5 it is reported that the rabbit is able “even to 
live successfully in Central Africa within two degrees 
of the Equator”. On p. 16 this is amplified by a 
reference to the late Prof. Hale Carpenter’s claim? to 
have found a well-established colony of European 
rabbits at Masindi, Uganda. On p. 17 the distribution 
map shows Masindi as the only locality in tropical 
Africa for the common rabbit. Although the origin 
of the colony was said to be unknown, and the local 
natives gave the animals the same name as the 
indigenous hare of the genus Lepus, Hale Carpenter 
suggested that these animals were descendants of 
European rabbits said to have been imported and 
released in 1881 by Emin Pasha, then governor of 
Equatoria Province, Sudan. It seems that the 
identification of the animals as European rabbits was 
not based upon critical examination of specimens. I 
am not aware of any other report of European 
rabbits in tropical Africa, and the following facts 
indicate that Hale Carpenter’s record should be 
removed from the literature on the common rabbit. 

In 1928 Capt. C. R. S. Pitman, then game warden 
of Uganda, collected a series of rabbit-like animals 
at Masindi. He described them as being abundant 
along grassy roads at night. The specimens formed 
the basis of the description by J. St. Leger? of a new 
lagomorph under the name Lepus marjorita. The 
characters of skin and skull separated it clearly from 
other hares and rabbits. Later, St. Leger* raised the 
new species to generic rank, Poelagus, on the basis 
of skeletal characters. Later, St. Leger’ reported 
another race of P. marjorita from south-west Sudan, 
near the Belgian Congo border, and Hatt? has 
recorded it from north-east Belgian Congo on the 
evidence of specimens collected in 1912. Super- 
ficially there is a resemblance to the European 
rabbit; but closer examination shows that its 
characters are perfectly distinct. 

In view of these facts, it seems that Hale Carpen- 
ter’s report of European rabbits in Uganda was 
based on a misidentification of Poelagus marjoriia, 
and this misleading claim should now be rejected. 

R. W. Hayman 
Dept. of Zoology, ' 
British Museum (Natural History), 
London, 8.W.7. 
Oct. 24. 
eee rence Y., and Worden, A. N., “The Rabbit’, New Natürálist 
Tit 
2 Hale faking G. D. H., Nature, 116, 677 (1925). 
3 St, Leger, J., Ann. Mag. Nat. Hist., 4, 292 (1929). 
“St. Leger, J., Proc. Zool. Soc. Lond , 1, 119 (1932). 
5 St. Leger, J., Ann. Mag. Nat. Hist , 16, 598 (1935). 
* Hatt, R. T., Bull. Amer. Mus. Nat. Hist., 76, 555 (1040). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, January 14 


BRITISH SOCIETY FoR THE History oF SOIENOE, PHILOSOPHY OF 
SorENon GROUP (in the Joint Staff Common Room, University College, 
Gower Street, London, W.C.1), at 5.30 p.m.—Dr. J. Bronowski: 
“The Choice of Inductions”. 


Tuesday, January 15 


University COLLEGE, LONDON (in the Anatomy Theatre, Gower 
Street, London, W.0.1), at 1.15 p.m.—Prof. A. J. Ayer: “Some 
Aspects of Existentialist Philosophy”.* 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION 
ENGINE GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), 
at 6.45 p.m,—~-Discussion on “Is There a Future for the Diesel Engine 
in Combination with the Gas Turbine ?” z 


Wednesday, january 16 


ROYAL METEOROLOGICAL Society (at 49 Cromwell Road, London, 
8.W.7), from 2.80 p.m. to 7 p.m.-——Discussion meeting on “New 
Methods in the Ozone Problem”. 

PHYSICAL SOOIETY, COLOUR GROUP (in the theatre of the Strand 
Electrical and Engineering Co., Ltd., 29 King Street, London, W.C.2), 
at 3.80 p.m.—Mr. R. Blore: “Colour in Theatrical Make-up”. 

GEOLOGIOAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Mr. R. Black, Dr. R. R. E. Jacobson and 
Mr. W. N. MacLeod : “Ring-complexes in the Younger Grauite 
Province of Northern Nigeria”, 

ROYAL STATISTICAL SOCIETY (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, London, W.C.1), at 5.15 p.m.— 
Miss K. Gales and Prof. M. G. Kendall: “An Inquiry Concerning 
Interviewor Variability”. 

Evarnios_Socrety {at the Royal Society, Burlington House, 
Piccadilly, London, W.1), at 5.80 p.m.—Mrs. Barbara Simonds: 
“Twin Research in Tuberculosis’.* 

ROYAL MIOROSCOPIOAL Soormry (at Tavistock House South 
Tavistock Square, London, W.C.1), at 5.30 p.m.—Annual Gene: 
Meeting. . J. Smiles: “Fluorescence Microscopy” (Presidential 

EAB). 

ROYAL INSTITUTE oF CHemistry (joint meeting with the LONDON 
SECTION of tho SOOTY oF CHEMIOAL INDUSTRY, at King’s College, 
Strand, London, W.C.2), at 6.30 p.m.—Prof. H. J. Emeléus, F R.S. : 
“The Chemistry of the Newer Elements”. 9 


Thursday, January 17 


INSTITUTION OF MINING AND METALLURGY Gt the Geological 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
Mr. M. Alres: “Operations at the Ethel Asbestos Mine, Southern 
; . W. E. Sinclair: “The KHphuls Crocidolite De- 
postte” ; Mr. B. W. H. Harding: “Prospect Sampling by Air-Flush 

r . 

LONDON MATHEMATICAL Socrety (at the Royal Astronomical 
Society, Burlington House, Priecadilly, London, W.1), at 6 p.m.— 
Duk Erdòs, “Some Old and New Problems in the Distribution of 

rimes”. 

INSTITUTION OF ELEOTRIOAL ENGINEERS, UTILIZATION SECTION 
{at Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. C. A. Cameron 
Brown and Mr. A. W. Gray : “Wlectricity in Modern Commercial 
Horticulture”. y 

UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, London, W.C.1), at 5.30 p.m.— 
Prof. E. G, T, Liddell: ‘Cajal and Sherrington”’.* ‘ 


SOCIETY OF CHEMOAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S.W.1), at 6 p.m.—Dr. T. D. 
Robson: “Refractory Concrete”. 


CHEMICAL SOCIETY (at Burlington House, Piccadilly, London, W.1), 
at 7.80 p.m.—Seientific Papers. 


ROYAL SOCIETY oF TROPICAL MBDICINA AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at 7.30 p.m.—Symposium 
on “Toxoplasmosis”. 


BRITISH INSTITUTE OF RADIOLOGY, incorporated with the RÖNTGEN 
Soornty (at 32 Welbeck Street, London, W.1), at 8 p.m.—Ordinary 
meeting followed by papers on ‘Aspects of Radiation Damage likely 
to be involved in Tumour Regression”. 


Friday, January 18 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W.12), at 4 p.m.—Prof. A. Haddow . 
“Modern Views of Carcinogenesis”.* 


ROYAL ASTRONOMICAL Society (at Burlington House, Piccadilly, 
London, W.1), at 4.15 p.m.—Geophysical Discussion—“The Dating 
of Rocks”. Chairman: Prof. 0. E. Tilley, F.R.S. 


Instrrvre oF NAVIGATION (at the Royal Geographical Soclety, 
T Kensington Gore, London, S.W.7), at 5.15 p.m.—Mr. P. A. Hearne : 
“The -Weather, Operation of ‘transport Helicopters”. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, 8.W.1), at 6 p.m.—Captain W. R. Colbeck: 
“The Salvaging of Ships with parileular reference to the Empress of 
Canada” (Thomas Lowe Gray Lecture). 


. 
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INSTITUTE OF PHYSIG, NON-DESTRUCTIVE TESTING GROUP (at 47 
Belgrave Square, Londan, S.W.1), at 6.30 p.m.—Mr. E. E. Smith: 
“Radiological Protectim—the Present View”. g 


SOOIETY OF INSTRUMENT TECHNOLOGY (at Manson House, Portland 
Place, London, W.1), at 7 p.m.—Mr. O. S. Puckle: “Electronic 
Automation of Machine Tools”, 


Saturday, January 19 


BIOCHEMICAL Soormty (in the Department of Biochemistry, London 
Hospital Medical College, Turner Street, London, E.1), at 11 a.m.— 
Scientific Papers, i 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

BioonEemist, Senior Grade (B.Sc. and/or A.R.1.C. and wide general 
experience in medical biochemistry), for developing service in the 
Area Laboratory—-The Group Secretary, Coventry and Warwickshire 
Hospital, Stoney Stanton Road, Coventry (January 19). 

SENIOR Psycaoroerst—The Secretary, Oakwood Hospital, Maid- 
stone, Kent (January 21. 

PRINCIPAL OF LHURR@OK TECHNICAL COLLEGE, Grays—The Chief 
Education Officer, County Offices, Chelmsford, Essex (January 25). 

SENIOR BIOOHEMIST (ssience (honours) graduate), for research work 
in the Geriatric Unit, Sunderland General Hospltal—The Senior 
Administrative Medical Officer, Regional Hospital Board, Benfield 
Road, Newcastle-upon-Tyne 6 (January 26). 

ASSISTANT (registered medical practitioner or science graduate 


with a scientific training in physiology) IN THE PHYSIOLOGY DEPART- ` 


cot To Secretary aml Bursar, University College, Dublin (Janu- 
ary - 

BRITISH COKE RESEAEOH ASSOCIATION FELLOW (honours graduate 
in chemistry, physics, or applied science relating to fuel technology) 
to work on the physical chemistry of carbon under the direction o 
the Professor of Chemistry—The Registrar, King’s College, Newcastle- 


upon-Tyne (January 31) 


RESEAROH ASsisTANT {with an honours degree in mathematics or 
in pure or applied science) IN ELEoTRONIC ComPUTING—The Registrar, 
The University, Leeds 2 (January 31). 

LECTURER IN CHEMICAL ENGINEERING; and & LECTURER (with 
special gualiäestions ım physical chemistry) IN CHEMISTRY, at the 
University of the Witwetersrand, Johannesburg, South ‘Afrfca—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W.C.1 (South Africa, February 2). 

LECTURER (with a gocd university degree or equivalent qualifica- 
tions, and experienced In the teaching of technical subjects) IN 
Ee Regist-ar, The University, Manchester 13 (Febru- 
ary 8). 

SPECIAL LECTURER (with good academic qualifications and some 
years experience in secondary school teaching) IN EpucaTIon—The 
Registrar, The University, Manchester 13 (February 9). 

ECTURER IN ZOOLOG=—The Secretary, The Queen’s University, 
Belfast (February 15). 

LECTURER (with an horours degree in botany or agricultural botany, 
and preferably with specizl interests or research experlence in economic 
botany, or the taxonomy of economic plants) IN AGRICULTURAL 
(tetany ab Registrar [Room 9 O.R.B.), The University, Reading 

epruary . a 

PLANT PHYSIOLOGIST “with research experience, preferably, but 
not essentially, in the fields of carbohydrate metabolism, mineral 
nutrition or plant growta regulators); and a PLANT BREEDER AND 
GENETICIST Frith research experience), at the Waite Agricultural 
Research Institute (University of Adelaide), to undertake research 
related to a general programme for the Improvement of barley~-The 
ae University of Adelaide, Adelaide, South Australia (Febru- 
ary . 

PROFESSOR OF ZOOLOGy—The Secretary and Bursar, University 
College, Dublin (Februar7 16). ‘ 

LECTURER IN MATHEMATIOS—The Secretary, The Queen’s 
University, Belfast (February 20). 

CHAIR OF CIVIL ENGIFEERING at the University of Khartoum 
The Secretary, Inter-University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1 (February 22). 

ASSISTANT CURATOR IN THE DEPARTMENT OF PATHOLOGY, Univer- 
sity of. Malaya, Singapor2—tThe Secretary, Inter-University Council 
eee as Overseas, 29 Woburn Square, London, W.C.1 

e R 
J. R. MOKENAE CANOER RESEARCH FELLOW, to carry out research 
in cancer at the Medical 3chool, University of Otago, Dunedin, New 
Zealand, under the supervision of Dr. F. Bielschowsky (Director of 
Cancer Research)—The xeneral Secretary, British Empire Cancer 
Campaign, 11 Grosvenor “rescent, Hyde Park Corner, London, S.W.1 
(New Zealand, March 154. 

RESEARCH FELLOWS “or independent research—The Registrar 
(Room 9 O.R.B.), The University, Reading (March 18). 

ASSISTANT BIocHEMIST (young graduate with a good honours 
degree in chemistry or eculvalent qualification, and preferably some 
analytical experienco) IN THE DEPARTMENT OF PATHOLOGY, for duties 
which include participation in research, particularly In the field of 
steroids, under the direczion of the Head of the Department—The 
Group Secretary, Queen Elizabeth Hospital for Children, Hackney 
Road, London, E 2, 

ASSISTANT EXPERIMENTAL OFFIOERS (with G.O.E. in five subjects 
with two advanced level Dasses In mathematical or scientific subjects 
Gnciuding physics), and Fnglish language at ordinary level), for work 
connected with a G-MeV Van de Graaff accelerator including pro- 
duction, inspection and dstailed analysis of spectrographic records of 
charged particle reactions—The Senior Recruitment Officer, Atomic 
war aes) oo Estabtishment, Aldermaston, Berkshire, quoting 
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ASSISTANT, Grade B (graduate and capable of undertaking work © 


of diploma and degree standard), IN THE DEPARTMENT. OF PHYSICS 
AND MATHEMATICS, to teach phystes in first instance to G.C.E, “A”— 
The Principal, West Ham ege of Technology, Romford Road, 
Stratford, London E.15. 

ASSISTANT, Grade B, TO TEACH MATHEMATICS at Peterborough 
Technical College—The Chief Education Officer, Education Offices, 
Town Hall, Peterborough. 

ASSISTANT LIBRARIAN (university graduate) for duties in the Science 
Libraries—The Registrar, The University, Liverpool.- 

ASSISTANT PROFESSOR (with an honours degree in mathematics 
and preferably some postgraduate experience in research or teaching) 
IN THE DPPARTMENT OF MATHEMATICS—The Head of the Departmen 

E ne Mathematics, University of New Brunswick, Fredericton, N.B., 
ads, 

BACTERIOLOGIOAL ASSISTANT (female, preferably with a degree 
including bacteriology as a special subject, or postgraduate bacterio- 
logical oxperfence) IN THE CENTRAL ENTERIC REFERENCE LABORATORY, 
fer work concerned with bacterlophage typing and bacterfophage 
research—The Director, Centra! Enteric Reference Laboratory, Central 
Public Health Laboratory, Colindale Avenue, London, N.W.9. 

BIOCHEMICAL TECHNICIANS (student and junior)}—The Chief Tech- 
nician, Imperial Cancer Research Fund, Royal College of Surgoong, 
Lincoln’s Inn Fields, London, W.C.2, marking envelope ‘““Technictans”, 

BIOCHEMIST IN THE ENDOORINOLOGY LABORATORY, to assist in 
clinical research—The House Governor, Royal Marsden Hospital, 
Fulham Road, London, S.W.3. 
~ CcRator (with Ph.D. or equivalent and specialized training In 
palzontology) OF GEOLOGY, for duties which will Include the classifica- 

jon and organization of university collections of fossils, rocks and 

minerals, with an additional light teaching load and responsibility to 
carry out research work—The Chairman, Department of Geology, 
Hamilton College, McMaster University, Hamilton, Canada. 

DIRECTOR OF RESEARCH—The Chairman of the Council, Printing, 
Packaging and Allied Trades Research Association, Randalis Road, 
Leatherhead, Surrey. 

GEOPHYSICIST (or PHYSICIST), and GEOLOGISTS (4), for ground- 
water studies; a SEDIMENTATIONIST or STRATIGRAPHER. Se. or 
Ph.N.), to do research on the Alberta Tar Sands; and a GEOLOGIST 
ghn.) to join the Councll’s Petroleum Geochemistry Sectlon—The 

ecretary, Research Council of Alberta, 87th Avenue and 114th Street, 
Edmonton, Alberta, Canada. 

- HOSPITAL PHYSICS TEOHNICIAN (preferably with a knowledge of 
workshop practice), to assist in the following work: calibration and 
maintenance of X-ray apparatus, making physics equipment, and 
carrying out measurements on radioactive isotopes—-The Hospital 
Secretary, Leicester Royal Infirmary, Leicester. 

JUNIOR TECHNICIAN for research work in the Medical Unit, main! 
in hematology, The Secretary, St. Mary’s Hospital Medical School, 
Paddington, London, W.2 

LECTURERS and RESEARCH FELLOWS IN THB INSTRUMENT TECH- 
NOLOGY SECTION, PHYSICS DEPARTMENT—The Professor of Instru- 
ment Technology, Imperial College, London, S,W.7. 

MECHANICAL ENGINEERS or MATHEMATICIANS (with a first- or 
second-class honours degree in engineering or mathematics or equiva- 
lent gnalifications), to carry out research and development work in 
the fields of applied mechanics, stress analysis and vibrations—The 
Senior Recruitment Officer, Atomic Weapons Research Establishment, 
Aldermaston, Berkshire, quoting 1854/34. 

M&TALLURGIST or PHYSICIST (preferably with experlence of electron 
microscopy or X-ray crystallography in connexion with metals), for 
research on age-hardening phenomena in aluminium alloys—-Dr. M. S. 
Fisher, Metallurgy Department, Imperial College, London, 8.W.7. 

SRNIOR LECTURER (with good academic and professional quali- 
fications, and industrial experience in electrical power supply with 
special reference to system protection) IN THE DEPARTMENT OF 
ELECTRICAL ENGINEERING AND Prystcs—The Clerk to the Governing 
Body, Borough Polytechnic, Borough Road, London, 8.3.1. 

SENIOR PxHysioist (with a degree in physics and’ preferably somo 

experience in nuclear development) on the Chief Engineer’s Head- 
quarters staff, to assist in all matters relating to the Board’s Nuclear 
Power Station programme—tThe Secretary, South of Scotland Elec- 
tiicity Board, P.O. Box 173, 351 Sauchiehall Street, Glasgow, 0.2. 
SENIOR TECHNICIAN (preferably with experience of histological 
and museum techniques) IN THE ZOOLOGY DEPARTMENT; and a 
TECHNICIAN IN THE CHEMISTRY DEPARTMENT—The Secretary, Royal 
Holloway College, Englefield Green, Surrey. . 
TECHNICIAN (preferably with some biochemical experience) IN THE 
EXPERIMENTAL PSYCHOLOGICAL LABORATORY —The Secretary, Univer- 
sity College, Gower Street, London, W.C.1, quoving “Psychology/2". 


REPORTS .and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Aero Research Technical Notes. Bulletin No. 165: The Structure 
ofthe Comet. Pp.4. (Duxford: Aero Research Limited, 1956.) (1211 
Transactions of the Royal Society of Edinburgh. Vol. 


ol. 63, Part 1— 
(No. 7): Feeding and Reproduction in the L ontiidae. By Dr. 


ima) 
Thomas Gascoigne. Pp. 129-152 +2 plates. (Œdinburgh and London : 
Oliver and Boyd, Ltd., 1956.) 10s. 6d. pen 

British Rayon Research Association. 9th Annual ort, October 
1956; Report of the Director of Research for 1955-56. . 6. (Man- 
chester: British Rayon Research Association, 1056.) (1211 
- British Museum (Natural History). Fossil M of Africa No. 
11: Erinaceidae from the Miocene of East Africa. By P. M, Butler. 
i oan +4 plates. (London: British Museum (Natural "fee 

. 3. 

British Council. Annual Report, 1955-1956. Pp. vit-94+6 plates 

(London: British Council, 1956.) x 
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Aeronautical History in Pictures. Pp. 32 (65 illustrations). (London : 
HM. Stationery Office, 1956. Published for the Science Maven 
28, net. : 

Department of Scientific and Industrial Research. Scientific 

ch in British Universities, 1955-56. Pp. vii+872. (London: 
H.M. Stationery Office, 1956.) 21s. net. 1411 

Anti-Locust Bulletin 24; Pigmentation of Hoppers of the Desert 
Locust (Schistocerca gregaria Forskål.) in relation to Phase Coloration. 
By De, B. ees Pp. 1i+84. (London: Anti-Locust Mesoureh 

ntre, 1956. Be 

Tube Investments Limited. Chairman’s Statement, Annual General , 
Meeting, 10th December, 1956. Pp. 11. (London: Tube Investments 


Limited, 1956.) $ 1511 
Author's Alterations Cost Money and Cause Delay. Pp. 10. (Lon- 
don: British Federation of Master Printers, 1956.) 6d. 2011 


National Institute of Agricultural Botany. Farmers’ Leaflet No. 3 
(September, 1956): Varieties of Potatoes. Pp. 6. (Cambridge: 
National Institute of Agricultural Botany, 1956.) . [2011 


Other Countries z 


Commonwealth of Australia: Department of External Affairs, 
Australian National Antarctic Research Expeditions—Interim 
Reports. No. 10: Hourly Measurements of Tonosphiorte Characteris- 
tica, Macquarie Island, 1953. By A. S. Little. Pp. 148. No. 12: 
Hourly Measurements of Tonospheric Characteristics, Macquarie 
Island, 1954. By T. F. Firmstone, Pp. 65. No.13: Hourly Measure- 
ments of Ionospheric Characteristics, Macquarie Island, 1955. By 
D. R. L. Callow. Pp. 60. (Melbourne: Antarctic Division, Depart- 
ment of External Affairs, 1956.) 811 

Meddelande från GullAkers VaxtfSraidlingsanstalt, Hammenhog. 
Nr. 12: Studies on Seed-Setting and Seed Yield in Oil Flax. By Rolf 
Manner, Pp. 139. (Hammenhög: GullAkers VAxtforiidiingsanstalt, 


1956. [1211 
“United States Naval Observatory. Circular No. 69: Positions 
Areas, and Counts of Sunspots, April 1956. By Winifred Sawte! 
aye Pp. 7. (Washington, D.C.: United States Naval barrie 
», 1956. 
British by sateen: Annual Report of the Forest Department for the 
year 1955, Pp.1i+29. (Belize: Conservator ot Forests, 1956.) [1211 
Trigonometrio Series—a Survey. By Prof. R. L. Jeffery. Pp. 
iv+39. (Canadian Mathematical Congress Lecture Series, No. 2.) 
(Toronto: University of Toronto Press; London: Oxford University 
Press, 1956.) 20s, net. (1611 
Publications de l'Institut National pour l'Étude Agronomique du 
Congo Belge. Série Technique No. 50: Le Travail de la Scie Circulaire 
Application au Sciage du Diambi (Guarea cedrata). Par L. Laloyaux. 
Pp. 48+-8 photos. (Bruxelles: Institut National pour l'Étude Agro- 
nomique du Congo Belge, 1956.) 40 francs. 1511 
Smithsonian Miscellaneous Collections. Vol. 184, No. 2: The 
Asiatic Species of Birds of the Genus Criniger (Pycnonotidae). By 
H. G. Deignan. (Publication 4266.) Pp. 9. (Washington, D.C.: 
Smithsonian Institution, 1956.) 1511 
Chicago Natural History Museum. The King’s Day: a Day in the 
Life of an African King. By Margaret Plass. Pp. 22+9 plates. 
(Chicago: Chicago Natural History Museum, 1956.) 35 cents. [1511 
Canada: Department of Mines and Technical Surveys. Geological 
Survey of Canada. Memoir 283: Courageous-Matthews Lakes Area, 
District of Mackenzie, Northwest Territories. By J. O. G. Moore. Pp. 
Le ag plates+2 maps. (Ottawa: Queen’s Printer, 1850) 
cents, ` 
United States Department of the Interior: Geological Survey. 
Bulletin 1016: The Wishbone Hill District, Matanuska Coal Field, 
Alaska. By Farrell F. Barnes and Thomas G. Payne. Pp. vi+88+20 
lates. 2.50 dollars. Buletin 1023: Bentonite Deposits in Marine 
retaceous Formations, Hardin District, Montana and Wyoming. 
By Maxwell M. Knechtel and Sam H. Patterson. With a section on 
Laboratory Procedures used for Testing the Bentonites by .Sam H. 
Patterson, Pp, v+116+2 plates. n.p. Bulletin 1027-0: Thorium 
and Rare-Earth Minerals in Powderhorn District, Gunnison County, 
Colorado. By J. C. Olson and §. R. Wallace. Pp. iv+693-722 + plates 
65and 66. 60 cents. Bulletin 1042—A : Geology of the Johnson Creek 


uadrangle, Caribou Couuty, Idaho. By R. A. Gulbrandsen, K. P. 
cLaughlin, F. S$. Honkala, and S. E. Clabaugh. Pp. il1+24+2 
plates, 76 cents. Bulletin 1042-B: Airborne and Ground Recon- 


nalssance of Part of the Syenite Complex near Wausau, Wisconsin, 
By R. C, Vickers. Pp. Hi+25-44. 15 cents. Bulletin 1042-E : 
Pyrite Deposits at Horseshoe Island, Alaska. By Francis A. Stejer. 
Pp. iii-+107-122-+plate 12. 45 cents. Bulletin 1027-J: Geology of 
the Stanford-Hobson Area, Central Montana. By James D. Vine. 
Pp. iv+405-170+plates 45-47, 1.25 dollars. Bulletin 1027-M: 
Reconnalssance Geology of Western Mineral County, Montana. By 
Robert E. Wallace and John W. Hosterman. Pp. iv+575-612+ 
plates 48-51. 1.25 dollars. (Washington, D.C.: Government Printing 
Office, 1956.) $ [1511 
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PROBLEMS OF WORLD PRODUCTIVITY DES 


N his farewell report as president of the Carnegie 
Institution of Washington, Dr. Vannevar Bush, 
looking at the problems in physical and biological 
science still awaiting solution, emphasized the cer- 
tainty of disaster unless man uses his resources and 
existmg knowledge with much greater wisdom. 
Resources, are being used up at an appalling rate, he 
said, and the demand on them is growing expon- 
entially, and, apart altogether from the question 
whether we can succeed in avoiding world war, the 
world’s population is increasing at a rate which 
renders distress, famine and disintegration inevitable 
unless we learn to hold our numbers within reason. 
We can, he thought, go far in providing new means 
of sustenance for great masses of people. The culti- 
vation of the sea, for example, could yield richly if 
we learnt to control organisms and species, and the 
land is far from exhausted if we use it well, An 
understanding of photosynthesis could unlock stores 
of vital materials beyond our present power to 
envisage, and the control and training of natural 
species and the creation of new species at will for 
explicit purposes, especially species of lower organ- 
isms, holds enormous possibilities. 
anxieties over our mineral resources, on the whole, 
with the coming of nuclear power and the prospect 
of solar energy, we can, Dr. Bush believes, probably 
meet our demands for energy for a long time to 
come. 

So far, however, as food supply is concerned, the 
new methods can only postpone the crisis, and all 
depends on whether the interval is used with vision 
and energy in the task of education so as to promote 
the general understanding that is the key to a sound 
solution of the fundamental problem. There is as 
yet little evidence that this task is being undertaken 
with the urgency and imagination ‘that are im- 
perative. On the contrary, the channels of com- 
munication are often inadequate and blocked by lack 
of realism, and sometimes deliberately obstructed. 
Dr. Bush was concerned to summon his colleagues 
to that task as citizens rather than as scientists ; 
though urging them to assist. with their counsel in 
the fields within their professional competence so 
far as lay within their power, and to seek to extend 
the scientific approach to practical problems. ` 

It is not surprising, therefore, that the fourth 
instalment of the symposium on “Science and the 
Affairs of Man” now appearing in the Bulletin of the 


Atomic Scientists should be devoted to “Science and ` 


World Economy”, or that the second article in that 
symposium should be entitled “The Population 
Bomb”. In that article, Dr. R. C. Cook, quoting 
from Dr. Bush’s valedictory report, urges that a 
general understanding of the relation between 
population and food supply must precede a realistic 
and effective attack on the main problem. Failing 
that, falling death-rates through man’s increasing 
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control of disease will only result in an upsurge of 
population which will far outrun the food supply and 
frustrate all the hopes of the Colombo Plan, the 


Fourth Point Programme and other measures for“ 


bringing technical help to the backward and im- 
poverished areas of the world. The future of the 
world economy hinges more crucially than most 
people realize on the rate of growth in education and 
general understanding, particularly of the two great 
dangers, nuclear war and a run-away growth in 
population. 

Of these two dangers, Dr. Cook regards the 
population problem as probably the more difficult, 
The emotional ard moral connotations with which 
the subject bristlas greatly increase the difficulties 
of communication and education; but like the 
nuclear bomb, it is a by-product of scientific dis- 
covery, and all scientists have a responsibility to 
assist in the promotion of effective understanding 
both in human biology and in nuclear physics. He 
suggests that the concept of cybernetics advanced by 
Dr. Norbert Weirer, of the Massachusetts Institute 
of Technology, may be a fundamental step to meet 
the great need. A further step might be the develop- 
ment of social cybernetics, forecasting the obstacles 
and points of nc return and promoting the kind 
of understanding that would permit effective 
action. | 

In the fourth article of this symposium, “Science 
and Hunger”, Lori Boyd Orr looks again at the food 
problem, but strictly from the point of view of the 
power of science to increase food production. Lord 
Boyd Orr believes that the limit to food production 
is neither lack of knowledge nor physical obstacles 
of soil or climate, but is imposed by economic factors ; 
and that the world food supply could be inéreased to 
support a larger pcpulation than the Earth is likely to 
carry in the near future’ With modern science, the 
only practical lim to food production is the amount 
of capital and labour which governments are willing 
to devote to it. Thus'he thinks the problem is 
political, and in characterizing the present period of 
conflict as the most rapid transitional phase that has 
ever occurred in the evolution of our civilization, 
Lord Boyd Orr suggests that an important step 
toward a peaceful and prosperous nuclear age would 
be the co-operation of all nations in applying science 
to the developmert of the resources of the Earth, 

Such co-operaticn is in essence political, no matter 


how large a technical contribution the scientist and” 


technologist may -nake; and the particular sugges- 
tion which Lord Orr makes’ to help mankind to get 
through this crisical transition phase demands 
political action and a high degree of public under- 
standing. A proposal that all nations should reduce 
their defence bucget by, say, ten per cent, and 


devote half the sevings to a reduction in taxation 


and the other half to the development, by an inter- 
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national authority under the supervision of the 
United Nations Assembly, of the potential resources 
of the Earth beginning with food, demands not merely 
good will but also political foresight, understanding 
and authority. Unhappily, recent events have 
made it only too plain that the United Nations 
is very far from possessing such properties. It is 
ignoring the practical difficulties with which the 
proposal bristles to assert that any nation which 
refused to co-operate in this way could no longer 
pretend that its political ideology was designed to 
promote the welfare of all mankind. 

The difficulty is indeed the deeper one of public 
understanding, of varying standards and values; 
and until these are removed by widespread educa- 
tion, and there is something approaching a general 
standard of honesty, disinterested service, loyalty 
and respect for obligations, there is little hope of 
checking the inflamed nationalism that is mainly 
responsible to-day for denymg mankind the benefits 
that science and technology offer. Prof. Harrison 
Brown in hus article “A Changed and Changing 
World” does not discuss this aspect in questioning 
the sufficiency of the world resources to provide 
adequate living standards, though on it depends 
ultimately the validity of the assumption that the 
new technology can be transmitted. If we are willing 
to take the long view rather than the day-to-day 
short one, and to face the future squarely, applying 
our imagination and genius to the problems with 
which science and technology confront us, he believes 
there is a finite chance that we will leave our children 
a world which is at least as habitable as that we 
inherited from our parents, 

Prof. Brown is manifestly doubtful as to the out- 
come of some of the future patterns of development, 
however fully we take advantage of nuclear power 
and other advances. Increasing competition and the 
pressure which the industrialized areas will experience 
may result in the progressive deterioration and 
destruction of democratic institutions rather than in 
the co-operation which Lord Boyd Orr urges, and 
the international control essential for survival. Dr. 
Alvin Weinberg, dealing under the title ‘““To-day’s 
Revolution” with the place of civilian nuclear power 
in public affairs, is alone more confident. He looks 
to nuclear energy, especially through the develop- 
ment of research reactors of low cost which will not 
only help to meet energy needs where they are most 
acute but at the same time encourage the develop- 
ment of a scientific tradition in areas where none 
exists, to assist decisively in raising the standard of 
hving to a point where acquisition of the necessities 
of life is no longer the major occupation of most of 
mankind. y 

If that were achieved, the economic tensions and 
contradictions which have contributed so largely to 
wars would, as he suggests, undoubtedly be drastically 
lessened ; but there is little in the opening survey of 
the symposium by Prof. W. A. Lewis on ten years of 
economic growth to warrant much optimism; nor 
have recent events in the Middle East improved the 
prospects for the development of a programme of 
technical and economie aid from the rich to the 
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poorer countries which Prof. Lewis suggests may be 
the most significant feature of the next ten years. 
Moreover, Prof. F. Benham, in two essays, “The 
Colombo Plan: an Economic Survey” and ‘‘Over- 
population’, in his little volume “The Colombo 
Plan”*, arrives at much the same conclusions as 
Dr. Vannevar Bush and Dr. Cook, and while he ıs 
emphatic that with the continuous growth of popula- 
tion something like the Colombo Plan was impera- 
tive, he is no less emphatic that the countries of the 
area will need to make great efforts to help them- 
selves. There is no room for the partisanship which 
refuses to face facts and creates animosities and 
misunderstandings, and makes self-help and external 
aid alike difficult. 

Prof. Benham’s appraisal of the Colombo Plan does 
not overlook the fact that this co-operative endeavour, 
even on the external side, could well be bigger. It 
could be argued, he agrees, that the amount of tech- 
nical assistance provided so far should be consider. 
ably increased; but the most expensive and perhaps 
the most urgent task is that of spreading knowledge 
of improved methods among the many millions of 
peasant cultivators, and inducing them to abandon 
their age-old practices in favour of more modern ancl 
suitable methods, but not necessarily methods 
demanding more capital. To make any significant 
impact upon apathy and ignorance, however, mnvolves 
intensive propaganda to stir up the population to 
help themselves. Prof. Benham concludes that with 
a little planning, most countries in the area could 
absorb substantially more external aid than they are 
now receiving; but he stresses chiefly their need 
for great efforts themselves towards the widespread 
adoption of improved methods, especially in agri- 
culture, and by using their own under-employed labour 
for community projects and similar schemes. More 
saving is required, includmg more taxation and in 
some countries higher charges for transport, elec- 
tricity, irrigation water and similar services. 

This need for greater self-effort in the backward 
and under-developed countries is reiterated in the 
other essays, notably in that on protection and the 
under-developed countries, where Prof. Benham 
points out that the only way in which such countries 
can hope to achieve a lasting and progressive rise in 
ther standards of living is to raise their output per 
worker, especially in agriculture, and lay firm 
foundations for the healthy expansion of industry 
which will follow naturally upon rising productivity 
and rising real incomes. Moreover, while all the 
measures which are being taken to promote economic 
progress in these countries are essential, the only 
permanent solution to the problem of poverty ın the 


_ Far East, as in the West Indies and southern Europe, 


which he can see is a drastic limitation of births. 

‘Prof. Benham does not disguise the formidable 
character of the task of persuading hundreds of 
milhons of peasants, many of them illiterate and 
superstitious, to change their present habits; but 
the task cannot be evaded or ignored. This is a task 


* The Colombo Plan and Other Essays, By Prof. Frederic Benham. 
Pp. viii+90. (London and New York: Royal Institute of Inter- 
national Affairs, 1956.) 7s. 6d. net. 


No. 4551 January 19, 1957 
of communication or education, and it was virtually 
ignoréd in the debate on Commonwealth Develop- 
ment in the House of Commons on November 30, 
although that debate elicited several suggestions for 
more development, as well as for the conversion of 
the Colonial Development Corporation into a Com- 
monweulth Development Corporation. The informa- 
tion or education aspect received no further mention 
than Mr. B. Braine’s plea that existing Common- 
wealth machinery for collecting and disseminating 
economic information should be improved. 

The task, in fact, as Dr. Vannevar Bush implied, 
is not simply one for governments, but particularly 
for the scientists, as citizens, though it demands a 
great deal of careful thought as to the ways and 
. means by which that task should be undertaken. It 
is no less clear that an essential condition to-day is 
to create the political conditions in which such 
propaganda and educational work can be carried out 
with some prospect of success. That possibly is the 
mam force of Mr. Gunnar Myrdal’s argument in his re- 
cent book*, that the economic and technical aid given 
by the more advanced to the under-developed countries 
should be channelled through the United Nations and 
other international agencies such as the World Bank. 

Mr. Myrdal states the case against unilateral aid 
impressively, not simply on the grounds of eliminating 
suspicion of political motives—whether they be 
justified or not—-but equally in the interests of the 
contributing nations as tending to distribute the 
responsibility and make it more difficult for other 
countries to avoid participation and their share of 
the real sacrifice’ demanded. Mr. Myrdal is not 
optimistic as to the prospect of success, however, and 
even if a better international climate is secured in 
this way, he does not suggest that the prospects of 
peaceful economic progress in the backward countries 
are high. He recognizes that it is useless simply to 
preach internationalism and denounce nationalism, 
and to that extent he admits that the United Nations 
is no more than its constituent nations permit it to 
be. Confidence in the United Nations has been shaken 
by the evidence of the absence of common values 
and standards, and failure to apply them impartially, 
firmly and decisively. Until confidence is restored, 
it seems idle to press for any extension of tho 


executive responsibilities of the United Nations for 


distributmg aid, but rather to strengthen the educa- 


tional work that is fundamental to international 


co-operation and world order. That is basic to the 
functioning of ‘an international economy and to the 
preservation of world order, and there seems no 
alternative if world chaos and disaster are to be 
avoided. The attempt has to be made, and this 
symposium in the Bulletin of the Atomic Scientists 
shows how large a part scientists could play in their 
professional capacity, m creating-an informed public 
opinion, alive to what is at stake, and prepared to 
support the measures and the sacrifices required, to 
enable mankind to reap the benefits which tech- 
nology has put within our reach, if not to avert 
disaster. 


*“An International Economy: Problems and Prospects”. 
xli+381. ett Routledge and Kegan Paul, Ltd., 1956.) 373. eL 
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A NEW HUMAN “ANATOMY 


Textbook of Human Anatomy 

By Prof. J. D. Eoyd, Prof. Sir Wilfrid E. Le Gros 
Clark, Prof. W. J. Hamilton, Prof. J. M. Yoffey, . 
Prof. Sir Solly Zuckerman, and the late Prof. A. B. 
Appleton. Edited by Prof. W. J. Hamilton. Pp. 
xli+1022 (796 figures). (London: Macmillan and 
Co., Ltd.; New York: St. Martin’s Press, Ine., 
1956.) £5. 


HE most cursory browsing of this new text- 

book suggests that here is something different. 
Looking at the book purely as a production, we 
doubt if a better volume on anatomy has emanated 
from Great Britain, or indeed from any other 
country. 

We would commend at the outset the authors’ 
clear definition of the scope of the subject. Here is 
something that needed to be said, for whenever the 
word ‘anatomy’ & mentioned, people are liable to 
conjure up in their minds a discipline which has 
advanced but litsle since the Middle Ages. The 
position is vastly different, for while the primary 
technique of anatomy remains the dissection of the 
human body wita the scalpel, its apparatus now 
includes any technique which can be used for 
enlarging the boundaries of anatomical knowledge, 
even the Geiger counter by which the rate of turn- 
over of calcium ions in bone is measured, and the 
electron microscope which is used for revealing the 


- minute structure af the fibrils that make up a tendon. 


In the circumstances, it is inevitable that anatomy 
should overlap the subjects of biochemistry and 
physiology. The young scientist who contemplates 
entering the field >f anatomy to-day will find at his 
disposal as varied a choice of subjects for research 
and as rich an array of techniques as can be offered 
in any other med:cal field. 

We welcome, tierefore, this most readable and 
attractive text-béok, which, unlike its contem- 
poraries, is not a mere reference book. Its great 
feature is that it presents an entirely new approach 
to an ever-expanding subject. To take but one 
example—in the ‘section on the central nervous 
system, the student starts with the study of the 
basic anatomical unit, the anatomy of the neurone, 
and then proceeds to the anatomy of the nerve 
impulse followed by that of the synapse and the 
reflex arc. He is then introduced to the embryology 
of the central nervous system, from which he builds 
up a general plan of the brain with the formation of 
its four main sub-divisions. It is not until this stage 
is reached, when hə has had a good grounding in the 
fundamentals, that he begins his study of the nervous 
system in detail. 

In a book full of good features we pick out ‘for 
special commendation the section on growth. This is 
-@ welcome innovazion, for the subject has not been 
dealt with in a text-book of this kind previously. 
Here the student is introduced to such topics as the 
influence of nutrition and environment on growth, 
to the factors consrolling the rate of growth and to 
the normal standards of growth in children and 
adults. This is dynamic anatomy which opens up a 
rich field of research. 

Throughout the book the subject of topographical 
‘anatomy has been covered adequately. The pruning 
of anatomical minutize, which is a feature of the 
book, is welcomed. 

Each section of the book is self-contained and is 
written by an author who has established a reputation 


in his particular field. In the locomotor system wer 
were pleased to.see that bones, joints and muscles 

were considéred as one unit. The important ancillary ° 
subjects of histology, embryology, surface anatomy 

and radiological anatomy have received adequate 

treatment throughout and yet are not obtrusive. 

What is even more important is that they have been 

80 arranged that the student is able to build around 

` them his knowledge of structure and function. | 

It - -appears to have been the deliberate policy of 
the authors to omit all references to the literature, 
which is perhaps disappointing. It should be borne 
in mind, however, that the book was written 
primarily for the medical student, who will need to 
get a firm grasp of the fundamentals of the subject 
before permitting himself to read more widely. Of 
course, there are sins of omission and commission, as 
is inevitable in the first edition of a book of this 
magnitude; but they are minor faults and can be 
corrected without difficulty. 

We would not wish to close this reviéw without 
congratulating the publishers, They have taken the 
long view, which in these difficult days requires 
courage, and have spared no expense in producing a 
book of which they must be justly proud. The skill 
of A. K. Maxwell, the greatest medical artist of his 
day, augmented by that of the less-experiénced but 
equally gifted Frank Price, has been given full scope, 
and the many beautiful illustrations are a work of 
art and @ joy to behold. 

We feel that ‘“Hamilton’s Anatomy”, or whatever 
it may come to be called, will be welcomed by 
teachers and students alike. It has undoubtedly 
broken with tradition and will fill a definite need. 
We predict that it is in for a long innings. 


C. F. V. Smour 


MATHEMATICS OF PHYSICS 
i AND CHEMISTRY 


Physical Mathematics 

By Chester H. Page. Pp. x+329. (Princeton, 
N.J.: D. Van Nostrand Company, Inc.; London : 
Macmillan and Co., Ltd., 1955.) 42s. net. 


Special Functions of Mathematical Physics and 


Chemistry 
By Prof. Ian N. Sneddon. (University Mathematical 
Texts.) Pp. viii+164. (Edinburgh and London: 


Oliver and Boyd, Ltd., 1956.) 10s. 6d. net. 


OTH these books are concerned with ‘mathe- 

matical physics; but they are about as different 

from each other as any two books could be in their 
approach to the subject. 

Dr. Page is chiefly concerned to understand how 
what we call a theorem in applied mathematics is 
nearly always closely associated with some physical 
phenomenon. It is as if he is almost thinking phys-, 
ically, and certainly his choice of title ‘Physical 
Mathematics’ is a far more appropriate one than the 
more conventional ‘Mathematical Physics’. But 
Prof. Sneddon writes almost as if he were a pure 
mathematician. Those very functions, such as 
Hermite’s and Legendre’s, which arise spontaneously 
for Dr. Page as he wonders what would happen to 
a physical wave equation if it were expressed in 
particular types of co-ordinate, are described by 
Prof. Sneddon merely as the solutions of a differential 
equation about the origin of which no one need greatly 
concern themselves. 
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~. Both books ar well written, and are suitable for . 
about the same level of mathematical attainmient— 


‘final-year Honours or first-year postgraduate in a 


normal British university. But on account of the’ - 
difference in approach, Page’s book is more easy to 
read, and many of his subtler points, such as the use 
of the Dirac delta function in Poisson’s equation, 
appear almost physically inevitable (as perhaps they ` 
are). Sneddon’s pages are more filled with equations, 
with asymptotic forms and conditions for convergence, 
with recurrence relations and generating functions. 

There is just the same difference in the central 
themes which unify each separate book. Page speaks 
of variational methods and integral equations, Gauss’s 
theorem and eigenvalues: he has an excellent dis- 
cussion of Green’s functions. On the other hand, 
Sneddon speaks of the various confluences in the 
hypergeometric equation from which almost all the 
particular differential equations (Legendre, Bessel, 
Hermite and Laguerre) are derived. Yet both books 
have something important to say, and they say it 
well. It is hard to avoid the conclusion that the 
inevitable limitations of space in the ‘little blue’ 
Mathematical Texts have made Sneddon’s book a bit 
more congested than he, or his readers, would have 
desired. Some parts of it do have the appearance of 
a compendium of useful results. Dr. Page, on the 
other hand, with more space at his T can 
afford to be almost chatty: “You will recall . ~ 
is how he begins one paragraph. 

As a result of these differences there is almost no 
direct overlapping in the contents. The only one of 
Sneddon’s chapter headings which even appears in. 
the index of Page’s book is the last and shortest, on 
the delta function. 

It is seldom entirely fair to describe books of 
this kind, which cover a wide range, in a single 
phrase. But if I were pressed to do so, I should 
say that Page was concerned to see the structure 
of mathematical physics—m a word, to under- 
stand it: and Sneddon wanted to have a goocl' 
collection of tools, which would be very useful when 
there was a job to do, even though they had their 
existence quite independently of this particular job. 

Such is the difference between these two books. 
Whether it arises from the fact that Dr. Page is 
consultant to the Director of the U.S. National Bureau 
of Standards, and Dr. Sneddon is professor in a 
university mathematics department, I do not know. 
But I do know that anyone reading both books would 
be well equipped both to understand and to handle 
the mathematics of theoretical physics. 

C. A. COULSON 
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ANTIBIOTICS 


Antibiotics Annual, 1955-1956 
Edited by Dr. Henry Welch and Dr. Felix Marti- 
Ibañez. Pp. xviii+994. (New York: Medical 
Encyclopedia, Inc.; London: Interscience Pub- 
lishers, Ltd., 1956.) 10 dollars. 


HE American Antibiotics Symposium seems now 

to have become firmly established as an annual 
event. The papers read at the Symposium are 
collected in the “Antibiotics Annual’, the third 
volume of which presents the contributions to the 
meeting held at Washington, D.C., in November 
1955. This volume affords a useful mdication of the 
recent trend of research in antibiotics. 
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In the notite of ‘the second volume (Nature, 117; “+ sò that the student or the works manager can find 


496; 1956) it was stated that the subject of anti- 
Dbiotics seems still to be in the exponential stage’ of - 
development. The development now appears to have 
reached @ plateau, since the third volume of the 
Annual contains only 150 papers and,less than 1,000 
pages as compared with the 172 papers and 1,150 
pages of volume two. This trend is reflected in the 
production of antibiotics in the United States since, 
according to the opening remarks of Dr. Henry Welch, 
there is an apparent decrease of about 8 per cent in 
the first half of 1955 as compared with 1954, for 
which full year the production was 835,000 kgm. 
The decline, however, is related to a decline in exports, 
due to the increasing production of foreign antibiotic 
plants. ` 

Inevitably, owing to the cost of travel, a large 
proportion of the contributors to this third symposium 
are still of United States origin, but the number of 
foreign contributors has now increased to some 
12 per cent of the total; they are derived from 
15 different countries. This may indicate a widening 
interest in research in the antibiotics field—an interest 
which is emphasized by the holding of the first 
European antibiotics symposium at Milan in 1956. 

Much work is still directed to the study of the 
pharmacological and clinical use of antibiotics, alone 
or in conjunction with other antibiotics, synthetic 
antibacterial agents or with vitamins. In addition 
to the examination and further evaluation of the 17 
antibiotics now in commercial production, more than 
thirty papers are devoted to new antibiotics, some of 
which may eventually be found to have useful clinical 
applications. 

The results obtained with cycloserine are described 
as an antibiotic paradox. “This particular antibiotic, 
although fairly active in vitro, was found to be inactive 
in mouse and guinea pig tuberculosis and other 
infections in animals. It would normally have been 
rejected, but owing to its virtual lack of toxicity in 
animals it was tried clinically and found to be highly 
effective in man. This raises the question as to 
whether the in vivo results in animals are any more 
reliable than the somewhat discredited in vitro 
technique, for the assessment of the value of a new 
antibiotic. 

A new feature of the 1955 symposium is the 
institution of panel discussions, three of which are 
reported. In these, panels of selected experts con- 
sider some of the vexed topics in the field in which 
considerable divergence of views is possible. These 
discussions form a' very usoful supplement to the 
present volume. J. H. BIREINSHAW 


STEEL MAKING WITHOUT 


; NITROGEN 


Oxygen in Iron and Steel Making 

By J. A, Charles, W. J. B. Chater and J. L. Harrison. 
Pp. xii+309. (London: Butterworths Scientific 
Publications, 1956.) 42s. 


HE objects of using oxygen in iron and steel 

making are to save fuel and to increase output, 
both of which objectives are becoming increasingly 
important as the world demand for steel rises and the 
more accessible sources of fuel become exhausted. 
It is very useful to have a comprehensive survey of 
the rapidly growing literature on this subject which 
the authors have contrived to keep free from bias 


out how to calculate the probable.gains from the 
use of oxygen ari see whether it will be economic. 
Oxygen is used as least experimeritally for the three 
main purposes of (i) blowing or lancing molten metal 
to oxidize mainly carbon and silicon, (ii) for blast 
enrichment (name:y, reducing the inert nitrogen content, 
of the blast) in solid-fuel burning shaft furnaces. 
(blast furnace, cupola and gas producer), and (iii) in 
reducing the nitrcgen in the combustion air for open 
hearth flames. The book accordingly deals with 
these three purpcses in three separate sections each 
of which starts with a theoretical study that is very 
useful but tends to overlap the more practical treat- 


ment in the succeeding chapters. The order of these _ . 


three sections is wisely chosen, as in the reviewer's. 
opinion it corresponds exactly to the order of potential 
value of the three processes. There is no doubt that. 
oxygen lancing ir the open hearth and are furnaces 
and the use of oxygen in convertors or ladles have come 
to stay, although they do involve fume problems to 


_which a chapter is devoted but which cannot cheaply 


be solved. The euthors very fairly conclude that in 
the blast furfiace, oxygen is not a good alternative to 
high blast preheat unless one is concerned with 
special high-temp2rature endothermic reactions as in 


- the manufacture cf ferromanganese or one has no hard 


coke or ore and cennot operate a high-shaft process. 

In the use of >xygen for the flame of the open 
hearth furnace there are theoretical advantages in 
reducing the nitrcgen of the whole of the combustion 
air and detailed calculations of these are reported. 
However, in practice the open hearth furnace uses 
considerably more air than the stoichiometric quan- 
tity and much of this leaks in through walls without 
passing through she preheater. There is thus not 
much relation to she ideal system, and much cheaper 
gains can be obteined by good air control than by 
adding oxygen ta the combustion air. This is why: 
in the reviewer’s ppinion this application of oxygen 
is rightly given third priority. The most valuable 
results have been obtained when combustion oxygen 
is used as a medicine for sick or inadequate furnaces 
rather than to ckange the overall thermodynamics. 
Oxygen in particular can be used as a jet introduced 
close to the fuel jet to accelerate mixing and to raise 
the temperature of the first few feet of the flame. 
All these possibilisies are fully discussed mainly as a 
collection of abstracts from the published papers ; 
these naturally vary in the amount of information 
given on which the general applicability of the results 
can be assessed. 

In the second section some results on ‘the use of, 
oxygen in gas producers are also given and ‘these 
results are of wider interest than the title of the book 
indicates, since they are-more concerned with the 
manufacture of tcwns gas from non-coking coals for 
uses other than tke firing of furnaces in the iron and 
steel industry. Navertheless, it is useful to include 
them so as to maze the book a compendium on the 
general use of oxygen for combustion, and in that 
connexion the use Df neat oxygen for the firing of very 
small furnaces operating at 2,000° C. might also have 
been mentioned as it hás interesting potential applica- 
tions for other very high-temperature processes. 

The book can be recommended as a valuable essay 
in bringing together and making accessible the present 
state of knowledge on the subject, although I would 
prefer a more critical summary of the experimental 
results at the end of each section. 

: M. W. Terme 
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Introductory Quantitative Chemistry 

By Axel R. Olson, Charles W. Koch and George C. 
Pimentel. (Series of Chemistry Texts.) Pp. x+470. 
(San Francisco: W. H. Freeman and Company ; 
London: Bailey Bros. and Swinfen, Ltd., 1956.) 
5 dollars; 42s. 6d. 


HE authors, all an the staff of the University 
of California, write for first-year students, 
including those not ‘majoring’ in chemistry. They 
have taken great pains to further their aim of giving 
a philosophical, enlightened and interesting introduc- 
tion to analysis, and they have succeeded in presenting 
it as a subject worthy of serious study. 2 
The table of contents, which begins with weighing, 
measuring and other customary introductory matter, 
is not unnecessarily crowded with theory. Instead, 
the physical principles considered are wisely limited 
to those having a direct bearing on analysis. Thus, 
there are chapters dealing with such topics as the 
evaluation of quantitative data, reversible systems, 
solubility and precipitation, and the physical structure 
and growth of precipitates. The combined ideas, 
teaching experience and scholarship of the three 
authors have manifestly: gone to the making of these 
chapters, which are exceptionally clear and of great 
teaching value. The main part of the book consists 


of gravimetric and volumetric procedures described ` 


and applied to familiar determinations, such as those 
used in Intermediate Science courses in Britain. and 
in first-year university work. An unusual chapter 
on the biologically important polybasic acids, illus- 
trated with no less than fourteen titration-curves, 
and ending, as do all the chapters, with a great 
variety of questions, gives some idea of the style of 
the book and of the thoroughness of the treat- 
ment. es 

- By considering some of the simpler methods of 
physical analysis, the authors have brightened their 
book and given scope and encouragement to the abler 
students. Their selection includes several determ- 
inations by colorimetry, and one or more by 
electrolytic separation, carrier separation, and by the 
use of ion-exchange resins. Before any determination 
is undertaken, by whatever method, attention is 
directed to the significance of the result of a prelim- 
inary investigation, and to the necessity of framing 
the plan of work on the underlying theory. The 
difficulty -of the exercises is graded to train- the 
student to be self-dependent. This is not a reference 
manual of analysis: it is a bright, well-written, 
instructional book of the first class. G. Fow Les 


Advances in Applied Mechanics 

Vol. 4. Edited by H. L. Dryden and Th. von Kármán. 

Pp. x+413. (New York: Academic Press, Inc. ; 

London: Academic Books, Ltd., 1956.) 10 dollars. 
HIS collection of seven surveys of selected 
topics in continuum mechanics is the latest 

addition to a useful series. The publication of these 


occasional volumes was initiated some years ago by | 


R. von Mises, and the editorial work is now in the 
hands of G. Kuerti. H. L. Dryden and Th. von 
Kármán are the general editors, with three European 
scientists as associate editors. 

Two of.the articles in this volume are concerned 
with elasticity of solids (non-linear elasticity, and 
elastic instability), two with the physical properties 
of solids (fatigue, and dislocation theory of plasticity), 

two with fluid mechanics (turbulent boundary layers, 
`” and three-dimensional boundary layers), and one 
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with mathematical technique (the method of co-ordin- 
ate perturbation for finding approximate solutions of 
differential equations). The scope of the field from 
which the surveys are drawn is too wide for any one 
reader to be interested in them all, but the subjects 
are well chosen and most people active in this field 
will be drawn to one or two of them. F. Clauser’s 
careful and systematic account of what is known 
about turbulent boundary layers appealed especially 
to me. On the whole, the writing seems to have 
that extra degree of clarity and authority that is 
so important in accounts of the present state of 
research. G. K. BATCHELOR 


Thermodynamic Tables and Other Data __ 
Edited by R. W. Haywood. Pp. 23. (Cambridge : 
At the University Press, 1956:) 2s. 6d. net. 


HIS little book of tables is a first-class produc- 

tion. The data in it have been collected from 
various sources and are presented clearly in a way 
which will commend itself, particularly for use by 
students. Further, the price is a modest one. 

The list of contents falls into three parts. The first 
of' these contains a selection of general information 
on gases, such as calorific values, molecular weights, 
etc. The second part is devoted to steam tables and 
contains triple-point data; properties of saturated 
water and steam; super-heated steam; compressed 
liquid water. The last part concerns refrigerants 
and contains properties of ammonia, carbon 
dioxide, ‘Freon-12’ and methyl chloride. 

R. E. D. BISHOP 


Come Rain, Come Shine 

More Country Contentments. By John Moore. 
Pp. 256. (London: William Collins, Sons and Co., 
Ltd., 1956.) 18. net. - 


HE smell of bonfires, the cawing of rooks, all 

the scents, sounds and sights of the countryside, 
particularly the Cotswold country, come to us from 
the pages of John Moore’s latest book, “Come Rain, 
Come Shine”. In it he wanders at large through 
garden, orchard, field and coppice. He also strolls 
down the village to watch the fair or seek a drink at 
the ‘pub’. He tells us of country personalities, human 
and otherwise, from his special pal the kind-hearted, 
red-faced Colonel, down to insects, such as the 
members of his colony of large blues among the wild 
thyme. He writes of this rare and lovely butterfly 
with special enthusiasm. ' Its rarity, he points out, 
is due to a peculiarity of its life-history. ‘“‘After its 
third moult the caterpillar wanders away from its 
food plant and allows itself to be discovered by a 
particular kind of ant, which seizes it’’, not to devour 
it but to carry it off to the nest, where it is carefully 
tended, “‘for it exudes from a gland in its body a kind 
of sweet liquid which is to the ant as honeydew or 
indeed ambrosia”. 

Fed on young ants, the caterpillar is kept the 
winter through, hibernating until spring, when it is 
again fattened up on ant grubs, until it changes into 
a pupa. ‘Out of this chrysalis in July there emerges 
what I think is one of the loveliest of our British - 
butterflies and having found its way by a complexity 
of corridors out of the anthill and into the sunshine, 
it takes wing and flies in the sun”. The reader will 
find many similar descriptions of things big and 
things little in Mr. Moore’s most charming country 
pages—they are full of country scenes and country 
people. FRANCES Pitt 
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f A CRYSTALLIZABLE INSECT VIRUS h 


By Pror. ROBLEY C. WILLIAMS and Dr. KENNETH M. SMITH, C.B.E., F.R.S. ~ 
Agricultural Research Council Virus Research Unit, University of Cambridga: 





‘Th moe virus oe oni eatin may be inferred to 
Fs : lasmic regions of the fat-body cells, for 
is here ee the virus is found to be most heavily 


for sa biaa mosaic virus, where the say weighs of 
the purified virus may be as much as 10 per cent of 
that of the diseased plant leaves. Only the yield of 
the Z'-even hecterioctiage from infected cells of 
E. coli may be of comparable magnitude. 
us experiments! with Feulgen s have 
shown that the 7'. paludosa cytoplasmic kee crore 
deoxyribonucleic acid, but its amount per virus 
Bip has not yet been determined. 
` The purification of the virus particles is particularly 
simple, owing to their large size and to the absence 
_of particles of comparable size in extracts of diseased 





larval tissue. In onder to obtain a purified virus: 
suspension, the larva are first cut up and placed in a 


- beaker of water for several hours. After clarification 


of the resulting extract by low-speed centrifugation, — 
the virus is obtained essen pure by the applica- — 
tion of two cycles of high- low-speed centrifuga- 
tion. Distilled waser appears to be a suitable 


suspending medium. 
a, brifly ref 


The pellets of viras resulting from 
have fascinating optical properti 

previously’, By transmitted light the es, pron 
an orange or amber colour. By reflected light it has 
an iridescent, turquoise appearance. Within the 
pellet may be seen small reflecting the incident 
light quite brilliant.y, giving the entire pellet the 
appearance of an opal. The cause of this optical 
p menon will bə discussed below. The pellet 
may be best prepared for (preparatory to 
sectioning for electron microscopy) by taking care 

not to disturb the mass of the pellet during fixation 
with osmice acid and during dehydration with alcohol. 
At the start of each of these procedures, the centrifuge 
tube containing thə pellet is re-inserted into the 
centrifuge in its initial orientation., If care is taken 
in this regard, the methacrylate-embedded pellet 
has much the same appearance as does tho original 
one, except that the small regions of intense reflexion 
are now more sharply defined and the reflected colour 
is violet or indigo. 

When the embedded pellet, so prepared, is sectioned 
and examined in the electron microscope, the general 
appearance is that shown in Fig. 2. The pellet is 
a300 10 eee ee 
diameter of which s 5-10y. Since the crystals are 
randomly oriented with to each other, a 
given section will 2ut them in different directions 
with respect to their faces, and the bizarre pattern 
shown in Fig. 2 will result. The centre-to-centro 
distance of the virus particles in the closest packed 
arrays yet found is 1300 A. The origin of the reflexion 
effects in the initial dellets, and in the embedded ones, 
is now evident. Bragg reflexions result from the 
periodic particle arrays, and the scale of size of the 
inter-particle spacirg is such as to make visible the 
effects of the Bragg reflexions. Exact calculation of 
the anticipated weve-length of the constructively 
interfered light is impossible, since the index of 
refraction of the fixed, , and pin a 
embedded virus particles i is nob known. 
of the reflected coleur from turquoise to tii upon 
fixation and dehydration of the pellet is due to 
shrinkage of the inter-particle spacings. The i arene 
effect can be demonstrated upon re-hydrating 
unfixed, but partially dried, pellet. At first prep pellet 
is neutral by reflected light; but as it swells upon 
rehydration, the first colour to appear is violet, 
followed by indigo, blue and finally uoise. 

The appearance of the sections of the virus pellets 
is similar to that shown‘ for the nuclear inclusions 
of an APC virus growing in HeLa cells. In this case’ 
the virus particles have been reported to be packed 
into a lattice believed to be body-centred cubic’. We 





Fig. 2. 

purified 7’. virus. This low-magnification micrograph 

shows the patterns resulting from a transection made through 
small crystalline regions oriented at random. x 8,000 


A section through a methacrylate-embedded pellet of 
paludosa 


have not yet been able to establish with certainty the 
type of crystal packing in our virus pellets, but the 
occurrence of square arrays and hexagonal arrays, 
with identical inter-particle spacing, leads us to 
suggest that the packing is face-centred cubic. 

lt can be seen from the electron micrograph at 
higher magnification (Fig. 3) that the virus particles 
nowhere appear to touch. We believe this effect is 
due to the presence of an outer, low-density envelope 
around the more dense virus centre. ‘This dual 
structure can be seen in unshadowed electron micro- 
graphs of air-dried virus particles, and also in sections 
of embedded fat-body tissue, where the particles are 
not so tightly packed. We would conclude that the 
virus particles are actually touching in these close- 





eS. Lee lal ad: ¥ 

Fig. 3. A high-magnitication micrograph of a section through a 

virus pent, showing a portion of an array in which the virus 

icles are arranged approximately in a hexagonal pattern. 

veral of the sectioned particles appear to have a six-sided 

contour. The direction of notion of the microtome kulfe is shown 
by the arrow. x 70,000 
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packed arrays, but that the outer envelope is either 
so tenuous, or so poorly staining, that it is not seen. 

We have made some attempts to grow crystals of 
the virus in water suspensions by the addition of half- 
saturated ammonium sulphate, and by simple 
evaporation, Our success so far is limited to the size 
and type of crystal shown in Fig. 4, using the latter 
method. 





AS ma gO 


Fig. 4. A light-micrograph Of a crystal of T. paludosa virus, 

formed by partial evaporation of a water-suspension of the virus. 

Bits of poorly-formed aggregates are seen in the vicinity of the 
hexagonal plate. x 2,000 


Some notion of the shape of the individual virus 
particles can be obtained from micrographs of the 
sections. It is evident (Fig. 3) that the bodies seen 
are not spherical, but must be polyhedral. A six- 
sided figure is frequently seen ; generally not a regular 
hexagon, but with two opposite sides slightly longer 
than the other four. This may be an effect of distor- 
tion during microtomy. In the hexagonal arrays the 
orientation of the straight edges of each particle is 
usually such as to present these edges to the nearest 
neighbours. Six-sided virus contours are also 
invariably seen in the square arrays, but the orienta- 
tion habit is not yet evident. Extensive examination 
of serial sections may provide us with a knowledge of 
the shape of the virus particles as well as the type of 
crystal packing. Since the particles also appear 
six-sided when dried from a water suspension, their 
true polyhedral shape should be discernible from an 
application of shadowing methods and of stereoscopy. 
This appears to be the first animal virus reported to 
have a polyhedral shape. 

The cytoplasmic virus of T. paludosa appears to 
have a combination of characteristics that renders it 
attractive for further physical and chemical study. 
(1) It can readily be produced in large quantities 
(5-10 mgm. per larva), and can be purified with ease 
by simple centrifugation ; (2) it appears to contain 
deoxyribonucleic acid ; (3) it is the largest virus yet 
found to possess an apparently complete uniformity 
of size and shape; (4) the individual virus particles 
are polyhedral in shape, suggesting a highly ordered 
internal structure. 

1 Xeros, N., Nature, 174, 502 (1954). 

* Smith, Kenneth M., Nature, 175, 12 (1955). 

3 Smith, Kenneth M., Proc. Roy. Inst., 35, 832 (1954). 
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s Lon ar and Pinnock, P. R., J. Biophys. Biochem. Cytol., 2, 483 
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SOPHYSICAL Discussion on “The Bombard- 
nt of the Earth by Meteors and Meteorites” 
d at the Royal Astronomical Society on 
November 16. The chair was taken by Prof. A. C, B. 
vell, and the discussion was opened by Dr. M. H. 
Hey, of the British Museum, who dealt with 





























said that the direct contribution of the 
teorites to the Earth is almost certainly 
compared with that of meteors and micro- 
tos: Estimates range from 1 to 50 tons per 
d the lower end of this range seems the most 
. It is quite possible that in the earliest 
phases of the Earth’s history the position may have 
been quite different, but because nickel is a geologic- 
ile element, readily transported by ground 
e cannot hope. to recognize the remains of 
in ancient sediments, however numerous 





n ‘The craters made by the larger meteorites are con- 
= gpicuous to-day, but geologically speaking they are 
evanescent features, quickly obliterated by erosion, 
- and though R. 8. Dietz claims to have diseovered 
wo ‘fossil’ meteoritic craters of Paleozoic date, his 
idare has not been considered adequate by geo- 
gists in general. The suggestion has been made by 
Caljuree, H. P. T. Rohleder, J. Boon and C. C. 
Albritton, an others, that gigantic meteorites may 
_ have been respo 
ihe Carpathians and Hungarian Plain, the Nord- 
‘Ries, the: Pretoria saltpan and the Vredefoort 
‘ke, but the evidence that ordinary well-known 
cal agents “were not responsible for these 
ures is quite inadequate, and geologists hesitate 
invoke a new agent where the known ones are 
competent. 
, Ib is certainly possible that major meteorites, 
much largor. than anything we know of to-day, may 
have fallen in early times, may even still be falling 
_ ab wide intervals, and may be responsible for geo- 
raphical features still extant, but there is no proof 
‘of. pares bigger than the two-mile Ungava crater 
hat is doubted by some). 
ugh the meteorites may be geologically un- 
nt, they have a major interest as the only 
xtra-terrestrial matter that we can 
udy in the laboratory in any detail. 
‘, their chemical analysis is particularly 
very large proportion of the analyses 
are quite unreliable; and more 
a the very elements in which we are 
ested are those for which the available 
re worst. Almost all the analyses we have 
lk analyses; little is known of the distribution 
mts among the metallic, sulphide, phos- 
nd several silicate phases present ; what little 
own. is highly interesting, and suggests that 
hen we have the necessary data we may be able to 
as the pressure and temperature conditions under 
sh meteorites were formed—and the relevance of 
is to cosmology and geophysics is obvious. Work 
dat the British Museum, in collaboration 
ll and Oxford, on this problem, but it 
me > years before we have the required 
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‘There are, however, many interesting points about 
the chemistry of meseorites, some of which have been 
known for many years. Some 90 per cent. of all- 
meteorites are essentially stony, 
are a nickel-iron alloy, and a very few are roughly | 
half-and-half metal and silicates. The irons, whi 
contain anything from 4 to 40 per cent nickel, ai 
normally either ‘siagle crystals of the nickel-p or 











phase, or single crystals of the nickel-rich phase ee 


(which is stable throughout the system at high’ 
temperatures), from which lamella of the nickel-poor. . 
phase have segregated in regular orientations. There. 
are also regular segragations of nickel—iron phosphides s 
or carbide, and. when we know more of the com- 
position of these segregates, and the distribution of 
the minor elements present between them and the 
two metallic phases, we may know more of the 
conditions under which ` these enormous -< single 
crystals grew and segregated. 

The majority of the stony Ineteorites : are quite 
unlike any rocks of the Earth’s crust. Not only are 
they veined with nizkel-iron alloy, but also they have 
a remarkably high magnesium and low aluminium and 
alkali content. In these last respects a few terrestrial 
rocks of deep-seated origin approach the meteorites, 
but structurally they have no terrestrial analogue ; 
for the typical meteorite is made up of small rounded 
silicate grains—chendrules—embedded in a matrix 
of broken chondruks, small crystals, glass and vein- 
lets of metal. Only a tiny fraction of stony meteorites 
—about 10 per cent—lack this particular structure, ; 
and about half of this small group is peculiar in 
being almost free from metal, having far more. 
calcium, alkalis aad aluminium than the. typical 
meteorites, and having a structure approximating fe 
more nearly to rocks of the Harth’s crust. ; 3 

Besides these main classes of meteorites, any 
theory that assigns a single origin to all meteorites 
has some curious rarities to explain as well. First; 
there are the carbcnaceous chondrites, a small group 
in which a silicate matrix with the composition and 
structure of a typical stony meteorite, a chondrite 
(if the rather poor analyses so far available can be 
relied on), is impregnated with hydrocarbons. The 
silicates bear every sign of an igneous origin, but the 
impregnating hydrocarbons begin to decompose 
at about 100°C. 

Then there are the tektites, which can only be 
regarded as glass meteorites. These bodies are found 
in about half a dozen regions of the Earth, and 
probably arrived in as many separate showers at 
epochs ranging frem mid-Tertiary to Recant. No 
tektite has ever been seen to fall. It is clear that 
falls are very rare events, though when a fall does 
occur the number of individual masses is very great. 
Chemically, the tektites differ from all stony meteor- 
ites and from all terrestrial rocks; they are very 
high in silica, and relatively high in alumina and 
potash. They appear to enter the atmosphere as 
roughly spherical nasses, wholly glassy (apart from 
small residues of quartz), and probably up to about 


.500 gm. in weight. Their origin and their relation to 


the common stony meteorites are still quite obscure, 
The large irregular masses (up to about 2,000 gm.) 
of pl pure sil-ca glass (98 per cent SiO,) found 
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way to the tektites; : 
-explanation assigning a terrestrial origin to them ha — 















a in the Libyan Desert aro poesibly related 
certainly - 





“yet been offered. 

g Finally, Dr. Hey commented on the impact of a 
really big meteorite with the Earth. He said that a 
meteorite reaches the Earth with its cosmic velocity 
nearly unchecked, and the whole of its kinetic energy 
must be dissipated within a few seconds; some 

passes into sound and earthquake waves, but most 
is converted into heat. Considerable quantities of 
the meteorite itself and of the surface rocks are fused 
and. even vaporized, and most of the meteorite is 
back-fired in fragments out of the crater produced. 
The: great Siberian meteorite of June 1908 unfor- 

“tunately fell in a boggy area, and no material has 

been recovered, but the Sikhote-Alin fall of 1947 has 

confirmed many of the conclusions drawn from the 

-> Arizone, Wabar and Henbury craters; but there is 

still a lot to be learnt about the mechanics of crater 

formation. © 
Prof. H. Bondi then read a paper by Mr. T. Gold, 
who was unable to be present. In this paper Mr. 

Gold took a view opposed to that of Dr. Hey about 

the. geological importance of meteorites. In Mr. 

Gold’s view the Earth was formed by accretion due 

to meteoric impact and that at the present time we 
are merely experiencing the tail-end of this bom- 
-bardment and accretion process. Such a theory of 

-. the origin would naturally suggest comparison with 

the Moon. There the surface appears to have been 


. _ shaped by powerful explosion impacts, some of such 
ane magnitude that it is not a great step to suggest that 


the entire Moon may have been formed by the 
_-aceumulation of pieces. Clearly, if the Moon itself 
had grown in that way, then pieces of a size capable 
of making very large craters could have grown. It 
is therefore consistent that the Moon, after sweeping 
up all bodies accessible to it, should show markings 
of very major collisions, although most probably the 
bulk of the material was accreted as fine dust. The 
< corresponding features on the Earth will have been 
“subjected to the incomparably more rapid terrestrial 
‘erosion, and also to the terrestrial processes of 
continental. growth, of mountain building, and all 
-the upheavals of internal origin which have been 
absent on the Moon, 

-At the present time, attempts are made to measure 


the quantity of fine dust settling down through the 


_ atmosphere, by the use of trays exposed in polar 
© regions, but such measurements are made difficult 
_ by the substantial admixture of dust of terrestrial 


o origin. Estimates are also made of the quantity of 


„material contained in detectable meteors hitting the 
Earth. But there the largest mass is certainly con- 
: tained in’ the smallest particles, and this strongly 
suggests that if still smaller particles could be measured 
“the mass contained in those would be much greater 
still, The attempt to extrapolate into the unknown 


-sizo region, from @ knowledge of the number-size 


relation that is observed among the larger meteors, 
is not really sound, as there is reason to suppose that 
- the smaller particles will be subject to different forces 
and will therefore be channelled into different orbits 
in. the solar system. 

Perhaps the best hope of measuring the quantities 
- Involved is to- detect the admixture of certain sub- 
stances in ocean deposits. Nickel has been used by 
<: Pettersson and Rotschi, as it is a material common 
in meteoric matter. but rather rare in the particular 
materials: that have come to form the continental and 
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red ol y ocean deposits they found 





< amounts of nickel which, if interpreted as ‘meteoric, 


would indicate a rate of the order of one million tons 
per year for the whole Earth. They found an effect - 
which is consistent, namely, that those clays which 
are independently estimated as having been deposited 
more slowly contain the highest proportion of nickel. 
They also found indications that the rate in the past- 
may have been variable. Estimates based on the \- 
zodiacal. light would also indicate @ similar rate of . 
deposition and one can therefore have some confidence 
that this figure is not completely in error. Can this 
have been the rate throughout geological time ? The 
quantity would amount to a deposit of about four- 
metres thickness since Paleozoic times. Of course, no. 
such collected deposit. can be found anywhere because i 
of the other processes that occur on the surface of) 
the Earth. i 

As there is little doubt that the bulk of the mass — 
at the present time is entering in the form of very 
small pieces, much smaller than visible or radio. > 
meteors, one has to look to high-altitude rockets or 
satellite techniques for an eventual measurement of 
the quantity involved. The large end of the size 
spectrum is also of interest, even if it has not. copii 
tributed a dominant amount to the total mass. The | 
meteorites are pieces which have evidently been — 
compacted and metamorphosed elsewhere. and which. 
show that the separation of iron from. silicates has 
taken place elsewhere, as it appears to have done 
on the Earth. 

The very large impacts have left clear markings 
on the Moon, and so one wonders whether any are 
to be expected on the Earth. About five craters: of 
a mile or more in diameter are believed to be 
meteoritic, and of these the Arizona Crater and 
Chubb Crater (Ungava) are the clearest examples. - 
Both these are very young, probably only about ten 
thousand years or so old, and the other examples are... 
probably not a great deal older. It is clear that. 
craters of such a type would not survive for Jong on 
the Earth, as they would be eroded in a few thousand 
years. From the known examples it can be estimated. 
that craters between one and two miles in diameter 
occur now at the rate of one per five thousand years. 
Since Paleozoic times this would amount to some 
hundred thousand such craters. No geological 
evidence for or against such an amount has been 
found; on the Moon, however, a corresponding 
number of such craters exists, and there they are 
just the smallest that can be recognized from the 
Earth, One can infer, from the overlap of craters 
there, that the great majority of these small craters 
are younger than most of the large craters, and that 
the bombardment by the. smaller pieces therefore 
continued after the really heavy bombardment was 
over. The lunar comparison is really even more 
significant, for the numbor of terrestrial craters that 
must be inferred from the few known ones is in any 
event quite a substantial number. Even if the 
present time was taken as a statistically anomalously 
rich period, one could scarcely estimate less than ten. 
thousand in 10° years. 

Where are the favourable places to look for all the 
old craters of the Earth? In the deep ocean they 
would be preserved, but the presence of the ocean 
itself would have protected the ground from impacts 
that might have left craters of the order of a mile in - 
diameter. Deep ocean regions do not appear ever to... 
have been on the surface, and in shallow oceans the 
rate of sedimentation is usually very high, so that 
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Table 1 


No. km? bro? brighter than. magnitude 





6 
3 
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4 
1- 
6 
2 
1 
4 
1 
6 
2 
1 
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Kgm. day-t mag= 
Arietid 


Total (k: 
Mass pelenat than mag. 0 em} 





uld fill up quickly with sediments in most 
On the continents, the rate of erosion and 
sedimentation is too high; and it appears that there 
are no large regions where the present surface has 
ithin two hundred feet of the surface for long 
ods of time, and this would be required if craters 
‘der of one or two miles diameter were to be 
there. It would, of course, be most inter- 
look for such craters in regions that may 
articularly favourable, such as where a 
exposed for a period and later pre- 
er of sediments. On the Moon there 
great numbers of craters larger than 
“miles in diameter. These must have 
ly occurred earlier in the sequence of events ; 
on the other hand, since they are so very large, 
wonder whether any recognizable effects 
still be found on the Earth. The geological 
record starts when the construction of the Earth was 
ibstantially complete. There has probably been an 
usion of the lighter continental roeks from the 
and this has made up the present surface. 
‘ater structure that might have been there 
re would be completely obscured by this process. 
There is, however, a speculation with regard to 
1080 early craters. which it may be worth pursuing. 
they may well have left a pattern of gravity anom- 
| or unbalance of the crust, due to. the destruction 
the hydrostatic stratification that may have 
y been present. This disturbance pattern below 
ust may have been the biggest irregularity then 
have influenced all the subsequent 
currences, It may be still that pattern 
gives rise to zones of instability, gravity 
ons of earthquakes and volcanoes and, 
e sites of continental growth ; this may 
serpretation of the clear and remarkable 
for patterns of circular arcs in all these 
that reflect the sub-crustal properties. 
lar ares cover a wide range of size quite 
the circular arcs still seen as the oldest 
izable markings on the Moon. In conclusion, 
ondi said that the investigation of the meteoric 
steoritic bombardments that the Earth has 
and the interpretation of the lunar features 
10 of the. ways in which new evidence can 
obtained to tackle the problems of the origin of 
he solar ae and the internal constitution of the 























































b of meteors. He said that the numbers 
10) different: magnitudes bombarding the 

can be deduced from visual, photographic or 
atie ns, The figures used here aro based 





on radio work, sines oniy this mhod yields ES : 


atic observations for twenty-four hours a day. Visual 
Tho 
magnitudes quotec are based on the electron line 
density in the trail, a meteor of magnitude + 5giving 
10% electrons per om. The mass is assumed to be |. 


results do not differ significantly from these. | 


proportional to the electron line densities, a meteor — 


of magnitude + & having a mass of the order. £ ae 


10-8 gm, 
Defining the mass distribution 


; g(a) da = cdt da 


as the flux of meteors passing throagh the'unit aréa © 
of a plane perpendicular to the direction of motion 
with line densities between « and « +- dx, the flux 
of meteors with line densities greater than is then 


Oia) = £ 


(s = 1) a 


The constant s determines the proportion of height oe < 
and faint meteors in the shower, Ife = 2, the total 
mass in each magnitude group. is constant ; larger 


values of s indicase a preponderance of mass. among — 
the smaller particles, and smaller values of ¢ Tepresent f 
mainly bright meseors. 

In Table 1 speradic meteors are compared with. 
three showers, tha Perseids, Geminids and Arietids. 
The value of s fcr sporadic meteors is found to be 
close to 2-0, for Perseids 1-46, for Arietids 2-5, and 
for Geminids brighter than magnitude .+ 3, 1-62, 
while for fainter ‘seminids s = 3-0. The first column 
gives the meteor magnitude, and the next four 
columns give the flux O(a) per sq. km. per hour of 
meteors brighter than the given magnitude. The 
final four columns give the mass per unit magnitude 
falling on the whole Earth per day. The total mass 
for the magnituds-range 0 to + 10 is given with an 
estimate of the mass in brighter meteors. It. is clear 
that a cut-off must exist, since no meteorite is known 
to have belonged to any shower. It is more difficult 
to estimate the mass in smaller particles. Measure- 
ments of the zod:acal light indicate that the numbers 
must rise considerably above those given by extra- 
polation of the Enown mass distribution. 

Dr. E. J. Öpik has shown that the Poynting- 
Robertson effect would have caused all particles leas 
than 6 cm. in radius which were originally less than 
5 astronomical units from the sun to fall into the 
sun in less than about 4 x 10° years. Particles of 
sizes between € cm. and 0-03 em. would move 
through the region of Jupiters orbit so slowly 
as to have a very small chance of avoiding 
collision with Cupiter. Smaller particles would, 
however, spend less time in the region of Jupiter, 
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and hence would not be swept up by the planet. 
This limit occurs near magnitude +9, and an 
increase in numbers fainter than this may there- 
fore arise. A recent radio echo survey of meteor 
orbits in the magnitude range + 7 to + 8 shows a 
new class of orbit of small eccentricity and high 
inclination, unknown in brighter meteors. These 
may be meteors of great age that have escaped the 
sweeping action of Jupiter, and their numbers may 
well increase rapidly with magnitude. 
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Many speakers from the floor took part in the 
ensuing discussion, during which several points of 
interest arose, particularly on the question of the 
origin of the various particles. In this connexion it 
was pointed out that meteors seemed to be very 
fragile, and hence it was unlikely that they had a 
common origin with the meteorites. On the other 
hand, the micrometeorites, which have a high nickel 
content, might well have a common origin with the 
meteorites. 


UNIVERSITY COLLEGE OF SWANSEA 
NEW SCIENCE LABORATORIES 
By Pror. H. E. STREET 


ROM its foundation in 1920 the University 

“College of Swansea established Departments of 
Geology and Biology. Geological studies have in 
turn been directed by Profs. A. E. Trueman, T. N. 
George and D. Leitch. The present professor, 
Dr, F. H. T. Rhodes, was appointed in 1956. A 
lecturer in geography was first appointed in 1931 
within the then newly named Department of Geology 
and hy. The increasing number of students 
in geography led the College first to increase the 
geography staff within the joint department and in 
1954 to create a separate department for this subject 
with Dr. W. G. V. Balchin as its professor. 

The Department of Biology from its inception 
initiated an honours course in botany but only 
provided zoology courses to the subsidiary level. In 
1936, Dr. Florence A. Mockeridge, previously inde- 
pendent lecturer, was appointed professor of botany 
and head of the Biology Department. On her 
retirement in 1954 the department was constituted 
as a Department of Botany with Dr. H. E. Street 
as professor. In 1956 a separate Department of 
Zoology was established and Dr. E. W. Knight-Jones 
was appointed to this new chair. 


F 


The development of teaching and research in these 
sciences, leading to the establishment of four separato 
departments, made new and more extensive accom- 
modation essential. ‘The College is indebted to the 
late Prof. Duncan Leitch and to Prof. Mockeridge, 
who in co-operation with the architects, Sir Percy 
Thomas and Son, planned the new Natural Sciences 
Building. This building, sited on a western extension 
of the Singleton Park campus, is based on an H plan, 
the centre and main block of which has recently 
come into full use and is briefly described below. 
This building is the first in a completely new College 
lay-out, the planning of which has been made possible 
by generous grants of land by the Corporation of 
Swansea. The construction of stage I, for which 
Demolition and Reconstruction, Ltd., London, were 
main contractors, was made possible by a capital 
grant from the University Grants Committee. 

The new building provides accommodation for the 
four Departments, together with a joint natural 
sciences library and a large joint lecture theatre. 
The library, large lecture theatre, centre staircase 
and cloakrooms are grouped around the main entrance 
axis. The Departments of Geology and Geography 





Fig. 1. North face of new laboratories 
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Fig. 2. General view of joint lecture theatre 


occupy the first floor, the Departments of-Botany 
and Zoology the ground floor. A semi-basement 
houses a range of service and storage rooms, the 
botany and zoology museums, and the geochemistry 
laboratories. 

The architectural plan is based on a 4-ft. module 
within a 12-ft. structural grid giving a high degree of 
flexibility and allowing future adjustment of non- 
structural walls within the module. The building is 
steel framed with a centre row of columns giving a 
depth of approximately 24 ft. to the main labora- 
tories and other rooms on the north side, a corridor 
of 7 ft. and a depth of approximately 16 ft. to the 
south side rooms, The cladding of the building is an 
ll-in. cavity brickwork with a buff facing brick. 
The windows are constructed in a 4-ft. grid with 
artificial Portland stone mullions and transomes. 
The panels in between the ground and first floor 
windows have a repetitive low relief design repre- 
senting the four sciences, 

The building is generally heated by means of 
aluminium ceiling panels which also give the ceiling 
high acoustic properties. The main laboratory floors 
are of cork tiles finished with plastic sealer. The 
interior finishes of the working rooms and corridors 
are in pastel colours of emulsion paint. In the 
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cerridors and laboratories of the 
Geography and Geology Depart- 
ments, large illuminated wall areas 
ave cork-panelled for map displays. 
The entrance hall is in travertine 
marble and displays the com- 
memorative stone laid by H.R.H. 
the Duchess of Gloucester on June 
29, 1955. The staircases are in 
coloured terrazzo with non-slip 
inserts. The metal work through- 
out has an anodized aluminium 
finish. The laboratory furniture is 
in polished hardwood with Burma 
teak tops to most working benches, 
In the Botany and Zoology Depart- 
ments under-bench cupboard units 
are provided for each student ; 
these units can be readily moved 
and fixed at any position along the 
working benches. Corridor doors 
are glazed to their full length in 
Georgian wired glass, eliminating 
the necessity of borrowed lights in 
the corridors and enabling the back- 
walls of the laboratories to be fully 
used for shelf-fittings and cup- 
boards. Water, electricity and gas 
ere laid to all laboratories; the 
Lonours and research laboratories in 
the Botany and Zoology Depart- 
ments are in addition supplied with 
compressed air and vacuum, Arti- 
ficial illumination is effected by the 
combined use of tungsten filament 
snd daylight fluorescent lights. In 
the teaching laboratories of the 
Botany Department bench-mounted 
adjustable fluorescent lights give 
even, shadowless, illumination over 
all working surfaces at an intensity 
suitable for microscopy. In the 
Geography and Zoology Depart- 
ments each student place is pro- 
vided with a counterpoised bench 
lamp. Special protected lights illuminate the vapour 
hoods and fume-capboards. 

The accommodation for the Department of Geology 
comprises two general teaching laboratories, one for 
paleontology and stratigraphy and the other for 
petrology and mineralogy, an honours laboratory, a 
geochemistry laberatory, a general research labora- 
tory, staff research rooms, lecture room, workshop, 
photographic, roek-preparation and other service 
rooms. The geochemistry laboratory is equipped 
with complete apparatus for petrographic analyses. 
New apparatus for current researches in micro- 
paleontology and sedimentary petrology has also 
been included in the new building. The circulating 
hall on the first floor is designed to serve as a tem- 
porary geology museum and is being furnished with 
special display cabinets. A large store-room fitted 
with tiers of dust-proof drawers houses the extensive 
departmental collections, including a wealth of 
research and type material from the South Wales 
coalfield. 

The accommodation now available to the Geography 
Department consists of a large general laboratory, 
an honours laboratory, lecture theatre, dark rooms, 
workshop and cartography room, a joint Geography- 
Geology Map Library and individual staff rooms. 


these laboratories of acid-resistant plastics. 
main group in plant physiology is studying the growth 
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j The good map collection has recently ‘been su 


mented by a gift of 3,500 maps from the Directorate 


of .the Colonial Survey. The Department is well 
equipped in surveying, photogrammetric, meteorolo- 
gical and cartographie apparatus. The research 
interests of the Department are reflected in the 
special options. offered in the honours course— 
geomorphology, climatology,.cartography, historical 
geography and economic geography. 

The Department of Botany is provided with general 
and honours teaching laboratories, a museum and 
herbarium, research laboratories for plant physiology, 
biochemistry and mycology, staff research rooms and 

<a range of service rooms. A well-equipped workshop 
- and a set of four controlled environment rooms are 
. shared with the Zoology Department. The mycology 
research laboratory is provided with terrazzo bench 


ee tops and with sterilizing and aseptic-transfer rooms. 


The main research proceeding in this laboratory is a 
study of vascular parasitism, particularly as exempli- 
“fied by: Verticillium species. The research labora- 
tories for plant physiology are specially designed for 
_ studies involving tho aseptic culture of plants, plant 
organs and tissues. Extensive use has been made in 
The 


and metabolism of plant roots, using the techniques 
_ of excised root culture. The staff research rooms are 
eurrently. being used for radioisotope analysis, 


OBITUARIES 


Sir William Wright Smith, F.R.S. 


Sir Wittiam Waricur Smrra, Queen’s Botanist in 
Scotland, regius keeper of the Royal Botanic Garden, 
dinburgh, and regius professor of botany in the 
Iniversity of Edinburgh, died on December 15. 
A farmers son, he was born in Lochmaben, in 
~ Dumfriesshire, on February 2, 1875. Thus he had the 
inestimable advantage of a close connexion with the 
countryside from his earliest youth onwards. He 
always delighted in the things of the country and 
_ frequently in conversation he would refer to rural 
- scenes and pursuits. Often he proudly claimed to be 


oan accomplished Border shepherd, and few following 
oo Bim on a Scottish hillside would care to deny his 
physical ability at least. 


Wright Smith’s start on the long pathway to 


oe eminence in the botanical world must date from the 
» day in 1891 when, as a young lad of some sixteen 


` years; he left Dumfries Academy as first university 
_ bursar and journeyed to the University of Edinburgh 
to embark on the course leading to a degree in arts. 


While pursuing these studies he completed also the 


diploma course at Moray House Training College for 


: - Teachers, for his intention at this time was to enter 


-< she teaching profession. He was always a great 
teacher, and a multitude of students, even those who 
by the regulations governing the degree they sought 
were compelled to take botany, will remember his 





_. Jectures if only for the force of his personality, which 


made them share the are interest he felt in 
the subject, 

-After graduation in 1896 he was appointed a 
teachor, chiefly of secondary subjects, under the 


_ Edinburgh School Board. From this point until 1902 


he engaged on routine class-work during the day, 
but in all his free moments he interested. himself 


: much md actively in ettor. s sciantifig, partieolariy ; 
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symol. biochemistry aad plant ‘aad soil analysis. 
These facilities are linked to the studies in root meta- 
bolism and to work in algal physiology, microbial 
genetics and the ecology. of Eriophorum. Hand- 
coloured: plant drawings, pictures depicting land- 
marks in the history of botany and portraits of 
famous botanists are displayed in the main corridor 
and teaching laboratories. These have been given by- 
Prof. Mockeridge, Boots Pure Drug Co., Ltd., Parke 
Davis and Čo., Ltd., and the Wellcome Historical 
Medical Museum. 

The Zoology Department has two large teaching 
laboratories, a museum, @ seminar room, soil ecology 
laboratory, staff research rooms, aquarium and other 
service rooms. The soil ecology laboratory contains: 


special apparatus for studying the distribution — 


and metabolism of soil invertebrates. The main 
research activities of the staff are in marine biology, 
terrestrial, freshwater and marine ecology and in’ 
parasitology. 





The field studies of the four Departments are a 
facilitated by the location of their new building in 
the 50-acre site of wooded parkland adjoining Single: 


ton Park and less than 300 yards from the foreshore. = : 
of Swansea Bay. 


Gower Peninsula and to the north the Brecon’. 
Beacons—regions of great natural beauty and 
scientific interest. 


botanical. So much enthusiasm did he show that the - 
then professor of botany, Sir Isaac Bayley Balfour, ` 
asked the young man to leave the school room and 
come to him as assistant in the University Depart- 
ment of Botany. 

Thus started a long personal association between 
the two men, and as it developed so was the hand of 
Bayley Balfour seen guiding and training the man 
he intended as his successor. Now the younger man 
was given every sort of teaching experience—large 
classes and small, and subjects from the eryptogams 
to the flowering plants—and always he was closely 
and personally associated with the older man in the 
research they both loved. ; 

In 1907 Wright Smith was appointed to take 
charge of the Government Herbarium in Calcutta. 
During the stay of some four years he now made in 
the East, experience in. the widest field—adminis- 
tration of a cinchona plantation and direction of a 
large garden, work in a large national herbarium on 
a flora from almost every kind of habitat—was 
pressed on him. Most valuable of all was the oppor- 
tunity to make botanical explorations in the high 
Himalaya. The sphere of this work was chiefly 
independent Sikkim and the borders of Nepal, Tibet 
and Bhutan. In 1909 he traversed the then practically 
unknown area of Lionakh on the Tibetan frontier 
north of the Kangchenjunga glaciers—two months 
were spent at an altitude from 14,000 ft. to the limit 
of vegetation. In 1910 the high Himalaya forming 
the boundary between the Tibetan valley of Chumbi 
and Eastern Sikkim was the scene of that year’s. . 





exploration and yielded vast quantities of material ue 


for study later on. 


_ All this time, close contact was maintained between ; a 
India and. Edinburgh, so that in 1911 when Bayley” = 
Balfour called upon Wright Smith, he was wonder- ` 


This location has as its hinterland __ 
to the east the Vale of Glamorgan, to the west the 
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fully equipped to come back to the Edinburgh 
Garden, this time on the staff of H.M. Office of 
Works as deputy keeper. 

Up to this stage his published work had not been 
voluminous, but now a flood commenced. Descrip- 
tions of new species and new generar came quickly. 
Soon the interest tended to canalize in Primule and 
Rhododendron. With more and more material pouring 
in from the travels of George Forrest-and others, 

. Edinburgh was soon forced into the front rank of 
those centres where plant systematy received most 
attention. 

In 1922 Sir Isaac Bayley Balfour fesigned from 
his dual appointment and Wright Smith took over 
the duties of the University chair and the keepership 
of the Garden—both Crown appointments. Thus he 
laboured for thirty-four years—he was among the 
last, if not quite the last, professor to receive his 
appointment in Scotland “‘for life while of good 
conduct”. He taught his classes with ever-welling 
enthusiasm, inspired his joint staff to new exertions, 
and all the time dealt with the multifarious affairs 
of a large busy botanical garden. With all this 
he carried on his research in his beloved genus 
Primula. - 

Space precludes more than the merest mention of 
the many other facets of the man and his career— 
his love of games (beating youngsters at chess or 
tennis in his last decade); his joy in company and 
the stories he told; his deep love of India and the 
Indians (all from that continent were Indians, par- 
tition was in neither his vocabulary nor his geo- 
graphy). j 

He was created knight in 1932 and was elected 
Follow of the Royal Society in 1945. Among 
many other honours he was an honorary LL.D. of 
Aberdeen and D. ès Sc. of Toulouse. He was 
awarded the Victoria Medal of Honour by the Royal 
Horticultural Society in 1925 and succeeded Dr. 
A. B. Rendle as the Society’s professor of botany in 
1938. He was also president of the Royal Society of 
Edinburgh during 1944-49. 

Sir William Wnght Smith will be mourned deeply 
by very many, and his work will provide an enduring 
memorial. He is survived by his widow and three 
daughters. ALEXANDER NELSON (> 


Brigadier W. H. Evans, C.S.I., C.LE. 


Brigapier Wurram Harry Evans belonged to 
that rapidly dwindling band of army officers who 
turned to natural history as a hobby while serving 
in the Indian sub-continent, and in the process added 
significantly to our knowledge of its fauna and flora. 
The son of General Sir Horace Evans, he was born in 
Assam in 1876. Educated at King’s College, Canter- 
bury, he joined the Royal Engineers in 1894. He 
served with the Somaliland Field Force in 1903-4 
and throughout the First World War, sustaining 
injuries in both campaigns. Though he made light 
of these, they did in fact increasingly handicap him 
in later years. He died after a short illness on 
November 13. 

Throughout his service in India, Evans collected 
butterflies assiduously, eventually presenting his 
entire collection to the Trustees of the British 
Museum. His keenly analytical mind, however, soon 
rebelled at thé inconvenience of the literature avail- 
able which, though voluminous and often profusely 


llustrated, was scattered and costly and largely 
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devoid!of a comparative element. Soon after pub- 
lishing an account of the butterflies of the Palni 
Hills and a most useful “List” of the butterflies of 
India, he embarked upon a thorough taxonomic over: 
haul of the Rhopslocera of India, Burma and Ceylon. 
His results were published m instalments in the 
Journal of the Bombay Natural History Society, and 
afterwards re-issued m book form in 1927. These 
“Keys for the Iceritification of Indian Butterflies”, 
though at first sight disconcerting, due to systems of 
numbering and akbreviation. of Evans’s own devising, 
proved so practicsl and popular that a second edition 
was called forin 1932. In a single handy book of 
800 pages, ilustrased by thirty-two not at all beautiful 
half-tone plates, they gave the student just that 
essential information which he would fail to find in 
the ten large volumes of Moore’s ‘Lepidoptera 
Indica”. These ‘Keys” have proved invaluable, and 
at family and generic level useful beyond the range 
of their immediare, objective. 

On retirement in 1931, Evans devoted himself 
voluntarily to the single task of applying his methods. 
to the taxonomic revision of the Hesperiidae or 
‘Skippers’ of the world, a group worthy of his metal 
that had hitherto defied all attempts at a satisfactory 
natural classificasion, due less to the very large 
number of species concerned than to the remarkable 
uniformity of tke morphological characters most 
easily used in clessification. His results were pub- 
lished by the Trustees in a series of “Catalogues of 
the Hesperiidae -n the British Museum”, issued in 
1937 (Africa), 1949 (Europe, Asia and Australia) and 
1951-55 (Americs). During the course of this work 
Evans must have examined upwards of half a million 
specimens and, because his classification is largely 
based on the external male genitala, dissected a large 
proportion of them. To achieve this in the time at 
his disposal he had to use methods less elaborate 
than ideal, and thare is no doubt that a more leisurely 
re-examination of his results will lead to considerable 
revision in detail Nevertheless, he did for the first 
time apply critically the same standards to the whole 
family in assessirg the taxonomic values of morpho- 
logical characters. Such a consistent application of 
uniform criteria 2as produced for the first time in 
this most difficut but attractive family an orderly 
and, one believes, natural arrangement of strictly 
comparable units which is unlikely to be superseded 
for many years and from which further research can 
proceed. He himself would have been the last to - 
claim that he had achieved finality. 

Evans’s numerous entomological friends in Britain 
and abroad will f>el his loss for many years to come ; 
but he has at leest left them a massive and charac- 
teristic contribution of lasting value by which to 
remember him. N. D. Reyx 


Prof. St. Maziarski 


~ Pror. St. Maztarski, a well-known Polish histo- 
logist, died in Cracow on July 7, 1956, at the age of 
eighty-three. Hə was the initiator of the so-called 
Cracow school of aistology and worked chiefly in the 
field of the cytology of glands and the microscopical 
anatomy of the muscular tissue. He was the pupil of 
the French histalogist, A. Prénant, and a friend of 
P. Bouin. All his life he was connected with the 
Jagellonian Univarsity of Cracow ; for several periods 
he served as dear of the Medical Faculty, and he was 
rector of the School during 1933-36. 

` JADWIGA ACKERMANN 
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= NEWS and VIEWS 


Institution of Electrical Engineers: Awards 


Honorary membership of the Institution of 
Electrical Engineers has been conferred on Sir Noel 
Ashbridge, a past-president’ of. the Institution, ım 
recognition of his distinguished services to the 
Institution and his outstanding contributions in the 
field of radio engineering, particularly in the develop- 
ment of the British sound and television broadcasting 
services ; and on Sir Harold Hartley, in recognition 
of his life-long interest in all aspects of engineermg 
science, and for his studies of the conservation of 
natural resources. Dr. Waldemar Borgquist, lately 
president of the Swedish State Power Board, has 
been awarded the Faraday Medal of the Institution 
for his outstanding contributions to the development 
of électricity supply and transmission, particularly at 
extra-high voltages, and for his long-standing interest 
ia the education and training of engineers. 


Dr. C. P. A. Waldemar Borgquist 


Dr. Borequist, who was born at Malmö in 1882, 
graduated at the Royal Institute of Technology in 
Stockholm in 1903 and received further training with 
the Luth and Roséns Electrical Co., Stockholm, and 


Siemens—Schuckert Werke in Berlin. In 1908 he was, 


appointed plant engineer at the Trollhättan Power 
Station, and in 1911, became head of the Power 
Station Section of the Swedish State Power Board, 
becoming head of the Power Board m 1938, an 
appointment which he held until his retirement in 


1947. Dr. Borgquist has been an outstanding figure ` 


- in the development of extra-high voltage a.c. for 
power transmission and played a major part in 
inaugurating the work which culminated in the 
Sweden~Gotland 100-kV. d.c. cable. He has always 
interested humself in the rising generation of engineers 
and has made it one of his main concerns that they 
should have adequate facilities for education and 
training. j . 


Royal Aircraft Establishment, Farnborough : 
Dr. H. M. Wilson, M.B.E. 


Dr. H. M. Wiırson, whose promotion to chief 
scientific officer and appointment as deputy director- 
general of aircraft equipment research and develop- 
ment has been announced by the Ministry of Supply, 
graduated with honours in electrical engineering at 
the Queen’s University, Belfast, in 1932 and obtained 
his Ph.D. for the study of transient phenomena on 
high-voltage transmission systems in 1934. He was 
apprenticed with Fairbeirn Lawson,Combe Barbour, 
Belfast, and later took a college apprenticeship 
with Metropolitan-Vickers, Manchester. In 1935 
Dr. Wilson jomed the Royal Aur Force Educational 


Service and served at Halton, St. Athan and at - 


the Ministry of Supply Establishment at Fort 
Halstead before becoming senior education officer 
of the Empire Air Armament School, Manby. He 
made a special study of the problem of the remote con- 


trol of guns in aircraft and the control of missiles. ` 


Dr. Wilson was appointed superintendent of control 
in the Guided Projectile Establishment, Westcott, 


in 1947, and later transferred to the Royal Aircraft - 


Establishment, Farnborough, to lead the guidance 
and control division of the Guided Weapons Depart- 
ment. He was appointed head of the Armaments 
Department in 1949 and promoted to deputy chief 
scientific officer in 1950. 
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Dr. S. Jones 


- Dr. 8.-Jonwzs, whose promotion to deputy chief 
scientific officer and appomtment as head of the 
Armaments Department of the Royal Aircraft 
Establishment in succession to Dr. Wilson has also 
been announced, was educated at University College, 
Cardiff, and later at the University of Birmingham. 
He graduated with first-class honours m engmeering 
in 1932 and obtained his Ph.D. in 1950. During 


"1933-46 Dr. Jones was employed at the Witton 


branch of the General Electric Company and then 
engaged in teachmg until the Second World War, 
when he joined the headquarters staff of the Ministry 
of Aircraft Production. After the War, Dr. Jones was 
appointed to the Radar Research Estabhshment, 
Maivern, where he worked on servo-mechaniams and 
became particularly interested in the optimization: 
of servo design in the presence of noise. ‘This interest 
largely arose from work with Prof. A. Tustm at 
Birmingham on the design of a: servo-controlled 
photographic plate carriage for the new Isaac Newton 
telescope at Herstmonceux. Dr. Jones aftei wards 
led a team concerned with the applieation of mfra-red 
techniques and was promoted to senior principal 
scientifie officer in 1952. He became head of the 
Defensive Airborne Radar Division at the’ Radar 
Research Establishment in 1954 and held the’ post 
until his present appointment. : 


Deputy Director of Air Armament : 
Mr. N. Coles 


Mr. Norman Cores has been appointed to the new 
post of deputy director of air armament at Ministry of 
Supply Headquarters. Mr. Coles, who is forty-two, , 
took a` mathematics degree at the Royal College of 
Science and afterwards attended the postgraduate 
aeronautics course at the Imperial College of Science 
and Technology. He joined the Royal Aircraft Estab- 
lishment at Farnborough in 1936 and, after a short, 
period devoted to the study of methods of making 
our balloon barrage defences more lethal, commenced 
work on the development of electronic proximity fuses 
for bombs. His achievements in this field, which 
resulted in the first use of proximity fuses in warfare 
in 1942, were recognized by an award to him by 
the Royal Commission on Awards to ‘Inventors. 
In 1942, Mr. Coles turned his attention to various 
problems of aircraft gun and rocket sighting, and in 
1944 had a period of operational research work with 


‘the Allied Expeditionary Air Force Headquarters at 


Stanmore. Towards -the end of the Second. World 
War, he entered the new field of guided weapons at 
the Royal Aircraft Establishment, Farnborough, and 
was first concerned with the study of various possible 
weapons systems and with organizational and similar 
problems arising from this new departure. In 1948 
he became head of the Guided Weapons Trials 
Division at Farnborough and was responsible for the 
development of the many new techniques required 
in the flight-testing of guided weapons. In 1951 he 
was transferred to Ministry of Supply Headquarters 
as the assistant director concerned with the more 
scientific aspects of air armament. In his present 
post he will concentrate on the development of new 
weapons for the Royal Air Force. Mr. Coles has 
taken part in several missions abroad; in 1945 he 
was a member of the first guided weapons mission 
to the United States and in 1946 was one of the team 
which visited Australia for. discussions which led to 
the setting up of the Woomera Range. 
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Controller of Guided Weapons and Electronics : 
Dr. R. Cockburn, C.B.,-O.B.E. 


Dr. R. COOKBURN, whose appointment as controller 
of guided weapons and electronics was announced in 
October, is the first scientist to hold a post of con- 
troller in the Ministry of Supply. He entered the 
Scientific Civil Service in 1937 at the Royal Aircraft 
Establishment, Farnborough, as a' member of the 
team engaged on the development of very high- 
frequency communications for the Royal Air Force. 
During 1939-45 he was at the Telecommunications 
Research Establishment as head of the Radio Counter- 
measures Division. This division was responsible for 
countering the German navigation systems over 
Great Britain and for the interception and analysis 
of their radar systems. Later the division developed 
for Bomber Command airborne and ground equip- 
ment to counter the German air defences. This work 
culminated in an elaborate system of diversion 
decoying and jamming in support of the invasion 
of Europe. Dunng 1945-48 Dr. Cockburn was in the 
Nuclear Physics Division at the Atomic Energy 
Research Establishment at Harwell and for a short 
time at Chalk River. In 1948 he became scientific 
adviser to the Air Ministry and held this post until 
1954, when ho returned to the Ministry of Supply 
as principal director of scientific research (guided 
weapons and electronics). He became deputy 
controller of electronics in 1955. Before entering 
Government service, Dr. Cockburn taught physics 
at West Ham Municipal College and was engaged 
in research on transit time effects in valves. He 
published papers in the Proceedings of the Physical 
Soceety. As a result of this work he was awarded the 
Ph.D. degree of the University of London in 1939. 
He was appointed O.B.E. in 1946 and C.B. in 1953. 
In 1947 he was awarded the American Congressional 
Medal for Merit for his work im the field of radio 
warfare. 


Ageing and Industry 


A STATISTICAL inquiry into the age-composition of 
workers in the British iron and steel industry has 
been carried out by C. Fleming, of the Department 
of Social and Industrial Medicine at the University 
of Sheffield. Not unexpectedly, the investigation 
shows that the work-population has ‘aged’ over the 
past two decades and that there is considerable 
variations between the age structure of various com- 
panies and between firms in different centres of the 
country. Investigation has also been made into the 
age structure of different sections of the iron and 
steel industry and, surprisingly, shows that blast 
furnaces have the greatest percentage of older men 
in the industry, while foundries, which have had 
recruitment difficulties, have almost the lowest. 
Apart from a plea for the establishment of a science 
of gerontology, the author makes few suggestions of 
any practical value to those in the industry, who 
must have been impressed by the extensive nature of 
this statistical inquiry. Mention might have been 
made of the adjustments necessary within the 
industry to meet trade union insistence on promotion 
by seniority and of the difficulties which the iron 
and steel industry, in common with others, will have 
to overcome in providing adequate training schemes 
for those ‘extra’ youths of the war-time birth-rate 
‘bulge’ who will shortly begin to leave school. Their 
employment will cause considerable change in the 
industry’s age structure over the next ten years. 
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Philosophical Outlook of Mansel 

In “The Religious Philosophy of Dean Mansel” 
(Friends of Dr. Williams’s Library, Tenth Lecture, 
1956. Pp. 24. London: Oxford University Press, 
1956. 3s. 6d. net), Dr. W. R. Matthews, Dean of St. 
Paul’s, discusses the philosophical outlook of one of the 
most interesting ‘and perhaps among the least appre- 
ciated) of his predecessors. Mansel’s Bampton Lec- 
tures of 1858 opened up a deep argument with F. D. 
Maurice, which souched the roots of epistemology. 
Briefly, it is held that there is an almost complete 
barrier between cheology and philosophy (the latter, 
for Mansel, is no sort of serving-maid to the former), 
whereas Maurice, in his dislike of all systems, appears 
more liberal in maintaining the wholeness of know- 
ledge. The essentially static nature of theology as 
propounded by Mansel 1s characteristic: for him it 
is not a science at all, and quite incapable of pro- 
ducing any progressive cognition of the Divine. Dr. 
Matthews is certain that he would have rejected any 
alleviation of his metaphysical impasse, having no 
more use for the analogia entis than Karl Barth has 
now for it in his “crisis theology’. Yet Mansel’s type 
of agnosticism stops well short of Otto’s ‘wholly 
other’, and asserts man’s mental limitations as the 
decisive factor. In all, a clear and concise summary 
of a significant Novement, not without consequence 
for contemporary thought. 


Scientific Research in British Universities 


A FURTHER edition of “Scientific Research in 
British Universities”, compiled by the Department 
of Scientific and Industrial Research (pp. vii+372. 
London: H.M. Stationery Office, 1956. 21s. net) 
from material collected by the British Council from 
heads of university departments, gives notes on 
scientific research in progress in British universities 
and university cclleges during the session 1955-56 in 
sufficient detail +o indicate the scope of activity of 
the department and of each research team. Only 
those researches are included which were actively 
pursued during the session, or on which information 
has been publisked by the staff of the department 
within the past Zour years, or in which the head of 
the department normally accepts research students. 
The entries are arranged alphabetically by univer- 
sities, and there are also. name- and subject-indexes. 


Commonwealth University Interchange 


Tue Committse for Commonwealth University 
Interchange set up in 1948 to facilitate the move- 
ment within tae Commonwealth of university 
teachers and graduates has published a report on its 
eight years work. A total of 389 visits has so far 
been arranged snd 89 universities and university 
colleges from the United Kingdom, Canada, Australia, 
New Zealand, Scuth Africa, India, Pakistan, Malta, 
Ceylon, Hong Kong, Malaya, Singapore, Gold Coast, 
Nigeria, East Afica and the West Indies have par- 
ticipated, the participants ranging from vice-chan- 
eellors and scholars of international repute to young 
postgraduate workers at the outset of their academic 
career. The demand for the awards expanded 
throughout the period covered by the report and 
requests for awerds for the academic year 1956-57 
represented a maximum. Lists of awards in each of 
the three categories are appended, together with an 
analysis of the distribution by universities and by 
centres. The scheme appears to have fulfilled at 
least in part tke aims of its promoters, but the 
£12,583 available for 1955-56 was sufficient to meet 
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only a modest portion of the demands made on the 
scheme. : 


Bedgebury National Pinetum and Forest Plots 


In 1924 it was decided to form a new pinetum to 
supplement that in existence at Kew, the latter being 
threatened by industrial expansion and increasing 
pollution of the air, and the new pinetum was estab- 
lished at Bedgebury, Kent. Bedgebury Forest lies 
in undulating country in the eastern part of the 
Wealden district of south-east England—a, pleasant 
country, the lower levels having good fertile soils, 
which are well farmed, and the upper areas being 
well wooded. The pinetum originated under the 
auspices of the Royal Botanic Gardens and the 
Forestry Commission, and a committee was set up 
to manage the place, comprising members of both 
bodies. Sir Geoffrey Evans, chairman, of this com- 
mittee, writes the foreword to a small- pamphlet 
entitled “Guide to the National Pinetum and Forest 
Plots at Bedgebury”, issued by the Forestry Com- 


mission (second edition. Pp. 68+8 plates. London :~ 


H.M.S.0O., 1955; 38. 6d. net). The guide contains a 
handy plan which enables the visitor to find his way 
about with ease. The present plantings were under- 
taken in 1925 by W. Dallimore, who supervised the 
work until 1945, and the large collection of conifers 
which has been assembled in the pinetum is largely 
due to-his unfailing energy and enthusiasm. When 
he relinquished the post of honorary curator, he 
remained on the committee, where his advice is of 
value. Since 1948 the pinetum has been under the 
care of a resident supervisor, who is also responsible 
for the forest plots. A car-park is available for 
visitors, whose numbers far exceed those with 
specialized interests in the pinetum or the forest 
pilots. It is for this reason that the guide has been 
published. The pinetum is near London and is a 
most useful adjunct to Kew that should appeal to all 
lovers of the Koyal Botanic Gardens. 


Bardsey Observatory 

Desprre considerable financial difficulties, the 
Bardsey Bird and Field Observatory continues to 
make progress and, in its second annual report, 
accounts are given of numerous activities which took 
place in 1955. This privately owned island lies off 
the Montgomeryshire coast and, during the year, 
attracted student parties as well as a number of 
individual visitors. Besides many ornithological 
studies, visitors carried out observations on the 
earthworms and the littoral and sublittoral marine 
algae of the island. The report may be obtained 
from the honorary secretary, Mr. W. M. Condry, 
Eglwysfach, near Machynlleth, Mont. 


Ejection Theory of the Formation of Meteor 


Showers 

Mimostav PLAVEC, of the Astronomical Institute 
of the Czechoslovak Academy of Sciences, Prague, 
in a paper on the “Orbit of an Ejected Meteor” 
(Bull. Astro. Inst. Czech, 6, No. 2; 1955), 
investigates the perturbing effect of the Earth 
upon meteors ejected by a comet, the ejection 
occurring, in most cases, in the vicinity of perihelion. 
In these circumstances the comet’s orbital velocity 
exceeds 30 km./sec., and a velocity of ejection less 
than 3 km./sec. is assumed; on physical grounds, it 
is believed that velocities greater than this are 
improbable. The theory is developed and then 
applied to three meteor showers—the Geminids, 
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Draconids and Lyrids—and it is assumed that all 
available directions of ejection are possible. The 
deviations from the elements of the new orbits are’ 
extremely small except in the case of the period of 
revolution, and, in addition, the differences in the 
perihelion passages accumulate in time, so that 
meteors are rapidly separated from the comet. The 
most interesting of these three showers is the 
Draconid shower, associated with comet Giacobini- 
Zinner, and-it is shown that a meteor ejected with a 
velocity of only 10 m./sec., in the direction of motion 
of the comet, returns to perihelion eleven days later 
than the comet. After about seven revolutions such 
a meteor would be as far from the comet as the 
meteors were when observed during the 1933 shower 
—that is, eighty days. It is also shown that small 
differences of ejection velocities between individual 
meteors would produce a dispersal along the orbit, 
and here is seen that general tendency of an ejected 
meteor cloud to form a fairly homogeneous ring 
along the whole orbit. 


Co-ordinates of Venus 


As the result of a scheme undertaken in 1947 by. 
the Yale University Observatory, the Watson 
Scientific Computing Laboratory, and the United 
States Naval Observatory, with the object of im- 
proving our knowledge of the motions of the principal 
planets, the Naval Observatory has prepared a set 
of “Co-ordinates of Venus, 1800-2000”, published as 
Vol. 15, Part 3, of “Astronomical Papers prepared 
for the Use of the American Ephemeris and Nautical 


- Almanac” (Washington, D.C.: Government Printing 


Office, 1956; 2.50 dollars), The determination of 
the masses of certain planets and of improved values 
of certain fundamental astronomical constants was 
an important part of this undertaking, and for this 
purpose it was necessary to trace the orbits of 
selected minor planets with high precision through- 
Precise co- 
ordinates of Venus were essential for calculating the 
action of this planet'on these selected minor planets, 
and it is explained in the preface why Newcomb’s 
tables were both inconvenient and unsuitable for the 
accuracy required. The completion of the extensive 
calculations at the Cincinnati Observatory was made 
possible through a generous grant from the Inter- 
national Business Machines Corporation, and this 
grant provided for an installation of punched-card 
equipment devoted exclusively to scientific com- 
putation. Additional equipment for this project was 
obtained by contract with the Mathematics Division 
of the Office of Naval Research. Details of the 
method of computation, etc., with formule and 
numerical examples, are provided in the publication. 
The heliocentric co-ordinates of Venus are given from” 
Dec. 27-5d., 1799, to Dec. 22+0d., 2000, Julian Days 
2,378,492-5 to 2,451,692-5. The longitude is given 
to mean equinox of date and also to equinox 1950-0, 
and the latitude to the ecliptic of date and to the 
ecliptic of 1950-0. In addition, the radius vector and 
rectangular co-ordinates (equinox and equator 1950-0) 
are given to seven decimal places. 


Vacuum in Metallurgy 

A. A. Vertman and L. M. Novik (Priroda, No. 9, 
81; 1956) give an account of laboratory and indus- 
trial experience in the smelting and casting of metals 
under vacuum. It is a well-known fact that many 
defects of cast metals are due to the occluded or 
“dissolved gases, such as nitrogen, oxygen and hydro. 
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gen. Attempts to remove these gases by the addition 
of silicon, aluminium, titanium and other metals 
which combine with the gases, produce slags which 
are often difficult to separate from the metal, and 
are often harmful to the refractory lining of the 
furnace. Subjecting metals to vacuum conditions 
removes these gases as well as gaseous carbon com- 
pounds. The process is based on the fact that the 
solubility of gases in metals is directly proportional 
to the gas pressure in the system. Satisfactory 
degasification does not necessarily “require a high 
degree of vacuum, and good results were obtained at 
1-0-01 mm. of mercury. Besides small-scale oper- 
ations on high melting-péint metals and their alloys, 
large-scale production of cast steel under vacuum 
conditions has been successfully tried in the U.S.S.R. 
About fifteen years ago A. M. Samarin and L. M. 
Novik designed a vacuum installation for large steel 
containers and ingot moulds. This process is par- 
ticularly important in the case of Bessemer steel 
operations, in which degasification for ten to fifteen 
minutes reduces the amount of nitrogen by 30-50 per 
cent and the amount of oxygen by a factor between 
4 and 10. 


Metallurgy and Ceramics in the United States 
Smogs 1950 the number of graduates in metal- 
lurgical engineering and ceramics in the United 
States has fallen by half, and although some 500 
graduate annually in metallurgical engineering, on 
& conservative estimate 1,000-1,500 are required 
annually for the next five years. The American 
Society of Metals, the American Ceramie Society and 
the American Institute of Mining, Metallurgical and 
Petroleum Engineers have accordingly appointed a 
special committee on man-power for the metallurgy 
and ceramics professions which has already organized 
three study groups. One study group is exploring the 
possibility of a national scholarship programme in 
industry and the others will seek to make more 
information available about the opportunities in 
these professions at high-school level and to adult 
education organizations. 


~ 


Archives of the Royal Society 

A GUIDE to the archives of the Royal Society and 
to other manuscripts in its possession, prepared by 
Mr. R. K. Bluhm for Notes and Records of the Royal 
Society (August 1956), has been reprinted and issued 
as a pamphlet. It gives a general summary of the 
Society’s archives and the otber manuscripts in its 
possession, showing in what manner they are cata- 
logued and what form the catalogues take. The word 
‘archive’ is construed to mean any minute of a 
meeting of the Society, its Council or its committees ; 
any letter or document addressed to or coming from 
the Society or its officers in their official capacity ; 
any list or schedule of its property and any ledger or 
register of its books, instruments or the like. The 
non-archive manuscripts consist chiefly of collections 
of the correspondence of men of science, and various 
miscellaneous items, The guide is not in general 
concerned with material dating from the present 
century. Brief descriptions of the main series or 
collections of manuscripts are included. 


V. H. Blackman Research Studentships 

Tue East Malling Research Station Association 
has instituted the annual award of a research student- 
ship which should be of considerable interest. These 
studentships, named after Prof. V. H. Blackman in 
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recognition of his outstanding services to the Research 
Station for more than forty years, and of the great 
influence he exerted upon the developments of 
studies in the physiology of crop plants, have a value 
of £500 a year (tax free). They are tenable at Kast 
Malling Research Station and will provide unusually 
wide opportunities for training in the research 
methods appropriate to research on perennial fruit 
plants. At East Malling there are nine well-equipped 
research sections (pomology, statistics, physiology, 
biochemistry, fruit nutrition, plant analysis, plant 
pathology, entomology, and plant protective ehem- 
istry), and it is intended that the students shall 
develop their scientific experience on as wide a basis 
as possible durinz their three years tenure. It is 
hoped that these studentships will provide a most 
fruitful impetus towards enhanced collaboration 
between crop research stations and university 
departments, as well as extending the opportunities 
of training and research for young graduates of 
outstanding merit. 


Annou ncements 


Sme Ian Crunims Ross, Guia of the Common- 
wealth Scientific and Industrial Research Organiza- 
tion, Australia, has been awarded the Gold Medal of 
the Royal Agricultural Society of England. The Medal 
is awarded from time to time “for distinguished ser- 
vices to agriculture either in practice or in science’. 
The award carries with it honorary membership of 
the Society. 


` De. L. E. ORGEL, assistant director of research in 
the Department of Organic and Inorganic Chemistry 
(Sub-Department of Theoretical Chemistry), Univer- 
sity of Cambridge, has been awarded the Harrison 
Memorial Prize fcr 1956 of the Chemical Society, in 
consideration of his contribution to the development 
of theoretical chemistry published during the five 
years 1952-56. 


Tae following appointments in the University of 
Leeds have been announced: Mr. C. J. Black, to be 
senior agricultura. economist in the Department of 
Agriculture; Mr. I. Codd, to be lecturer in the 
Department of Matallurgy; Dr. E. W. Worrall, to 
be lecturer in ceramics in the Department of Gas 
Engineering and General Fuel Science with Ceramics. 


Sm LAWwWRENOE Braae will deliver the fourth 
Trotter-Paterson Memorial Lecture to the Illumin- 
ating Engineering Society at the Royal Institution 
on February 11. The Lecture is entitled “Some 
Experiments on the Interference of Waves”. Tickets 
can be obtained from the Secretary, Illuminating 
ene Society, 32 Victoria Street, -London, 

1 


APPLICATIONS are invited for the Kathleen 
Schlesinger Fellowship, tenable at the National 
Hospital for Diseases of the Nervous System, 
London. Preference will be givén to candidates 
proposing to investigate degenerative diseases of the 
brain and central nervous system, including bio- 
chemical abnormelities if so desired. The stipend 
will be within the range £700-£1,000 per annum. 
Further details can be obtained from the Secretary, 
Medical Research Council, 38 Old Queen Street, 
London, 8.W.1. . 

Erratom.—in the obituary notice of Mr. John 
Evershed in Natcre of December 15, p. 1323, the 
maiden name of Mr. Evershed’s first wife is given 
incorrectly ; she was Miss Mary Acworth Orr. 
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TENTH INTERNATIONAL CONGRESS OF ENTOMOLOGY 


HE Tenth International Congress of Entomology, 

which took place in Montreal, Canada, during 
August 17-25, 1956, was perhaps the largest gathering 
of entomologists ever held. More than fourteen hun- 
dred members attended, of whom 1,140 were from 
North America and 230 from overseas; among the 
latter, the British group was the largest (65), followed 
by France, West Germany, the Netherlands and 
Japan, The Soviet Union sent seven delegates, and 
Poland, Bulgaria, Romania and East Germany were 
represented. With the exception of China and of 
parts of South America and the Near East, the 
Congress attracted a world-wide membership. 

Both McGill University and the University of 
Montreal provided accommodation. The Congress was 
generously supported by the Government of Canada, 
by the Province of Quebec, several other provinces 
and the City of Montreal, and also by the United 
Nations Educational, Scientific and Cultural Organ- 
ization, the Canadian Pulp and Paper Association, 
and many other commercial and learned organiza- 
tions. It thus became possible to offer considerable 
financial assistance to many overseas entomologists. 
A gratifying result of this was that one hundred and 
fifty members took part in the post-congress tours 
and about seventy others visited laboratories in- 
dependently, giving visiting scientists the opportunity 
to see something of the remarkable increase in 
entomological effort in Canada since the -War. f 

Tho Congress, under the presidency of Dr. W. R. 
Thompson, comprised fifteen sections with some 
seven hundred and twenty papers and many ex- 
hibits and films. Comment on this wealth of material 
must: be restricted to relatively few items. 

The one general session was introduced by a 
recorded address from Dr. Karl Jordan, the founder 
(in 1910) and honorary life president of these con- 
gresses. Dr. Jordan, now ninety-five, had attended 
all previous meetings. Then followed the presidential 
address on “The Interpretation of Taxonomy” and 
papers by Dr. Pierre Maillet (France) on Phylloxera 
and by Prof. O. W. Richards (Great Britain) on “The 
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Science of Ecology”. 


A group of sessions on systematics was devoted to 


individual orders of insects. At a symposium on the 
attributes, variation and taxonomy of the species, 
E. O. Wilson (United States) discussed the tendency 
of related species to differ more markedly where they 
become sympatric ; W. J. Brown (Canada) described 
his work on sibling species in the Chrysomelidae ; 
W. L. Brown (United States) considered successive 
expansion and contraction of range and its effects on 
gene flow and speciation ; and R. L. Usinger (United 
States) discussed the ecology of closely related sym- 
patric species in the light of Gause’s and Nicholson’s 
studies of competition. 

The section on genetics, cytology and biometrics 
included a symposium on the genetics of insect 
populations, with contributions from ©. L. Remington 
(United States) on Lepidoptera, G. Stehr (Canada) 
on sex-limited dimorphism, J. C. King (United States) 
on DDT-resistant strains of Drosophila melanogaster, 
and Elisabeth Goldschmidt (Israel) on natural 
populations of Drosophila subobscura. A strong group 
of cytological papers included contributions by T. 
Yosida (Japan) on autosome-sex chromosome rela- 
tionships, Ann Sanderson (Great Britain) on Ptinus 


latro, and Sally Hughes-Schrader (United States) on 
the deoxyribonucleic acid content of the nucleus. 
The applications of cytology and genetics to taxonomy 
received special attention from G. K. Manna (India), 
D. Leston (Great Britain), G. Cousin (France), and 
several Canadian workers. There was a lively bio- 
metrics section, with considerable discussion following 
the papers. 

In the section devoted to geographical distribution, 
papers analysing the composition of regional faunas 
were prominent. For example, J. L. Gressitt (Hawai) 
showed that the fauna of New Guinea had an ancient 
south-east Asian origm, but was isolated more 
markedly than at present through most of the 
Tertiary and produced a high degree of endemism. 
W. Förster (Germany) showed that the Altiplano and 
high mountains of Bolivia have strong holarctic 
affinities, while the lower lying areas have a neo- 
tropical fauna of complex origin. The most important 
group of papers, however, was the symposium on the 
distribution of arctic and sub-arctic insects, held 
jointly with the section on systematics. There was 
much discussion of the terms ‘arctic’ and ‘sub-arctic’, 
and some discrepancies in their usage. The dividing 
line is sharply correlated with the tree lime in Canada, 
but not in Alaska or Europe. C. H. Lindroth (Sweden) 
demonstrated that the greatest barrier to dispersal in 
Pleistocene and recent times has been the Davis 
Strait. A series of papers on individual groups 
included a noteworthy account of arctic blackflies by 
GQ. E. Shewell (Canada); W. R. M. Mason (Canada) | 
discussed distributional problems in Alaska, and 
A. B. Klots (United States) southward extensions of 
the arctic fauna. The symposium ended with papers 
on the origin of the arctic fauna by G. Warnecke 
(Germany) and E. G. Munroe (Canada). There were 
in all nineteen contributions, but unfortunately 
none relating to the great Siberian sector of the 
arctic. : 

In the section on morphology and anatomy the 
relationship of insects to other arthropods was dis- 
cussed at length. G. F. Ferris and F. M. Butt (United 
States) and E. M. Du Porte (Canada) approached the 
question through analyses of the segmental con- 
stitution of the head. R. E. Snodgrass (United 
States) considered the structure of the tentorium and 
its antecedents in Crustacea and Myriapoda. S. L. 
Tuxen (Denmark) assembled the evidence concerning 


“the position of the Protura; he concluded that they 


should be regarded as true insects, most closely 
related to the Diplura. E. Handschin (Switzerland) 
did the same for the Collembola but arrived at rather 
different conclusions—that the Collembola, Protura 
and Diplura are more closely related to the Myriapoda 
than to the Insecta. 

Among other interesting contributions, G. Richard - 
(France) described the growth of Johnston’s organ in 
termites and phasmids and traced the changes that 
occur during the moult. C. Noirot (France) showed 
that rudiments of the gonoduct of the opposite sex 
exist in young nymphal termites, confirming Hey- 
mons’s (1895) work on embryos of cockroaches. S. 
Kramer (United States) showed that the wing 
muscles of Periplaneta americana are opaque and 
pink in the males but hyaline and white in the non- 
flying females, and related these differences to the 
metabolism and mechanism of flight. ° 
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In the paleontology section, B. B. Rohdendorf 
(U.8.8.R.) outhned recent studies of the rich Carbon- 
iferous and Permian insect beds in southern Siberia ; 


262 species of 12 orders have been described, the: 


Cupedidae and the Curculiopseidae 
being particularly abundant. 
distinguished and compared. 

Papers on the Arachnida were not numerous, but 
included mteresting contributions on the phylogeny 
and taxonomy of the Acari. A. Shulov (Israel) 
described the production of spermatophores in 
scorpions, but the way they are transferred to the 
female remains uncertain; and G. W. Byers (United 
States) showed that m Trombicula also insemination 
is by an external spermatophore. Š 

Physiology and toxicology, one of the strongest 
sections of the Congress, included sessions on neuro- 
muscular systems and insecticidal activity, tem- 
perature effects, the sensory and nervous systems, 
nutrition, problems of metabolism, periodic phen- 
omena and resistance to insecticides. The symposium 
on the nature, origin and activity of insect hormones 
attracted contributions from D. Bodenstein, Berta 
Scharrer and C. M. Wilhams (United States), V. B. 
Wigglesworth (Great, Britain), P. Karlson (Germany), 
B. Possompés‘(France), A. F. O’Farrell (Australia), 
D. M. Steinberg (U.S.S.R.) and M. Ichikawa 
(Japan). 

H. A. Schneiderman (United States) showed that 
the spiracles of the Cecropia moth behave as inde- 
pendent effectors sensitive to carbon dioxide and 
oxygen, and release respiratory carbon dioxide in 
periodic bursts. B. N. Smallman (Canada) discussed 
the inhibition of cholinesterase by organo-phosphorus 
compounds, and A. G. Richards (United States) con- 
tributed a notable paper on the effect of temperature 
on organ- and enzyme-systems. E, Hecker (Germany) 
reported the isolation and identification of the sex- 
attractant of the female silkworm and established a 
unit on behavioural criteria. 

In the behaviour section, se Schwinck (Germany) 
complemented Hecker’s paper by her account of 
activation and orientation of male moths by the sex 
odours. V. G. Dethier (United States) described the 
rudimentary dance performed by blowflies after 
feeding, and suggested the existence of a general 
pattern of insect behaviour that bees have perfected 
as a means of communication. D. Magnus (Germany) 
showed a film illustrating his analysis of the mating 
of Argynnis, and J. A. Downes (Canada) discussed 
the mating of Nematocera and the correlated modi- 
fications in the behaviour, ecology and sensory equip- 
ment of aberrant species. J. S. Kennedy (Great 
Britain) described observations on aphids that lend 
support to an emended chain-reflex theory of instmet. 

The sessions on social insects were sponsored 
jointly with the International Union for the Study 
of Social Insects and included some twenty papers. 
C. D. Michener (United States) considered that social 
behaviour in bees originated from interrelations 
among the adult insects, contrary to Wheeler’s 
theory. J. 8. Moure (Brazil) showed that colony 
multiplication in the Meliponini involves transport of 
materials from the mother colony before and after 
the flight of the young queen. T. Eisner, W. L. 
Brown and E. O. Wilson. (United States) discussed 
food-sharing and the evolution of ants, paying special 
attention to the functions of the proventriculus. 
A. E. Treat (United States) gave a fascinating 
account of the sub-social mite Myrmonyssus, which 
colonizes one only of the paired tympanic organs of 


(Coleoptera) 
Four faunas can be 
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moths.. In a session devoted to nest structures, the 
paper by P. P. Grassé and C.. Noirot (France) on 
termites was especially noteworthy. 

An important group of papers distributed between 
ecology and foress entomology were concerned with 
the fundamental causes of numerical variation of 
populations in Neture. A. D. Voûte (Netherlands) 
and G. C. Varley {Great Britain) argued in a general 
way for the view ‘that populations are regulated by 
factors the destructive mtensity of which varies with 
population density, increasing as the density rises, 
decreasing as it falls; A. Milne (Great Britain) held 
that the numerical variations are due to chance, and 
the fact that numbers may be maintamed at a 
reasonable constancy by random factors was shown 
in an interesting statistical experiment by F. 
Schwerdtfeger (Germany); L. Č. Cole (United 
States), in a paper which aroused great interest, 
showed that series of numbers selected at random 
have often a distinctly cyclical character, suggesting 
the existence of rhythmically acting natural factors 
which do not in fect exist; and that there may also 
be numerical cctrelations completely devoid of 
factual significance. 

The forest entcmology programme also included 
sessions on insecs surveys, chemical control, and 
forest management problems. Other papers dis- 
cussed the problems of particular areas and reported 
studies of the ecology, natural and chemical control, 
and hazard appra-sal of forest insects in many parts 
of the world. 

Appropriately, ceveral papers concerned the spruce 
budworm, the insect of perhaps the greatest sig- 
nificance in the Canadian economy. R. F. Morris 
analysed life-takles and discussed population 
dynamics; the very large-scale aerial spraying 
operations in the Maritime Provinces and in Oregon 
were considered by F. E. Webb and J. M. Whiteside, 
respectively ; and the point of view of industrial 
eee on caltural control was ably presented 

by B. W. Flieger. 

The well-attended sessions on biological control, 
with ninety-one papers from twenty-four countries, 
were a remarkable indication of current interest. A 
series of papers was devoted to reviews covering the 
broad field over much of the world. Two long sym- 
posia on orchard mites and their natural control and 
on the biological control of the balsam woolly aphid 
included specialist contributions from many parts of 
Europe and North America. A session on insect 
pathology and another on the utilization of miero- 
organisms also bzought to light much interesting 
information and showed how fungi, bacteria and 
viruses, as well as nematodes, have become more 
conspicuous amorg the beneficial organisms used. 
Other subjects treated at length included the control 


of weeds, the role of ants in biological control and 


adaptation by parasitic insects. 

The section of agricultural entomology, the largest 
in the Congress, devoted seven meetings to special 
topics. The tensicn between the method of chemical 
control on one hand and the ecological approach and 
the need for conserving valuable natural enemies on 
the other was prominent in the sessions on locusts and 
grasshoppers, on contrasting approaches to orchard 


> entomology, and >n soil insects, all 'of which drew 


many distinguished contributions. B. A. Porter 
(United States) reviewed recent work on the fruit 
fly problem in temperate regions, and L. D. 
Christenson (United States) showed that attractants, 
especially protein hydrolysate and poisoned methyl 
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eugenol, are proving valuable in the tropics. There 
was an important session on insect transmission of 
viruses, with the papers equally divided between 
entomologists and plant pathologists, and a detailed 
examination of the international and legal problems 
arising from insecticide residues. Advisory entomo- 
logy, the United States technical assistance pro- 
grammes, recent advances in insecticide application 
and the problems of special crops were also con- 
sidered. 

In the relatively small section on stored products 
entomology, the international problems arising from 
the variation in storage facilities and from the move- 
ment of insect-infested produce were examuned by S. S. 
Easter (United States) and J. A. Freeman (Great 
Britain). Contributions by R. W. Howe (Great Brit- 
ain) on the potential range and importance of the 
Khapra beetle, and by H. M. Armitage (United States) 
on methods of eradication, proved to be of such 
general interest that an additional session was organ- 
ized, Other papers described new methods of detecting 
hidden infestation in grain, new fumigation tech- 
niques, and problems of storage in warm climates. 

In the section on medical and veterinary entomo- 
logy, symposia were held on the entomology of 
filarial infections, on animal viruses in arthropods, 
and on the biology and control of blackflies. In the 


first two the-speakers concentrated on the arthropod | 


vectors, what happens in them when infected, their 
biology and how this affects epidemiology. The black- 
fly papers reported advances made in Africa, Central 
America, the United States, Canada and Great 
Britain. Malaria and its vectors were discussed in 
papers from the World Health Organization and from 
India, Africa, Vietnam, Timor and elsewhere. Other 
papers on vectors and disease dealt with mites and 
scrub typhus in Malaya, ticks and tick paralysis in 
Canada, and problems resulting from the develop- 
ment of water resources in the United States. There 
were small groups of papers on the biology of cattle 
warbles and their control with systemic insecticides, 
on Phlebotomus, and on techniques for artificial 
feeding of blood-sucking arthropods. Other con- 
tributions of note concerned the periodicity of biting- 
fly attack in the U.S.S.R. and in Africa, and the 
transmission of blood parasites of ducks by Culicoides 
and of snakes by the mite Ophionyssus. 

The discussions on apiculture ranged over nectar 
secretion, the composition of honey, and the 
behaviour, physiology and diseases of bees. A series 
of papers considered the pollination of fruit and 
legume crops by Apis.and wild bees. R. Chauvin 
(France) reported that intra-muscular injection of 
royal jelly in man induced neutropenia and reticulo- 
cytosis, accompanied by a pronounced euphoria. 
Some 200 kgm. of royal jelly is harvested annually 
in France for therapeutic use, 

I am greatly indebted to the leaders of the sections 
for assistance in compiling the foregoing account. 

At the closing session of the Congress, Prof. A. da 
Costa Lima, of Brazil, and Dr. J. Chester Bradley, of 
the United States, were elected honorary members. 
Mr. N. D. Riley resigned as secretary of the Permanent 
Committee, and Dr. D. J. Kuenen, of the Nether- 
lands, was elected in his place. It was decided to 
hold the eleventh congress in Vienna in 1960. 

The Proceedings of the Congress, which will include 
most of the papers presented, will be published 
shortly. Inquiries should be addressed to J. A. 
Downes at the Science Service Building, Ottawa, 
Canada. J. A. Downes 
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CAMBRIDGE OBSERVATORIES 
REPORT FOR 1955 


HE report of the Observatories Syndicate of the 

University of Cambridge for the year ending 
September 30, 1955*, deals first with solar research, 
and under this heading reference is made to Dr. H. von 
Kuber’s work in completing and discussing the inter- 
ferometric photographs of the green coronal line 
5303 A., made in co-operation with Dr. A. H. Jarrett, 
of the University of St. Andrews Observatory, at the 
total eclipse of June 30, 1954. From measurements 
made in the range 1-05~1-3 solar radii, and interpret- 
ing the line widths as due entirely to thermal motions, 
temperatures of the corona were found around 
2-2 x10* to-5 x 10° °K., most of the values being 
near 2 x 5 x 10°°K. The results were so encouraging 
that preparations were made to observe the Jurie 20, 
1955, eclipse at Hingurakgoda, using more extensive 
equipment; but unfortunately clouds prevented 
any results of scientific value being obtained by any 
of the eclipse expeditions to Ceylon. Dr. D. E. 
Blackwell has completed measurement and reduction 
of the corona photographs obtained by him at the 
1954 eclipse, and a first paper was ready for publica- 
tion when the report was compiled. 

Dr. von Kluber has discovered that the large 
“Mount Wilson diffraction grating, which gives a 
measured resolving-power of about 600,000 in the 
fifth order, allows remarkably clear visual observa- 
tions of a fine structure of Fraunhofer lines, consisting 
of shifts and distortions arising from the solar 
granulation. The effects are seen in varying degrees 
in nearly all lines of the solar spectrum, but are most 
conspicuous in the hydrogen lines. Examination of 
the fine structure, using an electro-optical shutter of 
the A.D.P. type, failed to detect any local magnetic 
fields, but Dr. von Kliiber and Dr. B. E. J. Pagel have 
started further work on this question. Various 
other matters are referred to in the report’ under 
solar research, among which may be noticed the 
balloon ‘project mentioned in earlier reports. Dr. 
D. W. Dewhirst and Dr. Blackwell, by arrangements 
made through the Royal Society for co-operation with 
the Royal Air Force, made four flights in ə Lincoln 
aircraft, and photographed the Sun, through an open 
door, "with a 7-in. refractor, Owing to vibration, but 
still more to air disturbance set up by the machine, - 
it does not appear that high-resolution photographs 
of the Sun are likely to be obtained from conventional 
aircraft. 

In the section dealing with the 17-in. Schmidt 
telescope, reference is made to the work of Dr. Dew- 
hirst, assisted by G. G. Yates and A. N. Argue, in 
searching with the instrument for discrete radio 
sources. Using blue-sensitive plates going to a 
hmiting magnitude about 18-5, a small number of 
faint galaxies have been detected the positions of 
which agree with radio sources of small diameter, but 
otherwise no peculiar stellar or extragalactic object 
has been found in the positions given. In addition, 
photographs in the blue, and with a plate filter 
combination for Ha, have given no evidence to sup- 
port the idea that either Hii regions or clusters of 
galaxies are responsible for the majority of sources 
of large diameter. Workers at the Cavendish Labora- 
tory have found a significant correlation between the 

* University of Cambridge. Report of the Observatories Syndicate 
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positions of radio sources and those of known astro- 


nomical galaxies. Photography of a selected number 
of suspected galaxies from the international cata- 
logues reveals that some show peculiar structure or 
are members of small clusters. 

The erection of the 36-in. reflector with adjustment 
and testing has been completed; the telescope was 
designed for use either at the prime focus, at f/4-5 or 
at a fixed coudé focus, to which the light travels along 
the polar axis northwards, using a three-mirror 
combination giving f/18 or 30. Mr. G. G. Yates 
designed a photoelectric stellar photometer embody- 
ing a quartz monochromator, which allows simultane- 
ous measurement of the brightness of a star in three 
regions of. wave-length which may be selected at 
will. The photometer will be used at the coudé 
focus of the 36-in. telescope and was approaching 
completion when the report was compiled. 


© 


NATIONAL PHYSICAL 
LABORATORY, TEDDINGTON 


REPORT FOR 1955 


HE annual report for 1955 of the National 

Physical Laboratory, Teddington*, describes the 
wide range of research and test work carried out 
during the year. It contains the report of the 
Executive Committee which was presented to the 
meeting of the General Board held on May 25, the 
annual open day of the Laboratory (see Nature, 177, 
1151; 1956); a note by the then director, Sir 
Edward Bullard, describing his own individual 
researches and the publications of the administrative 
staff; and detailed individual reports, prepared by 
the respective superintendents, of the activities of 
the ten Divisions and Test House of the Laboratory. 
The frontispiece consists of a reproduction of the 
portrait (painted by Bernard Dunstan) of Sir Edward, 
which was presented to him by his colleagues on the 
occasion of his resignation of his appointment after 
serving as director since 1950, and which now hangs 
alongside portraits of previous directors in the large 
conference room of the Laboratory. 

The Executive Committee reports that it again 
gave its attention, when reviewing the research pro- 
gramme, to the desirability of reducing the number 
of research items so that effort could be concentrated 
on new and important work. The increase in staff 
allotted to the Laboratory under the plan for a five- 

-year limited expansion of the Department of Scientific 
and Industrial Research was allocated mainly to the 
Aerodynamics and Ship Divisions, and the personnel 
and much of the equipment of the Metal and Fatigue 
Group of the High Temperature Mechanical Prop- 
erties Section were transferred to the Mechanical 
Engineering Laboratory, East Kilbride. Work on the 
site for the new Ship Hydrodynamics Laboratory at 
Feltham was commenced in March 1955, and the 
casting of the main tank sections were expected to 
be completed before the end of 1956. The tank will be 
1,300 by 48 by 25 ft., and its carriage will have a 
maximum speed of 50 ft./sec. A steerage and storage 
basin, a new water tunnel, a workshop, foundry and 
machine shop facilities will also be provided. 

* Department of Sclentifie and Industrial Research, _Nattonal 


-Physleal 1 Laboratory: Report for the Year 1955. Pp. viil+110+7 
plates. (London: H.M.S O., 1956.) 5s. net. 
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Two international symposia were held during 1955 
at the Laboratory, one in March on “Boundary 
Layer Effects in Aerodynamics” and the other in 
September on “Cavitation in Hydrodynamics”. The 
proceedings of the symposia on “Engineering Dimen- 
sional Metrology”, held in October 1953, and on 
“Precision Elscsrical Measurements”, held in- 
November 1954, and four new booklets, Nos. 9-12, 
in the series “Nozes on Applied Science”, were pub- 
lished during the year. In addition, the proceedings 
of the 1953 symposium on “Automatic Digital 
Computation” wss reprinted twice; No. 3 in the 
series of “Units aad Standards of Measurement” was 
reprinted; and & total of no less than 156 seien- 
tific papers were contributed by members of the 
staff of the Lakoratory to various journals and 
periodicals. 

The two industrial and scientific liaison officers 
have continued tc bring to the notice of industry the 
research and development proceeding in the Labor- 
atory. More than sixty firms were visited, and 
special tours wer3 arranged in Scotland and South 
Wales. 106 lectcres were given by other members 
of the staff to scientific and similar organizations. 
The Laboratory exhibited several items at the 
Physical Societys annual exhibition of scientific 
instruments and apparatus, the Engineering and 
Marine Exhibitior and the British Instrument Indus- 
tries Exhibition. Visitors to the Laboratory included 
parties from the Soviet Academy of Sciences, the 
International Electrotechnical Commission and from 
the joint meeting of the Iron and Steel Institute with 
the American Society of Metals and the American 
Institute of Mining and Metallurgical Engineers. 
Sir Edward Bullard delivered the Scott Lectures at 
Cambridge, in wh ch he reviewed existing knowledge 
of the interior of tae Earth and the theory of the solid 
state used for exsrapolating results obtained in the 
laboratory to the much higher pressures occurring in 
the interior of the Earth, and he represented the 
Department of Scientific and Industrial Research at 
the international symposium on the utilization of 
solar energy held in Phoenix, Arizona. Thirty-eight 
members of the staff made official visits overseas, 
and details of thase, with the usual lists of mem- 
bers of the genaral board, executive committee 
and sub-committess, the positions and names of the 
senior staff, and Libliographies of the publications of 
the director and members of the staff of the Divisions 
of the Laboratory, are included in the annual 
report, 

The individual reports of the various sections of 
the Laboratory reveal that a wide range of interesting 
and important investigations has been undertaken. 
The greater part of the work of the Aerodynamics 
Division is devosed to fundamental research on 
behalf of the Ministry of Supply, and the range of 
problems continues to increase, largely because of 
the increasing seeds attained by aircraft and 
missiles. In addition to investigations of high-speed. 
flow, however, many low-speed investigations of. 
swept-back wings and of methods of boundary-layer 
control designed so provide increased lift were also 
carried out. Other work not connected with aero- 
nautics was concerned with such problems as the 
stability of suspension bridges, television masts and 
other structures, cir flow over the decks of ships and 
the design of wind tunnels. 

The digital electronic universal computing engine 
(DEUCE), an improved version of the pilot model of 
the ACE (automatic computing engine), was installed 
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during the year, and the Control Mechanisms and 
Electronics Division is continuing with the develop- 
ment of the full-scale ACE, which is estimated to be 
at least four times faster than DEUCE or the pilot 
model. The electronic simulator of the Division 
continues to be used for the study of automatic 
control and other problems involving the solution of 
differential equations, and the work of the Elec- 
tronics Section has included the development of a 
stable power-supply unit for the Electricity Division, 
the provision of acoustic equipment in the lecture 
hall and the construction of part of a special, highly 
accurate, camera-shutter system for -the Admiralty. 
In the Electricity Division the cæsium atomic beam 
standard of frequency and time interval has been 
completed, and an experiment similar to the Michel- 
son—Morley ‘ether-drift’ experiment, but using short 
radio-waves within a cavity resonator instead of 
light waves, has been carried out. The result ob- 
tained supports the principle that there is no drift 
effect. 

The diverse activities of the Light Division have 
had many industrial applications. The Merton—N.P.L. 
processes for the preparation of diffraction gratings 
are gradually being taken over by commercial organ- 
izations. New methods of producing plastic replica 
gratings have made it possible to prepare accurate 
gratings up to several feet in length, and work on the 
application of diffraction gratings to linear measure- 
ments included a thorough theoretical investigation 
into the theory of moiré fringe formation, which has 
now been published. The Division has also developed 
ultrasonic equipment for cutting slots in thick glass 
plate and for drillmg tungsten carbide, and two new 
types of thin-film bolometers are being developed to 
meet the industrial need for sensitive non-selective 
detectors of infra-red radiation. 

The tracer laboratory in the Metallurgy Division 
came into full operation during the year, and useful 
results were obtained from the application of a 
variety of experimental techniques to the problem 
of fatigue in metals. On behalf of the Fire Research 
and Building Research Stations, an investigation was 
made of the loss of stress, under the action of fire, 
in steel reinforcing bars used in pre-stressed concrete. 
Good progress is reported by the Metrology Division 
in the development of two impersonal methods of 
measuring line standards of length. Improved light 
sources for optical interference measurements of 
length have been explored, and interferometry is 
being applied to a re-determination of the velocity of 
microwaves to one part in a million. A new determ- 
ination of the absolute value of gravity is being 
undertaken in order to improve the accuracy with 
which the pressure exerted by a barometric column 
is known in absolute units and also to improve the 
realization of the ampere. The experiment will 
consist of throwing a ball up vertically and timing 
its motion as it first rises and then falls over a 
measured distance. The new primary barometer is 
reported to be almost complete. 

In the Physics Division significant progress has 
been made on the extension of measurements of 
thermal conductivity to low temperatures, on greater 
accuracy in mercury thermometry, on the inter- 
national comparisons of the standard apparatus for 
determining the röntgen for X-rays up to 300 kV., 
and on a new method for the precise measurement 
of high pressures with the piston balance. The film 
dosage service which has been operated by the 
Radiology Section of the Division for many years is 
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to be ‘transferred to the Radiological Protection 
Service, operated jointly by the Ministry of Health 
and the Medical Research Council. A scheme for the 
provision of liquid helium, prepared in the Labor- 
atory’s Collins liquefier, to various universities and 
laboratories was started during the year, but the 
demand so far has been rather limited. The Mathe- . 
matics Division has been able to devote more time 
to research problems and less to the demands of 
outside organizations. DEUCE was used for the 


~ solution of hyperbolic and parabolic differential 


equations, nuclear scattering problems and the 
calculation of molecular integrals, and a new method 
employing Chebyshev series was developed. The 
Ship Division was mainly responsible for organizing 
the symposium on cavitation, and its research work 
has largely been concerned with ship/model com- 
parison and the study of frictional resistance. A 
very useful method of controlling manceuvrable 
models by radio in the Divisiun’s tank was developed: 

The report concludes with details of the various 
tests carried out by the Test House of the Laboratory. 


THE ‘GREEN POOL’ AND 
HORTICULTURAL MARKETING 


HE growing interest in the possibility of Euro- 

pean agricultural integration reveals more and 
more clearly the lack of comparative information 
needed to answer many of the fundamental questions 
raised by the cases for and against this ‘Green Pool’. 
In no part of European agriculture and its associated 
industries is that statement more true than in the 
marketing of fruit and vegetables. Not only are 
there extremely few studies of horticultural marketing 
in individual countries, but comparative data for the 
non-Communist ‘European countries have until now 
been virtually non-existent in a readily accessible 
form. : 

The situation has been greatly improved by the 
publication of “The Marketing of Fruit and Vegetables 
in Europe” by the Organization for European 
Economic Co-operation*. This report contains much 
descriptive and statistical information relating to the 
economic organization of horticultural- marketing in 
thirteen countnes. Subject to any subsequent 
revisions, it will remain a standard reference for 
many years. Some of the information is superficial, 
but there is much that will help satisfy the needs - 
of administrators and research workers: concerned 
either with “technical or economic aspects of the 
industry in countries other than their own, especially 
if inter-country studies are planned. The degree of 
detail is of necessity often restricted, but a wealth of 
pointers and introduction to topics of considerable 
interest is provided. For example, there are useful 
references to the French Government’s powers to 
plan the development of the main wholesale markets 
and of its Fonds de guarantie et d’orientation de la 
production agricole, an agency aiming in time to 
reduce price fluctuations of fruits and vegetables. A 
more sophisticated arrangement already operating to 
achieve the same objective is the Dutch price insur- 
ance scheme, and the report contains one of the few 
existing descriptions of it in English. 

* Marketing of Fruit and Vegetables in Europe, (Project No. 249 0.) 
Pp. 328. (Paris: European Productivity Agency ot the Organization 


for European Economie Co-operation; London: H.M, Stationery 
Office, 1956.) 600 francs; 12s.; 2 dollars 
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The completeness of the statistical information 
varies considerably for different countries and crops ; 
it covers production, the timing of harvest periods, 
levels of consumption, imports, exports and ‘dis- 
tribution costs. For the economist this last set of 
information is the most interesting, but it is tantal- 
ingly deficient. The Itahan data seem the most 
detailed and accurate, whereas for most other 
countries the evidence shows the inadequacy’ of our 
present knowledge. ‘Yet the imtra-European com- 
parison of marketing costs is a most fruitful point of 
departure for any study of the relative efficiencies of 
the various systems described. 


A real deficiency of the report is its tendency to` 


reflect excessively official thinking. For example, the 
Dutch price insurance scheme has one serious defect, 
namely, that prices to growers are maintamed by 
- restricting total sales in the fresh fruit and vegetable 
markets and by destroying surplus supplies in some 
instances. This is not made clear. Similarly, the 
discussion. on grading programmes in the British 
section contains no reference to the extremely suc- 
cessful private grading schemes that have been 


introduced by individuals or by groups of growers,. 
particularly in apple and pear production. Yet the - 


private development of fruit and vegetable grading 
has achieved more than has the public sponsoring of 
1t, and there are good theoretical reasons for expecting 
such a result in Britain, Another important omission 
1s the lack of reference to the 1950 Census of Dis- 
tribution in the discussion of British costs of mar- 
keting. Therefore, the high value of the present 
survey must not hide the fact that it is not a complete 
guide to the many and diversified facets of horti- 
cultural marketing in various parts of Europe. 
GEORGE ALLEN 


THE FUSED SILICA INDUSTRY IN 
BRITAIN 


HE fascinating story of the birth and progress 

during the past fifty years of the fused silica 
industry in Great Britain is told in an illustrated 
volume produced by the Thermal Syndicate, Ltd., in 
commemoration of the jubilee of incorporation of the 
company*. The three parts into which the volume 
is divided deal respectively with the history of the 
Thermal Syndicate, Ltd., during 1906-17 ; the Silica 
Syndicate, Ltd., a parallel organization, during the 
same period; and the post-1917 company, the 
Thermal Syndicate, Ltd., formed from the amal- 
gamation of the two earlier syndicates. . 

In 1902, Mr. (later Sir) Richard Paget, a London 
barrister, when on @ visit to the home of the first 
Lord Rayleigh, was shown a small quartz tube which 
Lord Rayleigh’s son was building-up by fusing 
together little pieces of quartz crystal, a process 
evolved by Mr. W. A. Shenstone, a master at Clifton 
College. His interest thus aroused in fused silica, 
Paget together with Lord Armstrong, and C. Merz 
and W. McLennan who were on the look-out at the 
time for new uses for electric power, formed a private 
syndicate in order to carry out research, with Dr. F. 
Bottomley in charge, on the electric fusion of silica 
(sand). Bottomley, in 1903, successfully produced 
his remarkable ‘Ostrich Egg’, and the manufacture 


*The Story of the Thermal Syndicate, Limited. Pp. xiv+48+ 
18 plates. (Wallsend: The Thermal Syndicate, Limited, 1956.) ` 
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of fused silica, tubes and ware for sale was begun. 
Finally, on August 3, 1906, the Thermal Syndicate, 
Ltd., was incorparated as a private company with an 
authorized capitel of £10,000. : 

The Syndicate’s factory consisted of a small 
wooden building and office space was provided by 
Merz and McLennan in their Wallsend Laboratories. 
A quite separate but parallel organization, the Silica 
Syndicate, Ltd., was formed also in 1906. This had 
the backing of Jchnson, Matthey and Co., Ltd., and 
was to exploit the manufacture of the ‘transparent’ 
form of fused silka made from quartz (rock crystal) 
as distinct from silica, material made from sand. The 
growth and development of this syndicate were par- 
ticularly associated with the mercury vapour lamp 
and the silica racio transmitting valve. In 1917 the 
two syndicates were merged into the Thermal Syn- 
dicate, Ltd., and with the transfer of the Silica 
Syndicate’s plant-and key workpeople to Wallsend in 
1920 the whole of the fused silica industry of Britain 
became concentrated in one place. 

The basic Thermal Syndicate patents expired in 
1921 and several factories for manufacturing fused 
silica. were established in Europe, but, in general, the 
British processee were copied. ‘Optical quality’ 
transparent fused quartz for use as lenses and prisms 
was first developed during the 1930’s, and in addition 
at this time the zompany decided to enter the field 
of high-temperatare refractories in materials other 
than silica, alumina and magnesia being chosen as 
the first to be developed. The demand for both the 
new products and fused silica equipment in the 
chemical and electrical industries and other projects 
during the Second World War rose to new heights, 
and since the War new output records have been 
achieved. 

New agencies have been created, notably in Aus- 
tralia and Belgium, and the Thermal Syndicate, 
Ltd., has now meny accredited agents in all parts of 
the world, including the subsidiary Thermal American 
Fused Quartz Company in the United States of 
America. It is inseresting to note that the connexion 
with Johnson, Matthey and Co. is still maintained, 
with G. C. H. Matthey as the present chairman of 
directors of the Thermal Syndicate, Ltd. 


MESOANALYSIS IN METEOROLOGY 


ESEARCH. Faper No. 39 of the United States 

Weather Bureau, entitled ““Mesoanalysis: an 
Important Seale in the Analysis of Weather” (pp. 
84. Washington, D.C.: Government Printing Office, 
1956; 50 cents), by Tetsuya Fujita, H. Newstein 
and M. Tepper, describes an investigation mto the 
detailed structure of a depression inthe Middle West 
of the United States using observations at stations 
spaced at distances of the order of 25-30 miles. This 
is termed analysis on the meso-scale as distinct from 
the macro-scale of the ordinary weather map, on 
which the spacing of stations is at distances of 
hundreds of miles, and the micro-scale, on which the 
spacing is less than ten miles. This work, carried out 
by the Severe Local Storms Research Unit of the 
Weather Bureau, is stated to have shown that local 
weather is more 2losely connected with features on 
the meso-scale than those of the macro-scale. 195 
stations in ten States centred on Kansas were used, 
67 of them regular reporting stations and 128 sub- 
sidiary stations, partly voluntary observing ones. 
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Upper wind and radar cloud and precipitation 
observations were made at some stations. 

A detailed description is given in the paper of the 
events associated with the south-eastward movement 
of a cold front on June 24 and 25, 1953. Charts are 
presented with isobars at 4-mb. intervals, isotherms, 
winds and weather. They reveal the existence of 
small low- and high-pressure centres having diameters 
of tens of miles, often arranged in pairs of high and 
low centres cailed ‘pressure couplets’. Tornadoes 
and very strong winds occurred near some of these 
couplets. Ahead of thse cold front in the warm air 
the pressure-jump line was found along which pressure 
rose very sharply. The main cold -front of thè 
ordinary weather-map macro-scale analysis did not 


appear on the meso-scale as a continuous line — 


separating the warm and cold air masses but as a 
frequently changing set of systems, though it could 
ab times be identified as a continuous line of change 
of wind direction and concentration of isotherms. 
Some meso-systems were found to be arranged along 
the cold front rather like sea waves on a sloping 
beach. ` 

The account is purely descriptive and no attempt 
is made to explain dynamically the weather experi- 
enced. Since‘the barographs and thermographs of the 
subsidiary stations were not periodically checked and 
the stations measured rainfall at 24-hr. intervals, 
special techniques for reducing their pressure and 
temperature observations to sea-level and obtaining 
hourly amounts of rain were devised using inter- 
polation between the observations of the regular 
stations. The development of this valuable work 
will be watched with interest by all meteorologists. 


EARTHQUAKES DURING 
MARCH—SEPTEMBER 1956 


URING the period March to September ,1956 
inclusive there were forty-seven earthquakes in 
the world of magnitude 6 and greater. The greatest 
of these attained magnitude 8, and, as has already 
been reported in Nature, took place on July 9 with 
an epicentre in the Aegean Sea. It is reported 
that several towns were destroyed on the islands of 
Thira and Ios, and that forty-two people were killed. 
Two earthquakes attained magnitude 74. The first 
of these occurred on June 9 in Afghanistan. In the 
Kunhar valley several villages were buried under 
debris crashing from the mountains into the valley. 
In this valley one hundred and fifty people were 
killed and more than a thousand injured. In the 
Shaigan valley one hundred and sixty people were 
killed and more than a thousand injured. Many after- 
shocks occurred. The second earthquake of magnitude 
74 occurred on July 18 with an epicentre in the 
Banda Sea. 

On July 21 an earthquake was experienced in 
western India from Rajkot to Bombay. Most damage 
was done at Anjar some 30 miles east-south-east of 
Bhuj, the capital of Kutch. More than a thousand 
buildings in Anjar, includmg the post and telegraph 
affice, were destroyed. Landslides and other surface 
damage disrupted communications. More than a 
hundred people were killed and many more injured 
near Anjar. In and around Bachau also two hundred 
houses were wrecked. On July 16 an earthquake in 
central Burma caused major property damage at 
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Mandalay and Sagaing. Thirty people were killed. 
Earthquake damage ıs also reported on March 16 
in southern Lebanon (Nature, 177, 560; 1956); 
March 31 in Hungary; April 19 in Spain and 
September 29 in Japan. 

European earthquakes were experienced on March 
24 in Switzerland; June 2 m Italy; June 10 in 
Austria; June 28 in Jugoslavia; June 30 in the 
Black Sea near Romania; August 1 in the Zollern 
Alps, and on August 16 near the south-west coast 
of Portugal. On March 16 an earthquake was felt 
with intensity 6 on the modified Mercalli scale-in 
Galilee. 

British earth tremors occurred on May 4, July 9, 
July 28, August 5 and August 23. The shock of May 4 
was felt near Ipswich and heard at Bury St. Edmunds, 
Felixstowe and Framlingham. It was recorded at 
Kew, Durham, Paris, Rathfarnham (near Dublin) 
and Upsala (Sweden). From some of these records 
the observers at Kew determined the epicentre to 
be at 52-1° N., 01-6° E., which is just off the coast 
near Ipswich. The initial time was 23h. 25m. 50s. 
@.m.t. The shock of July 9 was felt at Chester, 
Kelsall, Blacon and at Woolstanwood near Crewe. 


‘Mr. E. F. Baxter, of the University of Durham, 


determined the epicentre to be at 33° 10’ N., 02° 55’ 
W., which is some four miles west of Chester.. The 
initial time was Olh., Olm. 33s. a.m.r. The other 
three British shocks were near Tarbert in Argyll. 
The first was felt on July 28 at 21h. 40m. near 
Tarbert, and at Carse and Glenbranter between the . 
head of Loch Eck and Loch Fyne. The second, on 
August 5 at 13h. 40m., is reported from Carse. The 
third, on August 23, was the greatest. It was felt 
over a wide area around Tarbert, including Carse, 
Clachan (a village in Kintyre, five miles from Carse), 
Whitehouse, Campbeltown, Rhu, Lochgilphead, 
Ardrishaig and Glenbranter. The Rev. R. E. 
Ingram, S.J., is of the opinion that this was the 
earthquake which was recorded on the seismograms 
at Rathfarnham Castle near Dublin at 16h. 32m. 04s. 
am.t. Unfortunately the shock was not recorded 
at the British seismological observatories, since it 
was not of sufficient magnitude, 


PUBLISHING IN BRITAIN 


FDROADSHEET No. 392, “Publishing and Book- 
A) selling” (Political and Economic Planning ; 
2s. 6d.), deals with publishing, booksolling, dis- 
tribution and the present state of the market. The 
output of new titles has steadily risen since 1950 
from 17,072 to 19,962 m 1955, of which 5,770 were 
reprints and new editions. Turnover has also steadily 
increased, from £37,158,652 to £46,270,953, of which 
35-7 per cent is for export, compared with 30-7 per 
cent in 1950. Most of the business is in the hands of 
the 370 firms who are members of. the Publishers’ 
Association and are responsible for at least 90 per 
cent of the turnover, the largest output coming from 
H.M. Stationery Office, with 1,380 titles. Next come 
Collins (529); Oxford University Press (389); 
Hutchinson (364); Heinemann (266); Longmans 
(266) ; Macmillan (241) ; and Hodder and Stoughton 
(221) 

It is difficult to get any idea of the true economic 
state of the publishing industry, for almost all the 
firms are private companies which do not publish 
their accounts. Printing and binding costs are now 


x 


No, 4551 


January 19, 1957 


nearly three times the 1939 price and paper is almost 
five times the pre-war figure. A sample survey made 
by the Publishers Association in 1953 put these three 
items at 28 per cent of the published price of general 
books and fiction, and at the beginning of 1956 
many publishers received notice of a 15 per cent 
increase in printing charges. Book printing is only 
about 8 per cent of the total output of printing in 
Britain and has to compete with larger and more 
profitable custom. Large editions are now the order 
of the day wherever possible, and it has been sug- 
gested that the main hope for economy in binding 
lies in the reduction of the number of processes by 
use of thermoplastic adhesives in place of sewmg and 
in greater standardization. 


Most new books are subject to the Net Book 


Agreement and a discount of 334 per cent is commonly 
allowed to booksellers on fiction and general books, 
with up to 25 per cent on specialized technical, 
legal and medical books. Even with the former, 
many booksellers claim it is almost impossible to pay 
their way on new books, and throughout 1955 the 
book trade was obliged to concentrate on the problem 
of the wholesaler. When Simpkin Marshall, Ltd., 
ceased trading ön March 30, 1955, a serious gap was 
created in the distributive machinery of the book 
trade, which has not yet been filled. The Net Book 
Agreement was modified in the first National Book 
Sale of February 1955, and this successful experiment 
was repeated in 1956. 

Educational publishing is a highly specialized 
section of the trade with which about 80 members of 
the Publishers Association are concerned. Expendi- 
ture on books by the 577 public library authorities 
increased from £2,305,000 in 1950-51 to £3,180,000 
in 1954-55, partly owing to increased prices. Most 
business is still done through bookshops, and a survey 
of réaders’ methods of selecting their books carried 
out by Harrap last year indicated the importance of 
reviews. There is a general impression that the 
traditional book market is changing fast and annual 
analyses made by The Bookseller indicate that books 
on trade, industry and commerce are now nearly 
eight times the pre-war figure and increased by more 
than 50 per cent in 1955 alone. Technical handbooks 
are nearly treble the pre-war figure, as are topo- 
graphical books, and books on ar and architecture 
have more than doubled. Fiction is now only 18-5 
per cent of the total compared with 30 per cent in 
1937, although it still forms the largest section. 


BRITISH VITAL STATISTICS FOR 
1953 


Ta General Register Office has recently pub- 
lished the text commentary on the vital 
statistics of 1953 (Registrar General’s Statistical 
Review of England and Wales for the Year 1953. 
Text volume. Pp. xv+250. H.M.S.0O., 1956. 9s.). 
It follows the traditional pattern associated with 
these volumes and contains sections dealing with the 
total population, fertility, marriage and divorce and 
mortality. No noticeable changes occurred in 1953. 
Births were fractionally larger than in the pre- 
vious year, and the fertility rates were just 
sufficient for population replacement. The merease 
in fertility was mainly concentrated at marriages of 
medium duration, which had taken place between 
1948 and 1953, but the authors do not believe that 
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these slight increases herald any change in completed 
family size. 

The total number of marriages has decreased, but 
this is largely due to the depletion of the number of 
unmarried people in the population. When related 
to the unmarriec, the marriage-rate remains higli; 
and is about 10 per cent above the pre-war level, 
and there is a continuing increase in marriages at 
younger ages. Aes a result of the high marriage-rates 
in the past, the ratio of married women aged 15-49 
to all women in that age group has reached a record 
value of 678 per thousand. Divorces appear to be 
running at about 30,000 per year, and the re-marriage- 
rate of divorced >ersons remained. high. 

Deaths are now increasing because of the increasing 
number of old persons in the population, though 
mortality-rates remain constant. The excess of male 
mortahty over female is growing, particularly at ages 
between 45 and 85. Infant mortality has fallen 
slightly, but geographical differentials persist both 
for infant and adult deaths. Particular attention is 
given to deaths from tuberculosis and cancer, and it 
1s gratifying to cee that the decline in the tuber- 
culosis death rate is continuing. 

Perusal of the volume:as a whole suggests that the 
experience of 1653 affords no reason to change 
previous assessments of the demographic situation of 
England and Wales. 


THE UNIVERSITY COLLEGE OF 
RHODESIA AND NYASALAND 


OR eleven years, various groups, which often 
included Africans and Asians, worked, pub- 
licized and collectad money in East Africa until, as a 
result of their efforts, nearly half a million pounds 
was available for she creation of a University College 
for Rhodesia and Nyasaland at Salisbury. The first 
groups of: buildinzs have now reached roof height ; 
the arts building and the science research labor- 
atories are nearly complete. 

The twelve heads of departments are in Salisbury 
and at first were concerned with the preliminary 
planning and equipping of these buildings. Now they 
have begun to establish their research work; it is a 
happy circumstance that enables the University 
College to establish its research activities before its 
teachers have to receive its first undergraduate 
students. | ` 

The Federation of Rhodesia and Nyasaland, 
because it is advancing in so many directions at once, 
offers immense possibilities for research workers in 
every field of kncwledge. This work will be added 
to the great volume of research already taking place 
in the Federatior; this is undertaken by govern- 
ment departments, industrial and commercial under- 
takings or special research institutes. The mam 
research projects have been described by the vice- 
principal, Prof. B. A. Fletcher (Universities Rev., 29, 
No. 1). 

The more specialist or long-term researches will be 
undertaken at tha University College. An experi- 
mental garden of ten acres has been prepared on the 
University site ix order ‘to make possible work m 
experimental taxonomy. This work will coincide 
with the preparation, under government sponsorship, 
of a Flora of the Federation ; special attention will 
be given to those groups difficult to classify by 
orthodox methods. 
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The Federation has several specialist problems that 
may take some time to solve. The effect of fire on 
high- and low-veld vegetation is a particularly com- 
plex problem. Another immediate practical problem 


is the reason for the special vegetation which develops . 


on termite mounds, and the explanation for the better 
growth of plants like maize upon them. 

In the Department of Zoology, it is hoped to 
establish a field centre in the Wankie Game Reserve, 
where work on the systematic study of groups of 
animals may add to that already done on birds, 
reptiles and certain groups of insects. 

Perhaps the most urgent problem is the control of 
tsetse fly, for notwithstanding work already done, 
lmowledge of the physiology and natural history of 
these insects is far from complete. Freshwater biology 
is another field which is only just beginning to be 
explored and may yield results of importance to the 
new industry of fish-farming. 

Many of these researches will be linked with the 
work of the Department of Agriculture of the 
University College; there will soon be available 
an experimental and teaching farm in the Mazoe 
Valley. 

A country so rich in minerals as the Federation 
has indicated two lines of research to the Physics 
Department of the University. The first is the 
examination of the structure of metals and alloys by 
X-ray diffraction methods, and the second is the 
development of a geophysics research team to apply 
the special methods of physics to an examination of 
the geology of the Earth’s crust. 

Research in the Chemistry Department will be in 
the field of organic chemistry, and a study of some 
of the drugs obtainable from the plants of the 
Federation may be of particular importance. 

In the Department of African Studies, the main 
line of research will be of the changes brought about 
in both rural and industrial areas where African 
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peoples with many different kinds of social organ- 
ization and economy are being drawn into a Western 
cash economy. The part played by schools and 
educational infiuences in this change will be studied 
by the Department of Education as one of a number 
of its own researches. It is hoped also to extend the 
work already begun on the recording of African 
languages and on the psychological studies of 
African peoples. 

In economics the emphasis will be at first on some 
of the immediate problems of the Federation, such 
as the balance of payments, income, distribution and 
various aspects of public finance; but a more long- 
term study will be that of the problems of economic 


‘growth in undeveloped areas. 


In all such research the material available at the 
Central African Statistical Office will be a great 
asset to guest research workers and postgraduate 
students. Similarly, the College is fortunate in its 
nearness to the Central African Archives, the 
resources of which will be invaluablé to research 
workers in history and archzeology. 

All this indicates that the University College of 
Rhodesia and Nyasaland will hold in fair balance its 
teaching and research activities. 

The Royal Charter incorporating the College states 
that “no test of religious belef or profession or of 
race, nationality or class, shall be imposed upon or 
required of any person to entitle him to be admitted 
as a member, professor, teacher or student of the 
University College or to hold office therein or any 
advantage or privilege thereof”. 

In interpreting the spirit of its Charter, the College 
itself will be a bold experiment in race relations of a 
kind: that could be carried out nowhere else in the 
world. 

All the early indications are that a university 
will establish itself there fairly quickly as one with 
equal-sized groups of Europeans and Africans, 


RADIATION DAMAGE IN LANTHANUM MAGNESIUM NITRATE 
CRYSTALS CONTAINING RADIOACTIVE ISOTOPES 


By Dr. B. BLEANEY, F.R.S., Dr. W. HAYES and Dr. P. M. LLEWELLYN 
Clarendon Laboratory, Oxford 


BSERVATIONS have been made of the para- 

magnetic resonance spectrum of lanthanum 
magnesium nitrate (La,Mg,(NO3)2..24H,0) contain- 
ing two different radioactive isotopes. In the first 
case, a single crystal containmg about 3 me. (400 
vem.) of americium-241 was grown in two to three 
hours from a solution. containing about 10 me. of 
this isotope, which is a 5-5-MeV. alpha-particle 
emitter of half-life 470 years. In the second case, a 
crystal containing about 3 me. (3 ugm.) of pro- 
methium-147 was grown in about a week from a 
_solution containing 5 mc. of this isotope, which emits 
0-22-MeV. beta-particles with a half-life of 2-6 years. 
Thus the crystals and solutions Were comparable in 
activity. With americium, a strong damage spectrum 
was observed the morning after the crystal was 
grown, but with promethium no such spectrum was 


observed until an afternoon some three weeks after 
the crystal was taken. from the parent solution. The 
spectrum has also been observed in a single crystal 
of (La, 10 per cent Ce),Mg,(NO,),..24H,0 which 
had been subjected to 110 megaroentgens of cobalt- 
60 gamma-rays. This crystal, initially colourless, 
became opaque with a light yellow colour, but was 
the best formed crystal and the most accurate 
measurements were made on it. When: the external 
magnetic field is parallel to the crystallographic 
c-axis, the spectrum consists of a three-lne hyperfine 
structure characteristic of a nucleus of spin 1, which 
can only be nitrogen-14. The line width is about 
10 gauss at 290° K. and 4 gauss at 90° K. From 
measurements in other directions, it is found that 
there are three types of magnetic centre with different 
orientations of the principal axes, but with the same 
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principal values of the g-tensor and A-tensor, as 
follows: 


Amertcium Promethium  y-Irradiated 

compound compound compound 
a-Axis fg = 2 065 2 006 2 004 
Az = 6443 83 +4 68 +1 
y-Axis fy = 2-005 2-004 2 005 
A, = 5848 56 +2 57 +1 
z-Axis Ge = 1-991 1 993 1-994 
Az, =4444 49i4 50 +2 


(Hyperfine structure constants ab arc of 1074 cm~? ; errors in g-values 
A + j 


The directions of the axes are: y-axis, in plane of 
hexagonal flat plate which is the normal crystal 
habit, at 45° to a crystal edge; #-axis and z-axis, in 
plane through c-axis normal to y-axis, at angles of 
16 + 2° and 74 + 2° respectively from the c-axis. 
The three ions are related to each other by 120° 
rotations about the c-axis. 

Details of the crystallography of these salts are 
unknown, but from paramagnetic resonance experi- 
ments,on crystals containing copper’, it is likely that 
the divalent cations are octahedrally co-ordinated to 
six water molecules, while similar experiments on 
crystals with trivalent 4f-ions? show that the line 
width of the trivalent 4f-ion spectra is unusually 
small. This suggests that the trivalent cations, if 
they have the usual nine-fold co-ordination, must be 
bonded to nitrate groups rather than to water 
molecules. A plausible assumption which accords 
with the chemical formula is that the ligands consist 
of three water molecules in the plane normal to the 
c-axis, three (NO,)~ groups above this plane and 
three below derived by inversion through the tri- 
valent cation; this would give the Cy, symmetry 
required for the. crystal field’. Since only three and 
not six differently oriented magnetic centres are 
observed, it seems that the full crystal symmetry is 
retained by the centres, since each of a pair of centres 
related to each other by inversion would give an 
identical spectrum. 

The magnitude and anisotropy of the hyperfine 
structure correspond to the magnetic electron being 
on a nitrogen ion in a 2s state and a 2p state, each 
for about one-fifth of the time. It thus must be in a 
bonding or anti-bonding orbital on some irradiation 
product of NO,;~, and we have considered the mag- 
netic properties of N, NO, NO, and NO, The 
ground-state of the nitrogen atom is 4S,;,, and the 
free atom‘ has only a small hyperfine structure 
(A = 3:5 x 10-4 cm.-); it seems most unlikely that 
this would become anisotropic or appreciably larger 
if the atom is trapped in a solid. A trapped NO 
molecule would be paramagnetic in the excited *II sra 
state; but this would not be populated at low 
temperatures and there would be no allowed tran- 
sitions in a molecule unable to rotate. NO, and 
NO, are non- -magnetic ; ; but either-NO,?- or NO, 
would be expected to give a spectrum. On a rather 
crude molecular orbital model, however, it turns out 
that NO,* ions, either planar or pyramidal, could 
give a hyperfine structure of the appropriate mag- 
nitude, but with the wrong anisotropy; planar NO, 
groups would give practically no hyperfine structure, 
because the magnetic centre would be a hole in a 
non-bonding orbital on an oxygen. It thus seems 
most probable that the observed centres are NO, 
molecules, which in the gaseous state’ give a hyper- 
fine structure with A ~ 44 x 10-4 cm.'; this is not 
much smaller than that found in our experiments. 
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(The possibility shat our spectra arise from pockets 
of paramagnetic gases, such as nitric oxide, nitrogen 
dioxide or oxygen, is excluded by the fact that the 
spectra are anisctropic.) 

Ard! has reported an isotropic nitrogen hyperfine 
structure of about the same separation as ours in 
sodium nitrate bombarded with X-rays, and he. 
attributed it to NO, or NO, molecules. As remarked ` 
above, NO, molesules would not be expected to give 
a hyperfine structure, and it had earlier, been shown 
by microchemica. analysis (Hennig, Lees and Mathe- 
son?) that the zas trapped in heavily irradiated 
sodium nitrate consists of 98-5 per cent oxygen and 
1-5 per cent nitrogen, with no significant amount of 
nitric oxide or nitrogen dioxide. We have found a 
rather complicated spectrum but with no trace of a 


‘nitrogen hyperfine stiucture in @ single crystal of 


sodium nitrate ; this had been subjected to the same 
dose of gamma-rays as the lanthanum magnesium 
nitrate where akout 101? centres were formed. 

In the crystal 2ontaining americium, the intensity 
of the spectrum mdicated that the crystal contained 
about 2 x 1078 eentres immediately after growth ; 
this number was roughly doubled some three months 
later (the crysta. being kept at room temperature), 
but there was no appreciable increase in the following 
eighteen months. Other lines due to radiation 
damage grew in this period within the nitrogen 
hyperfine structure and prevented observation of any 
lines due to nitrogen-15 (natural abundance 0-4 per 
cent); these lines have not been interpreted. Each 
hyperfine line cf nitrogen-14 is flanked by two 
satellites the behaviour of which is similar to those- 
observed by Zeldas and Livingstone? and may be due 
to simultaneous flipping of a nearby proton spin. 
The intensity of the nitrogen lines in the crystal 
containing prom=thium, six months after growth, 
corresponded only to some 5 x 10" centres; again 
there had been no appreciable increase in intensity 
after about thres months. Measurements with a 
crystal containing about 10-7 gm. of curium-242 (a 
6-MeV. alpha-particle emitter of half-life 160 days) 
showed a similaz damage spectrum with nitrogen - 
hyperfine structure (this obscured any spectrum due 
to Cmt, which is expected to be in a 5f7,8Sz5 
ground-state). As in the case of americium, this 
spectrum was present immediately after growth, but 
was much stronger than with americium. It seems 


‘that such centres are incorporated in the crystal 


during growth, pzobably because the parent solution 
must contain many free radicals formed by the 
strong alpha-parsicle bombardment. The relatively 
low intensity in she case of promethium shows that 
beta-particles are very much less effective in creating 
such magnetic centres. Even with energetic alpha- 
particles, however, the damage spectrum is different 
in different nitrates, and a nitrogen hyperfine 
structure is not necessarily observed. In [(U, Np, 
Pu)O,], Rb(NO;)s, two sets of three magnetic centres 
with 120° symmetry about the crystal axis are 
found® giving very narrow lines, but with no trace 
of hyperfine structure. 

No lines due to Am?+t could be detected at any 
temperature, and this supports the expectation that 
the ground-state of this ion is 5f, F, In the case of 
Pm**, a resonance spectrum would only be expected 
of the type arisicg from a non-Kramers doublet*® as 
in praseodymium, holmium or terbium; no such 
spectrum could be detected using the highest 
sensitivity at 20° K. This may be due to a very 
short spin-lattice relaxation time, or to the ground- 
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state being a singlet (extrapolation of the crystal 
field theory of Judd® indicates that either a singlet 
or a nearby doublet may be the ground-state). 
Although this work was originally undertaken in 
order to investigate the paramagnetic resonance 
spectra, if any, of the ions Am*+ and Pm*+, the 
results illustrate how paramagnetic resonance may be 
applied to the investigation of radiation damage. 
Such work is most fruitful when a hyperfine structure 
is observed, since this ‘labels’ the magnetic centre ; 
the value of the nuclear spin identifies the nucleus to 


which the electron or hole is attached (as with- 


aluminium in quartz!) and the size of the structure 
indicates'for what fraction of the time the centre is 
attached to a given nucleus. Further work is planned 
with. substances where the majority or all of the 
nuclei have non-zero spin.. 

We are indebted to Dr. L. E. Orgel for helpful 
discussions ; to Mr. G. R. Hall for preparation of the 
actinide crystals ; to Dr. P. F. D. Shaw for the 
promethium crystal ; and to Mr. W. A. Runciman 
for the gamma-irradiated crystal. One of us (W. H.) 
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wishes to thank the Commissioners for the Exhibition 
of 1851 for the award of an overseas scholarship. 
The actinide compounds were loaned by the 


` Atomic Energy Research Establishment, Harwell, 


and the promethium was supplied by the Radio- 
chemical Centre, Amersham. 
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OXIDATION OF ALCOHOL - 
By Pror. J. KENNER, F.R.S. 


OLLAND and Cooper have interpreted the’ 


photo-oxidation of alcohol? in terms of the 
Haber-Willstitter hypothesis of hydrogen-abstrac- 
tion’, without comment on the initiation of oxidation 
by chlorine’, chromic acid‘, nitric acid’, and nitrogen 
tetroxide’, respectively, by preliminary attack on the 
electronic system of the oxygen atom of the alcohol 
molecule, and thus in disregard of Occam’s razor. 
Bolland and Coopers reagents are biradicals 
derived from anthraquinone or its sodium 2: 6- 
disulphonate, obviously by aromatization of their 
excited forms, and are thus vinylogues of gaseous 


oxygen : 


O 0. O. 
| . 
hy 
—> e 
| . 

The electron transference from oxide ions to 
gaseous oxygen (Brin equilibrium), together with the 
facile attack by oxygen of ethoxide ion and the slower 
one of EtOH—-OH, in aqueous alcohol’, thus affords 
strong presumptive evidence of similar initiation of 
the photochemical oxidation. 

Again, the occurrence of formaldehyde or its 
oxidation products as subordinate products of the 
oxidation of alcohol by a variety of reagents‘, as well 
as photochemically (Cooper, private communication), 
and the production of methane in small amount from 
the anodic oxidation of ethoxide ion’, indicate the 
formation in each case of some ethoxy radical, 
Similarly, the 39 per cent yield of propane and propene 
together with carbon monoxide from the action of 
acetyl peroxide on n-butyl alcohol at 98° C. indicates 
initial formation of n-butoxy radical : 
n—O,H,.CH,OH + (CH,.COO), > 

n—C,H,.CH,O. -+ CH;.COO. -+ CH,CO,H 


isopropoxy radical by acetoxy radical rather than to 
initial hydrogen-abstraction : 


Me,CHO. +- CH,COO. —» Me,CO + CH, + CO, 


Further, the photochemical direct oxidation of 
alcohol to acetic acid, of which indications were 
secured by Bäckström!?, and which was confirmed by 
Bolland and Cooper?, does not require the preliminary 
formation of Haber and Wilistaétter’s? CH;.CHOH, 
for the acid is also produced by the action of nitrogen 
tetroxide!4, with ethyl nitrite as intermediate’. 
Isolation of CH3.COONO as a subsequent product, 
coupled with the indication, from the accelerative 
influence of moisture", that hydrogen is not removed 
as such but as proton!®; suggests that the second 
stage of the reaction, like the first, depends on attack 
by the peroxide at the original alcoholic oxygen atom. 
The electron-deficiency thus set up on the oxygen 
atom can be met by a Wagner—Meerwein type of 
change involving migration of a hydrogen atom (such 
as occurs in the formation of propene by electrolysis 
of potassium glutarate’*) and its replacement by 
nitroso radical : : 


H 
J} CH,.CH.ONO + NO; 
CHCH. ONO > + 
KX | NO 
ON.ONO, \ 
+ 
CH,.C.ONO < CH,C.ONO + È 
X \ 
o NOH 


On this basis, resonance and steric factors require 
occurrence of the photochemical reaction by approach 
of the alcohol from above the plane of the ring and 
formation of a transient complex (I), precisely as in 
the case of unexcited quinones’? ; but the planarity 
of the biradical inhibits transition of the complex (1) 


and the production of methane by similar treatment to a fully covalent condition. It may then dissociate, 


of isopropanol! is thus attributable to attack on 


yielding either the original reactants or an aa 
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radical and a semiquinone. The presence of oxygen, 
however, much facilitates decomposition by Hofmann 
and ee types of reaction : 


0 
Qs 


T O; 
CHOH, 
m A Cc 
| H 
0 


U. 


+ CH,.CHO + 
HO, + Å 


© ` 
(6) pecan CH, > 4 CH. gHon +Å 
I S Xo a 


Of the two, (b) corresponds to that formulated in the 
case of ethyl nitrite, and later leads to the peroxy- 
compound, CH,.CH(OH).OOH, postulated by Wie- 
land!* as precedent to acetic acid. The reaction 
depends on maintenance of the oxonium condition, 
whereas in (a) the primary step is removal of proton, 
which is assisted by presence of water as recipient in 
addition to semiquinone anion. Accordingly, Bolland 
and Cooper observed such conditions to assist acet- 
aldehyde formation. Again, no acetic acid is formed 
if the solution is even faintly alkaline at the outset 
(Cooper, private communication) for, as each hydroxyl 
ion is destroyed by proton, a semiquinone anion is 
produced and can also serve to inhibit the oxonium 
condition. 

In the case of ¢-butanol, the possibility of reaction 
is limited to dissociation of the initial complex into 
semiquinone and ¢-butoxy radical. The relative 
difficulty of this is evident from the stability of 
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butyl hypochlorite (relative to those of its ethyl 
and isopropyl congeners)’, for in this case also 
decomposition is recognized to proceed by dissociation 
—into radical and atomic chlorine’*. Similarly t-butyl 
hydroperoxide is relatively stable**. Thus Bolland 
and Cooper’s observation! of the slow photochemical 
oxidation of t-butanol affords no basis for the deroga- 
tion, attempted by Wells, of the electron-transfer- 
ence mechanism ;. correspondingly, the assertion that 
the photo-oxidation of cellulose proceeds by hydro- 
gen-abstraction™ is unjustified. It is intended else- 
where to extend this criticism to all applications of 
the Haber—Willstatter hypothesis. 

1 Bolland .ud Cooper, Nature, 172, 413 (1953); ; Proc. Roy. Soe., A, 

225, 405 (1904). 


: Haber aoe A eats Ber., 64, 2844 (1981). of. Kenner, ibid., 65, 
* Chattaway and Baczeberg, J. Chem. Soc., 1099 (1924). 
*Hollewsy, Cohen aml Westheimer, J. Amer. Chem. Soc., 78, 65 
5 Baker and Easty, J Chem Soe., 1193, “1208 (1952). 

* Yoffe and Gray, J. Chem. Soc., 1412 (1951). 
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8 Voisenet, C.R. Acad. Sci., Paris, 150, 40 aan. Swann and 
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A NEW COMPOUND* ACTIVE AGAINST TRYPANOSOMA CONGOLENSE 
AND T. VIVAX 


„By W. C. AUSTIN, Dr. H. O. J. COLLIER, M. D. POTTERY, G. K. A. SMITH and 
Dr. E. P. TAYLOR 


EVERAL authors have observed that certain 
compounds active against trypanosomiasis pos- 
soss symmetrical molecules with relatively large 
end-groups, & structure which Goble! has called 
“butterfiy” and Walls? ‘“‘dumb-bell-shaped”. Since- 
decamethylene bis (dso-quinolinium bromide), pre- 
pared in these laboratories as æ curarizing agent, 
possessed such a structure and since it exhibited 
considerable antibacterial activity in viirot, its 
possible therapeutic action against trypanosomiasis 
was examined in mice infected with Trypanosoma 
congolense. In this test, decamethylene bis (iso- 
quinolinium bromide) significantly prolonged the lives 
of infected animals, and accordingly, a series of 
polymethylene homologues was examined and found 
to possess slight activity against T. congolense, which 

seemed highest in the hexamethylene member. 
* Registered name: 


At Present andress s 
L Nottingham. 


“Inzotide’. 
Research Department, Boots Pure Drug Co., 


Research Division, Allen and Hanburys, Ltd., Ware, Herts 


As the decanæthylene chain was most readily 
available, we next decided to prepare a number of 
heterocyclic decamethylene bis (quaternary ammon- 
ium salts) for tess against trypanosome infections of 
mice with the intention of later varying the chain- 
length of the more promising compounds. Since 
several synthetic trypanocides are derivatives of 
4-aminoquinaldins®, decamethylene bis(4-aminoquin- 
aldinium iodide) was one of the earliest compounds 
made. 

This showed ap>reciable activity, and in near-lethal - 
doses was able tc cure mice infected with T. rhode- 
siense, or, when administered several days before 
infection, to prctect them. This compound also 
showed high antibacterial and antifungal activity 
and is now available under the name ‘Dequadin’’. 

Reducing the chain-length in the 6is-4-amino- 
quinaldinium series produced compounds of greater 
activity against trypanosome infections .of mice. 
The product of the reaction between 4-aminoquinal- 
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dine and hexamethylene di-iodide, on recrystalliza- 
tion from ethanol-ether mixture, analysed satisfac- 
torily for the anticipated hexamethylene bis(4- 
aminoquinaldinium iodide) and showed particularly 
good activity against T. congolense. 

This material was therefore prepared on a larger 
scale, and the product, when recrystallized from 
ethanol, had a slightly higher melting point. It 
showed, however, quita unexpectedly low potency, 
which proved to be less than that of the crude product 
before recrystallization, indicating that activity might 
be attributed to an impurity. Fractional crystalliza- 
tion of the crude reaction mixture, while not achieving 
complete separation, yielded three different fractions 
which possessed different pharmacological activities 
(Table 1). 

Table 1, DISTINCTION oF THRwE SUBSTANCES IN FRACTIONS OBTAINED 


FROM RECRYSTALLIZATION OF THE PRODUVOT OF INTERACTION - OF 
HEXAMETHYLENE DI-IODIDE AND 4-AMINOQUINALDINE 


$<, 


Activity against Trypanosoma Toxicity to 
Fraction - congolense rhodesense mice 


moderate to high 
moderate 
low 


low 


high 


‘high 
low 


low low 





Since Fraction IL showed the highest activity 
against T. congolense and had low toxicity, it was 
considered to contain the active impurity, which we 
provisionally’ called ‘Substance IT’. 

Paper chromatographic investigation of the crude 
reaction mixture (using ethanol—butanol—water as the 
mobile phase) confirmed that three distinct products 
were formed when the reaction was carried out in 
solution in methyl ¢sobutyl carbinol. When, however, 
the reaction solvent was ethyl methyl ketone, an 
additional fourth (pharmacologically inactive) product 
was obtained. 

By very laborious fractional crystallization the 
active ‘Substance II’ was eventually isolated’in the 
pure state in very poor yield. Analysis showed it to 
be isomeric with hexamethylene 67s(4-aminoquin- 
aldinium iodide), which explained the satisfactory 
analysis found for the first batch. Although several 
structures of ‘Substance IT’ were theoretically possible, 
unambiguous synthesis finally established it to be the 
hydriodide of 6’(4-quinaldylamio)hexyl-4-amino - 
quinaldinium iodide (formula A) : 





CH, 


This unsymmetrical structure is of particular 
interest, since a symmetrical one had originally been 
sought. Both the symmetrical isomers B and OC of 
‘Substance II’ were less active against T. congolense, 
although the bés-quaternary salt B was slightly more 
active against T. rhodesiense than was ‘Substance IT’. 

These findings seem to suggest that while com- 
pounds with symmetrical forms are often active 
against .T. rhodesiense (cf. also suramin, the diami- 
dines, etc.), compounds exhibiting the highest 
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NH, 


congolense are unsymmetrical 


activity against T. 
(cf. also the phenanthridiniums, antrycide, etc.). 


Administered subcutaneously to mice, ‘Substance ~ 
II’ was more active than antrycide against infections 
of T. congolense and T. vivax, and less toxic (Table 2). 


_ Table 2. CURATIVE ACTION AGAINST TRYPANOSOMH INFROTIONS AND 
TOXICITY oF ‘SuBsraNoE II’ AND ANTRYCIDE 


Drugs were administered subcutaneously to mice and the 60 per cent 
curative (CD50) and 50 per cent lethal (ZD50) doses are expressed as 
mgm. cation/kgm. body-weight 


CD50 CD50 
T. congolense T. vivaz 


0:42 + oos 0:68 + 0:09 
0-73 + 0 1:80 


+ 0-28 

Several salts of ‘Substance II’ have been prepared, 
and solutions of its chloride show appreciable pro- 
phylactic activity against T, congolense in mice. The 
duration of effective prophylaxis was more than 
doubled, however, by administration of a suspension 
formed by mixing ‘Substance I’ chloride with sura- 
min, although the latter drug itself showed no 
prophylactic activity against T. congolense. This 
finding was in agreement with those of .Williamson 
and Desowitz’ in respect of the prophylactic activities 


LDO mice 


153-89 + 22°47 
19:53 + 0°82 


Drag 


‘Substance II’ 
Antrycide 





of suramin complexes of ethidium and antrycide. - 


The very sparingly soluble salt of suramin and 
‘Substance II’ is at present under investigation and 
has shown extremely low toxicity to mice. 

It is noteworthy that the decamethylene bis (iso- 
quinolinium) series from which this investigation 
sprang also possess high antifungal activity? and 
its further chemotherapeutic potentialities are under 
investigation. 

Full chemical and pharmacological details of this 
work will be published elsewhere. We are indebted 
to the directors of Messrs. Allen and Hanburys, Ltd., 
for permission to publish this work and to Mr. J. J. 
Grimshaw for statistical analysis. 


1 Goble, F. C., J. Pharmacol., 98, 49 (1950). 

2 Walls, L. P., Chem. and Indust., 606 (1951). 

3 Collier, H. O. J., and Taylor, E. P., Nature, 164, 491 (1949). 

“Gollar, Fad 0, S , Potter, M. D.,and Taylor, E. P., Brit. J. Pharmacol., 

5 Jensch, H., Angew. Chem., 50, 891 (1937). 

ê Babbs, M., ‘Colier, H O. J., Austin, W. C., Potter, M. D., and Taylor, 
E. P., J. Pharm. Pharmacol., 8, 110 (1956). 

swiltiamson, J., and Desowitz, R. S., Nature, 177, 1074 (1956). 


Collier, H, O J., Potter, M. D. and Taylor, E. P., Brit. J. Pharmacol., 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Avogadro’s Number and Loschmidt’s - 
- Number 


In his Rutherford Memorial Lecture’ Sir Charles 
Darwin writes: ‘The first estimate of Avogadro’s 
number is due to Maxwell himself”, and expresses 
his astonishment that Maxwell “should have pub- 
‘lished a fact of such tremendous importance in a 
manner that cannot have drawn much attention 
to it”. 

The reason for Maxwell’s choice seems to have 
been that he did ‘not claim to communicate anything 
fundamentally new, but only to discuss a line of 
reasoning which Loschmidt had published eight 
years earlier in the Proceedings of the Vienna 
Academy. Using Maxwell’s own words’, he “‘followed 
the track of Prof. Loschmidt’, who had been the 
discoverer of the “fact of tremendous importance” ; 
in his paper, Loschmidt stated explicitly only the 
radius of the molecules, but as his argument included 
the assumption that in the liquid state the molecules 
practically touch each other, the number of atoms 
in 1 c.c. of a gas can instantly be inferred from his 
result. To quote from Maxwell’s lecture delivered 
before the British Association ab Bradford': ‘‘Lo- 
schmidt, in 1865, made the first estimate of the 
diameter of a molecule. . . . According to the Table, 
which I have calculated from Loschmidt’s data the 
size of the molecules of hydrogen is such that about 
two millions of them in a row would occupy a milli- 
metre. ...In @ cubic centimetre of any gas at 
standard pressure and temperature there are about 
nineteen million million million molecules”. 

It is somewhat surprising that Loschmidt’s brilliant 
achievement has been overlooked so frequently, in 
spite of Maxwell’s full acknowledgment. Whoever 
wants the opinion of another most competent judge 
on the importance of Loschmidst’s contribution may 
read Boltzmann’s memorial lecture on Loschmidt, 
which will dispel any possible doubt as to the real 
discoverer of this fundamental constant. To call it 
Avogedro’s number is justified only in a restricted 
sense, as Avogadro did not even know the order of 
magnitude of this figure approximately; he died 
nine years before Loschmidt’s paper appeared. In 
' Germany, Austria and Switzerland, some physicists 
speak of ‘Loschmidt’s number’, if the number of 
molecules per c.c. is quoted, and of ‘Avogadro’s 
number’, if it is related to a mole; this practice 
rather obscures the fact that in both cases one and 
the same constant is expressed in but slightly different 
ways, but it may be a useful distinction and does 
justice to Avogadro’s basic idea. Maxwell, however, 
would never have claimed any share in the discovery 
of Loschmidt’s (or Avogadro’s) number. 

F. A. Panera 
Max-Planck-Institut fur Chemie, 
Mainz. 
Nov. 2. 
1 Darwin, Sir Charles, Proc. Roy. Soc., A, 288, 285 (1956). 
1 Loschmidt, J., Suzber. Wien Akad., 52, II, 895 (1865). 
* Maxwell, J. Clerk, Nature, 8, 298 (1878); “Scientific Papers”, 2, 343. 


< Maxwell, J. Clerk, Nature, 4 437 (1873); Phu. Mag., 48, 453 (1873); 
“Selentific Papers”, 2, 361 


€ Boltzmann, L., “Populaire Schriften”, 228 (Leipzig, 1905). 
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I must plead zuilty to the charge of not having 
made a very deep search of the older literature in 
connexion with the evaluation of ‘Avogadro’s Num- 
ber’. This name has only come into general use in 
rather recent yeacs ; for example, in the first edition 
of Kaye and Laby’s Tables (1911) the constant Nm 
is given no name at all. However, I am afraid that 
the use of Avogadro’s naine in this connexion led me 
to overlook Loschmidt’s work, so that I was content 
to find and verify a short reference to Maxwell. I am 
grateful to Prof. Paneth for putting this matter right. 


.C. Q. DARWIN 
Newnham Grange, 
Cambridge. 


Type of lon Migration in a 
Metal Metal Oxide System 


Onz of the essential factors in the study of the 
formation of ox:de films is to determine experi- 
mentally which cf the ions, the metal cation or the 
oxygen anion, m>ves the faster during thermal or 
anodic oxidation of the metal. 

Ion migration in several metal/metal oxide systems 
has been studied Sy the marker technique introduced 
by Pfeil’, This <nethod, in which an inert marker 
is covered by tke oxide if the metal ion moves 
outwards, or alternatively which remains free on the 
oxide surface if tha oxygen ion moves inwards through 
the oxide, is most suitable when the degree of oxida- 
tion is considerable, as, for example, at high tem- 
peratures. 

In this communication a technique to determine 
the nature of the ion migration under a relatively 
small electric field at room temperature is outlined. 
The first metal chosen for study was zirconium, and 
it is this experiment, together with its interpretation, 
which will now be described. 

Two electrodes of zirconium metal with, of course, 
a thin oxide laye” on their surfaces, were separated 
by a sintered compact of zirconia. Between the upper 
and lower surfaces of the zirconia compact and the 
corresponding elestrode surfaces were placed pieces 
of Whatman No. 31 (electrophoresis grade) filter 
paper. These filter papers were previously prepared 
as a colour detector for zirconium ions by soaking in 
a solution of alizerin-S dissolved in alcohol followed 
by drying at 125°C, 

The following chemical experiments were performed 
on the reagents, 

(a) It was ‘established that in the presence ‘of 
nascent oxygen =rom hydrogen peroxide the ali- 
zarin-S reagent turned yellow. 

(6) In the presence of zirconium ions the typical 
red colour given by the alizarin-S is retained in 
the presence of nascent oxygen from hydrogen 
peroxide. 

The assembly described above was placed in a 
tube at room temperature through which dry nitrogen 
gas was flowing. After the tube had been well 
flushed of air and contained dry nitrogen gas only 
(free from oxygem) a d.c. voltage of the order of 
1,000 V.jem. was applied for several hours. 

Examination of the filter papers after dismantling 
revealed the following: 

(1) The filter paper in contact with the positive 
electrode had changed from the orange-pink colour 
of the original condition to a yellow colour in 
that region where contact was established. In the 
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“middle of these yellow regions zirconium oxide 
appeared to have formed. 

(2) The underside of the filter paper in contact 
with the negative electrode was coloured mauve-red, 
the typical colour given by solutions -of zirconium 
salts with this reagent, 

(3) There was some corrosion of the metal surfaces, 
with what appeared to be oxide formation on the 
positive surface. 


In the light of these facts, the following tentative. 


explanation is proposed ‘suggesting that it is the 
anions (oxygen ions) which move in zirconium under 
the action of an applied field at room temperature. 

Oxygen ions migrate from the negative electrode 
towards the positive electrode. Dependent upon the 
relative efficiencies between yieldmg oxygen gas at 
the positive electrode (anode) and adsorption of the 
oxygen as ions for film growth on the anode, some of 
the oxygen ions will give up their electrons and 
become nascent oxygen reacting with the alizarin-S 
to give ¢ yellow colour. : 

It seems plausible that the sintered oxide compact 
contains a non-stoichiometric excess of oxygen which 
will account for both processes occurring at the 
anode. z 

At the negative electrode (the cathode) a deficiency 
of oxygen ions is created by their migration into the 
compact. The cathodic zirconium surface is thus 
enriched in zirconium ions which are absorbed by 
the dlizarin-S to give the typical red colour. 

It has been established that these reactions do not 
occur in the absence of an electric field. 

Preliminary results have been obtained on other 
materials, and further experiments are in progress to 
establish the mechanism with greater certainty. At 
high fields it is possible that the zirconium ions will 
move faster than the oxygen ions in zirconia, due 
to the higher charge on the zirconium ions. It is 
hoped to report these results in the near future. 

We wish to acknowledge the helpful interest 
shown by Dr. H. M. Finniston and Dr. P. J. Anderson 
in this work. 


O. FLINT 
J. H. O. VARLEY 
Metallurgy Division, 
Atomic Energy Research Establishment, 
Harwell, Berks. 
Nov. 8. 


1 Pfeil, L. B., J. Iron and Steel Inst., 119, 601 (1929). 


An Infra-red Photocell based on the 
Photoelectromagnetic Effect in Indium 
Antimonide 


Tue photoelectromagnetic effect has been studied 
in germanium}, silicon? and lead sulphide’ as a means 
of measuring life-time and velocity of surface recom- 

bination. In indium anti- 
monide the effect can be 
applied not only for this 
_ purpose’, but it can also 
provide the basis for a 
useful photocell. The 
arrangement for this is 
' illustrated in Fig. 1. The 
sensitive element con- 
sists of a rectangular slice 
(A) of pure single-crystal 
material of dimensions 2 
mm. x 1 mm. and ap- 





Fig. 1. 
ment of photoelectromagnekie 
ce 


Schematic arrange- 
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Fig. 2. Spectral sensitivity of indium antimonidé photoelectro- , 
magnetic cell 


proximately 0-1 mm. thickness, with a pair of 
electrodes (B) connected to the top- and bottom 
faces. The element is immersed iń a magnetic field 
of about 10,000 gauss provided by the ring magnet (C). 


. Radiation of suitable wave-length falling on the front 


face of the element generates hole-electron pairs near 
the surface; these diffuse inwards, and in so doing 
become separated vertically by the magnetic field, 
giving rise to an e.m.f. between the electrodes. If 
the radiation is chopped by a rotating toothed disk, 
in the usual way, an interrupted output is obtained, 
which can be fed to a conventional a.c., amplifier 
through a matching transformer. 

The spectral sensitivity of a typical cell of this 
type is plotted in Fig. 2, showing at each wave- 
length the energy required to give a signal-power 
equal to the average noise-power in a frequency 
interval of 1 c./s. centred at the chopping frequency. 
The response shown was measured at room tempera- 
ture; a considerable increase in signal/noise ratio 
is obtained by cogling, but this has not yet been 
studied quantitatively. 

Thé variation of response as a function of chopping 
frequency (not illustrated) shows that the time con- 
stant of the cell is of the order of I psec. or less, 
which is consistent with the known short life-time 
of excess carriers in indium antimonide*. 

Acknowledgment is made to the Admiralty for 
permission to publish this communication. 


3 - C. Husom 


I. M. Ross 


Services Electronics Research Laboratory, 
Baldock, Herts. 
- Nov.i. 


1 Aigrain, D., and Bulliard, H., C.R. Acad. Sci., Paris, 286, 595 (1953). 
* Bulliard, H., Phys. Rev., 94, 1564 (1954). 
* Moss, T. 8., Physica, 20, 989 (1954). 


‘Hilsum, C., Oliver, D. J., and Rickayzen, G., J. Electronics, No. 2, 
134 (1955). `~ 


The Benzotrifluoride-Nitryl Fluoride-Boron 
Trifluoride Complex 


Ix two earher communications! we have reported 
the isolation of the stable hydrogen fiuoride~, 
deuterium fluoride-, alkyl fluoride- and formyl 
fluoride—boron trifluoride complexes of the methyl- 
benzenes. We have tried now by the same methods 
to investigate the complex formation during the 
reaction of nitryl fluoride with aromatics, catalysed by 
boron trifluoride. 

The nitryl fluoride, as the acid fluoride of nitric 
acid, reacts in the same fashion.in Friedel-Crafts 
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acylating reactions (for example, in this case in the 
nitration) as the fatty acid fluorides. In earlier work 
it was possible to use the nitryl fluoride-boron 
trifluoride system as the’ isolated ‘stable nifronium 
borofluoride complex to work out a new nitration 
reaction*. ` 

As a consequence of the great reactivity of nitryl 
fluoride, in this case the preparative difficulties are 
much greater than in the acylating reactions of the 
fatty acid fluorides catalysed by boron trifluoride’. 
Moreover, the nitryl fluoride is also a strong oxidizing 
agent and even a fluorinating agent. The use of 
methylbenzenes is not to be recommended in the 
nitratmg reaction catalysed .by boron trifluoride 
because of the reaction velocity of the activated 
aromatic nucleus, which is so great that the reaction 
takes place even at — 100° with explosion. 

We have found that benzotrifiuoride is a suitable 
model for our experiments. The melting point is 
relatively low, — 29°, the CF, group shows a strong 
— I effect and de-activates thé nucleus, and in 
consequence the reaction with nitryl fluoride is 
moderated; at temperatures less than — 20° no 
reaction is observed. WNitronium borofluoride itself 
nitrates benzotrifluoride only at + 100°. 

We have prepared the nitry] fluoride needed for our 
experiments according to the method of Schmeisser 
and Elischer* with the thermal decomposition of 
nitronium borofluoride ‘with sodium fluoride. 3 

We added 14:5 gm. (0-1 mole) benzotrifiuoride - 
carefully in small portions to 6:5 gm. (0-1 mole) 
nitryl fluoride at — 80°. No reaction was observed ; 
then we added 0-2 mole boron trifluoride to the 
system at — 120°. After homogenizing, the reaction 
mixture was allowed to warm slowly up to — 100°, 
during which the excess of boron trifluoride distilled 
off. 0-1 mole boron trifluoride was held back in there- 
action mixture, showing that a 1:1: 1 nitryl fluoride : 
benzotrifluoridé : boron trifluoride complex was 
formed. The yellow solid complex was stable up to 
— 60°, when it decomposed without melting with 
strong evolution of boron trifluoride and with a nearly 
quantitative yield of m-nitro benzotrifluoride. * Al- 
though in this case the complex has no sharp decom- 
position point and the specific conductivity could also 
not be determined, still we think that, according to the 
analogy of the earlier work, in which the stable inter- 
mediate complexes of aromatic substitutions were 
investigated}, in this case also the 1:1: 1 molecular 
complex can be formulated as an onium salt (or 
s-complex) with the following structure : 


~ OF; + 
NO, | BEC 
H- a 
G. OLÁH 
L. Noszx6é 
7 A. PAVLÅTH 


Chemical Central Research Institute, 
Hungarian Academy of Sciences, 
Hungéria-krt. 114, 
Budapest XIV. 
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Blood Group P Substance in Hydatid Cyst 
Fluids 


In the past eight years, 132 cases of hydatid disease 
have been treated.in the Auckland Group of Hospitals. 
Among these patiənts, two were found to have strong 
anti-P agglutinins in their sera. These were recog- 
nized in the course of cross-matching blood for 
transfusion. Abcut ninety of these cases had blood 
cross-matched, ard of these only 25 per cent could be 
expected to be E-negative and able to have anti-P 
agglutinins in their sera. It seemed that this was a 
selected group presenting a high proportion of un- 
usually strong amti-P sera. Merritt and Hardy! 


` reported a serum containing strong anti-P in a boy 


aged twelve years with hydatid disease. 

The association of hydatid infestation with strong 
anti-P led us to examine some hydatid cyst fluids 
for anti-P inhibiting substances which may have 
been responsible for the stimulation of anti-P 
agglutinins in these cases. The method used was that 
described by Race and Sanger? for testing for A and 


.B substances in saliva, but substituting a strong 


anti-P serum and strongly reacting -P-positive red 
cells for the anti-A and anti-B sera and-A and B cells. 

The dilutions of the cyst fluids in saline were carried 
to at least 1 in 128. The hydatid cyst fluids were 
obtained from cysts in the livers of sheep, and in each 
cyst the presence or absence of live scolices was 
noted. The resulis are shown in Table 1. i 

It will be seen shat there is no inhibition of anti-P 
where scolices are absent, and considerable variation 
in the concentradion of the inhibiting substances 
where live scolices are present. It is probable that 
the presence of specific inhibiting substances is 
dependent upon an active germinal layer of the cyst 
wall. No diminttion of anti-P inhibition was ob- ` 
served after boiling the cyst fluids in a water-bath 
for 10 min., centrifuging, and using the clear super- 
natant fluid in the tests. Further, it was found that 
no inhibition of the specific activity of the various 
other blood-group antisera available resulted when 
these were incubeted with an equal volume of un- 
diluted fluid obtained by pooling the fluids of nine 


_cysts. The antisera tested were anti-A, -B, -M, -N, 


-S, -Let,.-H, -Lu*, -D, -C, -C¥, -c, -E, -Kell, -Fy4. 
The temperature used for the absorption and the 





Table 1 
Maximucn dilution of 
Cyst hydatid fluid showing Absence, presence and 
fluid No. complete inhibition of eondition of hydatid 
enti-P ~ scolices 
1 32 Active scolices 
2 64 Active scolices 
3 No inhibition No scolices 
4 128 Active scolices , 
5 64 Active scvlices 
6 32 Active scolices 
7 256 Active scolices 
8 64 Active scolices 
8 , 32 Active scolices 
10 No inhibition No scolices 
qi No inhibition No scolices 
12 4 Few degenerate scolices 
18 No inhibition Few degenerate scolices 
14 82 Active scolices 
15 16 Few active scolices 
16 No inhibition Degenerate seolices 
17 No iahibition Degenerate scolices 
18 64 Active scolices 
19 82 Active scolices 
~ 20 128 Active scolices $ 
21 | 128 Active scolices 
22 128 Active seclices 
23 128 Active scolices 
24 128 Active scolices , 
25 128 Active scolices 
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method for testing the absorbed serum with appro- 
priate red cells were those suitable to the individual 
antiserum. 

The possibility of producing potent anti-P testing 
sera by immunizing rabbits with selected hydatid 
eyst fluids is being investigated. 


G. L. CAMERON 
J. M. STAVELEY 


S 


Blood Bank, 
Central Laboratory, 
Auckland Hospital, ai ha 
Auckland, 
New Zealand. 
Aug. 7. 
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Hzmoglobin in the Crustacea 


HÆMOGLOBIN in solution in the blood plasma 1s 
found in numerous entomostracan Crustacea. Ray 
Lankester first discovered it in Chirocephalus, 
observing the absorption bands of oxyhæmoglobin 
with a microspectroscope!, and soon afterwards found 
1t in Daphnia, The wave-length of the «-band differs 
among species within the genus Daphnia®. The pig- 
ment also occurs in tha blood of other Cladocera, for 
example: Sida, Simocephalus, Moina, Bosmina, 
Ilyocryptus, Burycercus, Leydigia, Ohydorus, ete., but 
not in Leptodora. Thə hæmoglobin of Ceriodaphnia 
has a higher oxygen affinity than that of Daphnia, 
and the former lives in fouler water’. Hemoglobin 
13 present, too, in Phyllopoda: it is in the blood. of 
Conchostraca (Lynceus, Leptestheria’, Limnadia), 
Anostraca (Chirocephalus, Artemia®*) and Notostraca 
(Triops, Lepidurus). It may be universal in the 
blood of the Phyllopoda. Among the Ostracoda, 
hæmoglobin occurs in Cypria! and Pseudocypris. 

In the Copepoda, the parasites Lernaeocera*® and 
Mytilicola’ have hemoglobin in the blood, but 
hitherto the pigment has-been unknown in free-living 
forms. I have not detected it in Diaptomus or Cyclops ; 
but lately have found it m she blood of various species 
of Harpacticoidea. The blood of these animals does 
not circulate, as there is no heart. Haemoglobin was 
first detected in a new marine species, Laophonte foxi 
Harding", living in mud; but none could be found 
in the common species Tisbe furcata (Baird), moving 
freely in sea water. Hemoglobin is present in the 
blood of the common freshwater species Cantho- 
camptus staphylinus Jurine, found on and in mud, 
but it is absent from Bryocamptus pygmaeus (Sars), 
on wet moss. Attheyella crassa (Sars) from the 
bottom of the Lago Maggiore at a depth of 120 m. and 
from moss in & rivulet at Pallanza in Italy had 
hemoglobin, but the concentration was considerably 
greater in the former situation. A full account of 
this investigation will be published elsewhere. 

Among the Cirripedia, hemoglobin is unknown in 
the barnacles, although it is present in the blood of 
some of the parasitic Rhizocephala: among these 
there is none in Sacculina, but it occurs in Septosaccus™ 
and Peltogaster®, Not only is hemoglobin thus found 
in the blood of numerous Crustacea, but it also occurs 
in a variety of tissues in Daphnia, namely, muscle, 
nervous system, fat cells'* and eggs. This is in con- 
trast to the Vertebrata, where the pigment is‘ only 
present in red blood cells and in muscle. In the 
Cladocera and Phyllopoda the concentration of 
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hemoglobin in blood and tissues varies inversely as 
the dissolved oxygen concentration in the water, the 
changes being both rapid and considerable when 
animals pass from one water to another’, 

Hemoglobin, we have seen, is present-in Branchio- 
poda, Ostracoda, Copepoda and Cirripodia, yet it is 
not known to occur in the higher Crustacea, the 
Malacostraca. In two malacostracan groups, the 
Decapoda and Stomatopoda!*, the copper-containing 
respiratory protein hemocyanin, blue in the oxidized - 
state, occurs dissolved in the blood plasma. Hæmo- 
globin has indeed been reported in a species of the 
Amphipoda, Urothoe grimaldii Chevreux!?, which 
burrows in sand on the sea-shore. I have, however, 
been unable to confirm this report, finding no 
hemoglobin in animals of this species from near 
Plymouth: 30 individuals were examined spectro- 
scopically on three different occasions. 

H. Munro Fox 
Queen Mary College, 
University of London, 
Dec. 10. 
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Presence of a Substance Rich in Protein- 
bound Cystine or Cysteine in the Neuro- 
secretory System of an Insect 


Comparisons have been drawn between the 
hypothalamo-hypophysial neurosecretory system of 
vertebrates and corresponding systems in inverte- 
brates; for example, the pars intercerebralis-corpus 
cardiacum neurosecretory system of insects', Such 
comparisons are supported by the demonstration in 
both groups’ of a deeply staming chrome-alum— 
hematoxyphil neurosecretory, material. In the dog, 
this material has been described as a glycolipoprotein 
‘bearer-substance’, soluble in lipid-solvents, and for 
this reason clearly to be differentiated from the 
posterior pituitary principles*. There is, however, 
-an alternative view’, namely, that chrome-alum— 
hematoxyphil vertebrate neurosecretory material, or 
material in its exact distribution, is essentially a 
protein, which, in tissues which have not been fixed 
in formalin, is soluble in water rather than lipid 
solvents, and which for these reasons, and because 
of its high cystine content, could well be closely alin 
to the posterior pituitary principles. The present 
investigation is concerned with the nature of neuro- 
secretory material in the intercerebralis—cardiacum 
system of the cockroach, Leucophaea maderae. 

Prof. Berta Scharrer very kindly provided me with 
tissues from five adult cockroaches, fixed in Helly’s 
fluid (formol-Zenker), embedded in paraffin wax, and 
serially sectioned. Representative sections, stained 
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Fig. 1. Cross-section of corpus cardiacum in Leucophaea maderae, 

to show normal! distribution of deeply staining chrome-alum- 

hæmatoxyphil neurosecretory material. | Chrome-alum-hem- 
atoxylin technique. x 200 


Fig. 2. or recanted section to Fig. 1, to show cystine-rich material 
in same tribution as that revealed hy ry mt Aur Ba 
atoxylin technique. Performic acid Alcian blue technique. x 200 


by the chrome-alum-hematoxylin technique, re- 
vealed deeply staining dark-blue material throughout 
the neurosecretory system, the accumulation 
lying in the corpus cardiacum (Fig. 1). Adjacent 
sections were submitted to histochemical techniques 
capable of demonstrating cystine. The first, the per- 
formic acid Alcian blue reaction®, selectively stained 
material throughout the entire distribution of the 
chrome-alum-hematoxyphil neurosecretory sub- 
stance (Fig. 2). This reaction is given by sulphonates 
derived from protein-bound cystine or cysteine. In 
control sections in which oxidation by performic acid 
was omitted, no comparable staining by Alcian blue 
was obtained. The reacting material persisted in 

deparaffinized sections both after lipid-extraction in 
_ hot chloroform-methanol, and digestion by Armour’s 
crystalline trypsin (0-1 and 1 mgm. per ml. of 
Sorensen buffer at pH 7-2 at 37°C. for 30 min.), in 
the latter respect alone differing from neurosecretory 
material in the posterior pituitary of the dog. 
Evidence for the presence of cystine, as opposed to 
cysteine, in the corpus cardiacum (after fixation) was 
obtained by the application of Adams’s thioglycollate- 
ferric ferricyanide technique, with the appropriate 
controls‘. 

Cystine and cysteine are widely distributed con- 
stituents of vertebrate tissues, so that their histo- 
chemical localization in a given site suggests, on one 
hand, the relative insensitivity of the technique used, 
and on the other, the presence of a high local con- 
centration of these amino-acids. If the same may be 
` said of invertebrate tissues, then it may be inferred 
that the intercerebralis-cardiacum neurosecretory 
system of Leucophaea maderae contains material rich 
in protein-bound cystine and cysteine. Personal 
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studies with the perfommic acid Alcian blue technique 
have shown this to be true of preoptico-hypophysial 
and supraoptico-hypophysial neurosecretory material 
in a wide variety of vertebrates. On the basis of 
such observations, it is tempting to speculate that a 
group of neurosecretory proteins exists which is rich 
in protein-bound cystine or cysteine and is common 
to vertebrates and invertebrates alike. This specula- 
tion is the more plaus.ble in view of the comparisons* 
which have already been made between neuro- 
secretory systems in she two groups. It is the more 
interesting because certain mammalian posterior 
pituitary principles have already been shown to be 
exceptionally rich in cystine*. 


Anatomy Depertment, 
Albert Einstein College of Medicine, 
New York 61, New York. 
Aug. 6. 


* No | address: Pathel Department, Charing Cross Hospi 
Medical Bohol, Louden Weed. - 


1 Scharrer, B., “The Hormones”, edit by G. Pincus and K. V. Thimann, 
8, 57 (Academie Press, New York, 1955). 

: , W., Z. Zellforsch., 34, 610 (1949). Scharrer, B., Anat. 
Rec., 111, 84 (1951). wee $ 

* Hild, W., and Zetler, G.„Z. Ges. Ezp. Med., 120, 236 (1952-58). 

“Sloper, J. C., J. Anat., 83, 301 (1955). 

+ Adams, C. W. M., and Slaper, J. C., J. Endocrinol., 13, 221 (1956). 

* Dyke, H. B. van, Chow, B. F., G , R. O., and Rothen, A., J. 
Pharmacol. Ezp. Theap., 34, 190 (142): Vigneaud, V, 
Ressler, O., Swan, J. M Roberta: C. We Piao E O cod 
Gordon, J., J. Amer. Chem. Soc. 75, 4879 (1953). 


J. C. SLOPER* 


Correlation between Luminescence and 
L-Bodies in a Strain of Photobacterium 
fischeri 

WHEN studying the morphology of a strain of 
Photobacterium fischeri, originally isolated from the 
surface of a luminous Baltic herring, we observed a 
surprisingly large number of L-bodies similar to 
those described by Johnson et al.1, As the number 
of these L-bodies seemed to be related to the luminous 
intensity of the coonies a detailed study was con- 
sidered worth whib. 

The bacterium was grown on fish-broth agar 
containing: peptone, glycerol, 3 per cent sodium 
chloride and powdered calcium carbonate as a buffer. 
On this substrate the bacterium showed a bright. 
green luminescence. Stock cultures were grown on 
agar slants at about 7°C. All microscope prepara- 
tions were stained with carbol fuchsin. Possible 
artefacts produced by the staining were checked by 
phase-contrast microscopy. > 

As some authors®? stress the significance of low 
temperatures for L-body formation, we started by 
studying the influənce of different growth tempera- 
tures. Growth snd luminescence were estimated 
visually on fish-agar slants. The percentage of L- 
bodies was deternined by cell counts under the 
microscope (see Table 1). 

It is seen that the luminescence and occurrence of 
L-bodies are closeiy related and have the same tem- 


Table 1, GROWTH, LUMINESCENCE AND PERCENTAGE OF L-BODIES 
IN 3-LAY CULTURES OF P. fischeri 





plate. 











Pla. 1. Auxanogram of the formaldehyde test at 20° C.+ ‘the 
plate was photographed by its own light. (4) Non-luminous 
sro; 0 bright zone, ia spot where formaldehyde was 


_ perature optimum, which is distinctly below that of 
growth. Further, we found that if a culture was 


“grown. at 0° C. and subcultured every second day, 
the percentage of: Z-bodies could be maintained at 


about .70. 
Certain substances are known to induce formation 


-o ef L-bodies. in various bacteria‘; accordingly, we 


tested a number by the auxanogram technique of 
_Johnson® for-their possible effect on luminescence or 


-  L-body formation. Fish-agar plates were inoculated 


with four-day luminescent cultures suspended in 
= 8 per cent sodium chloride. A trace of the substance 
-to be. tested was placed in the centre of the inoculated 
The plates were then incubated at 5°C. for 
Shree days. 
Among the chemicals tested, cupric chloride, 
--@affeine, acetone and dimethyl-p-aminobenzaldehyde 
had a weak stimulating effect on both light-production 
-o end L-bedy formation. The most striking effect was 
_ obtained with formaldehyde. At the edge of the zone 
of inhibition, there was a narrow zone of extremely 
bright luminescence surrounded by unaffected growth 


‘with normal luminescence, When formaldehyde Waa 
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; tested at 20° °C, ab which’ ‘teinperature luminescence 


usually is not produced, the same type of bright zone 


- with increased number of L-bodies was formed, with- 


out the fainter ‘background’ luminescence. This test 
is shown in Fig. 1. The growth in the bright zone is 
seen to consist almost entirely of L-bodies (Fig. 1B), ; 





while there are practically no such bodies among the 


non-luminous growth (Fig. 1A). pi 
Luminescence and L-body formation were never: 
stimulated independently of each other by the sub= 


stances tested. We also noted that the stimulating 


effect of formaldehyde was greatly reduced if the 
concentration of sodium chloride was lowered, 
Neither luminescence nor L-bodies were ever noted. 
in the total absence of sodium chloride (ef. ref. 8) 


As a general rule, we found that in connexion with : 


any noticeable change in luminescence, caused by 
different growth conditions, a corresponding change 
in number of L-bodies could always be observed, 
A full account of this work will be published in 
due course, 4 ; 





VERONICA SUNDMAN 
C, R. Hackman 


Department of Microbiology, 
University of Helsinki. 
Oct. 16, 
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Fate of Spermatozoa not participating | 
in the Fertilization Process 


CONCERNING the fate of, and the possible effects 
exerted by, spermatozoa not participating in the 
process of fertilization in the female organism, Genin 
et al. have recently concluded that: (1) by active 
movement the spermatozoa of the most widely 
differing animal species are capable of penetrating 
the uterine wall and the diverse tissues; and that 
(2) the spermatozoa and the cells of the tissue which 
they penetrate act upon each other, the interaction 
manifesting itself cytologically in the breaking off or 
dissolution of the anterior part of the head of the 
spermatozoon. 

Subjecting these conclusions to a critical study, we 
have failed to find confirmation for them. From the 


evidence of our experiments, the appearance of ©: 


spermatozoa in the uterine tissues is due to an 
artefact arising during the preparation of cuttings 
for histological examination, and the alleged cyto- 
logical manifestation of interaction is likewise the 
consequence of the technique applied in serial cutting. 
This leaves the problem of the relationship of uterine 
tissue cells and spermatozoa unsettled. 
Significance seems to be attached to the acid-fast 
substance in the head of the spermatozoa. 4 This 


substance, of mycolic acid type, which is imparted 


to the spermatozoa in the cells of Sertoli, permits: 
the elective demonstration of sperrn between the cells. 
Using it to study the distribution of human and 
rat spermatozoa introduced intravenously into rate, 
the spermatozoa were found to be taken up by the 


organs of the reticulo-endothelial system (lungs, liver > 
This appears to confirm that cells: 
of the phagocytic type sre responsible for the dise ~ 


spleen, kidneys). 
appearance of the spermatozoa, and that thus the , 
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proces is one of the functions of the reticulo-endo- 
-thelial system. 

< A detailed report of this work will be published in 
the Acta Bt orpiolagion Hungarica. 
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cts of 8-Azaguanine on Sugar Beet 
infected with Beet Yellows Virus 


EWs has shown? that applying.the guanine 
o 8-azaguanine . (5-amino-7-hydroxy-1-V-tri- 
mD) pyrimidine} to to Nicotiana spp. infected 
h lucerne mosaic virus and to N. tabacum infected 
th tobacco mosaic. virus delays the onset of 
aptoms... Over the past two years, we have made 
tests with 8-azaguanine on sugar beet (Beta 
fected by aphids with beet yellows virus, 
me years, is the cause of large losses of 
the United Kingdom and other countries. 
1ave observed a delay in the appearance of 
yymptoms of about the same magnitude as those 
bserved with tobacco. mosaic virus. Matthews*® 
obtained delays in the appearance of symptoms with 
non-persistent viruses transmitted mechanically, but 
such delays. occurred when the same viruses were 
itted by aphids. Our results show that a delay 
be obtained with a persistent, aphid-tranamitted 


Using a virulent strain of the virus and three 
ifferent types of sugar beet of known origin, essen- 
y the same results were obtained in four separate 
ents with plants grown in pots in the green- 
Seedlings were inoculated at the two-leaf 
by allowing five Myzus persicae (Sulz.) to feed 
each plant immediately after feeding on heavily 
‘plants. Approximately half the plants were 
three-day intervals with 15 ml. of 6-01 M 
ine dissolved in 0-1 per cent sodium 
5 olution, The greater part of this was 
the soil anda little sprayed on to the 
numbers of uninoculated plants were 
with 8-azaguanine or with sodium 
nly. ‘wo applications of 8-azaguanine 
fore inoculation, and there was no 
; this prevented normal feeding by the 
3 was confirmed later by the fact that 
proportion of the plants proved to 
ny experiment. 
ptoms, characteristic of plants in- 
strains of virus yellows, were 
These first appeared seven days after 
and afterwards plants were examined 
ptoms. Symptoms appeared in the 
ted plants on the average three to four days 
ier than in the treated plants; the plants 
individually showed delays ranging from one to nine 
days. . The results of one such experiment are set 
o mt in Fig. 1. 
No stunting was apparent while the symptoms 
“were appearing, but later there was considerable 
sonis and distortion in the treated plants. It is 
not certain, therefore, whether the delay in appear- 
ance of symptoms occurs because the yellows virus 
ted directly, -or because the pomi of the 
ected 
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No, of plants showing symptoms 
= pi 
D on 


w nw 13 44 u 
poe after ino 


Fig. L Effect of 8-azaguanine on the: time of. ‘appearance. of ae 

beet yellows virus symptoms in sugar beet. 

(30 plants); solid cofumns, plants. trea’ 
(30 plants) 





with 8- 


The three beet types so far tested differ in field 
and glasshouse. tolerance, as measured by severity 
of leaf symptoms snd proportional loss of yield on 
infection. Their reaction to 8-azaguanine treatment 
after inoculation was very similar; there is, there- 
fore, no indication from these experiments of a 
relationship between tolerance and delay in appear- 
ance of symptoms. of infected plants. treated with 
8-azaguanine. l 

We are much indebted to Dr. R. E. F. Matthews. 
for his interest, and for making it possible for us to: 


obtain samples of 8azaguanine through the generosity pee 


of the American Cyanamid Company. 
G-E. Russert 
A. R. Tem 
Plant Breeding Institute, ; ; 
Cambridgs. 
Oct. 24. 
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Reversal of Fhototaxis in the Larvz of 
Polydora pu chra, Carazzi (Polychzta, — 
Spionide) 

REVERSAL of phototaxis has been noted in a 
number of animals and attributed to fright, hunger” 
and food and other chemical stimuli. ‘The only case 
known to me in which the direction. of phototaxis 


is determined by the salinity of the environment is = . 


provided by the larve of Polydora pulchra, Carazzi,.. 
previously recorded! from the plaice ponds at the 
Marine Biological, Station, Port Erin. The larvae, - 
which ranged in size from 0‘5 mm. to 1-5 mm; 
were all positively phototactic in solutions of salinity 
32:6 per thousand and above, and all negatively 
phototactic in solations of salinity 32-5 per thousand 
and below. Salin:ties below 30-0 per thousand were 
lethal within 24 Er. In any given salinity the larva 
maintained the same orientation indefinitely or until 


„death, and the behaviour of specimens kept over- 
B at salinity 40-0 per thousand was afterwards’ 
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_ indistinguishable from those taken fror 

_ (salinity about 34-0 per thousand). For any gi 

salinity, the reaction was the same over a wide range 

Of light intensity from 3 watts bo 100 watts at a 

distance of 200 em. and over a range of temperature 
0-0°-32-0° 0. l ek 


In order to find out whether the operative factor ; 


was total osmotic pressure of the solution, or the 
concentration of any particular ion, the light reaction 
of the larve was noted in the following solutions. 
Each had as its basis 100 c.c. of sea water of salinity 
32-5 per thousand {in which the larve were photo- 
negative) and 1 gm. of a different salt was added to 
each, raising the total osmotic pressure well above 
' that of sea water of salinity 32-6 per thousand. (in 
which the larvæ were photopositive). The addition of 
sodium chloride caused the larve to become photo- 
positive ; but magnesium sulphate had no effect. This 
suggests that the osmotic pressure does not determine 
the reaction. Addition of sodium sulphate had no 
`c effect on the reaction, but on the other hand addition 
|. of magnesium chloride caused an immediate reversal 
¿o0 to a photopositive reaction, indicating that the 
--eoncentration of chloride ions is the factor which 
determines the orientation of the larve to light. 
Potassium salts were lethal to the larve. 
~The habitat of Polydora pulchra has not been 
adequately described; it is not possible to say, 
therefore, whether the animal is a normal inhabitant 
of situations such as rock pools, where the salinity 
of the surface layers can be appreciably reduced by 
rain. The reversal of phototaxis in reduced salinity 
_ described above is, however, likely to have a survival 
value in such habitats by providing a mechanism for 
excluding the larve by day and perhaps by moon- 
light from surface layers when these approach a 
lethally low salinity. 
soo. I wish to express my thanks to Dr. D. I. Williamson, 
_ Mr. J. S. Colman and Mr. D. J. Slinn for their help 
in. this work, 
k M. R. Ranane 
: Marine Biological Station, 
oo Port Erin, 
Oct. 23. 
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Rephosphorylation preduced by Inosine and 
. Adenosine of Adenosine Monophosphate and 
Adenosine Diphosphate in Human 
ee : Erythrocytes 
> — Yue short survival of erythrocytes given by 
transfusion with stored donor blood is a problem of 
© great current interest. The well-known steadily 
_decreasing intensity of glycolysis in stored blood, 
despite excess of glucose, is easily explainable by a 
doss of adenosine triphosphate!. Gabrio et al-* have 
shown. that addition of adenosine or inosine re- 
_ establishes the cell content of organic phosphate, 
_. inereases the consumption of glucose, and thus the 
- post-transfusion viability. 
= o Binee direct measurements of adenosine triphos- 
phate, adenosine diphosphate and adenosine mono- 
phosphate in isolated blood cells are not available 
in the literature, detailed support for this explana- 
tion. has not. yet been established. 

















In fresh human blood stored at 37°C. the content _ 
_ of adenosine triphosphate in the red cells falls within 

_ afew hours, simultaneously with a transitory accumu- 
-o o lation of adenosine di- and mono-phosphate, which 
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‘able 1. ADENOSINE. Tr, DI- AND "MONO-PHOSPHATE IN WASHED 
RED- BLOOD. CELLS SUSPENDED IN GLUCOSB-FREE TYRODE-SALT 
eee “SOLUTION. OF 87° C.-at Zeno True 

i { The reactions were stopped by- 
deproteinization of aliquots at zero time and at various intervals 


Total 
adenine 
nucleotides 
(umole/L. 
red cells) 


Adenosine 


Adenosine. 
triphosphate | diphosphate 
(umole/l. (senolejl, 
red cells) red cells) 


mono- 
phosphate 
(pmole/l. 
red cells} 

















are broken down to hypoxanthine 12-24 hr. after... 
the withdrawal of the blood sample’. 
We have now been able to demonstrate the: 
resynthesis of adenosine triphosphate from the mono: 
and di-phosphate at 37°C. in a glucose-free sus: 
pension of erythrocytes by the addition of inosine 
or adenosine. After centrifugation of about 100 mh 
of fresh heparinized blood, the red cells were washed. 
three times with glucose-free Tyrode-salt solution ab 
10°C., suspended at once in a solution heated to | 
37°C. and placed in a thermostat. aoe 
Adenosine tri-, di- and mono-phosphate were) ~ 
determined in 2-ml. aliquots of the blood-cell sus- | 
pension, which was deproteinized with 1 vol. of | 
trichloroacetic acid and measured by an enzymatic A 
differential spectrophotometrie method devised for 
the analysis of blood’. In the almost glucose-free. 
medium, 50 per cent of adenosine triphosphate was 
broken down to the mono- and di-phosphate within 
2% hr., as shown in Table 1, the total concentration. 
of adenine nucleotide remaining practically constant 
throughout this period. However, during the next a 
two hours there occurred a pronounced breakdown ` 
of adenine nucleotide to hypoxanthine, as evidenced 
by the fact that 25 per cent of the total amount of __ 
adenine nucleotide disappeared within this period. * 
After 4} hr., a 10 mM solution of inosine was added, 
so that its initial concentration was 525 umoles per _ 
litre of blood-cell suspension. The concurrent fall of |. 
the hematocrit value was only from 41 to 38-6 per 
cent. gin 
The lower half of Table 1 shows that 7 min. after 
the addition of inosine, all the adenosine mono- _ 
phosphate and nearly all the diphosphate had been) 
rephosphorylated to the triphosphate. The con- 
centration of adenosine triphosphate remained con-) 
stant during the following 5 min.; thereafter it fell) 
slowly, simultaneously with a corresponding accumu- 
lation of the di- and the mono-phosphate. The re- ue 
synthesis was repeated by renewed addition of the’. | 
nucleoside after the concentration of triphosphate. 
had fallen. Se 
Tt is not surprising that the concentration of. 
adenosine triphosphate can only be maintained for 
5-10 min., because the ribose phosphate produced: 
from inosine is soon used up, and no other substrate ee 
is present for continued glycolysis in the glucose-free 
environment. a 
By adding adenosine we observed, just as with 
inosine, a transitory resynthesis of adenosine tri- 
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Table 2. RESYNTHESIS OF ADENOSINE TRIPHOSPHATE PRODUCED BY 
ADDITION OF DIFFERENT AMOUNTS OF INOSINE OR ADENOSINE TO 
‘ALIQUOTS OF THE GLUCOSH-FREE SUSPENSION OF RED CELLS AFTER 

STANDING AT 37°C. FOR 4.30 HR. 
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Disappearance 

of adenosine di- 

Jato Gomlel. 
e {umo 

r red cells) 


Adenosine 
triphasphate | 
resynthesized 

(umole/l. 

ted celis) 


Tnitial cone. of 
added 


nucleoside 
(umole/l. 
suspension) 


Nucleoside 
added 


Equimolar concentrations of inosine and adenosine 
up to 525 pmoles per litre of suspension give identical 
resynthesis of adenosine triphosphate. Addition of 
inosine excseding 525 umoles per litre does not effect 
any additional synthesis of triphosphate, because the 
total amounts of di- and mono-phosphate are’ re- 
phosphorylated at the concentration stated (Table 1). 
In contrast to this, higher concentrations of adenosine 
yield an increased resynthesis of the triphosphate. 
Thus, concentrations of 700 and 1,150 umoles adeno- 
sine ‘per litre of the suspension yield a synthesis of 
adenosine triphosphate that is 25 per cent higher 
than the decrease of the sum of the mono- and 
di-phosphate. This indicates in all probability that 
adenosine acts partly like inosine’, and partly as a 
substrate for a direct adenine nucleotide synthesis. 
The intense rephosphorylation of adenosine mono- 
phosphate is, as shown by one of us*, due to the 
presence of myokinase (adenylate kinase) in- the cells. 

This investigation was aided by grants from the 


Kong Christian den Tiendes Fond and the Statens - 


alm. Videnskabsfond. 
Kay OVERGAARD-HANSEN 
SØREN JØRGENSEN 
ELrrra PRÆTORIUS 

Department of Pharmacology, 

University of Copenhagen. 
Oct. 10. 

2 Gabrio, B. W., et al., J. Biol. Chem., 215, 357 (1955). 

3 Gabrio, B. W., et al., J. Clin. Invest., 34, 1509 (1955). 

3 Gabrio, B. W., et al., J. Clin, Invest., 35, 657 (1956). 

‘ heny i) S., and Jorgensen, S., Acta Pharmacol. et Toxicol., 12, 1 

8 Jørgensen, S., and Chen, P. 8., J. Clin. and Lab, Invest., 8, 145 


* Overgaard-Hansen, K., Acta Pharmacol. et Toxicol. (in the press). _ 


Oxidation of 2,5-Diketogluconate by a 
Cell-free Enzyme Preparation from 
Acetobacter melanogenum 


Ir has been reported by Katznelson e¢ al.? that 
‘old’ intact cells and cell-free extracts of Acetobacter 
melanogenum oxidize glucose to gluconate, 2-keto- 
gluconate and finally to 2,5-diketogluconate. We 
have obtained evidence that this last compound can 
be oxidized further. i : 

_ Cells of A. melanogenum grown, in a meditm con- 
taining 2 per cent potassium gluconate and 1 per 
cent yeast extract (48 hr., shake culture) were washed. 
twice and suspended in M/20 phosphate buffer at 
pu 6-0 (1 gm. of cells in 5 ml.). The cell suspension 
was then subjected to sonic vibration for 10 min. in 
@ 10-ke./s. sonic oscillator, centrifuged at 12,000 g 
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for 10 min. and the supernatant used. This cell-free 
extract catalysed a one-step oxidation of 2-keto- 
gluconate to 2,5-diketogluconate with an oxygen 


consumption of 0-5 umole per umole of 2-keto- 


gluconate. However, on the addition of phenazine 
methosulphate a marked increase in oxygen con- 
sumption occurred (Table 1). Ib was then found 
that approximately 1-5 umoles oxygen were consumed - 
per umole of 2,5-diketogluconate or 2-0 moles per 
umole of 2-ketogluconate. At the same time it was 
discovered that l umole of carbon dioxide was 
liberated per pmole of the diketo compound. It was 


_ also demonstrated chromatographically that 2,5-di- 


ketogluconate disappeared in the presence of phen- 
azine methosulphaxe. Neither fluoride nor dinitro- 
phenol (at concentrations of 10-* M and 5 x 10° M 
respectively) prevented oxygen consumption and 
carbon dioxide production. ~ 


Table 1. EFFECT OF EAENAZINE METHOSULPHATH (PMS) ON THE 
RATE OF OXIDATION OF 2-KETO- AND 2,5-DIKETO-GLUCONATE 
Warburg vessels contained 0-5 ml. enzyme, 0 2 ml. 2-ketogluconate 
(10 udi) or 0-6 mi. 2,5<liketogiuconate (5 aM), 0-5 ml. phenazine 
methosulphate (1 mgm.) and 1/20 phosphate buffer (pH 6-0); total 
volume 2-0 ml. Centre sup contained 0 2 ml. potassium hydroxide 
(20 per cent). Phenazine methosulphate and substrate were tipped 
into the main compartment at zero time. 


Oxygen uptake at 30 min. (yl.) 


Substrate Without PMS With PMS 
2-Ketogluconate 128 260 
2,5-Diketogluconate ‘ 0 50 


After oxygen uptake had ceased -(140 min.) the 
reaction mixture was analysed by the method of 
Cavallini et al.? with 2,4-dinitrophenylhydrazine. 
Alpha-ketoglutarata was found to be a major end- 
product. Chromatographically, the hydrazones of 
pure «-ketoglutarate and of the reaction product were 
found to give idertical Rp values in tertiary amyl 
alcohol/ethanol/waser (9 : 1 : 2). When the hydrazones 
of the ‘unknown’ compound and of pure «-keto- 
glutarate were elused with -M/100 phosphate buffer 
(pH 7:0) from paper chromatograms and their 
absorption spectra determined, it was found that the 
maximum absorpt-on band of both compounds co- 
incided at 382 mu. Samples were removed at intervals 
during the course of the oxidation for determination 
of pentose? and of «-keto acids’. A positive orcinol 
test was obtained up to the first 45 min., after which 


. the pentose-like compound gradually’ disappeared, 


whereas «-keto acid production increased with time 
and at the end of the experiment approximately 50 per 
cent of ‘the 2,5-diketogluconate could be accounted 
for as a-keto acid, presumably «-ketoglutarate. 
When 2,6-diketogluconate was incubated with the 
cell-free extract anaerobically in the absence of 
phenazine methostlphate, carbon dioxide was liber- 
ated and a compound was produced (as the 2,5-diketo- 
gluconate diseppesred) which had an Ry value not 
unlike that of arakinose. When the reaction mixture ` 
was exposed to sir and phenazine methosulphate 
added, this pentosa-like compound disappeared with 
the concomitant Zormation of «-ketoglutarate. 
Specific sprays for ribulose’, xylulose’ and sedo- 
heptulose* when applied to the reaction product from 
anaerobic experiments yielded negative results, sug- 
gesting that these substances were not formed. This 
applies also to dihydroxyacetone, except that more con- 
ventional sprays were used-to detect this compound. 
The results suggest that A. melanogenum can 
oxidize glucose -to «-ketoglutarate via 2,5-diketo-- 
gluconate and œ pentose-like, intermediate. It was 
also found that-these extracts catalyse the con- 
version of .L-arabinose to «-ketoglutarate, as reported 
recently by. Weim>erg and Doudoroff? with Pseudo- 
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monas saccharophilia. It is possible that the con- 
version of our pentose-like compound to «-keto- 
glutarate is a closely related phenomenon. 
We are grateful to Dr. R. M. Hochster of this 
laboratory for his helpful suggestions and criticisms. 
ASOKE G. DATTA 
H. KATZNELSON 
Bacteriology Division, Science Service, 
Canada Department of Agriculture, Ottawa. 
1 Katznelson, H., Tanenbaum, S. W., and Tatum, E. L., J. Biol. 
Chem., 204, 48 (1953). 
* Cavallini, D., Frontali, N., and Toschi, G., Nature, 164, 792 (1949)- 
3 Mejbaum, W., Hoppe-Seyler’s Z. physiol. Chem., 258, 117 (1939). 


rar T. E., and Haugen, G. E., J. Biol. Chem., 147, 415 


5 Hochster, R. M., Canad. J. Microbiol., 1, 346 (1955). 
* Klevstrand, R., and Nordal, À., Acta Chem. Scand., 4, 1820 (1950). 
!? Weimberg, R., and Doudoroff, M., J. Biol. Chem., 217, 607 (1955). 


Isolation of Adenylosuccinic Acid from 
Penicillium chrysogenum 


WHILE investigating the nucleotides occurring in 
the mycelium of Penicilliwm chrysogenum, Ballio, 
Casinovi and Serlupi-Crescenzi! detected, besides 
sixteen well-known derivatives of adenosine, guano- 
sine, inosme, cytidine and uridine, several un- 
identified compounds. The structures of two of them 
have now been established, one being adenylosuccinic 
acid, the other the corresponding nucleoside. 

The oceurrence of adenylosuccinic acid in a living 
organism hus not been previously reported. It was 
first prepared by Carter and Cohen® with a yeast 
enzyme that catalyses the reversible reaction between 
adenosine-5’-phosphate and fumaric acid, and was 
assigned the structure of 6-succinoaminopurine 
ribosyl-5’-phosphate. The same authors‘ showed 
that adenylosuccinic acid was also formed when a 
pigeon-lver homogenate supplemented with alpha- 
ketoglutarate, adenosine-5’-triphosphate, ribose-5- 
phosphate and aspartic acid was incubated with 
either inosine-5’-phosphate, or 4-amino-5-imidazole- 
carboxamide, or glutamine, glycine and formate. 
More recently, Lieberman® demonstrated that an 
enzyme from Escherichia colt B was able to synthesize 
. adenylosuccinic acid from inosine-5’-phosphate, L- 
aspartate and guanosine-5’-triphosphate, and that 
an extract of the same organism cleaved the substance 
to adenosine-5’-phosphate. A possible role of adenylo- 
succinic acid in purine biosynthesis has been discussed 
by some authors?+*, 

The compounds described in the present com- 
munication were extracted from the mycelium of 
P. chrysogenum either with 50 per cent ethanol or 
with perchloric acid, and purified by ion exchange 
on ‘Dowex-l’ followed by paper chromatography. 
The absorption at 260 mp of the eluate from the 
ion-exchange resin was measured continuously and 
recorded. with a simple photometric apparatus 
developed in this laboratory as an attachment to a 
Hilger ‘Uvispek’ spectrophotometer?. The absorption 
spectra of both compounds in acid and in alkali were 
indistinguishable from the spectra reported by Carter 
and Cohen? for adenylosuccinic acid. The nucleotide 
had the same Ry as enzymatically prepared adenylo- 
succinic acid in three solvent systems. Using the 
molar extinction coefficient found by Carter and 
Cohen?4, it yielded the following molar ratios of base, 
pentose and phosphate: 1:1-05:1-07. On acid 
hydrolysis (1 N hydrochloric acid, 5 hr. at 60°), it 
gave a base and a pentose phosphate in equimolar 
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amounts. The base had an absorption spectrum 
typical of a 6-substituted aminopurine®® and was 
indistinguishable from synthetic 6-succincamino- 
purine’ in five different paper chromatographic 
systems which could easily differentiate a number of 
6-substituted-aminopurines. Furthermore, the base 
gave, like 6-succinoaminopurine”, a diazotizable 
amine when heated with 6N hydrochloric acid 
(30 min. at 100°). The pentose phosphate was 
identified as ribose-5-phosphate by paper electro- 
phoresis and by hydrolysis with the 5’-nucleotidase 
from bull seminal plasma‘, the pentose released 
being ribose. The position of the phosphate group 
was further confirmed by the positive reaction of the 
nucleotide with the periodate—benzidme reagent for 
alpha-glycols!*, and by treatment of the nucleotide 
itself with the 5’-nucleopidase from bull seminal 
plasma. The latter treatment released 92 per cent 
of the calculated amount of inorganic phosphate and 
a substance moving on paper (four different systems) 
like the previously mentioned nucleoside found to 
occur in the mycelium together with adenylosuccinic 
acid. The naturally occurring nucleoside gave on 
acid hydrolysis (1 N hydrochloric acid, 5 hr. at 60°) 
6-succinoaminopurine and ribose, and also yielded 
glycerol by degradation accordmg to the procedure 
of Viscontini, Hoch and Karrer; it has therefore 
been assigned the structure of 6-succincaminopurine 
ribofuranoside. 

We are indebted to Prof. E. B. Chain for his 
interest and encouragement throughout this investiga- 
tion, and to Dr. C. E. Carter for a sample of 
adenylosuccinic acid. 

Note added in proof. Joklik'* has recently reported 
the isolation of adenylosuccinic acid and of 6-succino- 
aminopurine from mammalian liver. 

ALESSANDRO BALLIO ; 
GIOVANNI SERLUPI-CRESCENZI 

Istituto Superiore di Sanita, 

International Centre for 
Microbiological Chemistry, 
Rome. Nov. 8. 
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Anesthetic Effect produced by 
Organophosphorus Compounds 


Durna the study of the toxic action of the 
‘Metasystox’ isomers (O,0-dimethy1l-O-ethylthioethy] 
phosphorothionate and O,0-dimethy1-S-ethylthioethyl 
phosphorothiolate) pronounced anzsthetic effects were 
observed in rats after sublethal intravenous injection 
with both compounds. To find out if this anesthetic 
property is shared by other organophosphorus com- 
pounds of low toxicity, other esters known to possess 
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Tablel. SYMPTOMS OBSERVED AFTER THE INTRAVENOUS INJECTION OF CERTAIN ORGANOPHOSPHORUS COMPOUNDS INTO FEMALE RATS (170-220 GM.) 
Compound Dose Angsthetic effect and other signs Cholinergic symptoms 
(mgm./kgm.) (duration) 
0,0-Dimethyl-0-ethylthiosthyl 200 inco-ordination and pronounced weakness (abcut ~ none 
hosphorothionate (sublethal) 7 ` 
on hionate isomer of ‘Metasystox’) 250 deep anesthesia with occasional jerkings (abort none 
(lethal) 30 min.}; dyspnoea (about 2 hr.) 
oO 0-Dimethyl- S-ethylthioethyl 50 moderate-pronounced weakness (5 min.) pronounced, starting within 10 min, 
phos horothiolate (sublethal) 7 
(thiolate isomer of ‘Metasystox’) (8 dled of 4) pronounced weakness (> 5 min.) very „pronounced, starting within 
ed o! 
10 anesthesia and dyspnæa (5 min.) - very pronounced, starting within 
(lethal) 6 min. f 
0,0-Dimethyl-S-(1,2-dicarbeth- 300 slight inco-ordination and weakness (about 10 pronounced, starting after 15 min. }. 
oxyethyl) phosphorod!thionate (sublethal) 
(‘Malathion’) anesthesia with dyspnma (10 min.). Respiratory `| death occurred before cholinergic 
(lethal) failure symptoms developed 
bis-Dimethylamldo-8-hydroxy- 250 deep anæsthesia with suporfoial respiration (4) pronounced, atarting after 2-3 hr. 
quinoly! phosphate (sublethal)* min.}; weakness (2 hr) 
immediate anesthesia ant tespiratory failure death occurred before cholinergic } 
: (lethal) symptoms developed 
Trimethyl phosphate ( 1,800 D inco-ordination and pronounced weskness (about none 
suble 
2,400 deep anæsthesia and dyspnæa (20 min.); pro- none 
(lethal) nounced weakness and sleepiness (> 24 br. ) Zol- 
lowed by coma 
Triethyl phosphate 500 deep anasthesia G min.); weakness and inco- none 
(sublethal) ordination (2-3 br.) 
1,000 deep anesthesia with sips ictal respiration (about none s 
(sublethal) 1 hr.); very pronounced weakness and dyspnea 
(> 12 br.) 
Triethy! phosphorothionate i hal anesthesia (20 min.); moderate weakness (1 ar.) none 
suble 
y deep anæsthesia, pronounced dyspnoea (40 min.). none 
(lethal) Respiratory failure 
Tributyl phosphate 80 inco-ordination and mild snæathesla (about 1 hr.); | ` none 
(sublethal) PE dobre agi weakness (> 4 hr. 
neesthesla, pronounced dyspnoea (8-10 min.). none 
Pe (lethal) “Respiratory failure ' 


* Immediate fallure of respiration; natural respiration re-established by 1-2 min. artificial respiration. 


little or no anticholinesterase activity were tested in 
@ similar way. ‘Malathion’ and bis-dimethylamido- 
8-hydroxyquinolyl phosphate were chosen as weak 
inhibitors, trimethyl-, triethyl- and tributyl-phos- 
phates and triethyl- phosphorothionate as compounds 
with no anticholinesterase activity. 

All esters, except bés-dimethylamido- 8-hydroxy- 
quinolyl phosphate which was dissolved in distilled 
water (333 mgm./ml.), were injected undiluted into the 
rats’ tail veins. Results are summarized in Table 1. 
Moderate or pronounced anzsthetic effects were pro- 
duced immediately after injection of all tested com- 
pounds. At the same time respiration was more or 
less affected. In some instances it stopped and was 
only resumed after artificial respiration for 1-2 
min. With compounds known. to act as cholin- 
esterase inhibitors cholinergic symptoms appeared 
but not before the animals had started to recover 
from the anesthetic effoct. 

The compounds tested ranged in water solubility 
from completely miscible to very sparingly soluble ; 
yet big-dimethylamido-8-hydroxyquinolyl phosphate, 
miscible in all proportions in water, produces an 
effect at a similar dosage to ‘Malathion’, solubility 
0-145 gm./l. Thus water solubility is not a determin- 
ing factor. 

It seems reasonable to assume that other organo- 
phosphorus compounds of low anticholinesterase 
activity will produce similer anesthetic effect after 
sublethal intravenous injection. With more active 
cholinesterase inhibitors such an effect will be seldom 
observed because the dosage necessary to produce 
anesthetic effects will be far beyond the lethal doses. 
The anesthetic effect of ‘Metasystox’ isomers was 
observed only when carefully purified compounds 


were used. The methods of purification are to be 
published later’. They greatly reduce the intra- 
venous toxicity to rats. In intermediate cases, 
where doses which produce cholinergic and anesthetic 
symptoms are close to each other, a shght or moderate 
anesthetic effect may be easily overlooked when 
masked by the immediate onset of pronounced 
cholinergic symptcms. 


M. VANDEKAR 
Toxicology Research Unit, 
Medical Research Counci] Laboratories, 
Woodmansterne Road, 
Carshalton, Surrey. 
Nav. 6. 


1 Heath, D. F., and Vandekar, M. (to be published). 


Effect of Magnesium Ions on Heart- 
Muszle Transaminase 


Tue possibility that the activation of glutamic- 
oxalacetic apoenzyme by synthetic pyridoxal phos- 
phate required the presence of a metal was considered 
by Cammarata and Cohen', after they hed failed to 
reactivate the resolved transaminase to activity- 
levels comparable with those of unresolved prepara- 
tions. Their examination of the emission spectra of 
ashed enzyme fursher suggested that magnesium or 
iron could possibly be involved. It has more recently 
been reported by Cohen’, however, that an examina- 
tion of the possibls relation of trace-metals to trans- 
aminase activity has not been particularly revealing. 

In view of recent evidence obtained in this 
laboratory by Beechey and Happold’ for the exist- 
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ence of a pyridoxamine phosphate transaminase in 
Esch. coli which requires magnesium ions for the 
conversion of pyridoxamine phosphate to the pyri- 
doxal ester, as well as the effect of monovalent 
cations upon enzymes the coenzyme of which is 
pyridoxal phosphate, a study of the mechanisms of 
transaminase action is now being undertaken. In 
preliminary work with glutamic-oxalacetic trans- 
aminase from sheep’s heart muscle, evidence for the 
need for magnesium ions has been obtained. 

The enzyme preparation was obtained according 
to the alcohol fractionation scheme of Cammarata 
and Cohen!. This procedure was carried out as far as 
‘Ppt. WET-1)’, purification beyond this point being 
judged unnecessary for the present study. The enzyme 
was lyophilized and stored at — 18°C. 

Assay of transaminase activity was carried out 
manometrically, and by @ procedure similar to that 
employed by Meister, Sober and Peterson‘. Decarb- 
oxylation of the oxalacetate formed from aspartic 
and «-ketoglutaric acids, however, was accom- 
plished in most experiments by using aluminium 
ions®, 

The enzyme preparation (5 mgm.) was incubated 
with 0-5 ml. 0-05 M tris buffer pH 8, in the main 
compartment of a Warburg vessel at 37°. After 10 
min. a side-arm containing 25 pM-L-aspartic and 
25 uM sodium a-ketoglutarate was tipped. After a 
period of 10-90 min., 0-5 ml. of Al,(SO,)3.18H,0 in 
2N HCl (33-3 gm./100 ml.) was added from a second 
side-arm, and the volume of carbon dioxide evolved 


200 


150 


100 


Carbon dioxide (litres) 





Fig, 1. Activity of enzyme preparation, as ylit, carbon dioxide 
produced by decarboxylation of reaction product, oxaloacetic 
acid. Curves 1, 2 and 3 are controls: 1, endogenous; 2, enzyme + 
a-ketoglutarate ; 8, enzyme + aspartate. Curves 4 and 7 represent 
carbon dioxide liberated after reaction time of 30 min., in the 
absence and presence of magnesium fons respectively. Similarly, 
curves 5 and 9 correspond to a reaction time of 60 min., and curves 
“@ and 8 toa reaction time of 90 min. The point at which decarb- 
oxylation commences is, in the case of each curve, indicated by 
the sudden evolution of carbon dioxide E; 
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was recorded. In such an experiment with a series of 
Warburg vessels including controls, pairs of vessels 
were set up, one containing 0-1 ml. of 10 per cent 
magnesium sulphate solution. Each pair was tipped 
to decarboxylate oxalacetate after, say, 10, 30, 60 
and 90 min. reaction time. Manometer readings were 
taken at frequent mtervals after equilibration, and 
then for 10 min. after the commencement of decarb- 
oxylation. The results for reaction times of 30, 60 
and 90min. are shown in Fig. 1; the presence of 
magnesium ions increases the production of oxal- 
acetate by as much as 80 per cent. The point at 
which the decarboxylating reagent was tipped, that 
is, the reaction time, is in the case of each curve 
indicated by the sudden evolution of carbon dioxide. 
Aniline citrate? has been used instead of aluminium“ 
ions in some cases and gives similar results. 

In this and other experiments under similar 
conditions, it has been found that the majority of the 
reaction product has been formed after 30 min. ‘and 
that equilibrium has been reached after 60 min. 
The addition of pyridoxal phosphate (10 ugm.) has 
been observed to have no effect on activity, support- 
ing the claim that the preparative procedure pro- 
duces unresolved transaminase. 

The addition of magnesium ions, however, at a 
final concentration of 1-60 x 10-2 M, has been found 
under the above conditions to increase activity by 
as much as 100 per cent, large increases in activity 
being associated with long reaction times. 

Frank C. HAPPOLÐ 
i J. M. TURNER 
Department of Biochemistry, 
University of Leeds. . 
Oct. 30. 
1 Cammarata, P. S., and Cohen, P. P., J. Biol. Chem., 193, 53 (1951). 


2 Cohen, P. P., Symposium on Amino-Acid Metabolism, 56 (Johns 
Hopkins Press, Baltimore, 1955). 

* Beechey, R. B., and Happold, F. C., Biochem. J., 61, xx (1955). 

‘Meister, A., Sober, H. A., and Peterson, E. A., J. Biol. Chem., 206, 
89 (1954). 

‘Krebs, H. A., and Eggleston, L. V., Biochem. J., 39, 408 (1945). 

° Greville, G. D., Biochem. J., 33, 718 (1939). 


Nature of the Defect of Neuromuscular 
Transmission in Myasthenic Patients : 
‘Post-tetanic Exhaustion’ 


Ir is generally agreed that the muscular weakness 
and exaggerated proneness to fatigue characteristic of 
myasthenia gravis are related to a failure of, neuro- 
muscular transmission. The mechanism responsible 
for the block still remains obscure; but it is usually 
regarded as analogous to the process of curarization. 
The experiments reported here show that, although 
this analogy may hold for some features of trans- 
mission at the myasthenic neuromuscular junction, 
the main weakness observed after an effort is.of a 
nature not shown in the curarized muscle. 

If the electromyogram! and the isometric myogram? 
of myasthenic muscle are recorded durmg the 
excitation of the motor nerve at fairly low rates 
(say, 2-20/3ec.), the successive responses are of 
decreasing amplitude (see A, Fig. 1), presumably 
because more and more individual neuromuscular 
junctions fail as a result of the preceding activity. 
This type of progressive neuromuscular block during 
a train of stimuli is also observed after‘administration 
of a competitive curarizing drug, in man and mam- 
mals. But such a block does not persist if the stimula- 
tion is interrupted for a few seconds, and for this very 
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indeed that the neuromuscular 
block does not return to 1ts previous 
level after the transient umprove- 
ment mentioned above, as 1b does 
in the curarzed muscle. Instead 
the block increases durmg the 2-4 
min. after the tetanus (shown in 
Fig. 1.F, G and H). Afterwards this 
*post-tetanic exhaustion’ slowly dis- 
appears with a half-time of 10-15 
min. This is just about the time 
required to observe an appreciable 
oor? clinical recovery of voluntary per- 
formance after @ short exertion 
both in this patient and m a 
number of others. The effect is 
regularly seen m myasthenic 
muscles and has been found also ın 
HO a patient who had never received 
TE any treatment for myasthenia (such 
as anticholmesterase drugs) up to 

Lt the time of the experiment. 


of 1St spike 


oo o 





s 0 
A Time after tetanus (min) 


4 8 


0.5 sec. 


Fig. 1. Patient with moderate generalized myasthenia Withdrawal of all medication 
1 


7 hr. earlier 


A-E : Cathode-ray oscillograms of response of adductor pollicis muscle to supramaximal 
stimulation-of ulnar nerve at the wrist; the rate 1s 3/sec. In A, C, D and E, and 60/sec. 
in B. Upper trace, electrical response recorded with belly-tendon surface electrodes. 

ph. The ulnar nerve 
voluntary interference 
in the neuromuscular responses. The intramuscular temperature, measured with a 
thermocouple, is kept between 342° and 35°C. with an infra-red lamp. 


Lower trace, isometric myogram recorded with strain-gauge myo; 
is blocked with xylucaine at the elbow in order to avoid reflex an 


explanations in the text. 


F-H : Diagrams illustrating the time-course of post-tetanic decrease and increase of 
F, amplitude in millivolts of negative 
G, reduction of amplitude of the fifth 
electrical response in a train at 8/sec., expressed as a percentage of amplitude of first 
H, same as @ for twitch peak tension 


neuromuscular block, in the same experiment, 
phase of electrical response to a single shock. 


response, 


reason it cannot account for the enduring clinical 
fatigue which, in the myasthenics, persists for many 
minutes after a voluntary effort. It can only explain 
short-term clinical features such as the reduction of 
muscle power measured by a dynamometer, or the 
fatigue appearing during the maintenance of a 
posture. 

The transmission process was studied in a different 

. way by testing the response of myasthenic muscle 
to a short train of stimuli at 3/sec., after the motor 
nerve has been faradized at a rate of 50/sec. for 2 sec. 
(it may be pomted out that 50/sec. is within the range 
of discharge frequencies of motor units). Following 
this, two modifications of the 3/sec. responses are 
seen. 

(1) 15 sec. after the tetanus (Fig. 1,C) the electrical? 
and mechanical responses are both substantially in- 
creased and the progressive depression of successive 
responses is much less evident. This post-tetanic 
improvement of neuromuscular transmission in 
myasthenics is probably reluted to the phenomenon 
of ‘post-tetanic decurarization’ doseribed ın curarized 
musclet, The effect is short-lived and it disappears 
20-30 sec. after the faradization. It is probably of 
minor chnicul importance, but may account for the 
paradoxical improvement of motor performance of 
some myasthenics af the beginning of a series of 
voluntary contractions. 

(2) In contrast with the above, 4 min. after the 
tetanus (Fig. 1,D) „both electrical and mechanical 
responses are reduced, and the depression of successive 
responses 1s now much more prominent. The muscle 
recovers slowly, and 27 min. after the tetanus (Fig. 
1,£) it has nearly returned to its prefaradization 
state. . The remarkable feature of myasthenia is 


i JIo t 
12 16 20 The enduring and reversible in- 
crease of neuromuscular block after 
a short period of intense activity 
in myasthenics, which has been 
recorded in the. above experi- 
ments, can thus be fairly con- 
sidered as the analogue of the 
long-lastmg component of the path- 
logical fatigue seen clinically. : ‘Lhe 
fact that this phenomenon 1s not 
>bserved in curarized tnuscle must 
be stressed, since ıb is important 
avidence indicatmg that the nature 
of the nevromuscular block is 
different in the swo conditions. It shows that a 
simple decrease n end-plate sensitivity to acetyl- 
chohne cannot azcount for the whole myasthenic 
disease process, not even for its most characteristic 
clinical feature. The ‘post-tetanic exhaustion’ might 
result from depletion and deficient resynthesis of 
preformed acetyleholine in nerve endings, or from 
an enduring alteration of chemoreceptor mechanism 
at the end-plate. 


Further 


i J. E. DESMEDT 


Laboratoire de Pathologie générale, 
University of Brussels. 
Nov. 3. 
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Hyperparasitic Chain of a Fungus, a 
Bacterium and its Phage on Wheat 


Ix the field of plant pathology, hyperparasitism is an 
_Aimmcommon phenomenon. Recently, Por et al. have 
reported on a new bacterial parasite of the rust fungi, 
Puccnia spp. Since the latter are widespread 
pathogens for wheat, the bacterium involved may be 
regarded as a secondary parasite. 
The American authors have found this hyper- 
parasite in the United States (1954) and suggested 
the name Xanthomonas uredovorus for it. We have 
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- also succeeded in isolating the same bacterium from 
Hungarian rust populations in 1955, and identified 
it on the basis of morphological and biochemical 
characters. It damages’ our rust cultures in the 
greenhouse and under favourable conditions is able 
to spread to an extent that makes it difficult to 
produce rust uredospores and to identify physio- 
logical races of stem rust {Puccinia ES var. 
tritici). 

In the course of our investigations on the wheat- 
rust-bacterium complex, we have isolated a further 
hyperparasite, which is a, bacterial virus parasitizing 
X. uredovorus. In cultures of X. uredovorus grown 
on 0-75 per cent agar medium (glucose—broth—agar), 
the bacteriophage forms clear plaques of 0-7-1-0 mm. 
in diameter with ill-defined margins, The phage is 
snecies-specific, since it is unable to infect several 
other Xanthomonas spp. including X. malvacearum, 
X. carotue, X. phaseoli var. fuscans. 

This host-parasite complex represents a hyper- 
parasitic chain, terminating in the phage as a tertiary 
parasite, and beginning with the wheat as a tertiary 
host. 

We have not been able to find in the literature 
any previous reference to such a twofold hyper- 
parasitism in the plant kingdom. It involves three 
host—parasite relationships the further study of which 
may explain the sudden alterations in rust populations 
and in the outbreak of epidemics. 

Detailed accounts of this work will be: published 
elsewhere. 

Z. KLEMENT 


Research Institute for Plant Protection, 
Budapest. : 
Z. Kredty 
Institute of Agriculture, 
Hungarian Academy of Sciences, 
Martonvásár. 


2 Pon, D. 8., Townsend, C. E essman, G. E., Schmiit, c. G., and 
Kingsolver, C. H d Sitna 44, 707 (1964). 


d-Gallocatechin from the Bark of 
Casuarina equisetifolia Linn. 


GALLOOATECHIN, or 5’-hydroxycatechin, was first 
isolated from Japanese green tea by Tsujimura! in 
1934, and later shown by Bradfield and Bate-Smith? 
to be l-epigallocatechin. d-Gallocatechin was obtained 
by Oshima (Osima)? in 1939 from the bark of 
Formosan Casuarina equisetifolia and termed 
‘casuarin’. 

` The bark of Casuarina equisetifolia has since been 
investigated as a source of d-gallocatechin by Roux‘, 
who found that ‘casuarin’ could be isolated m 
0-04 per cent yield (melting point 181° C.. blue-green 
coloration with ferric chloride, as found by Oshima 
(loc. cit.) ) from C. equisetifolia established in Zulu- 
land. However, examination by paper chromato- 
graphy using butanol/acetic acid/water (4:1: 5) 
showed that ‘casuarin’, even after repeated re- 
erystallization from water (white silky needles), could 
be resolved into two components, one of which gave 
a blue coloration (Rp = 0-57) and the other a green 
coloration (Ry = 0-76) with 1 per cent ferric chloride 
spray. Both constituents gave an intense red-violet 


coloration with vanillin—-toluenesulphonic acid spray ~butanol/acetic 


after heating (80° C.), indicating the probable presence 
of phloroglucinol nuclei in each. (Resorcinol and 
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pyrogallol nuclei also give similar, but much weaker, 
colorations.) These Ry values correspond with those 
found by Bradfield and Bate-Smith (loc. cit.) for 
di-gallocatechin and d-catechin respectively, and the 
above evidence indicated the presence of a catechin 
in addition to a gallocatechin in recrystallized 
‘ecasuarin’, 

More recently, this ‘casuarin’ was separated into 
its two constituents on thick paper sheets (Whatman 
No. 3) by the preparative method, using n-butanol/ 
acetic acid/water as irrigant. The components were 
located as dark bands under ultra-violet light, 
stripped with 70 per cent ethanol, and recrystallized 
from water after evaporation of the solvent. 

The slower-movimg component has Rp = 0:57, 
melting point 183°C., [«]p = + 13-1° (acetone/ 
water, 1:1), Amax. = 271 mp, Bmax = 1,734; Ac,- 
derivative, melting point 143° C., [a]p = +730-0° 
(acetone). It gives a blue colour with ferric chloride, 
and a positive reaction for phloroglucinol with the 
vanillin reagent. Micro-fusions with alkali yield 
mainly phloroglucinol and gallic acid, both con- 
clusivelysidentified on paper chromatograms. These 
properties establish the presence of a d-gallocatechin 
with properties somewhat different from those found 
by Oshima (compare above). 

Similarly, the faster-moving component has Rp = 
0-76, melting point 172° C., [a]p = + 13+2° (acetone/ 
water, l:l) Amax. = 280 mp, Emag. = 4,061; 
Ac,-derivative, melting point 131° C., [a]p = + 31-9° 
(acetone). It gives a green coloration with ferric 
chloride spray, a positive reaction for phloroglucinol. 
Micro-fusions with alkali yield mainly phloroglucinol 
and protocatechuic acid. (Found: for d-catechin 
isolated from gambier extract from the leaves and 
twig of Uncaria gambir: max, = 280 my, Emax. = 
3,986; Ac,-derivative, mixed melting point with 
corresponding derivative, above, 131°C.) This 
establishes the presence of d-catechin. 

Furthermore, d-gallocatechin and d-catechin from 
‘casuarin’ were spotted on to separate two-dimen- 
sional paper sheets and suiteble concentrations of 
the ethyl-acetate extract of green tea leaves (pre- 
viously extracted with chloroform) superimposed on 
each spot. After two-dimensional chromatography 
using the same solvents as Roberts ‘and Wood’, an 
increase in the concentration of those spots attributed. 
to d-gallocatechin and d-catechin by Roberts and 
Wood was observed in each instance. Similarly, the 
presence of both d-gallocatechin and d-catechin was 
established in the bark of Casuarina equisetifolia 
obtained from Formosa, (Taiwan). 

Recently, Mayer® isolated d-gallocatechin from 
the barks of both the oak and sweet chestnut in 
sufficient yield to characterize and compare these 
compounds. The physico-chemical constants obtained 
by Mayer for d-gallocatechin (melting point, 185- 
188°C., [a]p = + 14-7°; Ac,-derivative, melting 
point 141-143°C., [«]Jp = + 31°C.; Me,-deriva- 
tive, melting point 160-162° C., [a]p = — 3-0°) differ 
in all cases from those of Oshima’s ‘casuarin’. Mayer 
directed attention to this and suggested a reinvestiga- 
tion of ‘casuarin’. Samples of d-gallocatechin and 
~ hexacetyl-d-gallocatechin, kindly made available by 
` Dr. Mayer, enabled a direct comparison with d-gallo- 
eatechin from both sources. One-dimensional chrom- 
atograms using the following irrigants showed identi- 
cal Rp for the d-gallocatechins in each instance: 
acid/water (4:1:5) Rp = 0:57; 
water-saturated phenol, Ry = 0:18; water only, 
Rp = 0-28; water-saturated sec.-butanol, Rp = 


January 19, 1957 


No. 4551 


0-53, 
143°C. 

These d-gallocatechins from different sources may, 
therefore, be regarded as identical. Oshima’s original 
‘casuarin’, therefore, possibly consisted of a mixture 
of d-gallocatechm and d;catechin, as (a) ‘casuarin’ 
gave a blue-green coloration with ferric chloride, 
compared. with the distinct-blue and green colorations 
furnished by d-gallocatechm and d-catechin re- 
spectively, and (b) Oshima also did not report the 
separation of the d-catechin, which appears essential 
from the above findings. Alternatively, Oshima’s 
physico-chemical constants could be incorrectly 
reported, should the d-catechin content of thé bark 
of C. equisetifolia be so variable as to be abnormally 
low or absent under certam conditions. 

Thanks are due to Dr. Walter Mayer, Chemisches 
Institiit der Universitit, Heidelberg, for samples of 
d-gallocatechin and hexacetyl-d-gallocatechin ; to the 
Union Department of-Forestry, Pretoria, for kindly 
identifying and supplying the bark of C. equisetifolia 
from Zululand ; to Mr. Y. K. King, Department of 
Forestry, Taiwan Provincial Government, Taipei, 
Taiwan, for an authentic sample of the bark of the 
same tree; and to the. Chemistry Department, 
Rhodes University, for the use of a Hilger polarimeter. 


Davro G. Roux 
Leather Industries Rasta Institute, 
Rhodes University, 


Also Ac,-derivatives, mixed melting point, 


Grahamstown, 
South Africa. 
Nov. 3. 
i a Fri M., Sci. Papers Inst. Phys. Chem. Res. (Tokyo), 24, 149 
prednom San and Bate-Smith, E. C., Biochim. Biophys. Acta, 4, 
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Androgenic Haploids of a Toad, Xenopus 
laevis 


AnpROGENIC haploids of Xenopus laevis have been 
made using Porter’s technique’. Fertilized eggs were 
obtained from a pair of toads which had previously 
been injected with a commercial preparation of 
anterior pituitary-like gonadotropins (350 10. for 
female, 150 1.U. for male). All operations on eggs 
were carried out at room temperature in a 100 per 
cent Holtfreter solution. 

Fertilized eggs had most of the jelly coat removed 
and were then held, animal pole up, in a hemispherical 
egg-sized depression By a glass loop. A glass needle, 
finely pointed on a de Fonbrune microforge, was 
inserted at the white spot marking the position of 
the second polar body any time up to $ hr. after 
laying.. The needle was then drawn up slowly so that 
a small exovate containing the ovum nucleus was 
released. The jelly coat was self-sealing, but some 
yolk did leak into the space between egg and vitelline 
membrane. 

The number of haploids surviving at least to 
hatching was 25 out of 94 operations. 100 per cent of 
the controls survived. The criteria for determination 
of haploidy were the obvious external symptoms of 
the haploid syndromet, together with a comparison 
of nuclear size with normal diploids of the same age. 
100 nuclear diameters were measured in each of 
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seven post-neurula tadpoles of which two representa- - 


tives are given below. 


MBan (x) S. deviation Age (days) 
i. Diploid 9-09 150 - 5 
2. Haploid 6-71 0:89 5 


Such differences are to be expected if haploid 
nuclei have half the volume of diploid nuclei. 

I should like to ecknowledge the help and advice 
given me by Dr. L. G. Bell and financial help from 
the British Empire Cancer Campaign. 

Loum HAMILTON 

Department of Zcology, 

King’s College, 
University of London, 
Strand, W.C2. ; 
Nov. 1. ` 
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Formation of Starch in Young Maize 
Kernels Í 


Tum starch laid down in all maize kernels contains, 


both amylose and amylopectin, except in the case 
of ‘waxy maize’ tae starch of which contains no 
amylose or at most an amount too small for detection 
with certainty. It might therefore be assumed that 
waxy maize differs from other maize in being un- 
able to synthesize amylose. This, however, is not 
the: case. 

The first formation of starch in young kernels may 
be observed by the method of Duvick* and of Hori?, 
which consists in the incubation of thin slices of the 
immature (starch-free) kernels in a solution of 
glucose-1 -phosphate, then staining them with iodine. 
Under the microsecpe newly formed starch appeared 
as discrete, blue-stained granules (indicating amylose) 
We 
expanded these exp2riments using slices from starchy, 
waxy, sugary waxy, and sugary high-amylose® 
varieties of maize, and employing several sugars and 
sugar phosphates as substrates. 

It was observed that normal starch synthesis had 
not yet begun in Eernels of either starchy or waxy 
maize at 5-7 days after pollination, by testing con- 
trol slices cut from the same kernel. The formation 
of starch granules was, however, observed in such 
slices after incubation with l per cent glucose-1- 
phosphate at 15°C. for 24-48 hr. Conitrary:to ex- 
pectation, the waxy, as well as the starchy, variety 
formed granules that stained blue with iodine. 

In ‘kernels 10-12 days after pollination normal 
starch synthesis hed already begun, and all control 
slices showed the presence of starch granules in some 
of the endosperm cells. Slices cut from the starchy 
variety contained starch granules that stained blue 
with iodin and slices from the waxy variety con- 
tained starch granules that stained red: with iodine 
(amylopectin). After incubation with 1 per cent 
glucose-1-phosphata at 15° C. for 24—48 hr., the cells 
of the endosperm of the starchy variety were filled 
with starch granules which stained blue with iodine. 
The cells of the endosperm of the waxy variety, after 
similar incubation with 1 per cent glucose-1-phos- 
phate, were also filed with starch granules, some of 
which stained blue with iodine while others showed 
a red centre and blue outer layer. Neither glucose 
(10 per cent) nor sucrose:(10 per cent) nor any of 
the following (at I per cent levels) was effective for 
the formation of starch granules of either type : 


glu- 


rn 
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cose, fructose, sucrose, maltose, maltotriose, glucose- 
6-phosphate and fructose-1,6-diphosphate. 

For the sugary waxy and sugary high-amylose 
~ yarieties of maize, slices were cut from kernels 13-14 
days after pollination ; these did not contain any starch 
before incubation. After incubation with 1 per cent 
glucose-1-phosphate at room temperature for 3 hr. 
the slices of both varieties showed the presence of 
‘generally distributed unorganized polysaccharides 
that stained red with iodine, but no granules what- 
ever. After 15 and 24 hr., slices of both varieties still 
contained amorphous polysaccharides that stained 
red, but also small starch granules all of which stained 
blue with iodine. Glucose, sucrose, maltotriose and 
glucose-6-phosphate were again ineffective in the 
formation of the granules. Oxygen likewise had no 
effect on their formation. 

It is clear from these results that the endosperm 
of waxy maize has the ‘ability to form amylose from 
glucose-1-phosphate by a reaction resembling that of 
phosphorylase, even though no amylose 1s detectable 
in the normally growing plant. The most logical 
explanation seems to be that the waxy variety 
growing under natural conditions may have some 
device which effects complete conversion of amylose 
to amylopectin‘, whereas in the other varieties tested 
the mechanism is far less efficient. Why this mech- 
anism does not function under the laboratory 
conditions here described is not yet apparent. 

The kindness of Dr. H. H. Kramer of Purdue Univer- 
sity in furnishing samples of high-amylose maize for 
this study is most gratefully acknowledged: 

This work was supported in part by a grant from 
the Corn Industries Research Foundation. 


Hivetsveu Fuwa* 


Biochemistry Department, 
Purdue University, i 
Lafayette, Indiana. ' 
Oct. 31. 
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University, Anjo, Aichi, Japan. 
2 Duvick, D. D., Bot. Gaz., 115, 82 (1953). 
2 Hori, S., Bot. Mag., 67, 228 (1954). 
3 Kramer, H. H., Whistler, R. L., and Anderson, E. C., Agron. J., 
48, 170 (1956). 
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Corticium solani—an Orchid Endophyte 


Corticium solani (Prill. and Delacr.) Bourd and 
Galz, the soil-inhabiting basidiomycete which attacks 
a wide range of hosts, has been isolated repeatedly 
by me in sterile mycelial form (Rhizoctonia solani) 
. from the roots of the marsh orchid, Orchis purpurella 
T. and T. A. Steph. Germination tests with the 
seed of the orchid show that the mycelium of R. solani, 
so isolated, acts as a symbiont stimulating the growth 
of the embryos. Typical pelotons form within the 
orchid cells, and later digestion of the hyphe takes 
place. Thus the fungus conforms to the normal 
conditions of au orchid endophyte. 

Parasitic forms of this fungus isolated from 
diseased crop plants also proved acceptable sym- 
bionts. In germination tests the following isolates 
stimulated the growth of Orchis purpurella seed : 
C. solani from wheat straw (the Commonwealth 
Mycological Institute No. 39,933), R. solani from 
cauliflower (received from A. Channon, National 
Vegetable Research, ‘Station, Wellesbourne), and 
R. solmi from tomato. “On the other hand, a form 
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isolated from potato did not enter the embryo,-so" 
that no growth-stimulation took place. Those tésts 
prove that forms of the parasitic fungus O. solani 
can act as endophytes of the orchid O. purpurella, and 
it is of interest to note that last summer a plant of 
O. purpurella was found bearing the collar-like fruit- 
body of a corticium on the stem at ground-level. ` This 
condition is familiar in the case of potatoes attacked 
by the fungus but has never before been recorded 
on an orchid. The fruit-body was more tenuous than’ 
that found on potato and unfortunately was incom- 
pletely developed, but measurements of -hyphe and’ 
of young basidia are comparable with those on potato 
at a Similar stage of development. An extensive 
search of other O., purpurella plants failed to reveal 
another plant bearing the fruit-body. 

While Rhizoctonia spp. have been isolated 
repeatedly from terrestrial orchids, none of these, so 
far as I know, has been linked with a known parasitic 
species, and on no previous occasion has the corticium 
stage been recorded occurring naturally on an orchid 
stem. 

A further interest lies in the light this finding 
throws on the soil ecology of orchid endophytes. 
These are generally classified with other mycorrhizal 
fungi as ‘root-inhabiting’ forms with a limited 
distribution in the soil?. On the,other hand, C. solani 
is known to be widely distributed in the soil? and 
is therefore grouped with the saprophytic sugar 
fungi as ‘soil-inhabiting’. Now that it is known that 
C. solani is a commonly occurring endophyte of 
O. purpurella, it may be found that other orchid 


- 


endophytes also fall into the latter category. 


D. G. Downie 
Department of Botany, : 
University of Aberdeen. 

Oct. 30. 


1 Garrett, S. D., New Phytol., 60, 149 (1951). 
* Blair, I. D., Ann. App. Biol., 30, 118 (1943). 
3 Chesters, ©. G., Trans. Brit. Mycol. Soc., 32, 197 (1948). 


Mass Isolation of Viable Wheat Embryos 


COMMERCIAL wheat germ has been a material of 
choice for biochemical studies ever since its use in 
the isolation of cytochrome c and cytochrome oxidase!. 
For purposes of physiological research, however, the 
commercial product has a serious limitation, namely, 
its non-viability. Samples of commercial material 
were tested for viability by sprinkling the germ on 
agar plates, or on filter paper moistened with glucose 
solution. -Less than 0-5 per cent of the embryo-like 
particles showed signs of incipient germination, and 
none showed development of the cotyledon. Hand 
isolations of individual wheat embryos have been 
reported. Such embryos were used, for example, in 
mapping the intracellular distribution of hexokinase*. 
Hand picking, however, is a tedious and time- 
consuming process, and we therefore undertook to 
find a convenient means of preparing laboratory 
quantities of viable material. As a result, a simple 
procedure for isolating wheat embryos in relatively 
large amounts has been developed. One operator 
can prepare 200-250 gm. in a day. Chinook, a spring 
wheat, was found to be the most suitable of the 
several varieties tested. 

About 250 gm. of wheat is mixed with 150 ml. of 
$-in. lumps of ‘dry ice’ and after a few minutes the 
whole is ground for 20 sec. in a quart-size aluminium 
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Fig. 1. 


Growth of isolated wheat embryos on agar medium. 
planting; (b) five days after planting 


Waring blendor jar. With larger amounts of wheat 
or longer grinding times, an appreciable proportion 
of the germ is destroyed. The mixture is screened 
on a set of sieves, 10-, 14-, 28-mesh (Tyler scale), 
and the portion remaining on the 10-mesh sieve is 
returned at once to the blendor, with enough ‘dry ice’ 
to keep the mixture well below 0°C. Usually, an 
additional 50 ml. of ‘dry ice’ is sufficient. The 2U-sec. 
grinding and the screening are repeated twice. The 
embryos, which are freed quickly in the course of 
grinding, pass through the 10- and 14-mesh sieves. 
Many of the small fragments of endosperm from 
which the embryos have been detached pass through 
the 10- but not the 14-mesh sieve. Use of the 10-mesh 
sieve obviates regrinding of these fragments and so 
reduces the amount of endosperm passing through 
with the embryos. After thorough shaking of the 
sieves, only the 14- to 28-mesh portion is saved. This 
portion weighs about 25 gm. and contains 2-5 gm. 
of whole embryos. Since 1-5 per cent of the wheat 
seed is embryo, the yield at this stage is about 65 per 
cent. Further purification cannot be achieved by 
sieving. Usually, forty such concentrates of whole 
embryos were collected for subsequent processing. 
The bran is removed by means of a seed blower. 
The germ is then separated from endosperm by 
stirring the mixture into a 2 M sucrose solution, 
allowing the suspension to settle and skimming the 
embryos off the surface. This step is repeated three 
times. The germs thus isolated are given two or three 
quick washes with ice-water on a sieve, blotted dry 
and air-dried. Alternatively, a mixture of cyclo- 
hexane — carbon tetrachloride (10:25 by volume) 
may be used in place of the sucrose to float off the 
germ. Both products were tested for starch content 
according to the method of Nielsen*. For the sucrose- 
floated germ the average starch content was 16 per 
cent. This could be reduced to 8 per cent if 1-9 or 
1-8 M sucrose was used, but at the expense of a 
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slightly lower yield. Embryo”prep- 
arations floated on the organic sol- 
vent mixture had the lowest starch 
eontent, about 5 per cent. By con- 
srast, a special sample of com- 
mercial gorm made available to us 
or experimental purposes contained 
22 per cent of starch ; frequently, 
starch contamination of commercial 
preparations is as high as 40 per 
eent. 

Germination tests were carried 
out on plates of 0-9 per cent agar 
containing 1 per cent glucose and 
©-01 per cent streptomycin. All 
preparations obtained by the pro- 
cedure described proved to be 
viable, more than 90 per cent of the 
embryos germinating. M of 
those which failed to germinate 
were found to have been broken in 
the course of preparation. Growth 
cf the different samples was followed 
Hr several days. All germinated 
embryos showed normal develop- 
ment of roots and root hairs. The 
streptomycin had no apparent effect 
œn chlorophyll development, since 
the first leaf, when about 1 em. 
long, was clearly green. Typical 
results of germination tests are 
ilustrated in Fig. 1. 

It was somewhat surprising that embryos floated 
off from a mixture bf organic solvents were unaffected 
in viability. Indeed, if the solvents had any effect 
it was in the direstion of accelerating germination, 
but this property was not further studied. It will 
be shown elsewhere, however, that embryos thus 
isolated have certain advantages over sucrose-floated 
ones for the purpose of preparing isolated nuclei*. 

Thanks are due to members of the Cereal Crops 
Division for supplying a number of wheat varieties 
and for use of a seed blower; also to Dr. H. Katz- 
nelson, of the Bacseriology Division, for performing 
the germination tests. 

F. B. JOHNSTON 
HERBERT STERN 
Chemistry Division, 
Science Service, 
Canada Department of Agriculture, 
Ottawa. 
Oct. 1. 


* Goddard, D. R., Amer. T. Bot., 31, 270 (1944). 
*Saltman, P., J. Biol. Chem., 200, 145 (1953). 
* Nielsen, J. P., Indust. Eng. Chem. (Anal, Edit.), 15, 176 (1043). 


‘Johnston, F. B., Nasater, M., and Stern, H., Plant Physiol. (in the 
press). 


Genetical Interference in Maize 


Back-cross linkage data in maize involving three 
or more genes have been analysed to examine them 
from the point of view of consistency with Owen's 
theory'-* of genetieal recombination. As a measure 
of interference, the Kosambi coefficient? K has been 
used. In a back-cross experiment involving two 
segments AB and ED, let y,, Ya be the recombination 
values for each segment, y,;, the recombination 
value for the entise segment AD, and y,, the fre- 
quency of simultameous recombination in both seg- 





of a rmetrie u in which interference is uniform, and 
postulated the interference function f(u) = 
exp(—2u) as an adequate fis to the observed 
data. Assuming this form for the interference function, 
_K = 1 at the metrical mid-arm of long chromosome 
“arms (> 40 cM.). ‘The map-length of a segment 
from centromere to mid-arm is then given by 








1 — cosh 27 
4T tanh 2T + ZrO 
T is metrical. arm-lengtht. 

: Graphs have been plotted of the arithmetic mean 
of map-distance for each triplet of genes against K 
for each chromosome. On the whole, with the ex- 
ceptions of chromosome 3, for which the data are 
dequate, and chromosome 8, for which there are 
no data, K = 1 at the metrical mid-arms assuming 
‘tho centromere locations of Anderson and Randolph‘. 
KK exceeds one in the proximal half of the arms and 
drops below unity distal to the mid-arms. 
<: o From this analysis it is legitimate to conclude 
he hypotheses of (i) no interference across the 
centromere, (ii) iidependent distribution of intercept 
lengths when measured on an interference metric, 
-. (iii) no repressive effect of terminus on chiasma forma- 
tion, are consistent with the data so far as they go. 
The data support the hypothesis that the interference 
an be represented by 4uexp(—2u), but 
f insufficient accuracy to detect any small 
from this function. In Drosophila, Owent 
came to similar conclusions for chromosomes IT and 
“TIL, but the data for the X-chromosome were 
anomalous. Additional data are needed to clarify 
“the situation in this chromosome. 
A full account of this work will be published 
elsewhere. I wish to acknowledge the award of the 
Barr Smith Scholarship from the University of 
Adelaide. 





















P. A. Parsons 
Department of Genetics, 
University of Cambridge. 








‘Owen, A. R. G., Ph.D. dissertation, University Library, Cambridge 
(1948). 


“Owen, AVR. G., Proe, Roy. Soe., B, 186, 67 (1949). 

owen, Ac B.oG., “Advances in Geneties”, 3, 117 (1950). 

4 Kosambl, D. Da Ann. Bug., 12, 172 (1944). 

< s Anderson, E. G., and Randolph, L. F., Genetics, 30, 518 (1945). 





a Use of Tetratype Frequencies for estimating 
‘Spindle Overlapping at the Second Division 
ef Meiosis in ‘Ordered’ Tetrads 


: -Wira ordered tetrads, such as occur in the asci 
of Neurospora crassa, the second-division meiotic 
spindles do not overlap (Fig. 1a) and the subsequent 
itotie: spindles are also well separated, with the 
result that analysis of the sequence of spores within 
“the aseus allows a distinction to be made between 
first- and second-division segregation for a particular 
pair of alleles. With unordered -tetrads, second- 
division segregation. frequencies can be calculated 
from: the. frequencies of tetratype tetrads (for ex- 







(a) (b) te) 
Fig. 1 





ample, AB, ab, Ab, aB) for three independent loci, 
Aja, Bjb and C/c, considered in pairs (A and B, 
B and C, C and A). When there is uncertainty _ 
whether the tetrads of a particular organism are | 
ordered or not, use can be made of tetratype fte- 
quencies to estimate the frequencies of partial and 
complete spindle overlapping at the second divisio: 
of meiosis. It is important to recognize such over- 
lapping, since it may lead to inaccurate mapping of 
the centromeres, and, moreover, partial spindle over- 
lap may mimic the effects of two-strand double cross- 
overs across the centromere. Thus the excess of 
such eross-overs found by Lindegren and Lindegren® 
in N. crassa has been attributed® to spindle over- | 
lapping, although there is good genetic evidence that, 
such overlapping is not. responsible‘. ES 
Let p be the frequency of second-division segrega-— 
tion for a particular locus A/a, then the frequency of | 
first-division segregation will be 1 —p. Letrands be. 
the observed frequencies of asymmetrical (dada and : 
aAaA) and symmetrical (daaA and aA Aa) ‘second- | 
division’ spore-arrangements, respectively. Let æ 
and y be the frequencies of partial and complete |. 
spindle overlap, respectively, at the second meiotic ~ 
division. The effect of partial overlap (Fig. 16) is 
to exchange tetrads between the first-division (4.1a¢ 
and aa@AA) and the asymmetrical second-division 
classes. Complete spindle overlap (Fig. Ic) leads to a 
transfer of tetrads from the symmetrical to the. . 
asymmetrical second-division classes; from the | 
asymmetrical second-division to the first-division 
classes, and from. the first-division to the sym 
metrical second-division classes. Each transfer will. 
be in proportion to the magnitude of the class con- 
cerned. These effects are shown in Table 1 and may 
be expressed algebraically as a 









p 





: p 
r= b+ (lp + BW) -5e +0) 
=53 +Q-ẸF} o æ = 2 3p 
and s = + (py — Sy) 
3 23 — 


It is evident that partial overlap has no effect on i 
the frequency of symmetrical second-division spore 
arrangements, and complete overlap has no effect on 
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Table 1 


Effects of partial and 


` Type of 
segregation complete spindle overlap 


Frequency 
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Type of spore 
arrangement 





(Q — pia 


First division 1—p 


Asymmetrical 
second division Di2, 


(pl2)y 


Symmetrical 


second division p12 (p12)y 








‘First division’ 


Asymmetrical 
‘second division’ 


H 
Symmetrical 
‘second division’ 
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This tetratype method could 
asefully be apphed to Ascobolus 
stercorarius, where Bistis® has 
detected the occurrence of partial 
spindle overlap at the second 
meiotic division by demonstrating 
S p shat there is an excess of asym- 
metrical over symmetrical ‘second- 
division’ spore arrangements., 
Moreover, he has shown that such 
overlapping occurs more fre- 
quently at low temperatures (6°- 
7°C. and 14°-16°C.) than at 


Frequency 


l-r-s 








Table 2 24°-25° C. It is claimed that the 

Zrequency of crossing-over 18 also 

Locus p 2r z 28 Y -ncreased at the lower tempera- 

(per cent) {per cent) (per cent) (per cent) (per cent) sures; but similar results would 

Yellow-1 i 2 to £ 2 27 7 1 9 to 18 6 125 35to 68 2e obtained if at low tempera- 

- ‘1 to 7 0 10°7 12 2 —O02to 23 5 i $ 

Brown 8 1 to 14 6 22 6 B-Llto 82 113 Z2īto jg | 7ure there was an increased fre 

Pale 10 8 to u $ 20 2 8-6 to 5 6 17 8 20to 42 Quency of complete overlapping 
1n 7 3 to 0 to 48 0 10 3to 121 -di i i 

Yellow-2 | 406 to 416 47 1 73t0 83 377 J5 2to -37 | Df the socond-division spindles, 








the frequency of asymmetrical second-division spore 
arrangements. For proximal loci (second-division 
segregation frequency less than two-thirds), partial 
overlap will add to the asymmetrical ‘second-division’ 
classes of spore arrangements and complete overlap 
will add to the symmetrical classes. Partial overlap 
is usually recognized®* by an excess of the asym- 
metrical over the symmetrical ‘second-division’ spore 
arrangements, but 1t is evident that if the two kinds 
of overlap occur with equal frequency this method 
will fail. On the other hand, tetratype frequencies 
are independent of spindle overlap and hence second- 
division segregation frequencies based on them pro- 
vide a reliable method of detecting spindle irregular- 
ities in supposedly ordered tetrads. 

The following example shows the use of the tetra- 
type method. In Table 2 are given values of p, 2r 
and 2s for six loci in Venturia inaequalis taken from 
the data of Boone and Keitt®. The values of p have 
been calculated from the published tetratype fre- 
quencies’, A range of values is given because the 
relative positions of the lmked loci white-2, brown 
and pale cannot be determined from the data. If 
there is no spindle overlapping at the second division 
of meiosis, the values of p, 2r and 2s should be 
statistically equal for each locus. An excess of 2r 
over p is apparent for all six loci and, moreover, the 
excess is greatest for those loci where p is small. 
This is to be expected with partial spindle overlap, 
since if p is small, exchange of asci between the 
large first-division and the small asymmetrical 
second-division segregation classes will add appro- 
ciably to the latter. The values of 2, calculated by 
means of the expression above, range from about 
4 to 13 per cent, with a mean of 7-6 per cent. This 
mean value is significantly greater than zero (¢=5-85, 
n=5, P<0-005). There is an excess of 2s over p 
for some of the loci. The values of y range from 
about —4 to 11 per cent, with a mean of 2-6 per cent. 
(Negative values of y are no doubt due to sampling 
error.) The mean value is not significantly greater 
than zero (t=1:22, n=5, P=0-1-0:15). It thus 
appears that partial overlapping of the second- 
division meiotic spindles occurs on the average in 
7-6 per cent of asci of Venturia. ‘There is also a 
suggestion that complete overlapping may occur in 
certain strains, though not in all, but this requires 
confirmation. 


the possible occurrence of which 
appears to have been overlooked. 
H. L. K. Warresovuss 


Botany School, 


University of Cambridge. Aug. 13. 


1 Perkins, D. D., Genetica, 34, 607 (1949). Whitehouse, H. L. K., 
Nature, 165, 893 150). 


2 Lindegren, O, C, and Lindegren, G., J. Hered., 28, 105 (1937); 
Genetics, 27, 1 Ar 9425. i 
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5 Boone, D. M., and Keitt, G W., Amer. J. Bot., 43, 226 (1956). 

* Bistis, G., Bull. Torrey Bot. Cl., 88, 35 (1956). 

7 Whitehouse, H. L. K.. J. Genet. (in the press), 


, Geretics, 26, 128 (1941). 


Occurrence of the Leathery Turtle in 
the Northern North Sea and off Western 
Norway 3 


Dure the late summer of 1956, three specimens 
of the leathery tuctle or luth, Dermochelys coriacea 
(L.), were captured by Norwegian fishing vessels. 
The first of these was observed on July 28, swimming 
slowly northwards at a position of 60° 31’ N., 3° 50’ E., 
that is, about thiztty miles off Skarvéy (county of 
Hordaland). Catching it took 24 hr., during which 
time the animal dived repeatedly to three to five 
fathoms and was 2onstantly accompanied by three 
or four pilot fishes (Naucrates). The specimen was a 
male, probably an adult, measuring 2,015 mm. from 
snout to tip of tad; length of carapace 1,530 mm., 
greatest width 865 mm. The weight was 390 kgm. 

The second spetimen was captured in a tunny 
seme-net on September -7 at about 60° 24’ N., 
4° 35’ E., that s, ten miles west-north-west of 
Lénéy (Hordaland). It was kept on board until tho 
next day, when it died. This specimen also seemed 
to be rather vigorous and was likewise accompanied 
by three pilot fishes until the moment when it was 
hauled on board the vessel. This proved to be an 
adult female specimen; total length 1,850 mm., 
length of carapace 1,445. mm., greatest width of 
carapace 940 mm. and weight 396 kgm. 

Both these spedmens have been received by the 
Zoological Museur in Bergen and are preserved there. 

Some days later, I received information about a 
third leathery turte that had been harpooned during 
the basking-shark fishing forty miles north-east of 
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North Flugga, North Shetland, on September 5. 
This specimen had unfortunately been thrown over- 
board again ; but the report from the fishermen with 
a detailed description of the turtle excludes any 
doubt about the species. The weight had been 
estimated at more than 300 kgm. 

The three specimens in question most probably 
came in from the Atlantic north of Shetland, following 
the strong inflow of Atlantic water in this area. 

So far as I know, there are no previous records of 


the leathery turtle from the northern North Sea. 


Single specimens of accidental stragglers have now 
and then visited French and British waters. A few 
have also appeared in the southern part of the North 
Sea, but these have more often been recorded dead 
or stranded on the coast. The present captures seem 
to be the more remarkable in that they have taken 
place ab short intervals within a comparatively limited 
area and very far north. The finds may be taken to 
indicate that a more extensive movement of leathery 
turtles has taken place in the North Atlantic lately. 
This suggestion may perhaps be supported by new 
and supplementary records from other waters. 

A more detailed account will be given in a 
‘Norwegian periodical. 

Note added in proof. I have now obtained informa- 
tion about a fourth record of the leathery turtle off 
western Norway. It was observed by a tunny fisher on 
July 31, 17 miles west of Bulandet, county of Sogn og 
Fjordane (about 61° 18’ N., 4° E.). This turtle was in 
good condition and was probably also an adult: 
estimated length, about 2 metres ; weight, 4,500 kgm. 
Repeated attempts to catch it failed. 

woes J. F. Wuraons 
Zoological Museum, 
Úniversity of Bergen. Oct. 15. 


Serum Amylase Activity : Normal Values 


IN a paper! on the determination of amylase 
activity in biological fluids, we suggested a temporary 
working ‘normal’ range of 9-35 of our units per 
100 ml. of serum. This working range was derived 
from a study of the serum amylase activity of 101 
hospital patients in whom there was no reason 


for suspecting an abnormal serum amylase 
activity. 
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Fig. 1. Distribution curve of serum amylase activity in 100 
‘normal’ healthy adult persons 
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We have now used our method? for determining the 
amylase activity of the serum of 100 ‘normal’ healthy 
adult persons and the results have been examined 
statistically. The results range from 8 to 38 of our 
units, and the arithmetical mean is 19:47 of our units. 
9 per cent of the results are less than 11 units, 8 per 
cent greater than 28 units; 3 per cent are less than 
9 units and 2 per cent greater than 33 units. 

Fig. 1 shows the distribution curve when the 
results are plotted in groups of three. The curve is 
skewed slightly to the right in the diagram. 

The standard deviation is + 6-84 and the co- 
efficient of variation is + 34-61. Twice the standard 
deviation on each side of the mean should, theoretic- 
ally*, leave out about 5 per cent of the number 
of results. 19-47 + (2 x 6-84) gives 5-79 and 33-15, 
and these limits cut off 2 per cent of the results, 
both of which are above the upper limit. There 
are no results below 5-79. Three times the standard 
deviation on each side of the mean gives the limits 
of thefzurve as — 1-05 and + 39-99. 

We suggest, therefore, that the ‘normal’ range of 
results for our method? is 6-33 of our units per 100 ml. 
of serum. 

Work is now being carried out on an ultra-micro 
modification of our present method! and the procedure 
will shortly be published elsewhere. 

HAROLD V. TREET 
JoHN R. Cross 
Biochemistry Laboratory, 
Department of Pathology, 
Crumpsall Hospital, 
Manchester 8. “ 
1 Street, H. V., and Close, J. R., Clinica Chimica Acta, 1, 258 (1956). 


23 Mainland, D., “The Treatment of Clinical and Laboratory Data” 
(Oliver and Boyd, London, 1938). 


The Agama Lizard as Reservoir of 
Salmonellae in Nigeria 


BACTERIOLOGICAL examination of the common 
agama lizard (Agama agama), which is plentiful m 
Ibadan, revealed that 18 of the 160 animals examined 
(11-2 per cent) were fecal carriers of Salmonellae. A 
variety of types were isolated, including Salmonella 
elizabethville (2), S. kingston (3), S. durban (1), S. 
takoradi (1), S. kaapstad (1), and a new type which 
has been assigned ths provisional antigenic formula 
4,12...i:1, 6 

None of 100 house gekkoes (Hemidactylus brookii) 
were found to be carrying Salmonellae. To the best 
of our knowledge, lizards have not previously been 
recognized as a reservoir of Salmonellae in Nigeria, 
although Mackey" in East Africa, Lee and Mackennas* 
in Brisbane, and Hinshaw and McNeil? in California 
have published accounts of lizards as carriers of 
Salmoneliae. 

We should like to thank Dr. Joan Taylor, director 
of the Salmonella Reference Laboratory, Colindale, 
London, for her help in identifying these organisms. 

A detailed account of our findings will shortly -be 
published elsewhere. 

PATRIOK COLLARD 
Davip MONTEFIORE 
Department of Bacteriology, 
University College, 
Ibadan. Oct. 30. 
1 Mactey, J. P., East Afr. Med. J., 31, 1 (1955), 
2 Lee, P. E., and Mackennas, I. M., Bull. Hyg., 30, 1010 (1953). 


3 Hinshaw, W. R., and McNeil, E., J. Bact., 52, 349 (1946); 53, 715 
(1947) ; 55, 870 (1948). 
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FORTHCOMING EVENTS | 


(Meetings marked with an asterisk * are open to the public) 


Monday, January; 21 


MANCHESTER LITERARY AND PHILOSOPHIOAL SOCIETY (at the 
University, Manchester), at 6 p.m.—Prof. Clifford Holliday: 
“Anuradhapura, Sacred City of Ceylon” (Percival Lecture). 

UNIVERSITY oF LONDON (in the Physiology Theatre, University 

-College, Gower Street, London, W.C.1), at 5 p.m.—Dr. D. J. D. 
Nicholas. “The Role of Metals in Enzymes with special reference to 
Flavoproteins”.* (Further lectures on January 28, February 4 and 11.) 

SOOIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S.W.1), at 5.80 p.m.—Mr. A. L. Abel: “Substituted 
Urea Compounds” (Weedkillers). 

UNIVERSITY OF LONDON (in the Anatomy Theatre, Universit 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Dr. Josep! 
Needham, F.R.S.: “The Translation of Old Chinese Sclentific and 
Technical Texts”.* (First of three lectures on “Aspects of 
tion”. Further lectures on January 28 and Febuary 4.) 

INSTITUTE OF WOOD SCIENCE (at the Royal Society of Ar 
Adam Street, Adelphi, London, W.C.2), at 6.30 p.m.—Prof. 
Jane: “Wood Science—Its Past, Present and Future”. 

ROYAL INSTITUTE oF CHEMISTRY (at Enfield Technical College, 

ueensway, Ponders End), at 7.30 p.m.—Dr. B. H. Herz: “The 

se of Photography in Scientific and Engineering Investigations’ 


John 
W. 


Tuesday, January 22 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College Gower Street, London, W.C.1), at 1.15 p.m.—Dr. D. B. 
Newt “Regeneration in Animals”.* y 

INSTITUTION OF CIVIL ENGINEERS (at Great George Street, West- 
minster, London, S,W.1), at 5.80 p.m.—Dr, A. A. Ahmed: “Recent 
Developments in Nile Control”. 

UNIVERSITY OF LONDON (at the.London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
5.30 p.m.—Prof. H. Mcliwain: ‘‘Neurochemistry”.* (Fifth of fifteen 
lectures on “The Scientific Basis of Medicine’, organized by the 
British Postgraduate Medical Federation.) 

UNIVERSITY OF LONDON (at the Royal College of Science, South 
Kensington, London, 8.W.7), at 5.30 p.m.—Prof, J. G. Ball: ‘Metal. 
lurgy—Art, Technology, Science”. 


Wednesday, January 23 
MEDICAL RESEARCH COUNCIL (at the National Institute for Medical 


Research, Mill Hill, London, N.W.7), at 5 p.m.—Dr. Robley ©. 
Willams g Univorsity of California, Berkeley): “Electron Microscopic 
Studies of Virus Structure”, { 


ROYAL STATISTICAL Soormty (at the London School of Hygiene 


anq Tropical Medicine, Xeppel Street, London, W.C.1), at 5.15 p.m.— ,S 


. J. G. Skellan and Dr. L. R. Shenton: “Distributions Associated 
with Random Walk and Recurrent Events”. 

INSTITUTE OF FUEL (at the Institution of Civil Engineers, Great 
George Street, London, 8.W.1), at 5.30 p.m.—Dr. I. G. C. Dryden: 
“The Chemistry of Coal and Its Relation to Coal Carbonization”.* 

INSTITUTION OF ELEOTRIOAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Papers on “Transistor Applications”. 

SOCIETY OF CHEMICAL INDUSTRY, NUTRITION PANEL (at 14 Belgrave 
Square, London, 8.W.1), at 6.15 p.m.—Dr. L. E. Campbell and Mr. 
C. A, Adams: ‘Food Technology in Under-Developed Countries”. 

SOOKETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS GROUP 
(at “The Feathers”, Tudor Street, London, E.C.4), at 6.30 Pa 
Annual General Meeting, followed by a discussion cn “The Relationship 
Between Statistics and Microbiological Assay”. ` 

BRITISH GLAOIOLOGIOAL. SooreTy (joint meeting with the 
CHALLENGER SOCIETY, at the Linnean Society, Burlington House, 
Piccadilly, London, W.1), at 8 p.m.—Meeting on “Polar Ice”. Mr. 
T. E. Armstrong: ‘The Ice of the Arctic Ocean”; Mr. H. F. P. 
Herdman :. “The Antarctic Pack-ice”. 


Thursday, January 24 


PAYSICAL SOOTY, OPTICAL GROUP (in the Physics Department, 
Imperial College, Imperial Institute , South Kensington, London, 
5.W.7), at 2.30 p.m.—Dr. E. H. Linfoot and Dr. G. Black: ‘“‘Spherical_ 
Aberration and the Information Content of Optical Images”; Dr. E. 
Bovey: “Some Optical Coments—Their Constitutions, Properties 
and Limitations’; Dr. B. N. Wilson: “Some Measurements on 
Absorption and Scattering of Optical Cements”. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 6.45 p.m.—Symposium on “The Trans-Atlantic Telephone 
Cable”. (Joint meeting, linked by the cable, with the American Insti- 
tute of Electrical Engineers, and the Engineering Institute of Canada.) 

PHYSICAL Sooty, Acoustics GROUP (In the Physics Theatre, 
Imperial College, Imperial Institute Road, South Kensington, London» 
S.W.7), at 5.30 p.m.—Mr. M. L. Parsey : “Detection and Measurement 
of Vibration”. 

UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
5.80 p.m.—Dr. E. J. Zaimis: “Factors Influencing the Action of 
Neuromuscular Blocking Substances”.* (Sixth of fifteen lectures on 
“The Scientific Basis of Medicine”, organized by the: British Post- 
graduate Medical Federation.) 

PRESTRESSED CONCRETE DEVELOPMENT GROUP (at the Institution 
of Civil Engineers, 5 Great George Street, London, S.W.1), at 6 p.m.— 
Mr: on S. G. Bruggeling (Ne erlands) : “Progress of Prestressed 

nerete”, 
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ROYAL AERONAUTICAL SOIETY (at the Institution of Mechanical 
Engineers, Birdcage Walk, London, S.W.1), at 6 p.m.—Prof. H. J. 
van der Maas: “Aeronaut-cal Research in Holland”. 

INSTITUTION OF MECHANIOAL ENGINEERS, APPLIMD MECHANICS 
Grote (at 1 Birdcage Walk Westminster, London, S.W.1), at 6.45 p.m. 
—Discussion on “Dtagnosta of Mechanical Troubles”. ina 

INSTITUTE OF BIOLOGY {at 41 Queen’s Gate, South Kensington, 
London, $.W.7), at 7.30 p.m.—Prof. C. H. Waddington, F.B.S. : 
“Gene ‘Expression in Devslopment”. 


o 


K. Dykes 
Pistons” ; Prof. O 
Bing Lubrication”. 

SOOTY FOR ANALYTICAL CHEMISTRY, MICROOHEMISTRY GROUP 


` (at the Chemical Society, Eurlington House, Piccadilly, London, W.1), 


at 6.45 p.m.—Annual General Meeting. 7.15 p.m.—Scientific Papers. 


Saturday, January 26 


BRITISH PsycHOLoGIcaL SOCIETY (in the Gustave Tuck Theatre, 
University College, Gower Street, London, W.C.1), at 2.30 p.m.— 
Miss Gertrude Kelr: “A Peripatetic Psychologist in America”. 

INSTITUTION OF MEOHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, 8.W-1), at 3 p.m.—Mr. E. G. Sterland: “Some 
Highlights in the History >f Mechanical Engineering”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

RESEARCH ASSISTANT IF GEOLOGY to work in the Department of 
Geology at Durham on vollen analysis of moorland peats of the 
Northern Pennines—The Secretary, The University, 38 North Balley, 
Durham (January 26). 

ASSISTANT, Grade B (suctably qualified graduate), IN CHEMISTRY— 
The Director. of Educatbn, The Polytechnic, 309 Regent Street, 
London, W.1 (January 3L. 

ASSISTANT IN ZOOLOGY (ZNTOMOLOGY)—The Secretary of University 
Court, The University, Gasgow (January 31). Bieta 

ASSISTANT LECTURER O` LECTURER IN THE DEPARTMENT OF!PURE, 
MATHEMATIC8S—The Regis-rar, The University, Liverpool (February 2). 

EXPERIMENTAL OFFICE: at Ditton Laboratory (D.S.LB.), near 
Maidstone, Kent, for enginsering and l physical problems of refrigeration ~ 
applied to food preservatzon—The Ministry of Labour and National 
Service, Technical and Scicntific Register (K), 26 King Street, London, 

.W.1, quoting C.359/6A (February 2). y 

CHAR OF PumosopHy—tThe Secretary, The University, Ex eter 

(February 9) 


* CHEF Cunmist (with a &gree in chemistry and experience in spectro- 
graphic analysis, and preferably with experience in the analysis of ores 
and silicates) IN THE GEDLOGIOAL SURVEY DEPARTMENT, Southern 
Rhodesia Government—Tze Public Services Attaché, Rhodesia House, 
429 Strand, London, W.C.2 (February 9). 

SENIOR SOIENTIFIO OFEICER or SOLENTIZIO OFFICER (with a first- 
or second-class honours in geology with experience in geological 
mapping in Colonial terr-tories or under similar conditions abroad, 
coupled with experience ir photogeological techniques) IN THE PHOTO- 
GEOLOGICAL SECTION, Directorate of Colonial ological Surveys, 
Tolworth, Surrey, for geciogical Interpretation of aerial photographs 
and construction from taem of geological maps—The Ministry of 
Labour and National Service, Technical and Scientific Register a 
26 King Street, London, 3.W.1, quoting Ref. G.433/6A (February 9). 

STAFF TUTOR IN NATURAL HISTORY in the pepartment of Extra- 

niversity, Belfast 


(February -15). ` 

ECTURER Dr LECTURER IN APPLIED MATHEMATICS— 
The ae University College, Singleton Park, Swansea (Febru- 
ary 18). 

ASSISTANT LECTURER (‘vith a special interest in physical chemistry) 
IN CHEsuSTRY—The Registrar, The University, Manchester 13 
(February 18). 

LECTURER (preferably interested in the experimental aspects of 
ecology or taxonomy) IN BOTANY fn St. Salvator’s College—Jofnt Clerk 
to the University Court, College Gate, St. Andrews (February 18). 

LECTURER (with a degree in science with geology as a major subject) 
IN GEOLOGY, at the University of Western Australia—The Secretary, 
Association of Universitics of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 CAustralia, February 18). 

EOTURER (with research experlence in aeronautics, preferably in 
the fleld ot high speed aesodynamics) IN AERONAUTIOAL ENGINEERING 
—tThe Secretary, The Queen’s University, Belfast (February 20). 

LECTURER IN THEM_TIOS at the University College of Rhodesia 
and Nyasaland—The Secetary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1 (February 22). 

LECTURER/SENIOR LECTURER (preferably with interests in power 
engineering) IN ELECTR:CAL ENGINEERING, at the University -of 
Sydney, Australia—The Secretary, Association of Universities of the 
British Commonwealth, 2 Gordon Square, London, W.C.1 (Australia, 
February 23). k 

I.C.I. RESEARCH FELIDWS IN BIOCHEMISTRY, CHEMISTRY, ENGIN- 
EERING, PHARMACOLOGY or PHysicS—The Secretary of University 
Court, The University, Glasgow (February 28). 

LECTURER (with a degre in agriculture, engineering or agricultural 
engineering) IN AGRICULTURA ENGINEERING at the Universtty College 
of the Gold Coast—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1 (February 28). 
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MAURIOR BLOCH MEDICA RESEARCH FELLOW for research in the 
feld of virology, with particular reference to poliomyel!tis—The 
Seoretary of University Court, The University, Glasgow (February 28). 

PROFESSOR OF HEAVY CURRENT ELECTRICAL ENGINEERING at the 
University of the Witwatersrand, Johannesburg, South Africa—The 
Secretary, Association of Universities of the British Commonwealth, 
86 Gordon Square, London, W.C.1 (South Africa, February 28). ‘ 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOW IN PaYSICS, 
CHEMISTRY, ENGINEERING, METALLURGY and PHARMACOLOGY, Or 
tte ee subject—The Registrar, The University, Liverpool 

reh 1). 
LEOTURER or SENIOR LECTURER IN THE DEPARTMENT oF CIVIL 
~ ENGINEERING, University of Tasmania—The Secretary, Association 

of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (Tasmania, March 1). 
- PROFESSOR OF EDUCATION at Rhodes University, Grahamstown, 
South Africa—The Secretary, Association of Universities of the British 
en agai 86 Gordon Square, London, W.C.1 (South Africa, 
March 1). 
- ASSISTANT or ASSOCIATR PROFESSOR OF GEOPHYSICS—Head of the 
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Department of Physics, University of British Columbia, Vancouver 8, - 


British ‘Columbia, Canada. i L 

ASSISTANT PROFESSOR (with first-rate academic qualifications and 
able to speak French) OF EMBRYOLOGY AND HIsToLogy—The Chair- 
man , Department of Biology, Université de Montreal, Montreal 26, 

nada, 

CHEMIOAL OR PETROLHUM ENGINEER (with high academic qualifica- 
tions (Ph.D. or equivalent), and preferably some experiens in refinery 
or pipeline operation), to take charge of pilot plant studies concerned 
with the flow of Hqufds and granular solids; a CHEMICAL or 
MEOHANIOAL ENGINEER (with high academic qualifications (Ph.D. or 
equivalent), and preferably experience or interest in coal technology), 
to take charge of a varied programme of pilot plant studies (briquetting, 
combustion, fluidized carbonization, solvent extraction, etc.); and 
JUNIOR ENGINEERS—The Secretary, Research Council of Alberta, 
87th Avenue and 114th Street, Edmonton, Alberta, Canada. 

GRADUATE (man or woman, with a knowledge of microbiology, and 
preferably with a knowledge of, or willing to learn, foreign languages, 
especially German and Scandinavian), to join a team on information 
work and abstracting connected with dairying—The Director, Common- 
wealth -Bureau of Dairy Science and Technology, Shinfleld, Reading. 

HRAD OF THE DEPARTMENT OF ELECTRICAL ENGINEERING; SENIOR 
LROTURER IN HIGH POLYMER TEOHNOLOGY ; and a SENIOR LROTURER 
IN APPLIED PuHysios, at the College of Technology and Commerce, 
Cardiff—The Director of Education, City Hall, Cardiff. 

LEOTURER or GRADE B ASSISTANT IN PHYSIOLOGY IN THE DEPART- 
MENT OF BroLoay—The Registrar, College of Technology and Com- 
merce, Leicester. 

LEOTURER (with expertence in bacteriology and/or virology) IN 
BacteRrtoLogy—The Registrar, The University, Bristol. 

~e SENIOR LECTURER or LECTURER IN GEOGRAPHY; and a LROTURER 
IN GEOLOGY, at Makerere College (The University College of East 
` Africa)—The Secretary, Inter-University Council for Higher Education 
»Overseas, 29 Woburn Square, London, W.C.1. 

SENIOR TECHNICIAN (with experience in preparing medical and 
dental student pharmacological experiments, capable of general 
maintenance of departmental equipment and assisting with physio- 
logical or biochemical research)—The Chairman, Department of 
Pharmacology, McGill University, Montreal, Canada. ' 

TECHNICIAN or STUDENT TECHNICIAN IN 
D#PARTMENT—Dr. Walker, Royal National 
Stanmore, Middlesex. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Agricultural Research Institute of Northern Ireland. Twenty- 
ninth Annual Report, 1955-56. Pp, 44. (Hillsborough, Co. Down: 
Agricultural Research Institute of Northern Ireland, 1958.) [2011 

Forestry Commission. Thirty-sixth Annual Report of the Forestry 
Commissioners for tho year ended 30th September, 1955. Pp. 90+4 
plates. (London: H.M. Stationery Office, 1956.) 48s. 6d. net. [2011 

Sixth Report from the Committee of Public Accounts, Session 
eas . Pp. 36. (London: H.M. Stationery Office, 1956.) le. 6d. 


net. (2011 
.. The icultural Significance of the Hills. By B. R. Davidson and 
G. P. Wibberley. (Studies in Rural Land Use, Report No. 3.) a 
iv+63. (Wye, Ashford, Kent: Wye College, 1956.) 5s, 

Overseas Vacancies Register. Pp.i+12. (London: 
Education and Research Trust, c/o National Peace Council, 1956) 


28, 6d. E 

Colonial Office. Fishery Publications No. 7, 1955 : Recent Develop- 
ments in the Barbadian Flying-Fish Fishery and Contributions to the 
Biology of the Flying-Fish Hirundichthys nis (Gunther 1866). 
By D. N. F. Hall. . i441 +4 plates. (London: H.M. Stationery 
Office,-1956.) 11s. 6d. net. [2111 

Colonial Geology and Mineral Resources: Supplementary Series. 
Bulletin Supplement No.1: The East African Rift geten By Dr. F. 
Dixey. Pp. 1v+71+7 plates. (London: H.M. Stationery Office, 
1956.) 7s. 6d. net. 2111 

Report of the Conference on Recent Developments in Cloud-Chamber 
and oclated Techniques, comprising collected papers of the confer- 
ence held under the join auspices of the Physical Society of London and 
University College London, in March 1955. Edited by N. Morris and 
D Pp. vi+227. (London: University College, 1856) 


30s. 

Department of Scientific and Industrial Research. Overseas Techni- 
cal ports No. 2: Chemical Engineering in the U.S.A.—Some 
Observations Resulting from a Survey made in 1955. By Dr. P. H. 
en Pp. vi+24. (London: H.M. Stationery Office, Teast 

8. net, 


THE BIOCHEMISTRY 
Orthopedic Hospital, 
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Eighth Annual Report of the Advisory Councll-on Scientific Policy 
(1954-1955). (Cmd. 9537.) Pp. iv-+12. (London: H.M. Stationery 
Office, 1956.) 6d. net. -- i {2311 

University Grants Committee. Methods used by Universities of 
Contracting and gaa and Controlling Expenditure. (Cmd. 9.) 
Pp. 46. (London: H.M. Stationery Office, 1956.) 2s. net. 2311 

Building Research Station Digest. No. 93 (October 1956): A Com- 
parison of Capital Costs of Heating Systems in Houses. . 8. 

London: H.M. Stationery Office, 1956.) 3d. 2811 

Royal Institute of Chemistry. ctures, Monographs and Reports, 
1956. No. 4: Furfural from Agricultural Sources: Production and 
Chemistry. By Andrew P. Dunlop. Pp. it+17+6 plates. (London : 
Royal Institute of Chemistry, 1956.) 48. net. [2311 

Ministry of Fuel and Power. Reports of H.M. Inspectors of Mines 
under the Coal Mines Act, 1911, for 1955. South Western Division. 
By T. A. Jones. Pp. ii+24+2 plates. 2s. 6d. net. East Midland 
Division. By W. B. Brown. Pp.ii+42+7 plates. 3s. net. (London: 
H.M. Stationery Ofico, 1956.) {2311 

Ministry of Agriculture, Fisheries and Food. Bulletin No. 186: 
Watercress Cultivation, Second edition. Pp. iv+28+4 plates. 
(London: H.M. Stationery Office, 1956.) 2e. 6d. net. {2311 


Other Countries 


United States Department of the Interior: Geological Survey. 
Water-Supply Paper 1260: Quality of Surface Waters of the United 
States 1952. Parts 1-4: North Atlantic Slope Basins to St. Lawrence 
River Basin. Prepared under the direction of S. K. Love. Pp. x1-+365. 
1.25 dollars. Wator-Supply Paper 1272: Surface Water Supply of the 
United States 1953. 


River. 
Prepared under the direction of J. V. B. Wells. Pp. viil+814. 1.25 
dollars Water-Supply Paper 1356: Geology and Ground-Water 
Resources of the Henderson Area, Kentucky. By Edward J. Harvey. 
Pp. v+227 +13 plates. n.p. Professional Paper 300: Contributions 
to the Geology of Uranium and Thorium by the United States Geologi- 
cal Survey and Afomic Energy Commission for the United Nations 
International Conference of Peaceful Uses of Atomic Energy, Geneva, 
n, D.C. : 
151 
‘ore- 


Gainesville, Fla. : 
Kungl. Skogshigskolans 
Nr, 24: 


1956. 
Smithsonian Miscellaneous Collections. Vol. 181, No. 10; Crus- 
tacean Metamorphoses. By R. E. Snodgrass. Pp. lii-+-78. (Washing- 
ton, D.C.: Smithsonian Institution, 1956.) [2111 
The Constitution of Matter. By Robert Oppenheimer. (Condon 
Lecture.) Pp. vii+87. (Bugene, Oregon: Oregon State System of 
Higher Education, 1956.) 1 dollar. _ (2111 
University College, Ibadan, Nigeria, Calendar, 1956-57. Pp. 64. 
(Ibadan: University College, 1956.) (2211 
Northern Region of Nigeria. Annual Report on the Forest Adminis- 
tration of the Northern Region of Nigeria for the year 1954-55. Pp. 
1i+31. (Kaduna: Government Printer; London: Crown Agents for 


Cea neton, N.S.W.: New South Wales Univer 
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TRANSPORT, FUEL AND ELECTRIC POWER IN BRITAIN 


HE Transport (Railway Finances) Bil, the 

second reading of which was moved by the then 
Munister of Transport and Civil Aviation, Mr. Harold 
Watkinson, in the House of Commons on December 3, 
is intended to implement the recommendations of 
the British Transport Commission in the White Paper 
containing proposals for modernization of the rail- 
ways. These proposals contemplated that the Com- 
mission could be self-supporting in about five or six 
years, if the modernization of the railways was 
accelerated, services were improved, productivity 
increased and the railways’ greater freedom to charge 
competitive rates was used. Stress was laid in the 
White Paper on the progress made with multiplo- 
unit diesel trains, and Mr. Watkinson referred to 
instances where receipts from the introduction of 
such trains had risen not by the 30 per cent or 164 
per cent quoted in the White Paper, but by 90 per 
cent and 238 per cent. 

This particular aspect of modernization of railways 
in Britain has been threatened by the interruption 
to oil supplies due to the closing of the Suez Canal. 
While, however, it is unlikely that until the Canal is 
cleared the flow of oil into Europe will exceed 70 per 
cent of the previous volume, the economic and 
practical arguments for the use of diesel motive 
power on railways in Britain are soundly based, and 
neither this development nor the increasıng use of orl 
by steel works should be interrupted on that account. 
What is important is that developments should be 
planned and encouraged not piecemeal but in rela- 
tion to the needs and resources of Britain as a 
whole. 

Clearly, while the rationing of petrol continues, 
much traffic will go by rail which normally would go 
by road, and it is admittedly the hope of the British 
Transport Commission to retain some of this traffic. 
Tt is true, moreover, thab some heavy and long- 
distance traffic goes by road in normal conditions, 
whereas it would be in the national interest to send it 
by rail; but as was pointed out m the debate on 
December 3, the diversion of traffic from road to rail 
and vice versa can have serious repercussions, and 
these may not always be in the national interest. 
Mr. F. McLeary, while admitting that the intro- 
duction of diesel train services in certain areas would 
offer great advantages both from the point of view 
of railway economy and of the travelling public, 
pointed out that 60 per cent of road passenger routes 
and 40 per cent of the mileage were run at a loss, 
Unrestricted competition could clearly lead to a very 
difficult position. 

From many points of view rail and road transport 
require consideration as one problem; and it is not 
only in respect of the demands they make on a scarce 
resource such ag oil that they need to be considered 
` from a national point of view. The Government 
indeed has already, through the high level of taxation 
imposed on road transport, even. before the recent 
increase in the tax on petrol, assumed a large 


responsibility for tae direction or diversion of trans- 
port as between road and rail, and the debates on 
the Hydrocarbon Oil Duties Bill have emphasized 
the extent to which the cost and efficiency of trans- 
port affect every cide of the industrial, agricultural 
and commercial li of Britain. This may well have 
been under-estimated by the Government ; but apart 
altogether from that effect, the petrol shortage gives 
greater urgency to the road development programme 
and to every reaconable method of increasing the 
efficiency of road sransport. 

It is not simply that there is much room for 
greater efficiency snd economy in the use of petrol 
by both public ard private transport. The inade- 
quacy of the road system of Britain to the transport 
it has to carry is fhe cause of much inefficiency and 
much waste of petrol. We have already the highest 
density of road traffic of any major country, but are 
none the less the only important European country 
which has not recognized the need and value of good 
roads and embarked on an adequate programme of 
road construction. The elimination through rationing 
and the mereased tax of much of the less-essential 
traffic may well, ky reducing congestion and traffic 
blocks, increase tke efficiency with which petrol is 
used by the essensial traffic and lead to savings in 
petrol as well as ih time. ow 

Woe have now been forced in rationing to make a 
distinction between traffic of economic priority and 
other traffic, as wes urged in the first of two broad- . 
sheets on ‘‘Solvicg Traffic Problems’, issued by 
Political and Ecoromic Planning, and to recognize 
that there is a limit to the extent to which private 
motor-cars can be used in the central areas of cities 
in their present form, especially for journeys to and 
from work. We rave not yet, however, attempted 
to achieve a proper balance between private and 
public - transport, and still less any co-ordina- 
tion between rail and motor transport. Country 
districts, for exam>le, abound in examples of what 
appears to be a derberate neglect of any attempt to 
suit bus time-tables to the needs of rail passengers. 
Still less have we begun to relate transport needs to 
the use of land, amd to co-ordinate the planning of 
the use of land with the planning of transport 
facilities. 

The present period of petrol rationing does, m 
fact, give an oppcrtunity for a very useful stock- 
taking, and for giving pause to some practices we 
can ul afford. It underlies, for example, the im- 
portance of what, m the second broadsheet, Political 
and Economic Planning concludes is the first essential 
in a road transport plan for Britain—a, clear definition 
of what is meant by traffic needs. We cannot con- 
template road reconstruction on a scale necessary to 
meet the potential traffic desires in central areas, and 


: the long-term solufion of congestion lies in reducing 


the amount of retailing and office employment in 
central areas and in the careful location of large 
concentrations of new industry. 
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PEP then suggests that present plans and projects, 
including the ‘A’ ring motor-way project for Londen, 
require re-examination in the light of more adequate 
data. Sir Charles Goodeve was even morb forthright 
on this point in his recent Henry Spurrier Memorial 
Lecture when he urged the use of operational research 
on various subjects relating to roads. ‚There is much 
work to be done here, not simply by the Road 
Research Laboratory, the Ministry of Transport Unit 
and by the Unit maintained by the Metropolitan 
Police, but also in those departments in the Univer- 
sities of Durham, Birmingham and London which 
havo already begun to investigate traffic engineering. 

Next, Political and Economic Planning looks to 
new underground railways as a much better invest- 
ment than urban motor-ways in areas of high land 
value, such as central London, and concludes that 
the advantage to be gained for passenger carrying is 
so great that there is a strong case for meeting the 
cost from public funds, Again the urgent need is 
stressed for greater co-ordination in planning road 
and rail facilities and the use of land in the conurba- 
tions, especially London, and also for a radical 
overhaul of administrative methods in the manage- 
ment of traffic. The problem of urban traffic, it is 
suggested, must be dealt with by regulation, by the 
provision and improvement of channels of movement 
—by road and rail—and by planning control, all of 
which fall within the scope of the science of traffic 
engineering hitherto so neglected in Britain. Political 
and’ Economic Planning also believes that there is 
considerable scope, in London and other cities, for 
measures such as the extension of one-way streets, 
which improve the street capacity and in the long 
run reduce accidents. Such measures could make 
many existing plans for improvement superfluous. 
Parking capacity in @ central area, too, must be in 
balance with street capacity into and out of the area, 
while finally the broadsheet gives its support to' 
‘rationing by price’ as the easiest means of regulating 
street parkmg and private cer traffic generally in 
central London. Subsidized all-day parking is not 
in the public interest. 

Some of these points were also made in the debate 
on the road reconstruction prograrame which Lord 
Lueas of Chilworth initiated in the House of Lords 
on December 19. Lord Lucas emphasized first the 
inadequacy of the road system of Britain and, 
secondly, the lack of a sense of urgency in prosecuting 
a programme of development. While the number of 
motor vehicles on the roads in 1956 was more than 
double that in 1939, the total expenditure on roads 
when the programme was at its peak would, in terms 
of money, be less than was spent thirty years ago. 
The actual expenditure on major improvements and 
new road construction in Britain durmg the three 
years 1954-55 to 1956-57 was only £29 million, 
although further expenditure of £30 million in 
1957-58 and £42 million in 1958-59 was projected. 
Lord Lucas claimed that because of our antiquated 
road system, the petrol consumption of the country 
is almost double what it need be. Lord Latham also 
emphasized the waste of petrol due to circuitous 
routes and bottlenecks; he urged that the avail- 
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ability of man-power and materials rather than 
finance should be the determining factor’ in expendi- 
ture on roads, and quoted Sir George Burt’s opinion, 
as president of the Federation of Civil Engineering 
Contractors in February 1955, that the industry 
could construct the 800 miles of new motor-ways 
needed without undue strain on its resources. 

While there was some difference of opinion as to 
whether the construction of new trunk roads or the 
maintenance and improvement of existing roads is 
the more urgent need, there was strong support for 
more objective inquiry, such as Sir Charles Goodeve 
advocated, on which to base a road reconstruction | 
programme. Lord Stonehaven suggested that the -- 
Road Research Laboratory should be encouraged to 
conduct a comprehensive survey of traffic conditions. 
Lord Selkirk, replying for the Government, also 
welcomed Lord Ferrer’s suggestions for factual 
inquiry into the cost of providing an adequate road 
system and the probable savings that would result 
in the running costs of vehicles; but he claimed 
that, including maintenance, we are already spending . 
£100 million a year on the roads of Britain. He added 
that our present programme is concentrating on trunk 
and Class I roads, and although he did not say that 
the country must be prepared to make the sacrifices 
which the tremendous investment requires, he gave | 
an absolute assurance that, within the strength of 
the economy, the programme would proceed and 
expand. 

Even more than this debate in the House of Lords, 
the debate on the Electricity Bill set the question of 
fuel and power in its wider context. The Minister of 
Fuel and Power, Mr. Aubrey Jones, in answering a 
question on December 17, had said that, while no 
firm estimate of additional supplies of oil from over- 
seas sources to Europe or of their cost could be made 
pending completion of the inquiry being conducted 
by the, Organization for European Economic Co- 
operation, it was improbable that the level could 
exceed 75 per cent of the normal in the next two 
months. In moving the second reading of the Bill, 
which constitutes the generation and bulk trans- 
mission of electricity as a separate function, respons- 
ibility for which 1s entrusted to a generating board 
appointed by the Minister, Mr. Jones had added that 
it is intended that the generating board should 
concentrate on the nuclear power stations. 

Mr. Geoffrey Lloyd, a former Minister of Fuel 
and Power, in stressing the importance of the Bill, 
went so far as to suggest that it was really concerned 
with the establishment of an organization mainly 
for the promotion and distribution of nuclear power. 
Mr. Lloyd, it will be recalled, appointed the Herbert 
Committee, one of the recommendations of which 
was the treatment of generation and bulk trans- 
mission of electricity as æ separate unit. More- 
over, while Mr. Lloyd agreed that the cost of 
expanding the nuclear energy programme 1s bound 
to be heavy and the trebled programme would prob- „ 
ably require an expenditure over the next nine years ` 
of £700 million—£720 million compared with the £350 
million which the construction of ordinary power 
stations would require, he pointed out that the 
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annual expenditure Joda be adl about 1-5 per cent 
of the gross capital formation last year. Further- 
more, when we reached the stage when nuclear power 
began to displace other forms of fuel and power, we 
should approach a point when the load factor would 
becorne of critical importance. Nuclear power 
Stations, in view of their high capital and low fuel 
costs, must be operated continuously day and night, 
and it was at this stage that the Electricity Council 
recommended by the Herbert Committee could be of 
real importance to Britain. 

Mr. Lloyd referred, for example, to the possibilities 
. in regard to electric storage heaters, as well as to the 
‘operation of automatic plant; but although he 

urged that we should be considering these possibilities 
and preparing for them, he recognized that this was 
a long-term policy, and that as Mr. A. Albu and Sir 
Ian Horobin even more explicitly pointed out, 
nuclear energy could make no appreciable difference 
to the oil position of Britain in the next ten years. 
Even if the output of the stations was doubled and 
` the output of coal was maintained, the estimated 
saving of about 7-5 per cent of the present oil con- 
sumption might well be exceeded by increasing 
demand. Over the next ten years, dependence on 
oil is likely to increase, and it is unlikely that Britain 
will be able to reduce its dependence on imported oil 
until after 1965. Thereafter, nuclear power should 
progressively reduce the damage which an inter- 
ruption of oil supply could do to the economy of the 
country., ' 

Sir Jan Horobiù frankly advocated that if the 
choice had to be made, it would be wiser to reduce 
the allocation of resources to the coal industry and 
put that sum into the nuclear power programme. 
The Parliamentary Secretary to the Ministry, Mr. 
D. L. M. Renton, replying to the debate, commented 
that even if the nuclear energy programme were 
expanded, we should still need all the coal we could 
produce as well as very large quantities of oil. He 
agreed that it is the duty of the Government and of 
Parliament to see that the electricity supply is 
organized in the best possible way to take the earliest 
advantage of the coming of nuclear power; but 
neither he nor other speakers in the debate emphas- 
ized, as was done in the House of Lords debate, the 
vital importance over the next decade of eliminating 
all possible sources of waste of energy of any kind. 

Mr. Geoffrey Lloyd’s reference in the debate to the 
value of the research that had been carried out on 
the re-design of boiler plant to permit the consump- 
tion of low-grade fuel indicates that at least some in 
Government circles appreciate that the problem of 
fuel and energy is one, and the use of such resources 
should be approached as a whole. The Electricity 
Bul, following the recommendation of the Herbert 
Committee that one board, free to utilize any source 
of energy, should be wholly concerned with the 
generation and transmission of electricity, is a step 
. in the right direction. We need now to consider how 
far we can proceed m the further integration of 
the production and use of gas, coal, electricity 
and oil and the economies that are possible in this 
way. 
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. Clearly, as was hinted i in the debate on December 
17, there are immense possibilities, though to achieve 


„thèm a considershle investment in research is still 
‘required, much o? which would be of a fundamental 


atid long-range character. Meanwhile something 
could be done to eliminate the waste of fuel both in 
industry, on the roads and in domestic heating. The 
Government has still far to go to implement effectively 
the recommendations of authoritative committees in 
these matters, an technologists have ample scope to 


urge on Parliament by all means in their power the ° . 
vital importance both of attacking the problem ‘of ` 


the production ard use of fuel and energy as a whole, 
and of dealing with the problem of fuel efficiency 
and the elimination of waste at its roots. There are 
few fields in which the application of scientific know- 
ledge could do more to strengthen Britain’s economy, 
and few in whick existing knowledge is more widely 
neglected by the State, in industry and in the home, 


RELATIVITY AND THE 
EXPANDING UNIVERSE 


General Relativizy and Cosmology 

By Prof. G. C. M3Vittie, (International Astrophysics 
Series, Vol. 4.) Pp. x+198. (London: Chapman 
and Hall, Ltd., 1956.) 42s. net. $ 


Expanding Universes 
By Prof. E. Schrédinger. Pp. viii+93. (Cambridge : 
At the University Press, 1956.) 17s. 6d. net. `<, 


LTHOUGH both these books are written 
prumarily fcr the small band of mathematical 
relativists, each Las a wider appeal. Prof. E. Schré- 
dinger’s slim vo-umes never fail to wWluminate by 
originality of approach. Prof. G. C. MeVittie is a 
master of the tecanique of general relativity, and the 
most original feasure of his latest book is his fascin- 
ating application of that technique to the solution of 
problems in claseical gas-dynamics. 
Prof. McVittie prefaces his book by some very 
timely remarks o2 the function of general relativivy, 


arguing that this method has nothing significant to 


say in the realm of electromagnetism, where it would 
appear that quantum mechanics is the appropriate 
weapon. Insteac, it is best regarded as “a general- 
ization and, at tie same time, an amalgamation, of 
Newtonian gravitation and hydrodynamics and 
therefore as a thaory of mechanics dealing with the 
phenomena manicested by matter in b 

McVittie’s introductory chapter goes, however, 
much further than ths and is, in fact, a methodo- 
logical manifesto of considerable interest in itself. It 
is a very forceful statement of the point of view 
which was neatly epitomized many years ago by 
J. J. Thomson in the famous epigram that a scientific 
theory is a policy (or tool) and not a creed. . This is 
a particularly ckallenging attitude for McVittie to 
adopt for two reasons—one general and the other 
specific. On gereral grounds, it has recently been 
argued with characteristic brilliance and lucidity by 
K. R. Popper in Lis contribution to the recent volume 
on “Contemporary British Philosophy” (edited by 
H. D. Lewis. Alen and Unwin, 1956) that the view 
sponsored by Thcmson (although he does not mention 
his name) which he calls ‘instrumentalism’ is 
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obscurantist and cannot account for scientific pro- 


gress, for “In contrast to the highly critical attitude 
requisite in the pure scientist, the attitude of mstru- 


mentalism 1s one of complacency at the success of” 


appleations’. This is a proposition which could 
be argued at length on both sides, but McVittie’s 
adoption of theinstrumentalist point of viewin relation 
to general relativity might be thought also to be 
„apen to challenge on more specific grounds, For it 
| has generally come to be accepted that the peculiar 
| appeal of general relativity is primarily esthetic and 
rational rather than in virtue of its power of appli- 
cation, apart from the ‘one-body problem’. The 
incentive to develop alternatives to general relativity 
has come mainly from the widespread feeling that, 
despite its formal beauty and generality, the tech- 
nique is unwieldy and its physical significance often 
obscure. MeVittie, on the contrary, 1s an enthusiast 
for the theory, but he is not content merely to argue 
m general terms that the theory is as powerful as it 
is elegant. Instead, he has made a welcome and 
determined effort to justify his view by practical 
application. 

His book falls into three main divisions. In 
Chapters 2 to 5 he gives a workmanlike exposition 
of the tensor technique and its application to 
Riemannian goometry, a brief summary of New- 
tonian mechanics and of special relativity, the prin- 
ciples of general relativity and Schwarzschild space- 
time. The exposition is terse and to the point, and 
the object is to present relativity as a research tool 
for the mathematical physicist. It should be men- 
tioned that the discussion of the empirical testing of 
Binstein’s theory 13 unusually thorough for a text- 
book of this kmd. i 

The second section of the book is devoted to a 
study of approximations to Einstein’s equations 
which goes deeper than previous studies by other 
investigators. McVittie’s analysis yields as an 
important by-product an original method for the 
solution of the equations of classical gas-dynamics. 
The key to the success of the method is the fact that 
tho relativity constant x = 8xG/c?, where G is the 
constant of gravitation and c the velocity of light, is 
very small, being of the order 10-*’ in the c.g.s. 
system of units. MeVittie establishes the general 
theorem that the distribution of matter corresponding 
to an orthogonal static metric, the coefficients of, 
which differ from those of the Minkowski metric by 
terms of order x, is at rest in the co-ordinate system 
and its pressure is constant to the first order in x. 
From this he deduces that, to the first approximation 
in x, the Newtonian approximations to the solutions 
of Einstein’s equations give the hydrodynamical 
motions of a compressible perfect fluid, the only 
force being the pressure-gradient; the second 
approximation in x introduces the self-gravitation of 
the fluid. McVittie then uses these results to obtain 
a systematic classification of gas motions in New- 
toman theory. 

The last two chapters of the book are devoted to 
a very thorough discussion of theoretical cosmology, 
based on general relativity, and the presentation of 
theoretical formule in a form suitable for numerical 
computation as and when fuller observational data 
become available. These chapters are likely to 
become standard sources of reference for this purpose. 

Prof. Schrédinger’s book is much more restricted 
in its scope than Prof. McVittie’s. Its title is some- 
what misleading as he is not concerned with a sys- 
tematic investigation of expanding world-models. 
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Nearly half the book is devoted to the geometry of 
the de Sitter model which, because its matter-tensor 
vanishes, allows a bewildermg variety of repre- 
sentations, so that, in the author’s view, 16 is hard to 
grasp the identity of the underlymg geometrical 
object. The various representations (spherically 
closed or flat and infinite, expanding or static) are, 
however, not all strictly alternatives, because they 
do not each comprise the same basic object; the 
static frame, for example, confining the world to a 
comparatively small’section of it. This restriction 
entails paradoxical consequences concerning moving 
bodies apparently entering and leaving the universe 
within a finite span of their proper time and also 
concerning light-signals reachmg the observer from 
events to which he is unable to assign any real value 
of the time co-ordinate. ,Schrédinger’s very thorough 
discussion of these representations and anomalies 1s 
illuminated by several careful drawings by Mr. 
Alfred Schulhof. 

The second half of Schrédinger’s book is less 
entertaining but perhaps more valuable. After a 
discussion of light-rays, paths of free particles, and 


sgeneral frequency-shifts in general expanding space, 


he examines waves in general Riemannian space- 
time and in an expanding universe. The central 
problem concerns the changing configuration of a 
wave-group of (nearly) monochromatic waves, pro- 
ceeding in (nearly) one direction, due to the expansion 
of the space. The author develops a method of 
determining all the proper vibrations of the expanding 
universe and concludes that all wave-lengths expand 
at the same rate as the radius of space. 

Both books are admirably printed and produced 
and can be strongly recommended both to specialist 
students and to others who are not deterred by the 
sight of mathematical methods and symbolism. 

: G. J. Warrrow 


SILICIC SCIENCE 


Silicic Science 

A Review of thə Colloid Scientific Properties and 
Phenomena exhibited by Matter composed essen- 
tially of the Element Silicon. By Prof. Ernst A. 
Hauser. Pp. xii+188+27 plates. (Princeton, N.J. : 
D. Van Nostrand Company, Inc.; London: Mac- 
millan and Co., Ltd., 1955.) 37s. 6d. net. 


HIS book is based on Prof. Hauser’s lectures at 

the Massachusetts Institute of Technology on 
“The Colloid Science of Silicon”. As Prof. Weyl says 
in his introduction, he {picks at random those fields 
which are most neglected in text books”. Inevitably, 
therefore, the book gives something of the impression 
of a rag-bag. It brings together two fields of study 
which have tended to remain apart from each other: 
on one hand, the chemistry of the silanes, silicon- 
organic compounds and silicones; on the other, 
chemical and colloidal studies of clays. 

It seems to the reviewer that the book would have 
gained if Prof. Hauser had eschewed all notion of 
being complete. In one chapter, for example, he 
treats base exchange, differential thermal analysis, 
infra-red analysis and X-ray diffraction in five text 
pages. 

There is a non-mathematical discussion of colloidal 
phenomena in silicic science, in which extensive use 
is made of Hamaker’s idea of potential curves. Little 
1s said about the development of this idea by Verwey 
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and” Overbeek, and Derjaguin is not mentioned. 
Another chapter treats the atomic structure of glass, 
with extensive quotations from Weyl’s papers on the 
subject. A chapter on reactions of bentonite with 
organic compounds discusses the formation of the 
organophilic clays known as ‘bentones’. The reviewer 
was interested to read here of experiments on the 
possibility of forming clay esters carried out at the 
Massachusetts Institute of Technology by Bart and 
Gusman, and later Bralove, experiments which do 
not seem to have been published (the upshot of them 
is negative). Deuel’s work is noted m the biblio- 
graphy, but not discussed; other important papers 
by Berger, Greene-Kelly, Brown and Norrish, and 
Martin Vivaldi and Hendricks are omitted. 

A final chapter contains interesting brief dis- 
cussions of a series of applications with which the 
author has been concerned; ceramics, catalysis, 
agriculture, bentonite films and plastics, drilling 
fluids, water softening, thixotropic rubber com- 
pounds, pharmaceutics, ‘bentones’ and silicones. 
There are also chapters on silicic acid, membrane 
equilibrium and related topics, ultra- and electron- 
microscopy, thythmic precipitation, soil stabilization 
and silicones. ` 

The reviewer would not care to recommend this 


book to students, because of its unsystematic charac-- 


ter, and because the author is inclined to brush aside 
theories he dislikes, and insinuate unorthodox 
opinions without fair warning. Specialists in clay 
studies will be interested to read Prof. Hauser’s 
ideas, drawn from a wide and long experience, 
especially with regard to practical applications. 

D. M. C. Mackwan 


LIFE OF THE SWIFT 


Swifts in a Tower : 
By Dr. David Lack. Pp. 239+19 plates. (London : 
Methuen and Co., Ltd., 1956.) 21s. net. 


HIS is a compact book written in non-technical 

language and felicitous style, with frequent 
incidental recognition of human values and many 
references to general literature. Yet it is rigorously 
scientific in its treatment of the subject, full of original 
observation and with -critical appraisal of earlier 
publications. One would not need to be an ornitho- 
logist to enjoy this account of a most remarkable 
bird, and of the methods used for making its close 
acquaintance. To the ornithologist it is a fascinating 
addition to knowledge of a species at once familiar 
and in its habits little described since the time of 
Gilbert White. 

The British swift, with its kindred elsewhere, is 
the most aerial of birds—to be seen at any time during 
four months of summer, but usually just as a fast- 
moving object and often high above us. Yet it is 
not impossible to- observe accurately under these 
conditions, whether it be feeding on flying insects ab 
25 miles per hour or making a spectacular dash at 
more than twice that speed ; whether it be gathering 
nest material in mid-air or sipping water without 
alighting on the surface: it has been seen, by Dr. 
David Lack among others, to mate in flight, and 
there is substantial evidence that it often spends the 
night on the wing. Its migrations are diurnal and 
have repaid observation. 

The domestic life of the swift, on the other hand, 
was until lately almost unknown, because ib nests in 


NATURE 


171 


holes which are commonly inaccessible, on high 
buildings, and often too far into these to be reached 
in any event. This book, however, describes ten years 
of observation of nesting swifts ‘from inside’, The 
opportunity was o-fered by the colony in the ventila- 
tion. holes in the tower of the University Museum at 
Oxford. (associated in memory with the historic 
debate on evolution between Huxley and Wilber- 
force) ; it was ingsniously taken, by the insertion of 
nesting boxes witk hds and glass panels which made 
it possible to study the birds at the closest quarters 
from within the tower. Many ornithologists and 
others have climbad the tall interior ladders to see 
the birds, which are unafraid of approach in these 
circumstances ; but it is to many hours of patient 
observation by the author, and by his wife and other 
assistants, that we owe the wealth of information now 
presented in such attractive form. The results are of 
great interest, ard are illustrated by remarkable 
electronic flash photographs by Mr. H. N. Southern, 
but no attempt to summarize them can be made in a 
short review. 

It must suffice to say that there are chapters 
dealing with the fight for homes, with courtship, with 
nest-building, with laying and incubation, and with 
the nestlings in their naked and feathered stages. 
Other chapters deal with the swift at large—its feed- 
ing habits, its fligct and its migration. Then there is 
a statistical chapter on the birth-rate of swifts ; and 
finally a philosophical chapter on the meaning of 
adaptation, a theme for which the extreme specializa- 
tion of the swift provides, an appropriate basis. 

The British swifs is but one of some seventy species, 
the majority of which live in the tropics, while. the 
others are long-distance migrants exploiting the 
transient wealth of insect-life in temperate latitudes. 
The author makes frequent reference to what is known 
about the foreign species, and he touches on the 
taxonomy of the group. He pays tribute to the work 
of Mr. E. Weitnauer, who had earlier begun a similar 
study of the alpine swift—a larger and pale-bellied 
congener—in the tower of a village church in the Jura 
Mountains. LANDSBOROUGH THOMSON 


RESONANCE AND VALENCE 


Resonance in Organic Chemistry 

By Prof. George Willard Wheland. Pp. xiii+846. 
(New York: John Wiley and Sons, Inc. ; London : 
Chapman and Hall, Ltd., 1955.) 120s. net. 


HE idea that molecules, particularly organic 

aromatic molscules, may be conveniently de- 
scribed in terms of quantum-mechanical resonance 
between several valence-bond structures was devel- 
oped in the early 1930’s mainly by Slater, Hiickel 
and Pauling, after it had been foreshadowed in 1926 
by Ingold’s theory of mesomerism. Since that time 
the theory of resanance has been widely applied by 
organic chemists t> provide a theoretical basis for an 
understanding of the structure and reactions of 
organic molecules. Unfortunately, there has not 
been such a, wide anderstanding of the basic ideas of 
the theory .nor a sufficient appreciation of its limita- 
tions. Consequently there are to be found in the 
literature and in sext-books a number of incorrect, 
or at least misleacing, expositions of the theory and 
many examples of its misapplication. Prof. Wheland 
shows, for example, that recent criticisms of the 
theory of resonance by Russian authors are based on 
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an incorrect interpretation of the theory, and he 
states: “It therefore appears that, like a number of 
other people in the United States, as well as abroad, 
these authors have been misled by carelessly worded 
expositions of the theory, which give an erroneous 
impression of its physical meaning and which are 
unfortunately all too common”. 

Prof. Wheland has long been an exponent of the 
theory of resonance and of 1ts usefulness in organic 
chemistry. He has in this book considerably revised 
and enlarged his esrler work, “The Theory of 
Resonance and its Applications to Organic Chemis- 
try”, that was published twelve years ago. The main 
plan of the book follows that of the earlier work, and 
in making the revision Prof. Wheland has attempted 
to provide a qualitative, yet detailed, exact and 


. thorough treatment of the theory, and of its applica- 


tion to organic chemistry, at the same time avoiding 
any statements that might be misleading or which 
might give rise to erroneous interpretations of the 
theory. It may be said at once that he has succeeded 
admirably. In addition the present book contains a 
new long chapter on the mathematical basis of 
resonance, and a very considerably enlarged appendix 
giving interatomic distances and bond angles in 
organic molecules, which attempts to be complete up 
to July 1954. 

The first two chapters on the theory of resonance 
and the'nature of valence discuss qualitatively the 
basic ideas, assumptions and limitations of the 
resonance theory. They are exceptionally clearly 
written, and all the fundamental ideas and ter- 
minology are explained with great care. A brief 
discussion of the molecular orbital theory is intro- 
duced in.Chapter 2, which is, however, neither so 
clearly written nor so thorough as the preceding 
discussion of the resonance theory, and scarcely 
enables the reader to make a fair comparison of the 
two methods. No use of the molecular orbital theory 
is made in later parts of the book and this discussion 
could well have been omitted without loss. 

The chapter on resonance energy is admirablo. 
It sets out very clearly all the assumptions and 
difficulties involved m the determination and com- 
parison of the resonance energies of molecules. The 
explanation that the resonance energy of carbon 
dioxide arises largely from resonance between two 
structures, both of which are represented by the 
conventional diagram O=—C=O, and similar dis- 
cussions of the isocyanates and ¢tsocyanides, are made 
unnecessarily difficult to follow by the absence of 
any figures showing the arrangement in space of the 
relevant atomic orbitals. 

Prof. Wheland has largely succeeded in avoiding a 
not uncommon tendency to attempt to explain the 
properties of molecules and their reactions solely in 
terms of the resonance theory, thus neglecting other, 
often equally important, factors. Thus, in the 
chapter on steric effects of resonance his treatment 
of interatomic distance is generally a far and balanced 
one and consideration is given to other factors that 
are of importance. In discussing the effect of reson- 
ance on the inter-atomic distance between two atoms 
it is first necessary to assign values to the ‘pure’ 
single and double bonds between these atoms. This 
is admittedly a matter of some difficulty, but to take 
the C=O double bond length as 1-24 A., as in acetone 
and formaldehyde, is surely incorrect, since there 
must be resonance in these cases between the struc- 


- 
tures C=O and C—O. This leads to difficulties in 
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considering the length of the C=O bond in molecules 
such as CO, CH,COX, and HCOOCH,, for which 
resonance structures such as 


: + + 


o ie) 
- + lil iil 
O-C=0, CH,—C -C 


x 


and H 
OCH, 


have to be postulated in order to explain the ‘short’ 
C=O bond lengths observed in these molecules. If, 
as seems more reasonable, it ıs assumed that the 
C=O bond length is close to that in CO, (that is, 
1:16 A.) these difficulties can be avoided. 

Although Prof. Wheland has taken great care to 
avoid misleading the reader concerning the signi- 
ficance of resonance, he has not been quite so success- 
ful in his, admittedly brief, discussion of hybrid 
orbitals. Thus, for example, he states (p. 210) that 
“the orbitals of a carbon atom that forns four 
bonds are necessarily hybridized”. This, however, is 
not strictly correct. It is only necessary that these 
orbitals should be hybrid orbitals if one wishes, as is 
usual, to describe a molecule in terms of only one 
valence bond structure. A molecule can, however, 
be equally correctly described in terms of resonance 
between a number of structures or pairing schemes, 
each of which makes use of atomic orbitals only. 

The chapters on resonance and chemical equili- 
brium and resonance and chemical reactions occupy 
200 pages and include a useful and critical discussion. 
in terms of the resonance theory of a large amount 
of recent work on the strengths of acids and bases, 
the stability of free radicals, and the mechanisms of 
organic reactions. 

The final chapter, on the mathematical basis of 
resonance, occupies 150 pages and constitutes by 
itself an excellent introduction to quantum mechanics. 
It is not such easy reading as the earlier part of the 
book, but it well repays a careful study. It discusses 
clearly and thoroughly many concepts that are often 
found difficult when they are met for the first time, 
and which are generally not treated so fully in other 
books. Thus, for example, there is a very clearly 
written discussion of the ideas of paired and unpaired 
electrons, parallel and anti-parallel spins, and singlet 
and triplet states. It gives a very full discussion of 
the exact meaning of the terms resonance hybrid, 
resonance energy, and resonance frequency. The 
concept of resonance frequency, which has often 
been misunderstood, is particularly well discussed. 
The second half of this chapter is concerned with the 
quantitative application of the valence bond and 
molecular orbital theories to aromatic molecules, and 
it explains clearly the assumptions and somewhat 
drastic approximations that have to be made. 

The few criticisms that have been made above are 
all relatively minor ones and it may be said that the 
book is an altogether brilliant and masterly survey of 
the theory of resonance and its applications to 
organic chemistry. It will undoubtedly remain for 
many years the standard work of reference for all 
organic chemists and many others who are interested 
in the theory of resonance and in its applications to 
organic chemistry. The printing and production of 
the book are excellent, and very few misprints were 
noticed. It is only to be regretted that the very high 
price will put it beyond the reach of students and of 
most of their teachers. R. J. GOLESPE 
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Tables of Physical and Chemical Constants and 
some Mathematical Functions 

Originally compiled by Dr. G. W. C. Kaye and Dr. 

T. H. Laby, now prepared under the direction' of an 

Editorial Committee. Eleventh edition. Pp. vi+233. 

(London and New York: Longmans, Green and Co., 

Ltd., 1956.) 25s. net. 


INCE its inception in 1911, “Kaye and Laby” 
has been a household word among physicists and 
chemists, and though the link with the original authors 
is now severed—for Prof. Laby died during the 
printing of the tenth edition and Dr. Kaye while the 
ninth was being prepared—the tradition of the book 
is being well and truly maintained. This new eleventh 
edition is the work of an editorial board consisting 
of Prof. N. Feather - (University of Edinburgh) as 
chairman, with Dr. H. Barrell (National Physical 
Laboratory, Teddington), Dr. E. A. Coulson (Chemical 
Research Laboratory, Teddington) and Mr. J. M. C. 
Scott (University of Cambridge) as the other members. 
It 18 eight years since the tenth edition was pub- 
lished, and during this time both a great deal of new 
territory in the physical sciences has been discovered 
and also—and just as important—much of the ground 
that had been previously explored has been more 
thoroughly charted and consolidated. As a result, 
the compilation of new data and the revision of old 
material have been heavy, and thirty-eight contri- 
butors are listed as having had a hand in the present 
edition, Although much im detail has been altered, 
the essential features of “Kaye and Laby” remain as 
before. By a rigorous application to their task, the 
editors have succeeded in avoiding the obvious pitfall 
of allowing the volume to get out of hand in content 
and size, and, in fact, this edition is no larger than, 
the previous one. 

The book is divided into four sections, the first of 
which, on general physics, takes up nearly half the 
space (108 pages). Then follow the sections on 
chemistry (65 pages), atomic physics (35 pages) and 
four-figure mathematical tables (17 pages). Finally 
comes the index of seven pages; this last-named is 
most important because, since there are no contents 
pages, the only way of finding a particular item rapidly 
is to look it up in the index. 


Physical Properties of Wool Fibres and Fabrics 

(Wool Research, Volume 2.) Edited by H. Lemon. 
Pp. vi+234. (Headingley, Leeds: Wool Industries 
Research Association, 1955.) 30s. 


HE understanding and development of tech- 

nological processes in the wool textile industry 
‘have been materially assisted in the last three decades 
by the Wool Industries Research Association. The 
present book is a summary of the research so far 
carried out at Torridon on the physical properties of 
wool fibres and fabrics. It does not describe work 
carried out to elucidate the structure of the fibre, 
but treats the measured physical properties of wool 
and relates them to its functional behaviour and to 
certain processes in textile technology. 

Thus a large section of the book is given to a 
consideration of wool and water vapour relations, 
which have practical applications in such widely 
divergent fields as commercial testing for weight, 
the drying of fibre assemblies, and the design of 
clothing. This is followed by a section on the warmth 
of clothing which sets out the physics of the air-flow 
and heat transfer through fabrics, and also the 
relevance of the elastic properties of the fibre in 
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maintaining the optimum fabric structures for 
warmth. 

The mechanism >f the water repellency of wool 
fabrics and feathers is discussed thoroughly—this has 
relevance in the design both of rainproof fabrics and 
of laboratory tests Zor their appraisal. The peculiar 
frictional properties of wool are discussed very fully 
—this is a very -nteresting chapter which sum- 
marizes all the work done in this field. 

Physicists outsids the textile industry will be 
interested in this cLapter and that on the electrical 
properties of wool, in which fields notable contri- 
butions to basic physics have come from workers in 
technological foundations. 

The selection of material is confined to those fields 
in which the Wool Industries Research Association 
has itself worked, end in some cases, in particular 
the chapter on elastic and plastic properties, is 
-restricted to its own contributions. However, 
physicists and engiteers interested in the properties 
of matter will find this book a stimulating introduction 
to some first-class work which has been published in 
many scattered journals. 

The book is intended mainly for readers in industry 
and makes littl demand upon mathematical skill. 
The presentation is generally clear and the book ıs 
very well illustrated. W. J. ONIONS 


Ciba Foundation Symposium 

Jointly with the Physiological Society and the British 
Pharmacological Society, on Histamine, in honour of 
Sir Henry Dale. Edited by G. E. W. Wolstenholme 
and Cecilia M. O’Ccnnor. Pp. xvi+472. (London: 
J. and A. Churchill, Ltd., 1956.) 50s. net. 


HIS volume, in fact, contains the proceedings of 

two symposia en histamine. The first sympo- 
sium, which was keld in public at the Wellcome 
Institute, London, consisted mainly of formal papers 
which occupy about two-thirds of the book. The 
second, sponsored by the Ciba Foundation, was a 
private gathering in London of scientific men specially 
interested in histamine who met in honour of Sir 
Henry Dale and to talk about histamine. Tho 
recorded discussions of this symposium are a valuable 
feature of the book and repay careful study. 

The subjects deals with in the two symposia cover 
more or less the seme ground. All the important 
advances of the past ten years are reviewed, and there 
is & wealth of bibLography. The new techniques, 
tracers and chromatography, in particular, have 
certainly yielded a plentiful harvest. Of outstanding 
interest are the nev facts on the.origin and fate of 
histamine in the bcdy. For example, when isotop- 
ically labelled histidine is injected into an animal, 
some of ıb 1s converted into labelled histamine, 
presumably by decarboxylation. Histamine from this 
source forms a sepa~ate pool inside the cells, since ıb 
does not exchange with histamine injected into the 
body. It can, however, be released from the cells 
by a wide range of substances which contain basic 
groups. Once histamine has left the cell, it undergoes 
a rapid degradatim and the various metabolites 
formed can be estimated in the urine. This is only 
one of many other fascinating contributions on the 
distribution of histamine in the body, its location in 
colls, the mode of its release by substances of known 
structure, its possib-e role in gastric secretion and on 
its curious association with heparin in mast cells. 

For those who are interested in histamine, this is in’ 
every way an exceedingly useful and stimulating book. 

H. M. Anam 
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THE ROCKEFELLER FOUNDATION, NEW YORK 
By JOHN BEAVAN 


HE activities of even the wealthiest foundations 
have ceased to be spectacular since philanthropy 
became the business of national and international 
agencies. To-day, State and inter-State munificence 
dwarfs the spending ofall private bodies concerned with 
welfare and the endowment of scholarship and research. 
Nevertheless,- the place of foundations in the 
history of the Welfare State is undisputed. They 
were the private pioneers of much experiment and 
welfare which are now done by the State itself. 
Indeed, the test of success foundations used to apply 


to their missionary efforts was whether the public. 


authorities felt compelled to take them over and run 
them with public money. 

But now, as Dwight MacDonald put it in his study 
of the Ford Foundation, the frontiers of philanthropy 
are closing in. Is there still a useful place for the 


private foundation in æ State which has equipped. 


itself with expert bodies to promote research, and 
has provided them with plenty of money and free- 
dom? Indeed, many people think that the State is 
already doing more than it should do and it is wrong 
for voluntary bodies to urge it to do more. 

They forget, however, that even if the State 
cannot expand its servicés, it must from time to 
time change its. priorities. New demands have to be 
met, sometimes at the expense of established schemes ; 
` or established schemes have to be altered to meet 
new conditions. The private foundation which is 
free from the pressures of political and other interests 
is in a very good position both to search for new prior- 
ities and suggest amendments in established schemes. 

Then it must be remembered that the best founda- 
tions have never confined their philanthropy to one 
country, and to-day they are finding more and more 
scope in the undeveloped countries, where they meet 
all the traditional problems, but in more diverse and 
intractable forms. A glance at the annual report of 
any great foundation should remove all doubt of 
whether it has a part to play in the modern world, 
and none of these reports is more convincing than 
that of the Rockefeller Foundation—the first great 
venture in world-wide philanthropy. 

In many ways Rockefeller has been the model 
foundation, and remains so under tho leadership of its 
present president, Dean Rusk. Certainly, all general- 
purpose foundations created in the past thirty years 
have learned from its example, and thus the historical 


literature of the Rockefeller Foundation is of practical - 


value as well as being of academic interest. It is typical 
of the Rockefeller Foundation’s insistence on excellence 
that these writings should be of such high quality. 
The monumental biography of John D. Rockefeller, 
the founder, was written by Prof. Allan Nevins, one 
of America’s most distinguished historians, and the 
history of the Foundation was written five or six 
years ago by Raymond B. Fosdick, who, for twelve 
years, was president of the Rockefeller Foundation 
and was known as the best professional in the business. 
Mr. Fosdick has now followed up his history with a 
biography called “John D. Rockefeller, Junior’*. 


* John D. Rockefeller, Jr.- A Portrait. By Raymond B. Fosdick. 
He oe plates. (New York. Harper and Brothers, 1956.) 
< ollars. 


Assistant Director, Nuffield Foundation, London 


The origin of the Foundation, as of all scientific 
philanthropy, lay in the inability of a fantastically 
rich man to disburse his fortune as conscience told 
him he must do, without getting overwhelmed. It 
was essential to systematize both the distribution 
itself and the principles on which the gifts must be 
made. Rockefeller was, of course, merely one of a 
group of Americans who at the turn of the century, 
the culmination of laisser faire, made huge per- 
sonal fortunes and gave them away. Of this group, 
which included Morgan, Guggenheim, Duke, Armour 
and Sage, the one who voiced his views most 
eloquently on the right use of wealth was Andrew 
Carnegie: “the man who dies rich, dies disgraced”, 
he said. Rockefeller, too, had a simple philosophy: 
“A man should make all he can and give all he 
can”. 

This group, says Fosdick, “acquiring their for- 
tunes under conditions unique in the history of their 
country and not infrequently by methods which, if 
permissible at the time, no longer accord with social 
conscience or the requirements of law, enriched the 
cultural life of America with a stream of universities, 
foundations, institutes, libraries and endowments 
without parallel in any other age. Their motives 
were doubtless many and varied—genuine social 
vision, religious principle; sometimes in part a 
desire for social recognition or the perpetuation of 
name”. 

Rockefeller, jun., was in at the start of his father’s 
great venture in philanthropy, though he was not 
old enough to have a strong influence on the way it 
should develop. The real creator of the Foundation 
was Frederick T. Gates, who had been in the Baptist 
Ministry and still had a strong messianic urge. 
Rockfeller, sen., was a man of granite who liked to 
surround himself with other strong men. What was 
even rarer was his ability to pick men who would 
compensate for his own inadequacies. Rockefeller 
was reserved and inarticulate. Gates, who was to be 
his chief adviser in business and philanthropy, was 
aggressive and fluent arid tremendously courageous. 
He would address Rockefeller as if he were a con- 
gregation of miserable sinners—‘“‘your fortune is 
rolling up, rolling up, hke an avalanche”, he would 
ery. “You must keep up with it! You must dis- 
tribute it faster than it grows. If you do not it will 
erush you and your children and your children’s 
children”. 

Gates joined Rockefeller after working with him 
on his first major act of philanthropy, the creation 
of the University of Chicago, which started as an 
idea, for a Baptist institution of higher learning. 
When in 1910 Rockefeller made his final gift, he had 
contributed altogether 35 million dollars. But he 
never allowed the University to bear his name, never 
suggested the appointment or removal of any pro- 
fessor and never indicated his attitude to the views 
of the faculty. 

The Rockefeller interest in medicine began when 
Gates, in 1897, read William Osler’s “Principles and 
Practice of Medicine”, a frank criticism of the retarded 
development of medical science. Gates’s memorandum 
on what ought to be done for medicine appealed 
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to both Rockefeller and his son, and the Rocke- 
feller Institute for Medical Research was set up in 
1901 with Dr. William Welch, of Johns Hopkins 
University, as president. A short time afterwards 
Dr. Simon Flexner was made director. 

Rockefeller, as was usual with him, gave the 
Institute a modest start, but as soon as he saw it 
was succeeding he invested more and more n it and 
eventually made it one of the great centres for 
medical research of the world. His principle, as in 
all things, was to aim at excellence and even at 
perfection, to get the best men and to give them the 
best conditions of work. Meanwhile, Rockefeller, 
jon., who had the strange upbringing of the son of a 
Puritan millionaire, began to develop the family’s 
traditional interest in. the Negro problem. He made 
plans for an organization that would deal in a com- 
prehensive way with the problem of education in the 
South. It had to be comprehensive, for Negro 
education could not be promoted without an equal 
concern for the education of the whites. Rockefeller, 
sen., pledged a modest million dollars for its support, 
and then, having had it proved to him that it was a 
good thing, he added 20 million. Out of the Educa- 
tion Board sprung the third great benefaction, the 
Rockefeller Sanitary- Commission, devoted to the 
eradication of hookworm. 

By this time some of the principles of scientific 
philanthropy had been beaten out. Rockefeller had 
seen that the most useful way of spending money 
was to put funds at the disposal of mdependent 
boards of trustees, made up of the most experienced 
men he could find, and give them a free hand to 
select their officers and carry on their work. He 
himself preferred to retain @ certain psychological 
detachment from these ventures. He refused to 
become a trustee of any one of them. 

In spite of these vast outpourings of wealth, the 
fortune was still‘pilmg up. By 1910 Rockefeller was 
ready for his greatest venture, the creation of the 
Foundation. He had three extraordmary men to 
help him. Flexner, who was the son of a pedlar, had 
become a doctor after failing as a plumber. Dr. 
Buttrick had been a brakeman on the railways who 
had got his education by entering the Ministry. Dr. 
Rose, who had run the Sanitary Commission, was 
not a doctor of medicine but a philosopher from 
Peabody College. But it was probably Gates who 
had the idea of forming the Foundation when he 
put to Rockefeller the idea of a series of groat 
corporate philanthropies for the promotion of 
scientific agriculture, the enrichment of rural life, 
the development of fine arts, the spreading of 
Christian ethics and Christian civilization throughout 
the world and the fostering of intelligent citizenship 
in the United States. 

Gates, as ever, was troubled by the destiny of 
Rockefeller’s great fortune and always thinking of 
the unknown and sinister possibilities it might have 
unless properly controlled. Rockefeller handed over 
to the three trustees 50 millions worth of oil shares 
to start the Foundation. The purposes of the 
trust were: “to promote the well-being and to 
advance the civilization of the peoples of the United 
States and its territories and possessions and of 
foreign lands; in the acquisition and dissemination 
of knowledge, and m the prevention and relief of 
suffering and the promotion of any or all of the 
elements of human progress”, 

Rockefeller, wishing to avoid the dead hand, 
would have made the trust deed subject to alteration 
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at the pleasure of the U.S. Congress, believing that 
“the wisdom of Lving men will always exceed the 
wisdom of any man, however wise, who has long 
since been dead’. But Congress was suspicious of 
trusts and would not have it. In the end the 
Foundation had to be incorporated in Albany. 

Its policy was bo take on projects too large for 
other agencies. The best philanthropy, said Kocke- 
feller, involved. a search for a cause, and an attempt 
to cure evils at their source. It excluded individual 
charity. It sough= to evoke from the community its 
own recognition of the need to be met and its own 
will to meet ıt. Dne of the early lessons was how 
easy ıt could be fcr a foundation to run mto political 
trouble. When the Rockefeller Foundation wanted 
to investigate incusirial relations a United States 
Commission began to investigate whether a line could 
be drawn between the Foundation’s philanthropic 
The 
Foundation decided after this that when it wished to 
do something outside the non-controversial areas of 
medicine, public Eealth and agriculture, it would do 
better to make grants to other agencies and let them 
shoulder the respensibilities. 

The medical stcry of the Foundation and its cor- 
porate bodies is a- thrilling one. One of its successes 
was the drastic Lmitation of hookworm as a vast 
menace throughort the world. But this campaign 
had a greater sign_ficance than a useful attack on one 
disease. It was made the advance agent of preventive 
medicine. Hookworm was an anxmia-producing 
disease which sapped the vitality and even killed 
millons of people in the hot, moist regions of the 
world. An effective remedy had been discovered, 
but through ignorance and lethargy it was not being 
used. Rose first made a thorough survey to determine 
the geographical distribution of the disease. He 
emphasized tirelessly a principle which has become 
the first principle of other foundations: never to 
move without first getting the facts. 

The second stage was a battle of publicity. Rose 
had to make it Cramatically clear that the disease 
could be broughs under control. A director of 
sanitation was appointed in eleven States with a 
corps of sanitary mspectors and microscopists. 
Through travelling dispensaries more than a quarter 
of @ million rural homes were inspected, more than 
25,000 pubhe mestings were held and three million 
pieces of literaturs were distributed. 

All this activity represented a co-operative effort 
between the State and County Governments on one 
hand and Rose’s organization on the other. “An 
outside agency”, Rose wrote, “‘can be helpful only in 
so far as it aids the States in organizing and bringing 
into activity their own forces”. 

The Sanitary Commission became part of the 
Foundation with the title of the International Health 
Board. -One of its great campaigns was to tackle 
hookworm througnout the world, and it operated in 
fifty-two countries, always in co-operation with the 
appropriate governmental body. The slogan was “a 
partner but not € patron”. Rose sbhorred the idea 
of a private organization seeking either power or 
credit for itself. 

It then seemed probable that the same pattern of 
attack could be successful xf used on malaria. More- 
over, nations might be induced by the campaign to 
buld permanent machinery to deal with the whole 
problem of public health. However, it soon became 
clear that before malaria could be controlled there 
had to be a deeper knowledge of the epidemiology of 
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the disease, and the Foundation undertook extensive 
studies of the natural history of anopheline mos- 
quitoes in many parts of the world. The International 
Health Division of the Foundation has also-given its 
attention to typhus, influenza and the common cold. 
It is now, in fact, thirty years since the Division did 
a seven months study of the common cold m a village 
in a forest clearing of southern Alabama. The work 
here and in other remote spots helped to create a 
wider understanding of the common cold, though far 
greater development of techniques for the study of 
the virus or viruses must be made before there can 
be hope of immunization. ; , 

The story of yellow fever has a special chapter in 
Fosdick’s book. No progress was made in the 
control of the disease until the U.S. Army Commus- 
sion showed in Cuba that a mosquito transmits the 
disease. General Gorgas got rid of yellow fever in 
Havana by his measures against mosquitoes, and 
made possible the buildmg of the Panama Canal by 
similar techniques. But the opening of the Canal 
aroused fears in the Far East that yellow fever might 
be introduced there. Gorgas was mado the director 
of the Foundation’s work for the eradication of 
yellow fever. 

The work, however, was based on some wrong 
assumptions, and when the disease seemed to have 
almost vanished it erupted from the jungle of South 
America and created an epidemic in Rio de Janeiro. 
It was now clear beyond doubt that there were carriers 
other than the aegypti mosquito and they breed not 
merely in a few seed-beds but also in the tropical 
forests of the vast hinterland of South America and 
Africa. The thoroughness of the work that was now 
done makes an amazing story. All available forms 
of insect life in the jungle were collected, divided 
into broad groups, ground and filtered. The filtrates 
were inoculated into white mice and monkeys, and it 
was found that yellow fever virus was m several 
species of mosquitoes. Then 2,000 animals of the 
jungle, from mice to wild cats, and birds and snakes 
were trapped, but it was found that monkeys are 
the principal hosts of yellow fover. Contaminated by 
the Africanus mosquito, the monkey in turn con- 
saminates the simpsoni mosquito, which relays yellow 
fever to man. 


It was now essential to develop a vaccine—the 


deaths of the early laboratory workers alone made it 
necessary to find a method of immunization. From 
1937 onwards the laboratories of the International 
Health Department began to produce the new 
vaccine on a large scale. During the Second World 
War nearly 40 million doses were distributed. 

The Foundation’s work for medical education was 
less spectacular but even more radical. Here the 
motivating force was Abraham Flexner’s book on 
“Medical Education in the U.S. and Canada”. 
Flexner, who had visited 155 medical schools, reported 
zhat not more than half a dozen were adequate. He 
was sent to Johns Hopkins, and the trip launched a 
Foundation programme in medical education which 
was to cost one hundred million dollars. The essential 
thing seemed to be to create clinical departments 
run by doctors who would give all their time to 
teaching, to research and to the care of the patients 
in the teaching hospital. It was when Flexner 
insisted on coming to the help of State universities 
as well as endowed institutions that Gates.went out 
of the Foundation, saying that State universities 
were creatures of politics and subject to dictation on 
scientific and economic questions. 
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Obviously ıb was not possible that even this 
wealthy Foundation could help all medical schools. 
The old Rockefeller principle of building on strength 
would have to be used and the money amassed at 
strategic points. As the schools raised their teaching 
standards the need for trained men for both teaching 
and research became greater, and the National 
Research Council was enabled to provide a systém 
of fellowships to assist men qualified for academic 
careers in medicine. The Foundation now turned to 
European medical education, which may have seemed 
rather presumptuous, for a good deal of it was 
superior to that of America, Nevertheless, in Britain 
and France, the laboratory sciences were not system- 
atically integrated, and teaching was subordimate to 
practice in the hfe of some professors. When Dr. 
Richard Pearce went to London for the Foundation 
in 1919, he found people in the medical schools 
talking about the new unit system of clmical teaching 
which resembled the scheme being tried out in the 
United States. Pearce decided that University 
College offered the best opportunities for developing 
a model medical school, and the Foundation provided 
it with 5 mullion dollars. Grants were made to 
Cambridge for pathology, to Oxford for biochemistry 
and to the Welsh School of Medicine at Cardiff. The 
Foundation did good work, too, at Strasbourg, at 
Lyons, at Brussels, in Brazil, Canada, Syria, Malaya 
and Siam. 

Later, in the ’thirties, the Foundation tried to do 
for psychiatry what it had done for physical medicine, 
But the term was always thought of as broadly 
inclusive, for it embraced neurology and psychology 
and had its fringes in the social sciences. Support 
for improved teaching in psychiatry was also ex- 
tended to institutions in Europe, and notably in 
Great Britain. The moral atmosphere in which the 
Foundation’s programme in psychiatry was created 
emerges in a statement by Dr. Alan Gregg: “First, 
Psychiatry, along with the other natural sciences, 
leads to a life of reason. It explains what must 
otherwise excite fear, disgust, superstition, anxiety, 
or frustration. It breaks the clinches we otherwise 
get into with life and all the unnecessary blund in- 
fighting”. 

When the Foundation was reorganized in 1928 
the promotion of fundamental science became a 
primary concern of the Foundation. But, of course, 
this interest had existed long before, and of the 
National Research Fellowships, which had begun in 
1919, they had created, it was said, “the most 
effective agency m the scientific development of 
American life and civilization”. Moreover, the 
International Education Board had selected the 
natural sciences and agriculture as the two principal 
interests. Rose’s idea was to “begin with Physics, 
Chemistry and Biology; locate the mspiring pro- 
ductive men in each of these fields; ascertain of 
each of these whether he would be willing to train 
students from other countries; if so... provide 
the equipment needed ... provide by means of 
fellowship for the international migration of select 
students to each of these centres of mspiration and 
training’. Rose visited fifty universities m nineteen 
countries in 1923, to inspect, as he called it, “‘ground 
harrowed by war and ready for new seed”, The idea 
was to assist those institutions which could best use 
the money. There was no idea of dividing the 
assistance equally. The sole criterion was ability. 

In the thirties the emphasis passed to biology and 
theapplication of the quantitative techniques of mathe- 
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maties, physics and chemistry to biological problems. 
In experimental biology the Trustees decided that 
the utilitarian must never be the yardstick ; the test 
¿io must be knowledge. Yet the religious impulse was 
still there, We find the Foundation asking: “Can 
__ we develop so sound and extensive genetics that we 
‘ope to breed in future superior men ? Can we 
e mysteries of various vitamins so that we 
ure a race sufficiently healthy and resistant ? 
) rationalize human behaviour and create a 
ience of man ?” Dr. Warren Weaver, by now 
d of the Natural Sciences Department, saw the 
ntury of biology as one of the great episodes in 
intellectual history. 
t was Beardsley Ruml, director of the Laura 
elman Memorial, who moved the Foundation into 
the field of social sciences, with the argument that 
all who work towards the end of human welfare 
are embarrassed by the lack of knowledge which the 
social sciences must provide. It was, he said, as 
though engineers were at work without an adequate 
velopment of physics and chemistry. The research 
en being done by the universities was largely 
deductive and speculative, on the basis of second- 
hand observations. Ruml said that what was needed 
_ was to create facilities for research, to increase the 

i number of able men working in the field and focus 
< the grants on bringing together various disciplines 
Of social sciences in the systematic investigation of 

“concrete social problems. 

-The Institute of Human Relations, which the 
Memorial and the Foundation jointly financed, made 
& weak beginning but later made a significant con- 
tribution to psychology, anthropology and psychiatry. 
When the Memorial was merged with the Foundation 
929, Ruml retired, and Edmund Day, professor 
nomics at Harvard, headed the Division. 
eo major fields of special interest were laid out 
for support—international relations, economic stabil- 
ization and public administration, Efforts were made 
- to develop the research resources in universities 
= abroad as well as in the United States. Nuffield 
_ College and the Institute of Statistics at Oxford 

_ benefited from the Foundation. At Cambridge its 




















































E Soil Bureau of the Department of Scientific 
and Industrial Research, New Zealand, estab- 
hed in September 1952 an experimental station to 
‘ovide for the study. of soils under various types of 
vegetation on hilly land. A hill station was selected, 
for it is the soils of hilly and steep land of New 
_ @ealand, of which there are some 24 million acres, 
___ that offer the highest potential for increasing primary 
production. 
_ The Station is at Taita, fifteen miles from Welling- 
_ ton, and comprises approximately two hundred acres. 
___ It consists of several steep-sided spurs abutting on 
_ the main range of high hills flanking the cast of 
: the Hutt River valley. The catchments of several 
small streams are enclosed by these spurs. The area 
is little interfered with apart from chance i 
and is of low natural. fertility, which will allow 
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funds went to the Lepartments of Applied Economics, 
and to the Ecormomics Research Section of the 
University of Manchester. Willets, the new director 
of social sciences, was another Rockefeller official 
who put the emphasis on first-class men: “I would 
break any rule in she book”, he said, “for a chance 
to gamble on taleri”. 

Dr. Fosdick is ene of those who are optimistic 
about the future of the social sciences, though he is 
well aware of thei shortcomings. The actual con- 
struction of a genuine science of human behaviour 
still, he says, lies largely in the future, But the iew. 
directions in whieh effort is being expended do. 
provide significant manifestations for advance. Nor 
has the Foundatiom neglected humanistic studies. It 
has done much fer libraries and for the study of 
Oriental languages. for the drama, for music. Iè has. 
rescued many refagee scholars from Europe (and, 


incidentally, great.y enriched American scholarship ee 


by so doing). = OPENS 

The last chapter of Fosdick’s history of the 
Foundation deals with Foundation principles and 
practices. Great advantage, he says,.accrues from 
the elastic charter which gives the trustees full = 
responsibility for the operation of the organization 
and the use of fends. Money is a feeble offering 
without the study which will make its expenditure 
effective. Once grants are made to responsible groups 
or institutions, no degree of control over the operation 
of the grants shoald be exercised by a foundation. 
Every social agency, including the Foundation, 
carries within itself not only the seeds of possible 
decay but also a tendency to exalt the machinery of 
organization abovs the purpose for which the organ- 
ization was intended. The proper objective of a 
foundation, unlese created for a particularized pùr- 
pose, is to prime the pump, never to act as a pèr- 
manent reservoir. A foundation easily falls into: the 
habit of frittering away its funds in an extensive 
series of small grants—which Gates used to call, 
“the iniquity of retail giving”. Finally, modesty 
becomes foundaticns because the question of financial 
support in all cireumstances requires tact and good 
taste. 


SOIL RESEARCH IN NEW ZEALAND 
THE TAITA EXPERIMENTAL STATICN 
By R. H. THORNTON 


various parts to be brought. to, and maintained at, 
different levels of fertility. The Station, at present 
mainly under forest and scrub, will consist essentially 
of three parts : a catchment of indigenous vegetation, 
a catchment of exotic (tree) vegetation and an area 
of grassland. The two catehments are in the centre 
of the Station anc the area of grassland will surround 
them, serving an added role as a fire-break. This 
arrangement wil provide an opportunity for 
studying grass snd forest regimes alongside one 
another. The sail type, Taita silt loam, is in the 
moderately weathered, yellow brown earth group of 
soils which are directly related to 9 million acres of 
New Zealand, 4 million more than any other group 
of soils. 

The catchment. of indigenous vegetation, an area 
of approximately thirty-eight acres at present in forest 
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Fig. 1. 


The Taita Experimental Station. 


Biology building in the foreground, the regenerating native catchment in the background 


and at left centre the start of the grassed firebreak that isolates the native catchment 


and scrub, will be allowed to regenerate indigenous 
forest. Studies are to be made on the ecology of 
regeneration with particular reference to the effect 
of fires on the vegetation. Here soil weathering and 
the loss of plant nutrients from soil under natural 
conditions will be studied. Rainfall measurements 
within and outside the forest will be compared with 
the stream outflow to find the rate of movement of 
water through vegetation and soil and the proportion 
lost through run-off and seepage. Regular sampling 
of rain and stream water for chemical analyses will 
determine the loss of nutrients, which will provide a 
measure of the rate of weathering. It is anticipated 
that, in collaboration with other soil organizations, 
a chain of such catchments will be formed through- 
out the world. 

The exotic catchment of about fourteen acres is to 
be planted in compartments of different exotic timber 
trees, and studies will be made of their effects on soil 
in comparison with indigenous trees on neighbouring 
slopes. Any problems which arise can be studied in 
detail together with treatments. 

Around the two catchments the land is being pro- 
gressively cleared of scrub and replaced by grass. 
Areas of grassland, maintained under various levels 
of fertility, will enable investigations to be made on 
the chemical, physical and biological properties of a 
hill soil under a grass cover. Initial problems are 
associated with the establishment and maintenance 
of pastures on poor hill country in competition with 
the weed shrubs, gorse and blackberry. Fertilizer 
trials have shown the value of incorporating molyb- 


denum with phosphate in obtaining grass—clover 
pastures on this soil type. The slow development of 
this class of land in the past may be found to have 
been due to a lack of knowledge of the importance 
of trace elements. i 

The investigations planned for the station are 
many and varied: examination of chemical and 
biological changes following the burning of serub 
and its replacement by grass have been initiated ; 
studies on soil temperature, moisture and perme- 
ability and the relationship with aspect and vegetation 
will be essential to investigations on run-off problems ; 
plant and soil interactions, tree and grass litters, and 
associated microbiological activities ; the stability of 
hill soils, soil loss and structure changes on slopes 
under the range of conditions availablo, are problems 
planned to be studied. 

The main offices and laboratories of the Soil 
Bureau of New Zealand, at present situated in 
Wellington, are to be moved to Taita in the near 
future. For the present, temporary buildings, in 
addition to containing offices for the Station field- 
staff, and the Officer-in-Charge of Soil Surveys 
(North Island), contain the laboratories of the 
Agricultural Soil Physics Section, and the Biology 
Division of the Bureau. The Soil Physies Section is 
concerned with investigations on the general physical 
properties of soils, particularly structure and mois- 
ture—air relationships. Biological work at the Station 
includes: microbiological investigations of native 
and introduced grassland soils; biochemical studies 
on various soil processes and the organisms con- 


No. 4552 January 26, 1957 


cerned; assay-of soil copper, employing the fungus 
Aspergillus niger; role of mycorrhizæ in tree 
nutrition, and studies of fertilizer requirements on 
soils employing indicator plants grown under glass- 
house conditions. 

In the past, soil experimental stations have been 
designed to deal with immediate problems, and 
many of the more straightforward have been success- 
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fully solved. Problems are now becoming more 
complex as the sols are utilized more intensively ; 
hence there is a growing need for basic knowledge to 
be able to assess, solve and, in some cases, anticipate 
problems, This naw experimental station in New 
Zealand is designed to supply this fundamental 
information and so assist the agriculture and forestry 
of the future. 


A CHALLENGE TO COLORIMETRY 


IMHE Small Physics Theatre at the Imperial 

College of Science and Technology was filled 
to capacity on December 12, 1956, when the 
Physical Society Colour Group held a symposium on 
“Colorimetry : 11s Errors and Accuracy”. An assess 
ment of the reliability of colour measurements was 
manifestly of great interest, and many industries were 
represented in the audience. 

The problem basically is this: On the trichromatic 
system of colour measurement established in 1931 
by the International Commussion on Illumination 
(C.LE.), a surface colour can be specified by its 
chromaticity co-ordinates, x and y, and its luminance 
factor 8. Direct measurement of these quantities by 
three-colour matching is too maccurate for most 
commercial applications, since the matching of lights 
of markedly different spectral composition brings 
out individual differences of colour vision. Other 
methods have therefore been developed, including 
(a) a six-stimulus visual colorimeter in which an 
approximate spectral energy match ıs established 
and the effect of observer differences therefore 
reduced ; (b) photoelectric colorimeters employing a 
photo-cell in conjunction with selected colour filters 
to give spectral sensitivity curves approximating to 
the three spectral distribution curves of the C.LE. 
standard observer; and (c) photoelectric spectro- 
photometers in which the spectral reflexion curve 18 
measured through the visible spectrum, and the 
colour specification calculated using the colour 
mixture data of the standard observer as tabulated 
by the International Commission on Illumination. 
Yet none of these methods is at present capable of 
specifying a colour to a limit of accuracy that cannot 
be exceeded by the remarkable capacity of the eye 
to discrimmate between two colours of nominally 
the same specification, when compared side by side 
in a good light. i 

In principle, the spectrophotometric method gives 
the most absolute specification, since the determina- 
tion of the reflexion factor at each wave-length 1s 
unaffected by the spectral sensitivity of the observer 
or photo-cell. Nevertheless, the accuracy of the 
result may be limited by the rather small amount of 
light that is sometimes available for measurement, 
and if an integrating sphere is used for increasing 
this amount, then a new uncertainty is introduced 
because the integrated reflexion may differ from the 
more directional reflexion employed m visual exam- 
ination of the specrmen. Other possible sources of 
error m spectrophotometry melude stray light, finite 
slit-width, limited accuracy of photometric control 
or Imearity of photoelectric response, and uncer- 
tainty in the specification of the white reference 
standard. 

The magnitude of these inaccuracies was studied 
by circulating six coloured tiles, supplied by the 


British Ceramic Research Association, to a number of 
research laborator.es where reflexion spectrophoto- 
metry is practised, and Prof. W. D. Wright (Imperial 
College) presented. a comparison of the results to 
the meeting. In all, ten different instruments had 
been used, mcluding five General Electric (Hardy) 
recording spectropaotometers and five non-recording 
instruments. Two of the latter employed double 
monochromators end three simgle monochromators. 
The tiles chosen for the test were of various colours 
and, more importent, various surface characteristics, 
described as glossy, semi-matt and matt, although 
the polar reflexior curve of the matt tile showed a 
fairly broad specclar component. One of the tiles 
had a very low redexion (of the order of 1 per cent) 
in the green part of the spectrum and it was a tribute 
to the sensitivity of modern photoelectric devices 
that in this case she differences in the results from 
one instrument tc another were generally less than 
0-1 per cent in reflexion. For the other tiles, the 
reflexion of which ranged from about 20 to 80 per 
cent, the spread was of the order of 1 or 2 per 
cent. 

It was noted that for five of the tiles, the average 
readings with General Electric recording spectro- 
photometers were 0-5-1 per cent lower than 
the average of tke non-recording mstruments, and 
this difference was attributed to the inclusion in the 
integrating spheres of the light diffusely reflected at 
large angles to the normal, whereas the non-recording 
instruments collecsed the light within a fairly narrow 
cone centred around the normal to the surface or, in 
the case of a Beckman spectrophotometer, in an 
annular cone at 45° to the normal. On the other 
hand, in the casa of the so-called matt tile, the 
General Electric spectrophotometer readings were 
some 2 per cent higher, apparently due to the 
inclusion of some of the broad specular component 
mentioned above, in spite of the insertion in the 
integrating sphere of the black cap intended to 
absorb the specuar reflexion. Some of the other 
differences could be traced to errors m the values for 


_the reference white against which the tiles were 


compared. The ultimate standard is, by definition, 
a white magnesium oxide surface, but the discussion 
revealed some divergence of practice in the prepara- 
tion of such a surface exactly to specification 

On the assumption that the average values from 
the five non-reccrding mstruments were the most 
nearly correct, she measurements made at the 
National Physical Laboratory using a Muller—Hilger 
‘Uvisir? double monochromator were the most 
accurate, with the results from the Paint Research 
Station using a Beckman spectrophotometer æ close 
second. While the agreement among the different 
instruments was regarded by the instrumentalists at 
the meeting as quite gratifying, the practical colour 
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men made it clear that they needed something a 
good deal better. 

The requirements in industry were discussed in a 
paper by Miss D. L. Tilleard, who described experi- 
ments carried out at the Paint Research Station on 
a set of nearly identical panels prepared by the 
progressive addition to a standard paint of small 
amounts of tinting paints of different colours. The 
panels were measured on the Beckman spectrophoto- 
meter and were also compared by experienced 
observers, under good conditions of daylight ulum- 
ination, with the panels touching on a long contact 
line. Under these good viewing conditions, chrom- 
aticity differences of 0-0003 or even less could be 
distinguished in a light biscuit series of panels and 
differences of less than 0-01 in luminance factor. 
Commercial tolerances for close matching are larger 
than this, but may still be as small as 0-001 in 
chromaticity. This compares with a precision of 
measurement of the order of 0-0004 m v or y as given 
by the standard deviation of a number of repeat 
measurements with the Beckman spectrophotometer, 
which thus has a differential sensitivity comparable 
with the closest commercial tolerances. 

The same theme was developed further in a paper 
by Mr. P. S. Wiliams (Imperial Chemical Industries 
Paints Division), who compared results on the General 
Electric recording spectrophotometer and Librascope 
computer, the Donaldson six-filter colorimeter and 
the ‘Colormaster’ differential colorimeter developed 
by Glasser at the Dupont Company in the United 
States. When tested on various specimens, the two 
latter gave results in close agreement to each other, 
but differing slightly fromthe former on account of 
the special illuminating and viewing arrangements, 
to which reference has already been made. Changes 
in the spectral transmission of the filters with tem- 
perature were found to be one source of error in the 
Donaldson instrument, while the highest precision 
with the differential colorimeter (possibly as high as 
the smallest detectable difference by eye) is only 
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Benjamin Franklin Medal of the Royal Society of 
Arts 


Tue Council of the Royal Society of Arts has 
established a new award, to be known as the Ben- 
jamin Franklin Medal, which is to be made annually 
“to individuals who have attained early distinction, 
with promise of future achievement, in the promotion 
of arts, manufactures and commerce”. The associa- 
tion of the Medal with the name of Benjamin Franklin 
is due to the fact that it was instituted in the year 
(1956) in which occurred not only the 250th anni- 
versary of Franklin’s birth, but also the 200th 
anniversary of his election to membership of the 
Society. The medal has been designed by Mr. 
Christopher Ironside. The first award of the medal 
is to Prof. F. C. Williams, professor of electrical engin- 
eering in the University of Manchester, “for his 
contributions to electrical engineering”. 


Prof. F. C. Williams, O.B.E., F.R.S. 


Dr. F. C. Wuarams, as he then was, joined the 
staff at Bawdsey Research Station from the Univer- 


NATURE 


January 26, 1957 vor. 179 


‘achieved when comparison is made between samples 
of fairly similar spectral reflexion. This instrument 
uses & split beam to illuminate a standard and com- 
parison surface, with two photo-cells (plus filters) to 
form a null balance bridge. Mr. J. W. Perry (Hilger 
and Waits, Ltd.) discussed the factors which must 
limit the accuracy of a colorimeter employmg filter- 
screened photo-cells, with particular reference to the 
Hilger photoelectric tristimulus colorimeter. The 
fundamental difficulty 1s, of course, to obtain the 
correct sensitivity curves, but except for surface 
colours with irregular spectral reflexion curves, Perry 
considered that an accuracy of + 0-005 could be 
achieved for a very large range of chromaticities with 
the Hilger colorimeter. Used as a differential instru- 
ment, the precision would be very much higher than 
this, 

As the discussion on all four papers developed, one 
of the questions asked was, ‘“Where do we go from 
here ?” The chairman, Mr. R. G. Horner, promised that 
a future meeting would be held on colour tolerances, 
to provide an opportunity for the colour industries 
to define in more detail the limits to which they need 
to work and to consider the best form in which 
tolerances should be expressed. One particular point 
which requires clarification is whether the high dis- 
crimination which can be achieved in differential 
colorimetry needs to be matched by a corresponding 
precision and accuracy in absolute colour measure- 
ments. Evidently if the components of some product 
are manufactured at different parts of a works or at 
different times, the manufacturer must control the 
colour of each component to such an accuracy that 
they will appear to match when assembled together. 
Whereas the customer will be able to make a differ- 
ential and highly critical judgment, the manufacturer 
may be denied this advantage during the actual 
production process. In principle, colorimetry is just 
the tool the manufacturer needs to assist hun in this 
task. In practice, it looks as if the tool still requires 
some sharpening. W. D. Wnriext 
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sity of Manchester in March 1939 and was con- 
tinuously employed throughout the War on the 
development of radar equipment. During this 
period, he was himself primarily responsible for the 
fundamental concepts on which many vital radar 
systems and devices and automatic servo-mechanisms 
were based. Dr. Williams resigned from Government 
service at the end of 1946 and since that time. has ' 
held the chair of electrical engineering in the Univer- 
sity of Manchester. During this post-war period his 
name has become associated with pioneering work 
on automatic electronic digital computers. In this 
field, among his more noteworthy contributions is an 
electrostatic information store, based on cathode- 
ray tube techniques, of extreme elegance and tech- 
nical interest. Indeed, the first commercial high- 
speed electronic digital computer to become available 
in the United Kingdom was fundamentally based on 
Prof. Williams’s cathode-ray tube information store. 
More recently, he has turned his attention to the 
design of rotating electrical machmery and is at present 
working on an original design for an induction motor, 
the speed of which is capable of being continuously 
varied over a wide range. 
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Geological Society of London: Awards for 1957 


Tae Council of the Geological Society of London 
has made the following awards for 1957: Wollaston 
Medal to Prof. Paul Fourmarier, the doyen of Belgian 
geologists, distinguished for his researches on rock 
structure, on the Belgian coalfields and on the 
economic geology of the Belgian Congo; Murchison 
Medal to Mr. H. G. Dines for his services to economic 
geology, particularly in reference to the metalliferous 
orefield of Cornwall and Devon; Lyell Medal to Dr. 
S. H. Straw, distinguished for his researches on the 
fauna and stratigraphy of the Silurian rocks and as a 
teacher of paleontology ; Bigsby Medal to Prof. H. B. 
Whittington for his contributions to the knowledge 
of the trilobite fauna of the Lower Paleozoic rocks 
of Britain and North America; Prestwich Medal to 
Prof. J. K. Charlesworth in recognition of the value 
of his researches in the glaciation of the British Isles 
and on his memoir on the Quaternary Era recently 
completed ; Wollaston Fund to Dr. J. R. Earp for 
his work on the Upper Silurian rocks of Wales and the 
Carboniferous rocks of north-west England ; Murch- 
ison Fund to Mr. J. W. Pallister for his contri- 
butions to geological knowledge in the field of 
mineral and oil exploration and of government 
geological survey work in Uganda; moiety of the 
Lyell Fund to Prof. F. H. T. Rhodes for his authorita- 
tive work on the conodont faunas of the Carboniferous 
and Lower Paleozoic, and in recognition of his 
direction of research on @ variety of topics both 
stratigraphical and paleontological, with special 
emphasis on paleoecology; another moiety of the 
Lyell Fund to Dr. T. Barnard in recognition of his 
work particularly in the field of Jurassic and Creta- 
ceous micropaleontology. è 


Fuel Research in Great Britain : 
Dr. A. Parker, C.B.E. 


Dr. ALBERT PARKER retired from the post of 
director of fuel research in the Department of 
Scientific and Industrial Research on December 31. 
After postgraduate research at the University of 
Manchester on the combustion and detonation of 
gases and their specific heats at high temperatures, 
he was appointed lecturer in physical chemistry at 
the University of Birmingham. This was followed by 
large-scale investigations for the Institution of Gas 
Engineers and the University of Leeds on carbon- 
ization, water-gas manufacture and the disposal of gas 
liquor effluents. In 1928 Dr. Parker joined the Depart- 
ment of Scientific and Industrial Research as assistant 
director of water pollution research, and later became 
director. Important surveys were made of pollution 
in the River Tees and the Mersey estuary. In 1943 
he was appointed director of fuel research and did 
much to improve efficiency in the use of fuel both in 
industry and in the home, and to abate atmospheric 
pollution. He was an acknowledged expert on the 
world’s fuel resources, and his leadership and energy 
were invaluable in post-War reconstruction. Among 
Dr. Parker’s many honours were the appointment as 
C.B.E. in 1946, the Osborne Reynolds medal of the 
Institution of Chemical Engineers and the Telford 
Premium of the Institution of Civil Engmeers. He 
was Thomas Hawksley lecturer of the Institution of 
Mechanical Engineers and Melchett lecturer of the 
Institute of Fuel and he recerved the Reginald Mitchell 
Memorial Gold Medal of the Stoke-on- rent Associa- 
tion of Engineers. Dr. Parker has played an active 
part in many professional societies; he has been 
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honorary secretary of the British National Com- 
mittee of the World Power Conference, chairman of 
the Council of the Royal Society of Health and has 
been elected an honorary fellow of the American 
Public Health Association. 

Dr. A. C. Monkhouse, at present deputy director 
of fuel research, kas been appointed acting director 
following Dr. Parker’s retirement. 


Royal Society and Nuffield Foundation Awards 
Awarps under the Royal Society and Nuffield 
Foundation Commonwealth Bursaries Scheme are 
announced as follows: Dr. S. Basu, reader in 
chemistry, University of Calcutta, to study the 
application of quantum mechanics to the solution of 
problems of chenical reactivity, at Oxford from 
February to July 1957; Dr. EB. A. Boulter, member 
of the staff of ths Microbiological Research Estab- 
lishment, Porton, Wiltshire, to study the pox viruses 
and the virus of myxomatosis, at the Australian 
National University, Canberra, from March to July 
1957; Dr. J. R Clarke, university demonstrator 
(animal physiologr) in the Department of Agriculture, 
Oxford, to study she cytology of the pituitary gland 
during the reproductive cycle in domesticated 
animals, at the Medical School, Dunedin, for a year ` 
from August 1987; Dr. D. W. J. Cruickshank, 
lecturer in mathematical chemistry, University of 
Leeds, to study theoretical aspects of the application - 
of spectroscopic methods to the determination of 
molecular structures and, particularly, of very 
accurate molecular dimensions, at the National 
Research Council of Canada, Ottawa, for about three 
months from Marzh 1957; Dr. H. J. Heinz, head of 
the Department of Parasitology of the South African 
Institute for Medical Research, Johannesburg, to 
enable him to travel overland to Nigeria in order to 


~ study ancylostomiasis in West Africa, commencing 


in December 1953 and staying about six weeks in 
Nigeria; Dr. V. R. Rao, reader in physics, Andhra 
University, India to study spectroscopic techniques 
in cytology at King’s College, London, for three 
months from April 1957; Mr. F. H. Sagar, senior 
lecturer in physics, University College, Auckland, 
to enable him to >bserve new acoustic techniques at 
the Imperial Colege of Science and Technology, 
London, and elsewhere in the United Kingdom, for 
about four months from December 1956; Dr. B. 
den Tex, senior lecturer in geology, University of 
Melbourne, to study research techniques and teaching 
methods im structural geology and petrology, with 
special reference to petrofabric analysis, at several 
centres in the Urited Kingdom, in March and April 
1957; Prof. F. Walker, professor of mineralogy and 
geology, University of Cape Town (professor of 
geology, Queen’s College, Dundee, from January 1, 
1957), to study magnetism and differentiation of 
dolerite sills in Canberra and Tasmania, for about 
three months from June 1957; Dr. J. H. Warcup, 
senior lecturer in microbiology, the Waite Institute, 
Adelaide, to study the ecology of soil micro-organisms 
in agricultural systems, at Cambridge from October 
1957 to July 195€; Dr.. J. M. de Wet, senior lecturer 
in mathematics end applied mathematics, Potchef- 
stroom Universitr, to carry out research in statistics 
at the London School of Economics from December 
1956 to July 195" ; Mr. J. H. Willis, member of the 
staff of the National Herbarium of Victoria, Aus- 
trala, to enable him, among other matters, to study 
herbarium technique and the trends of modern 
systematic botany at the Royal Botanic Gardens, 
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Kew, and the Natural History Museum, for a year 
from April 1957. 


~ 


Rutherfordiana 


Wrre the permission of the Royal Society of 
London and the assistance of Dr. Ernest Marsden, 
the New Zealand Science Review has been enabled to 
reproduce in full in its August number (18, No. 8; 
1956) the text of the Rutherford Memorial Lecture, 
entitled “The Discovery of Atomic Number”, which 
Sir Charles Darwin delivered initially during the 
Nelson College centenary celebrations on April 5, 
1956. Sir Charles gives a broad survey of the history 
of the outstanding contributions to the subject, 
including the leading part taken by Rutherford. He 
points out that with the discovery of the neutron 
and several more recent elementary particles, a fresh 
field of science has been opened up, demanding a 
wholly new kind of dynamics the principles of which 
have not yet been found, and he concludes by quoting 
words which Rutherford was fond of uttermg in 
connexion with any subject he was working at: “1 
think this is a grand subject; there are so many 
things in it we don’t know”. 

In addition to the Memorial Lecture, the August 
number contains a short article by Dr. Lyndon 
Bastings entitled “Rutherfordiana’”’, in which he lists 
a number of extra items not noted in the biblio- 
graphy of Rutherford’s publications compiled by 
C. M. Focken and published in the Transactions of 
the Royal Society of New Zealand (68; 1938). Dr. 
Bastings has made a comprehensive collection of 
reprints of Rutherford’s articles which has been 
accepted by the library of Canterbury University 
College for safe custody. Dr. Marsden in his intro- 
ductory foreword mentions the existence of two more 
isems of Rutherfordiana—a gramophone recording 
of a lecture given by Rutherford at Gottingen, and 
one of the earliest cinematographic records with 
sound film, made at the General Electric Company’s 
laboratory in the United States in the early days of 
combined picture and sound track, of the actual 
spoken lecture delivered by Rutherford. 


Institute of Personnel Management 


REMARKABLE progress in the field of personnel 
management in industry is described in the annual 
report of the Institute of Personnel Management. 
Membership of the Institute is continuing to mecrease, 
and now consists of some four thousand members. 
Followmg the decision of the National Coal Board 
to develop its staff department, many personnel 
managers have been appointed throughout the coal 
industry. During 1955, the Institute’s exammation 
scheme was launched, and the first candidates have 
already been examined. A joint study undertaken 
with the British Institute of Management and the 
Institute of Cost and Works Accountants is being 
made into the cost of absence from work and labour 
turnover, as well as the most effective means of 
providing financial information to employees. In 
view of the considerable changes—economic, tech- 
nological and social—which have marked the post- 
war period, a study group has been formed to 
examine the new conditions and other mplications in 
personnel management thought and practice. 


Living Conditions and Health 


Is 1951, a preparatory international conference of 
doctors discussed the possibility of an international 
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exchange of facts and opinions on the effects of living 
conditions on health, with the result that the World 
Congress of Doctors for the Study of Present-Day 
Living Conditions was established and held an inter- 
national conference in Vienna in May 1953. A report 
of this conference, by Dr. Alice Stewart (Oxford), 
appears in the first issue of Health and Living Con- 
ditions (Vienna 1, Wollzeile, 29/3: English edition 
available from Dr. A. Ryle, The Caversham Centre, 
London, N.W.5. Annual subscription, 26s.; single 
copies, 6s.). The journal is to be published quarterly, 
in English, Chinese, French, German, Russian and 
Spanish. It 18 edited by Dr. F. Scholl (Austria) 
assisted by an international committee, the British 
representatives on which are Dr. P. D’Arcy Hart, 
Prof. L. Penrose and Dr. Alice Stewart. The articles 
in the first number reveal considerable breadth of 
outlook. There are also reports on various symposia 
and conferences. 


The Gower Peninsula 


Mr. Duncan Sanpys, Minister of Housing and 
Local Government, has confirmed an Order estab- 
lishing the Gower Peninsula, Glamorgan, as an area 
of outstanding natural beauty. In this area, which 
is the first of its kind under the National Parks and 
Access to the Countryside Act, 1949. the local 
planning authorities have the special. responsibility 
of preserving and enhancing the natural beauty of 
the landscape for the enjoyment of this and future 
generations. The designated area, which is partly in 
the county of Glamorgan and parily in Swansea 
county borough, is known far beyond the boundaries 
of Wales for its beautiful coastline, its rocky lime- 
stone cliffs, sandy bays and coves, and for its 
delightful wooded ravines stretching inland. It is 
particularly important from the recreational point of 
view, because it is so close to Swansea and other 
industrial areas of South Wales, for the population of 
which it has long been a natural playground with its 
attractive coastline and inland’ walks, and facilities 
for boating, bathing and fishing. The designation 
does not automatically provide any additional free- 
dom of access to private land. 


Marginal Grazing Land in Britain 


THE area of land used for hill and upland grazing 
in Great Britain is 14 million acres, or 31 per cent of 
all agricultural land ın the country. The value of 
this marginal land is a much debated question, and 
in Report No. 3 in the series ‘Studies in Rural Land 
Use”, B. R. Davidson and G. P. Wibberley have 
attempted to sort out the broad facts and put the 
discussion on @ more rational basis (“The Agricultural 
Significance of the Hills”. Pp. iv+63. The Secretary, 
Wye College, Ashford, Kent, 1956. 5s. net). The 
important contribution made by hill sheep and wool 
to the ‘national home supply is abundantly clear. 
The breeding flock of about 4-5 million head provides 
a flow of some 2-5-3 million sheep to the lowlands 
and accounts for one-third to one-half of the sheep 
slaughtered annually in Britain. It also provides 
about one-third of the yearly value of the home- 
produced wool clip. In contrast, the contribution 
in cattle and beef is small, amounting to.only 5-7 per 
cent of the United Kingdom production of cattle for 
slaughter. The quantity of milk produced, however, 
though only 3 per cent of the total national 
milk sales, is of considerable monetary value, par- 
ticularly to the small upland farmer. As regards the 
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vexed questions of subsidies and economics, it appears 
that under the existing system hill farming is less 
efficient then its lowland counterpart, but there is 
no evidence that more is being paid to support 
agriculture in the uplands. Some confusion seems to 
exist regarding the purpose of the Government sub- 
sidy, whether the money is intended to be apportioned 
on a basis of efficiency, the amount and value of 
production or ss a means of equalizing net farm 
incomes. From the present report, it appears that 
only under the first set of conditions is its object 
being achieved. 


Cultlvation and Purification of Shellfish 

Two current publications from the Ministry of 
Agriculture, Fisheries and Food incorporate the 
results of recent researches on shellfish at the 
Ministry’s laboratories at Burnham-on-Crouch and 
Conway. Dr. H. A. Cole’s manual on “Oyster Culti- 
vation in Britain” (pp. 45+23 plates. London : H.M. 
Stationery Office, 1956. ös. net) is primarily intended 
for those contemplating oyster-farming, but could be 
read with advantage by all concerned with the 
industry. The first parts describe the areas suitable 
for oyster cultivation, pollution problems and the 
legal aspects. There is then a section on work 
throughout the season, including relaying, collection 
of spat, control of pests, and marketing, while other 
sections deal with making and reclaiming beds and 
the purchase of oysters for relaying. Many potential 
oyster-beds in Britain are being neglected; it is 
hoped that, this booklet will provide a stimulus to the 
industry. 

It is well known that mussels and other shellfish 
can be freed from sewage pollution by making use of 
the animals’ own feeding methods to remove harmful 
bacteria. Until now, such treatment has involved 
large-scale processing and a permanent staff, and it 
is gratifying to learn that Mr. N. Reynolds has 
devised a simplified system of purification that can 
be operated by the fishermen themselves (Ministry of 
Agriculture, Fisheries and Food, Fish. Invest., Ser. 2, 
20, No. 8. London: H.M. Stationery Office, 1956 ; 
5s. net). The washed mussels are given three 24-hr. 
baths in shallow tanks of sea-water filled on the 
incoming tide, hosed and packed in clean sacks. The 
bacteriological results have been comparable to those 
of the more expensive method. 


Viruses In Wild Plants 


Tue mformation available on the general dis- 
tribution and frequency pattern of viruses m weeds 
and wild species, some of which may become im- 
portant in crop pathology, is still very scanty. In a 
study of virus in wild plants, W. D. MacClement and 
M. G. Richards (Canadian J. Bot., 34, 5, 793; 1956) 
have found that there are very few species which are 
free from possible virus infection. In comparison 
with this, most flowering plants growing under the 
surface of open water show a low but significant 
amount of virus. The indicated level of virus mfection 
varies throughout each summer and from one summer 
to the next, but is often surprisingly high. The total 
annual infection under the conditions employed was 
approximately 10 per cent of the sample population, 
The amount of infection in all plants varies with 
species and location from 0 to 50 per cent. Total 
virus infection appears to be related to the growth- 
rates of plants. The types of virus included several 
common to commercial crop plants, many unidentified 
mixtures, and some.distinctly new viruses. 
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Japanese Forestry Research 


In Report No. 3 of the Government Forest Experi- 
ment Station (Meguro, Tokyo, 1953) the forest soil 
survey of an area in the Amaji Mountain Range was 
dealt with (see Nature, 175, 672; 1955), and now 
Reports 6 and 7 2ontinue those soil surveys, both 
with an extra brochure of beautifully executed soil 


- maps (Tokyo, 195€). The unit dealt with in Report 


No. 6 is situated in the north-western part of the 
Gifu Prefecture in Central Honshu, and the investi- 
gations carried ous are on the same lines of Keport 
No. 3. In Report No. 7 each of the seven manage- 
ment units in ths basin of the River Yoneshiro, 
Akita Prefecture, were surveyed, and the relationship 
between the soil properties and forest growth is 
discussed. The arsa is mostly hilly. Tertiary green 
tuff, sandstone, shale and conglomerate occupy 
65 per cent of tha area, and liparite, andesite and 
granite the rest. Annual mean temperature, pre- 
cipitation, humidisy and prevailing wind direction 
received attention. Recommendations are made on 
the regeneration of the forests either by artificial 
means, spruce bzing considered, or by natural 
regeneration where possible. The Japanese Forest 
Service has been vary thorough in these valuable soil 
surveys, which are so essential when large areas are 
either to be afforested or rehabilitated after destruc- 
tive utilization. The maps which accompany the 
reports are of high artistic value. 


An Inexpensive Vacuum Pump 


In. the Musewmz Journal, November 1956, Mr. E. 
Martin Burgess, .of the Department of Egyptology. 
University College, London, describes a method for 
constructing a cheap and simple pump for evacuating 
impregnating chambers in remote places where there 
is no source of power. Recently, it was proposed 
that the Nimrud ivories should be impregnated with 
polyvinyl acetate in vacuum jars at Nimrud rather 
than bring them back to England for the operation, 
for however caretully such objects were packed, 
damage in transit would be almost certain to occur, 
Naturally, no water vacuum pump could be used at, 
Nimrud. It was therefore necessary to devise a cheap, 
simple, light-weigat pump which could be made 
easily. This was accomplished by adapting a car-tyre 
pump to operate in reverse, replacing the inner tube 
valve on the car wheel by a one-way valve open only 
on the suction stroke. Working details with diagrams 
are given in the paper quoted, and the apparatus 
would doubtless be useful m many instances where a 
water supply of sufficient pressure is not available. 


Direction of Seismological Fault Movement in New 
Zealand 


THE question o7 the direction of fault movement 
in New Zealand has been considered by G. A. Eiby 
from an examination of the direction of the initial 
movement on seismograms from Karapiro, Welling- 
ton, Cobb River and Kaimata (Seism. Obs. Bull., 
No, S-101; 1955). The method used is largely that 
developed by B. Gutenberg in southern California 
(Bull. Seism. Soc. Amer., 31 (4), 263; 1941). In 
this method earthquakes are considered as a group 
when the faults in the region have a reasonably 
uniform alignment. Most of the active faults in New 
Zealand strike north-east. Maps have therefore been 
drawn for each of the four seismological stations 
mentioned above, and each shows the epicentres of 
all well-recorded earthquakes between July 1, 1951, 
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and June 30, 1952, together with the direction of 
initial earthquake movement. A dotted line on each 
map is drawn perpendicular to the direction ın which 
the sesmograph 1s orientated, and two full lines are 
also drawn on each diagram perpendicular to each 
other through the station to show the boundaries 
between the regions of compression and dilatation as 
indicated by the initial movement on the seismo- 
gram. ‘Ihe general fault trend is parallel to one of 
these latter two lmes. Geological evidence favours 
a north-east strike. According to this evidence, the 
western side of the faults must in general move 
north-eastwards relative to the eastern side. It is 
now proposed to examine a considerably larger series 
of records and to attempt to distinguish the. finer 
details of the regional pattern. 


Extragalactic Studies in the Southern Hemisphere 


In an article on ‘‘Extragalactic Studies in the 
Southern Hemisphere” (Occasional Notes Roy. Astro. 
Soc., No. 18; 1956), G. de Vaucouleurs refers at the 
beginning to the unbalance between our knowledge 
of the northern and of the southern sky, which is 
more serious im the field of extragalactic studies than 
in any other branch of astronomy. He then con- 
tinues with a short history of extragalactic studies in 
the southern hemisphere, starting with Halley’s 
expedition to St. Helena in 1679, though none of 
Halley's objects was actually extragalactic, and the 
eredit for first observing these must be given to 
N. L. de La Caille during his expedition to the Cape 
in 1751-52. An account follows of J. Herschel’s first 
systematic survey and of subsequent work by others, 
early photographic exploration, and reflector surveys 
of bright galaxies—with two tables, one giving details 
regarding the twelve brightest galaxies irrespective 
of hemisphere, and the other supplying similar 
details of twenty bright southern galaxies lying in 
declination between — 11° 21’ and .— 66° 40’. As 
the Harvard ‘‘Survey of Bright Galaxies” is still the 
only source of magnitude for southern objects, there 
is urgent need for a photometric survey by modern 
photographic or photoelectric methods of the Shap- 
ley—-Ames galaxies in the south to supplement the 
corresponding work by Stebbins and Whitford and 
others for northern objects. It is planned to obtain 
such observations at Mount Stromlo for the objects 
south of dec. — 35°, already covered by the pro- 
gramme of direct photography with the Reynolds 
reflector. There is also need for further work on the 
luminosity distribution in the largest southern 
galaxies ; and as the plates of the Reynolds survey 
are photometrically standardized, they provide ample 
material for ‘such studies, especially for the larger 
galaxies. Under the headmg of isophotometry, it 1s 
pointed out in the article that, while a beginning in 
this work was recently made in the northern hemi- 
sphere with the help of automatic recording isophoto- 
meters, there is none in service in the southern 
hemisphere. The latest model of Siedentopf’s iris 
diaphragm photometer with ‘magic eye’ indicator has 
been found to be well adapted to the nearly con- 
tinuous tracing of isophotes on photographs of 
nebuke by manual operation; but it gives a satis- 
factory sensitivity only in the bright central regions 
of the nebule where the gradient of the photographic 
density is large and the effect of-the granulation of 
the image is small compared with the variations 
due to nebular details. For this and other 
reasons, ordinary recordings or discrete readings are 
necessary. 
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Higher Technological Education 


In an address on higher technological education 
given to the North of England Education Conference 
at Liverpool on January 3, Mr. A. A. Part, head of 
the Further Education Branch, Ministry of Hiduca- 
tion, said that State scholarship figures showed that, 
so far as men are concerned, science 1s now getting a 
reasonable proportion of the best brains and that 
the position in engineering is not discouraging, but 
there 13 much to be done before the schools could 
supply enough good students to enable the univer- 
srties and technical colleges to meet ther 1970 com- 
muitments in science and engmeering. The technical 
college part-time course leading typically to the 
Ordinary and Higher National Certincates, which at 
present accounts for about half the annual output of 
5,000 engmeers, was likely even in 1970 to supply a 
significant proportion of technologists ; but it 18 by 
the full-time or sandwich course at a technical college 
that the White Paper policy will stand or fall. At 
least 5,000 technologists should come by this route 
by 1970, in place of less than 1,000 at present. The 
designation ef Chelsea Polytechnic and the Lough- 
borough College of Technology brings the number of 
colleges of advanced technology to five, and since 
the White Paper was published a 75 per cent grant 
has been promised to the Faculty of Engineering, 
Bristol. As regards the building programme, £17 
million worth is now under construction and pro- 
grammes for the next three years totalling more than 
£40 million have been approved. The Preston 
Education Authority and the governors of the Harris 
Institute have agreed that the Development Group 
of the Ministry should design, in co-operation with 
them, the £500,000 extensions to the Institute which 
are due to be started early in 1958. The planning 
work is now in hand and the benefit of any 
researches or developments emerging from the pro- 
ject would be made generally available. Mr. Part 
believed that the technical colleges would provide 
more opportunities for educational pioneermg than 
any other part of the educational system,- but he 
stressed the need for closer co-operation with industry. 


Report of the National Central Library 


Tae fortieth annual report of the Executive Com- 
mittee of the National Central Library, covering the 
year ended February 29, 1956, records a marked 
decrease both in applications and in issues of books 
and periodicals. Apphecations totalled 92,688, com- 
pared with 97,269 in 1954-55, and of these 70-67 per 
cent were dealt with successfully. Issues of separate 
volumes from or through the Library totalled 93,708, 
compared with 100,159 in 1954-55, and of these 
16,890 were to university libraries, 15,723 to county 
libraries, 14,264 to adult classes, 10,382 to special 
outlier libraries, 5,275 to government departments, 
4,476 to industrial and research organizations and 
3,305 to overseas libraries. There are now 255 outlier 
libraries and the number of volumes lent by these 
libraries also fell from 21,256 in 1954—55 to 18,845. 
University libraries lent 26,466 books compared with 
25,291 in the previous year and received 15,091 
books from or through the agency of the Library, 
compared with 17,434 in 1954-55. The number of 
international loans continued to increase: _ 2,650 
volumes were lent abroad by British libraries and 
1,468 were borrowed on behalf of British, libraries 
compared with 2,624 and 1,270, respectively, in the 
previous year, Western Germany remaining the 
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largest borrower (502), followed by Czechoslovakia 
(384) and Hungary (270). France (462), Western 
Germany (309) and Eastern Germany (158) were the 
largest lenders. The special committee formed by 
the Conference convened to inquire into book pro- 
visions for adult classes completed its investigations, 
and considerable progress has been made by the 
Implementation Committee considering methods of 
giving effect to the recommendations on library 
co-operation published in 1954. From January 1, 
1958, the National Union Catalogue will cease to 
record British books included in the British National 
Bibliography, and it is hoped that the regional library 
systems will then be self-sufficient so far as the 
current material recorded in the Bibliography is 
concerned. Strong support was given to a recom- 
mendation for more liberal interlending .of books 
from the reference departments of public libraries. 
Work continued on the Union Catalogue of Russian 
Books and Periodicals, and pressure on the British 
National Book Centre decreased. “ 


Agricultural Scholarships 


Tse Ministry of Agriculture, Fisheries and Food 
is offering a number of scholarships for courses in an 
agricultural or allied subject, including veterinary 
science, at university departments of: agriculture, 
agricultural colleges and farm institutes. The 
scholarships are open to the sons and daughters of 
agricultural workmen and to persons who are them- 
selves bona fide workers in agriculture. Application 
forms, together with full details, may be obtained 
from the Secretary, Ministry of Agriculture, Fisheries 
and Food, Great Westminster House, Horseferry 
Road, London, 8.W.1, or from education offices of 
county councils. The closing date for the receipt of 
completed applications is February 28. Selection is 
by interview, no written examination being held ; 
but candidates must be able to satisfy the selection 
committee that they will benefit by a course of 
instruction and that they intend to follow an agri- 
cultural pursuit on completion of their training. 


The Night Sky in February 


FULL moon occurs on Feb. 14d. 16h. 38m. V.T. ; 
new moon does not occur during the month, The 
followmg conjunctions with the Moon take place: 
Feb. 6d. 23h., Mars 0:8° S. ; Feb. 17d. 03h., Jupiter 
6° N.; Feb. 22d. 09h., Saturn 0-0° N. Mercury is 
visible low in the south-east just before sunrise at 
the beginning of the month, but conditions are not 
favourable for observation. Venus is too close to the 
Sun for observation. Mars sets at Oh. 20m., Oh. 15m. 
and Oh. 10m. on February 1, 15 and 28, respectively ; 
its stellar magnitude decreases during the month 
from +0-9 to +1-2 and its distance from the Earth 
increases from 124 to 149 million ‘miles. Mars is 
moving eastwards in Aries, being near 8 Arietis at 
the end of the month. Jupiter rises at 21h. 20m., 
20h. 20m. and 19h. 25m. at the beginning, middle 
and end of the month, respectively, and is visible 
during the remainder of the night; its stellar 
magnitude is —2-0, its distance in the middle of the 
month is about 428 million miles. Jupiter is in Virgo, 
moving westwards among the stars. Saturn rises at 
3h. 60m., 3h. 00m. and 2h. 10m. on February 1, 15 
and 28, respectively ; 1ts stellar magnitude is +0-7, 
and it is moving eastwards in Ophiuchus. Its distance 
from the Earth on February 15 is 955 million miles. 
Occultations of stars brighter than magnitude 6 are 
as follows, observations being made at Greenwich: 
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Feb. 4d. 20h. 49-3m., 51 Psc. (D); Feb. 10d. 19h. 
51-5m., y! Ori. (D); Feb. lld. Gh. 34-4m., 64 Ori. 
(D). An occultation of Mars occurs on Feb. 6d. 23h. 
51-6m. (D); reappearance will be difficult to observe 
at Greenwich owmng to the low altitude of Mars. 
(D) refers to disappearance. 


Announcements 

_Dr. D. W. Keanarp, of the University of Cam- 
bridge, has been appointed Stothert Research Fellow 
by the Council of the Royal Society. Dr. Kennard 
will carry out research at the Physiological Labor- 
atory, Cambridge, on the reflex activity of the spinal 
cord. 


Dr. J. T. Hayrs, of the University of Birmingham, 
has been appoinsed Head Research Fellow from 
October 1 by the Head Bequest Committee of the 
Royal Society. Er. Eayrs will carry out research at 

* the Department of Anatomy, University of Birming- 
ham, on mechaniem in neural integration. 


Pror. H. G. Woop, formerly professor of theology 
in the Universit} of Birmingham, will deliver the 
Eddington Memorial Lecture for 1957 in the Arts 
School Lecture Theatre, Cambridge, on February 19. 
The title of the Lecture is “Thought, Life and Time”. 


Recznt developments in hydraulic controls and 
drives will be reviewed at a conforence ar.anged by 
the British Iron and Steel Research Association, to 
be held during March 26-28 at Ashorne Hill, near 
Leamington, Spa. The chairman will be Mr. W. M. 
Larke, of Stewarts and Lloyds, Ltd. Further details 
can be obtained fom the Technical Secretary, Plant 
Engineering Divis_on, British lron and Steel Research 
Association Laboratories, 140 Battersea Park Road, 
8.W.11.- 


A CONFERENCE, open to all mterested scientists, 
will be held at tke time of the fifth annual meeting 
of the editorial board of the Journal of Embryology 
and Hxperimentai Morphology during April 10-13. 
The conference vill be held in the Department of 
Anatomy, Univecsity of Cambridge, and in the 
Strangeways Research Laboratory. Further informa- 
tion can be obtaired from Dr. D. R. Newth, Depart- 
ment of Zoology, University College, Gower Street, 
London, W.C.1. 


Tux International Symposium on Macromolecular 
Chemistry, arranged under the auspices of the Inter- 
national Union o? Pure and Applied Chemistry and 
the Czechoslovak Chemical Society, will be held in 
Prague during September 9-15, Prof. O. Wichterle 
is chairman of tha organizing committee. The main 
topics proposed for the symposium are (a) physics 
and physical ckemistry of macromolecular sub- 
stances, and (b) polyreactions ; further subdivisions 
will be considered. Provisional application forms can 
be obtained from the Symposium Organizing Com- 
mittee, 5 Technieké, Prague 6, and they must be 
returned before the end of February. Further 
information can bə obtained from Dr. J. C. Bevington, 
Chemistry Department, The University, Birming- 
ham 16. 


In Nature of January 12, p. 77, reference was made 
to the appointment of Mr. H. F. Tremlett as deputy 
director of the Br-tish Welding Research Association. 
His present post was wrongly given; he is head of 
the Welding Research Section of the Research and 
Development Department of the United Steel Com- 
panies, Ltd., at Eotherham.. 
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THE COMMONWEALTH FUND 
REPORT FOR 1955-56 


HE thirty-eighth annual report of the Common- 

wealth Fund, for the year ending June 30, 1956, 
again stresses its appropriation to the universities to 
assist them in strengthening and improving their 
programmes of medical education. Of total appro- 
priations of 15,140,154.82 dollars, 12,600,000 dollars 
was in unrestricted grants to nineteen universities 
for this purpose, and the report reviews ın some 
detail the Fund’s efforts to assist the medical schools 
of the United States during the past ten years. Of 
its total appropriations of about 40 million dollars, 
51 per cent has been for medical education, mainly to 
some forty universities and medical schools, while 
medical research, experimental health services and 
advanced fellowships carried on in universities and 
by various types of organizations account for another 
37 per cent of the total. The principle of giving 
unrestricted grants to universities for medical 
education emphasizes the Fund’s conviction that 
medical education occupies a position of critical 
significance to the future of medicine, that its needs 
are urgent and the opportunities presented of excep- 
tional promise, and this section of the report dis- 
cusses with insight some of the basic problems 
presented by medical education and especially the 
fundamental questions whether medical education 
should continue to be a university function and the 
objectives of a university that require it to have a 
medical school. 

Besides this new policy of granting unrestricted 
funds to universities for this purpose, grants totalling 
659,723 dollars were made for nine specific projects 
or programmes in this field, of which six were new. 
The University of Vermont College of Medicine 
received a grant to enable the Department of Pre- 
ventive Medicine to offer active leadership in the 
planning and organization of community health and 
medical facilities, A grant to the University of 
Virginia School of Medicine was to provide a pro- 
gramme for more effective care of ambulant patients 
and to assist students in the first year of study to 
learn something of the circumstances in which 
patients came to medicine for help. Baylor University 
College of Medicine received a grant for the purchase 
of television equipment to be used in teaching 
physiology and the State University of New York 
College of Medicine at Syracuse one for training 
pediatric educators which will facilitate a planned 
programme of post-resident experience. 

. In medical research, which received 717,546.60 
dollars, the Fund has sought to concentrate its efforts 
in three areas likely to contribute new knowledge 
and increased understanding of man as a total 
organism. Of twenty-five programmes conducted 
during the year with Fund assistance in seventeen 
university medical schools, teaching hospitals or 
research laboratories, ten centred on the long-term 
relationships between chronic disease and social 
environment, the multiple social, emotional and 
physical factors which influence growth and the 
development of personality and pertinent neuro- 
psychiatric problems; eight explored the com- 
plexities of the body’s integrative mechanisms—the 
neurological and the endocrine systems and par- 
ticularly their reaction under stress; and the 
remaining seven were concerned with basic physio- 


logical phenomena, particularly cellular phenomena. 
To the conventional method of project support the 
Fund has added the policy of fluid subsidies in modest 
amounts to enable individuals or departments of 
recognized distinction and competence to follow in 
any direction promising leads uncovered in their 
current research and develop them to a level where 
they can command project support on their own. 
One such award made during the year was to Prof. 
T. Puck, of the Department of Biophysics, University 
of Colorado School of Medicine, who has recently 
developed a unique plating method which makes 
possible the growing of whole colonies of cells from 
almost every cell. 

Twenty-three fellowships were awarded. during the 
yea: for advanced training, study and experience in 
medicine and closely allied fields, totalling 383,310 
dollars, and the Fund this year inaugurated a new 
programme of special awards in support of creative 
work, designed for men. of proved scholarly or scientific 
productivity in the health or medical sciences. The 
two awards during 1956 under this programme were 
to Dr. Florence Powdermaker, to complete, in col- 
laboration with Dr. Z. De Fries, research for a 
monograph on a hitherto undescribed type of char- 
acter disorder, and to Dr. Clayton Loosli, professor 
of preventive medicine, University of Chicago, to 
analyse original data collected on the structure of 
mammalian lung tissue and on the origin and develop- 
ment of bacterial blood infection. 

Block grants were made to educational and pro- 
fessional institutions for the education of nurses at 
the master and doctorate levels, and in the programme 
of international fellowships, for which 712,915 dollars 
were allotted, 46 Commonwealth Fellows were 
selected to spend a year of study and travel in the 
United Stater in 1956-57. These included four Home, 
five Dominion and two Oversea Civil Service Fellow- 
ships, and in addition second-year extensions to 
complete their studies were granted to fourteen of 
the forty-five Fellows currently in residence. 


THE BRITISH COUNCIL 
REPORT FOR 1955-56 


HE annual report of the British Council for 
1955-56 (pp. vi+94+6 plates. London, 1956) 
takes the form of a general survey of the year’s 


_ work, with some impressions of the Council at work 


by its chairman, Sir David Kelly, and an article on 
the teaching of English overseas, together with the 
usual appendixes such as lists of officers and com- 
mittees, analysis of expenditure, statistics of univer- 
sity interchange, overseas visitors, courses and 
lecture tours, etc. More than half the literate 
population of the world speak English as a first or 
second language or use English as an indispensable 
instrument for vocational purposes, or are studying 
the language. In recent years about half the world’s 
output of scientific literature has been published in 
English. Nevertheless, English will not ‘become 
established as a world language without serious and 
systematic encouragement, and the special article 
describes the steps which the British Council is taking, 
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within its limited means, to meet the demand for 
qualified teachers and suitable teaching material. 
This cludes direct teaching in twenty-five centres 
and institutes throughout the world, but mainly in 
southern Europe and the Middle East, with an 
aggregate of nearly 20,000 pupils ; co-operation with 
educational authorities overseas, in training and 
advising teachers and in the preparation of syllabuses 
and text-books as well as seconding of officers for 
teaching duties ; assistance to non-official institutions 
engaged in organized teaching of English ; assistance 
in broadeasting English lessons; provision of facilities 
for overseas teachers to study in the United King- 
dom; and the publication of periodicals devoted to 
the problems of the teacher of Enghsh. Of the 
eighteen full-time university posts subsidized by the 
Council at March 31, 1956, in Burma, Germany, 
Greece, Indonesia, Japan, Lebanon, Thailand and 
Turkey, all except one (the visiting professor of 
English literature at the American University of 
Beirut) were in English. 

Travel grants for study visits to the United King- 
dom were made during the year to three university 
teachers or postgraduate research workers from 
Canada, nineteen from Australia, four from New 
Zealand, eight from South Africa, eleven from India, 
and three from Pakistan, while three grants were 
made for similar visits from the United. Kingdom to 
Canada, two to Australia, three to South Africa 
and one each to New Zealand, Malaya and the 
West Indies. Visits from British universities to 
universities in 13 European countries during the 
academic year 1954-55 totalled 52, and United 
Kingdom universities received 55 visits from univer- 
sities in these countries. Of the 4,472 overseas 
visitors to the United Kingdom during the year 
under the auspices of the British Council, 1,194 were 
concerned with education, 1,005 with social science, 
874 with science and 817 with medicine, while 5,038 
students were met on arrival, of whom 4,655 were 
from British Colonial territories and 120 from 
Commonwealth countries. Of these, 373 were pro- 
vided with permanent accommodation in British 
Council hostels, 1,242 with transit accommodation in 
such hostels on arrival and 1,611 with temporary 
hostel accommodation while on study or recreation 
visits. Of the lecture tours and advisory visits over- 
seas arranged by the Council, 33 per cent were in 
science, medicine, agriculture and engineering, and 
26 per cent in education, sociology, philosophy and 
law. 

Related to the teaching of Enghsh overseas is the 
support given by the Council overseas’ to British 
schools and schools run on British lines, and there is 
a keen demand for places in schools of this kind in 
many parts of the world. The Council is co-operating 
with the Iraq Government in establishng a new 
secondary school in Iraq on a site to be provided by 
the Iraq Government and is co-operating with the 
Libyan Government in establishing a new school in 
Libya. An extensive tour of schools in India run on 
the lines of British public schools was arranged early 
in 1956, and the Council is also in close touch with 
similar schools in Pakistan. In student welfare a 
main difficulty has been in securing suitable premises 
to replace the present inadequate Overseas Student 
Centre in Hanover Street. A notable event was the 
conference at Cambridge in July 1955, attended by 
98 university rectors and other delegates from all the 
Western European Union countries, together with 16 
rectors and representatives of other Council of Europe 
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countries which discussed specialization and general 
culture; the autonomy and independence of univer- 
sities; the selection, training and welfare of students; _ 
and the universisy and the community. In science 
the Council gives the highest priority to fostermg 
closer contacts between. overseas specialists and their 
opposite numbere in Britain. During the year, 55 per 
cent.of the Council Scholars, 64 per cent of the 
United Nations Fellows, and more than half the 
visits organized under the Foreign and Common- 
wealth University Interchange Scholars were con- 
cerned with scientific subjects. An advanced course 
on radioactive isotopes in the University of Con- 
cepcion, Chile, was organized jointly by the Council 
and the Board cf Trade. 

Much of the Council’s overseas expenditure is 
financed from its own earnings ın local currency, and 
over the past two financial years only about one- 
third of its net Government grants was spent over- 
seas. Of this £956,000, between one-third and one-half 
was spent in the sterling area. Against this has to 
be set certain invisible exports such as direct earnings 
in foreign curreacy from United Nations Fellows, 
Colombo Plan trainees, donations for special purposes 
and indirect earrings in foreign currency, such as the 
£300,000 or mare spent privately in the United 
Kingdom by students, Council visitors, ete. 

Sır David Kelly’s impressions add to the popular 
appeal of the recort and should help to remove some 
long-standing prejudices and misundérstandings. Sir 
David points to & restoration of confidence and the 
resumption of permanent recruitment which has been 
suspended since 1949, but he stresses the inadequacy 
of the Council’s zesources for coping with the oppor- 
tunities offered to it, especially in European countries. 


ELECTROCHEMISTRY AND 
ELECTROLYTIC SOLUTIONS 


HE Physical and Inorganic Group of the Vic- 

torian Branch of the Royal Australian Chemical 
Institute held & three-day discussion meeting on 
“Electrochemistry and Electrolytic Solutions” during 
August 6-8, 1958, in the Chemistry Department of 
the University of Melbourne. The discussion was 
attended by one hundred and fifteen persons. 

The meeting vas opened by Prof. R. H. Stokes 
(University of Naw England, Armidale) with a paper 
on “Electrolyte Solutions”. The remainder of the day 
was devoted to research contributions. The first, by 
Prof. R. A. Robinson (University of Malaya) and 
Prof. R. H. Stokes (University of New England, 
Armidale), dealt with “The Role of Viscosity in Con- 
ductance and Diffusion of Concentrated Electro- 
lytes”. While is is clear that the viscosity is pre- 
dominant in detarmining conductance and diffusion, 
and the current theoretical expressions of Onsager 
and Falkenhagen require an additional term which 
must approximase to the first power of the viscosity, 
it is not clear what the exact viscosity function is. 
On the experimental side, a description was given of 
Prof. Stokes’s apparatus for measuring transport 
numbers, in wh:ch the solutions are analysed con- 
ductometrically both before and after the run. The 
ratio of the concuctance of any salt in water to that 
of the same sals in a solvent of different viscosity 
(for example, 10 per cent sucrose, 10 per cent glucose, 
10 per cent mannose in water) is almost independent 
of the electrolyte, but it is not equal to the inverse 
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ratio of the corresponding viscosities. This confirms 
that the first power of the viscosity is not that which 
determines the experimental properties. The next 
paper,- by Mr. L. A. Woolf (University of New 
England, Armidale), on “Tracer Diffusion of Iodide 
Ion in Concentrated Chloride Solutions”, dealt with 
the diffusion-rate of 10 per cent iodide ion in potas- 
sium chloride. This was measured in a porous glass 
diaphragm cell, the iodide ions bemg titrated 
potentiometrically with silver—silver iodide elec- 
rodes, Good agreement was found with the results 
obtained by the capillary cell method, discussed by 
Dr. R. Mills (Australian National University, Can- 
berra), m his paper ‘Diffusion Studies in Dilute 
Solutions’. Dr. Mills considered the relative merits 
of the three different methods of meusuring diffusion 
rates with radioactive tracers: (a) open-ended 
capillaries, (b) diaphragm cells, (c) capillary cells. Of 
these, open-ended capillaries seem to be best but 
lead to steadily falling diffusion coefficients. The 
study of the diffusion rate of sodium ion m sodium 
chloride gives a curve different in shape from that of 


Wang but still showmg a shallow maximum with_ 


concentration. The difficulties of testing the 
theoretical expression for limiting diffusion so- 
efficient of single ions at low concentration were 
discussed. A new apparatus was described for 
studying diffusion-rates at these low concentrations 
with continuous monitoring of the activity left in 
the capillary. i 

Prof. Robinson delivered a paper on “Mixed 
Electrolytes”, in which he applied Glueckauf’s 
volume statistics to derive an equation of the Harned 
type for mixed electrolytes. It emerges that «,, and 
@%,, can be expressed as functions of parameters 
which depend only on those for pure electrolytes. 
This enables the properties of a mixed solution to be 
calculated approximately from the known properties 
of the constituents. A paper by Dr. H. A. C. McKay 
(Atomic Energy Research Establishment, Harwell) 
on “The Activity Coefficients of Nitric Acid, a Par- 
tially Ionized 1:1 Electrolyte’ was read by Prof. 
Stokes. Dr. McKay pointed out that the activity 
coefficients of nitric acid m water appear to be 
anomalous when compared with those of strong 
electrolytes. Nitric acid solutions were treated tem- 
porarily as ternary systems containing water, ionized, 
and un-ionized nitric acid, and cross-differentiation 
relations were used for relating the experimental 
activity coefficients to the activity coefficients of the 
hypothetical, fully ionized nitric acid. The latter 
were then calculated with the help of spectrophoto- 
metric data, and were shown to lie on a curve similar 
to those of strong electrolytes. 

Dr. M. Spiro (University of Melbourne) discussed 
“Transference Numbers of Weak Electrolytes’. For 
iodic acid, the dissociation constant of which is 0-167 
at 25° C., the problems of measurement include the 
choice of a suitable non-gassing electrode and of 
appropriate indicator electrolytes. Boundaries for 
the HIO,/KIO, system behave normally, but the 
velocities of HIO,/H,;PO, boundaries, although 
independent of the H,PO, concentration, increase 
with increasing current. This current variation was 
studied in detail. Iodic acid obeys the Debye- 
Hickel—Onsager theory as well as do strong electro- 
lytes when the ionic strengths are used in place of 
the concentrations. ‘The Theory and Properties of 
Polyelectrolytes” were discussed by Prof. D. O. 
Jordan (University of Adelaide), with particular 
attention to electrostatic potential, colligative prop- 
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erties, and properties dependent on the shape of the 
polyion. The dissociation constant of a polymeric 
acid changes with the degree of ionization. The 
relation between pK and pH is complicated and 
involves the free energy change occurring when the 
charge on a polyacid is changed. This is equivalent 
to evaluating the surface potential of the polyacd. 
The second section dealt with ‘Electrode Pro- 
cesses.’, and was opened by a review paper from Dr. B. 
Breyer (University of Sydney). The fine structure of 
the double layer, particularly that pictured by 
Grahame for a mercury surface, was discussed. The 
first research contribution in this session was on the 
“Criteria of Electro-reversibility”’, by Dr. S. Hacobian 
(University of Sydney), who dealt with general 
aspects of reversibility from the thermodynamic and 
kmetic pomts of view. Particular distinction was 
drawn between the reversibility of electrochemical 
reactions and the reversibility of the electrode 
process. The term ‘reversibility’ of electrode process 
is losing its original thermodynamic significance since 
it frequently refers to a particular set of experimental 
conditions. Mr. D. J. Casimer next delivered a paper 
on “Hydrogen Discharge Catalysis by Organic 
Heterocycles”, with Dr. L. E. Lyons and Mr. A. J. 
Harle (University of Sydney) as co-authors. By 
studying the effects of quimoline derivatives, the 
mechanism of hydrogen discharge can be investigated. 
The catalytic effect of reduced quinolinium ion 
depends on the concentration and the pH, but is 
independent of the area of the dropping electrode, 
and disappears at large negative potentials. The 
results may be explained in terms of adsorption of 
the catalyst on the mercury surface. At negative 
potentials the catalyst is desorbed and the wave 
disappears. The adsorbed catalyst is protonated by 
reaction with the buffer, with production of hydrogen. 
Dr. 8. Hacobian read the paper by Dr. H. H. Bauer 
(University of Sydney) on “Electrode Processes in 
Organic Polarography’. Organic substances are 
adsorbed at the electrode even when the d.c. polaro- 
grams provide no indication of such adsorption. 
Thus a.c. polarography or a similar technique is 
imperative if the full mechanism of the reduction of 
an organic compound is to be elucidated. 
“Electrode Potential Studies in Passivity” was the 
subject of the contribution by Mr. W. T. Denholm 
(University of Adelaide), He first described the 
electrochemical techniques employed in the study of 
the properties and mode of growth of passive films. 
The results of an investigation of the passive 
behaviour of iron in a variety of buffer solutions free 
from inhibiting anions were presented. The passive 
behaviour of iron approaches that of the noble metals 
most closely when the pH is about 11-5. It is then 
covered with approximately a monolayer of adsorbed 
oxygen. The film grows by discharge of hydroxyl 
ions on to surface atoms which retain their metallic 
lattice sites. Growth does not begin until the 
potential reaches the level at which ferrous ions may 
dissolve. Mr. K. F. Lorking (Aeronautical Research 
Laboratories, Melbourne) followed with a contri- 
bution on “An Experimental Investigation of the 
Double Layer at Working Electrodes”. An electrode 
of large surface area (in comparison with the volume 
of the electrolyte) is used for producing a significant 
change in concentration of ions participating in the 
double layer process. Gold powder is used as an 
electrode as it is a soft metal having a thin oxide 
film. Salts with anions which are not strongly 
adsorbed at mercury surfaces are chosen as electro- 


No. 4552 January 26, 1957 


lytes. Solutions of nitrate, perchlorate and sulphate 
show pH changes as the anode potential is in- 
creased, with variations in the rate of change of 
pH with potential over the potential range corre- 
sponding to oxide formation. These results demon- 
strate the influence of anode potential on the 
distribution of hydrogen and hydroxyl 1ons in the 
electrical double layer. Dr. J. H. Bradbury (Common- 
wealth Scientific and Industrial Research Organiza- 
tion, Wool Textile Research Laboratories, Geelong) 
discussed the “Theory of Dead-stop Titration”. 
Particular attention was directed to the titration of 
Fet with Cett, The current can be shown by 
thermodynamic argument to be dependent on the 
-Fèt concentration, and hence on tjk, the ratio of 
the current between the electrodes to the diffusion 
constant in Fick’s equation. From graphs of ijk, 
against volume of titrant the importance of various 
variables can be assessed. Greater accuracy is ob- 
tained by working at low voltages (about 0-010 V.). 
In addition, accurate titrations between 107+ N 
reagents should be ‘possible provided they form 
reversible redox systems, the standard electrode 
potentials of which differ by more than 0:20 V. The 
final paper in this session, entitled “Direct Current 
Polarography of the Ferrous—Ferric Systems in the 
presence of Alternating Voltages”, was given by Mr. 
G. S. Buchanan (New South Wales University of 
Technology). If an a.c. voltage is superimposed on 
the normal d.c. potential, rectification of the a.c. 
current will occur, depending on whether or not the 
electrode process is reversible. Application of this 
principle to polarography of the ferrous~ferric oxalate 
system was reported in some detail, together with the 
results obtained by adding surface-active substances 
such as cyclohexanol. 

The first paper in the third session, concerned with 
applications of electrochemistry, was delivered by 
Prof. D. O. Jordan and was entitled ‘‘Charge 
Determination in Poly-electrolytes’”. While there 
are a number of possible methods for determining the 
charge on the polyion, only the electrophoretic 
mobility or electrical transport provides information 
which is easily interpreted. The former suffers from 
the disadvantage that the size of the ion is not 
usually sufficiently accurately known. ‘The ionic 

_ charge can be determined by the method of Huizenga, 
Grieger and Wall (J. Amer. Chem. Soc., 72, 2636; 
1950), using sodium-22 as a tracer to measure the 
change in concentration of sodium in the electrode 
compartment of a Huttorf transference cell. The 
charge on the polyion decreases with decreasing 
polyion concentration down to low concentrations 
and then increases. Mr. E. F. Woods (Commonwealth 
Scientific and Industrial Research Organization, 
Wool Textile Research Laboratories, Geelong) fol- 
lowed with a paper entitled ‘The Application of 
Moving Boundary Electrophoresis to the Interaction 
of Proteins with Ions”. Some examples were given 
of the application of the method to the study of 
antigen-antibody and protein-detergent reactions. 
Difficulties in interpreting electrophoretic effects 
were illustrated with reference to electrophoresis of 
proteins in acids containing amino-acid buffers. Dr. 
J. A. Friend (University of Tasmania) next presented 
@ paper in collaboration with Mr. N. K. Roberts on 
“A Polarographic Study of some Wurster Salts”. 
At the dropping mercury electrode, and at a platinum 
micro-electrode, aromatic para-diamines give well- 
defined anodic waves in solution. Solutions of the 
Wiirster salts derived from these give either single 
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waves (entirely cathodic) or double waves with both 
cathodic and anodic components. One electron is 
mvolved in each step. In ‘‘Amperometric Titrations 
of Molybdenum and Arsenic’, Mr. G. H. Aylward 
(New South Wales University of Technology) showed 
that molybdates may be determined in concen- 
trations of about 0-3 mgm. Mo/50 ml. (accuracy 
+ 0-001 mgm.) by titrating with lead nitrate in a 
supporting electrolyte of sodium acetate—potassium 
chloride of pH 3:5. At the potential selected, 
— 0-8 V. versus standard calomel electrode, both 
lead and molybdete ions are reduced. Arsenates are 
not reduced in this solution, though they are reduced 
at pH. 6-0 if the acetate is free from chloride. 

The last afternoon was devoted entirely to indus- 
trial applications. The first paper was on ‘“‘Fused 
Electrolysis”, by Prof. ©. C. R. Spooner (University 
of Adelaide). Lead is extracted from galena at Port 
Pirie by direct electrolysis in molten lead chloride at 
500° ©. usmg bipolar electrodes (Halkyn process). 
The current officiency increases, and the applied 
voltage decreases with increasing concentration of 
lead sulphide, because of the depolarizing reaction of 
Pb + PbS + Pb,8. This process for obtaining lead 
is potentially quite feasible, but much more work is 
needed before it can be regarded as established. Mr. 
A. S. Gill (Electrolytic Zine Co., Ltd., Hobart) fol- 
lowed with ‘Soma Aspects of Hydrogen Cell Oper- 
ation”. In the commercial production of electrolytic 
hydrogen, resistance losses and over-voltages can 
easily account for 50 per cent of the applied voltage. 
The use of a high operating temperature (75° C.), a 
potassium hydroxide electrolyte and iron cathodes 
with low hydroger. over-voltage helps to reduce these 
losses, while nicke!-plated anodes are satisfactory for 
resisting oxidation and solution. Since impurities 
are cumulative, the feed water must be of high 
purity. Zinc, lead and chloride impurities and 
deposition of iror. with puncturing of diaphragms 
are the chief troubles encountered. Dr. A. Walkley 
(Division of Industrial Chemistry, Commonwealth 
Scientific and Irdustrial Research Organization, 
Melbourne) delivezed a paper in collaboration with 
Mr. D. F. A. Koch and Mr. H. R. Skewes entitled 
“Some Problems in the Electro-winning of Copper”. 
Recent methods of roasting copper—iron sulphide 
ores result in calcines containing oxides and sulphates 
of copper and iror so that, when leachates prepared 
from them are eleetrolysed, sulphuric acid builds up 
in the circuit. Solutions containing H+, Fet and 
Cu?+ have thus to be stripped of copper before being 
discarded. The deposition of excessive copper from 
such solutions at an economic current efficiency 
presents many prcblems. The significance of turbu- 
lent and non-turbulent flow in the electrolyte was 
discussed. Small amounts of molybdenum have been 
found to be co-deposited with the copper, causing 
changes in its physical properties. 

A contribution from Dr. C. S. Hocking (1.C.LA.N.2Z. 
Research Laboratories, Melbourne) followed. The 
theory of ion-exchange membranes was applied to 
a number of industrial problems, including water 
purification, caussie soda production, and acid 
recovery from speat liquors. Dr. M. Spiro read the 
last paper, on “Ths Effect of Current Density on the 
Transport of Ions through Ion Selective Membranes’, 
by Dr. T. R. E. Eressman and Mr. F. L. Tye (Per- 
mutit Company, Ltd., Sydney and London) A 
method was described for measuring directly trans- 
port numbers in multicompartment electrodialysis 
cells at current densities and concentration differences 
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similar to those used in practice. At high current 
densities, the ions are transported through ‘Permaplex’ 
0-10 and A-10 membranes faster than they can get 
to the membrane interface. At low current densities 
the transport numbers decrease with decreasing 
current density because concentration diffusion 
partially counteracts the electrical migration. When 
this effect is allowed for, the true transport number 
of the sodium ion in ‘Permaplex’ O-10 in 0-1 N solution 
is found to be 0°98, and its diffusion coefficient 
8-1 x 10-8 cm.?/sec. J. F. DUNCAN 


RAINFALL STATISTICS IN THE 
BELGIAN CONGO 


N standard books of climatology published even 

since 1945 laments are to be found about the 
scanty nature of the data on the rainfall of equatorial 
forest areas. This reproach is now being rapidly 
removed and nowhere more rapidly than in the 
Belgian Congo, where the National Agronomic 
Institute has published during the past few years 
several detailed papers by F. Bultot. In a recent 
publication*, M. Bultot presents the first analysis, 
using modern statistical methods, of the rainfall 
regime in an equatorial continental tropical region 
without a monsoon wind regime. Rainfall in the 
Congo falls in scattered thundery downpours. The 
data used cover twenty-nine years for Eala in the 
north-west and for varying periods of more than 
twenty years for fourteen other stations in the area. 

The problems investigated are the frequency of 
falls of different intensity, the probability for two or 
more days of rain exceeding 15 mm. to occur in 
succession, and the variation in the intensity of 
rainfall during a shower. It is found that rain of 
more than 0-1 mm. falls on one day in four and that 
the number of days in a year of 15 mm. or more of 
Tain is less than ten or more than sixty on less than 
one year in twenty, and the number of days of 
50 mm. and 80 mm. can only exceptionally exceed 
twelve and four, respectively. There is a marked 
annual variation, corresponding to the movement 
with the Sun of the tropical rainbelt, of days with 
15 mm. or more of rain and a much less marked one, 
except in the central Congo where it vanishes, of 
days of 50 mm. or more. 

A very interesting fact is that there is no per- 
sistence of heavy rainfalls. The probability, in fact, 
that 15 mm. or more will fall on the day following 
one with such amount is practically equal to the 
overall probability of a daily fall of that amount. 
In temperate regions there is appreciable persistence 
for rain days as a whole, though the degree of 
persistence for amounts of 15 mm. or more does 
not appear to have been investigated. The daily 
maximum expected to be exceeded only once in ten 
years is about 120 mm. and once in fifty years is 
150 mm. It is pointed out that in Ireland the corre- 
sponding values are 64 mm. and 81 mm. 

Study of a number of individual falls shows that 
the rate of rainfall is heaviest within a quarter of an 
hour from the beginning and rarely exceeds 2 mm. 
per minute. Only about 25 per cent of all falls 

* Publications de l'Institut National pour 1’ Étude Agronomique du 
Congo Belge: Etude Statistique des oe Blais Tntenses en un Point et 
sur une Aire au Congo Belge et au Ruanda-Urundi. (Bureau oe. 


Tei Communication No, 11.) Par F. Bultot, Pp. 90. (Bı 
titut National pour l'Étude Agronomique du Congo Belge, 1956. ) 
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continue for more than four hours. The common 
opinion that tropical showers almost always occur in 
the afternoon is incorrect. It is found, however, that 
at most places there are relatively few showers during 
the morning. The afternoon showers are shorter and 
more intense than those at night. Finally, in a 
restricted study of area rainfall it is found that over 
areas up to 175 sq. km. the frequencies of a given 
amount diminish exponentially with the area. 

There is no discussion of the synoptic meteorology 
of rain. Perhaps in a future publication M. Bultot 
will investigate such matters as the incidence of 
showers or absence of showers over wide areas and. 
the corresponding stream-lines of wind flow. 

G. A. BULL 


LVOV GEOLOGICAL SOCIETY 


HE Lvov Geological Society celebrated in 1956 

the tenth anniversary of its foundation. Lvov 
Geological Society is attached to Ivan Franco’s State 
University of Lvov, founded in 1661. There the 
teaching of geology began at the end of the eighteenth 
century, when the chair of geognosy and oryktognosy 
was founded, no doubt under the impulse of the- 
prevalent Wernerianism. In 1852 a mineralogical 
museum and in 1864 a chair of mineralogy wero 
established. The first professor of mineralogy was 
Ferdinand Zirkel (1838-1912), the distinguished 
pioneer of microscopical petrography. It was during 
his residence in Lvov (1864-68) that Zirkel published 
his “Lehrbuch der Petrographie’”’ (1866). 

The Lvov Geological Society is now a very vigorous 
institution, comprising more than a hundred and 
twenty members. It is subdivided into a mineral- 
ogical section, presided over by Prof. E. K. Lazarenko, - 
and a regional geology section by Prof. O. S. Vyalov. 
There is also a branch at the Chernovtzy State 
University. The principal object of the Society is 
the promotion of the study of geology, petrology, 
mineralogy and mineral deposits of the Western 
Ukraine, as well as other paris of the Soviet Union. 
It is interesting to note, however, that many con- 
tributors to its periodical publication reside in places 
distant from Lvov and even outside the Soviet 


- Union, for example, in Bulgaria, China and Bolivia. 


The Society, besides its normal activities, has two 
special functions, namely, the orgamzation of special 
surveys or studies in either pure or applied geology, 
and also of conferences. The Society has already 
undertaken the following surveys: &æ geophysical 
survey of Lvov region; a geological and geomorph- 
ological survey of certain Carpathian regions; & 
petrographical and mineralogical study of igneous 
and sedimentary rocks; and finally, a specially 
organized survey of the Eastern Transbaikal region 
in Siberia. The conferences organized by the Society 
comprise the subjects of tectonics, stratigraphy, 
petrology, economic geology and history of geology. 
The publications of the Society are: (1) Mineral- 
ogichesky Sbornik (Mineralogical Magazine), each 
annual volume of some 400 pages containing about 
forty original papers; (2) Trudy (Transactions) of 
Lwov Geological Society, comprising geological, petro- 
leum geology and petrographical series; (3) Geo- 
logichesky Sbornik (Geological Magazine), replacing 
Trudy since 1955; (4) monographs on the petrology 
of the Ukrainian ‘erystalline massif, granite plutons 
of Kazakhstan, migration of oil, tourmaline, bentonite _ 
clays, the Eastern Transbaikal region and Aldan ` 
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region in Siberia. The high standard and the quality 
of print and illustrations of these publications are in 
no small measure due to the editorial board presided 
over by Prof. E. K. Lazarenko. Í , 

Besides these publications of the Society, there is 
also Uchonye Zapisky (Scientific Annals) of the 
University of Lvov, the Geological Series of which 
is edited by Prof. O. S. Vyalov. 

The lhbrary of the Society contains more than 
10,000 volumes and is constantly growing, partly due 
to a large number of exchanges with other societies, 
both at home and abroad. S. I. Tomzererr 


SOCIOLOGY IN THE UNITED 


STATES 


OLLOWING publication of its “International 
F Register of Current Team Research in the 
Social Sciences’’, Unesco’s series ‘Documentation in 
the Social Sciences” is now bemg extended by the 
addition of three reports covering recent trends in 
economic, political science and sociological research 
in the United States (Unesco: 19 Avenue Kléber, 
Paris, 16°). In view of the enormous amount 
of social science research that is being pursued 
there, it has been thought most appropriate to give 
a bird’s eye view of general tendencies and pre- 
occupations rather than seek to catalogue in detail 
all that is bemg done over a given time by every 
serious researcher. These reports have been com- 
missioned from eminent specialists who are in close 
touch with developments and whose accounts con- 
stitute an authoritative guide to progress within 
these three major disciplines. 

The work on sociology has been edited by Hans L. 
Zetterberg, of Columbia University, who traces its 
considerable growth in the past decade. In 1945, the 
American. Sociological Society had 1,242 regular 
members; in 1954, 4,360 members—a gain of 250 
per cent. Among about two thousand institutions 
offering instruction on a higher than secondary level, 
about 98 per cent have prospectuses listing courses 
under the heading ‘sociology’. On the average, the 
four-year college offers about a dozen different 
sociology courses. It would appear that at least a 
third of the college population in the United States, 
during one time or another in their college career, 
follows a sociology course and that about one out of 
ten Americans at the age of twenty has followed at 
least one class in sociology. The bulk of students 
enrolling in sociology courses do so during their first 
or second year of college, that is, at an age between 
seventeen and nineteen. The majority of those 
teaching sociology to undergraduates in American 
colleges are indeed best compared with teachers in 
upper-sixth forms in grammar schools. 

Slightly less than 2 per cent of college students 
choose sociology as their major field of concentration. 
Since there is no established occupation or profession 
of ‘sociologist’, these students select sociology with 
other vocational interests in mind. 

About one-fifth select teaching and one-quarter 
various forms of social work, while one-tenth take up 
personnel work in industry. Many of the courses 
deal with marriage and family life, social problems 
and criminology. The social problems courses are 
not designed to help students ‘solve’ social problems 
but rather to open their eyes to their existence and 
to prepare them for participation in demooratic dis- 
cussion of these problems. 
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Some sixty un-versities offer graduate instruction 
in sociology and granb higher degrees. In 1953, for 
example, 141 Ph.D.s in sociology were awarded by 
these institutions. 

The organizaticn of an American graduate depart- 
ment in sociology shows several interesting contrasts 
with its European counterpart. For example, a 
typical European sociology department has one pro- 
fessor who is the administrative head and who also 
sets the tone fo? the scholarly orientation of the 
department. An American graduate department, on 
the other hand, 2ontains several professors who do 
not usually represent the same school of thought ; 
in fact, university administrators often make efforts 
to obtain represertation from different specializations 
and occasionally 3ven contradictory emphases. This 
gives the student a chance to learn different aspects 
of sociology withcut having to go to different univer- 
sities. The graduate departments of sociology are 
also centres of sociological research, and most 
sociological projects undertaken m the United States 
are headed by a iniversity professor. Most of these 
projects involve & staff of several people in addition 
to the person in charge. The excellence of American 
training in sociology is in no small part due to the 
widespread possibility for students to participate as 
research assistants in projects where they can learn 
this uncodified research tradition. 

Several leading universities have found it con- 
venient to organize separate agencies to handle larger 
aspects of social science research. Some of these 
agencies are adjuncts to the sociology departments, 
such as the Bureau of Applied Social Research at 
Columbia University and the National Opinion 
Research Centre at the University of Chicago ; 
others are more independent agencies like, for 
example, the Research Centre for Group Dynamics 
at the University of Michigan. Several of these 
agencies are interdisciplinary in character and practice 
and. may include psychologists, anthropologists, 
political scientists and economists. 

The fact that more than one person is involved in 
the typical sociobgical research project means that 
the long tradition of research by the lone scholar has 
been broken. This type of organization makes it 
possible to comp-ete large-scale projects in a short 
time, whereas tke solitary research worker might 
have to spend a long time completing the routine 
office work which constitutes 90 per cent of modern 
sociological research. This organized research 
increases the power of the worker volved ; he can 
undertake larger projects and complete them in a 
shorter time. It also increases the efficiency of the 
research worker, since few sociologists can claim 
excellence in all she varied tasks that enter into a 
project. 

On the other hand, organized research has come 
into conflict wich the traditional procedures of 
awarding academic and scholarly recognition, which 
are still based on evaluation of contributions sub- 
mitted by one scolar. 

It is plain that sociological research in the United 
States, precisely because it is organized research, is 
expensive researca ; the average sociological project 
probably costs more than the average project in 
history, political science or economics. During the 
past decade the proportion of government support 
has decreased scmewhat, while the proportion of 
foundation suppcrt has increased. The most im- 
portant agencies have employed prominent socio- 
logists on their staff, and it is the practice among 
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nearly all of them to consult with university socio- 
logists before acting on a proposal. This means that 
academic representatives maintain the main part of 
the control over avaiable funds. 

In Europe it is, on the whole, more difficult to get 
subsidies for research than subsidies for the pub- 
lication of research. In spite of the great amount of 
support for research in the United States, there is 
both proportionately and absolutely little subsidy to 
publish scholarly reports. This means that the 
number of monographic reports published in the 
United States is lower than one would expect in view 
of the total volume of research. Elementary text- 
books appear to be about the only risks that most 
commercial publishers are willing to take. To 
simplify the students’ task of locating important 
articles, a number of so-called ‘readers’ have 
appeared during the past decade which reprint in 
book form a series of articles related to a given topic. 

In a survéy of recent research projects in American 
sociology, Zetterberg shows that the common charge 
that sociology merely elaborates the obvious is often 
without justification. For example, it has been 
generally held that insanity-rates have increased as 
society becomes more urbanized and industrialized. 
Goldhamer and Marshall have shown that over the 
past century in the State of Massachusetts there has 
been no such increase. Numerous commentators have 
expressed the view that the rate of social mobility 
has declined over the past decades in the United 
States. The study of intergenerational occupational 
mobility by Rogoff and the study of access to the 
business élite by Keller show no general decline, 
although the avenues to success might be different 
from in the past. It has long been an axiom that 
the rate of social mobility is higher in the United 
States than in Western Europe: examination of the 
available evidence by Lipset and Rogoff fails to 
sustain this belief. Democratic ideologists have 
glorified:the voter who first listens to all the argu- 
ments and then makes up his independent mind to 
deliver his vote. The election studies by Lazarsfeld 
et al. and Berelson et al. show that group pressures in 
most cases determine the way the vote is cast and 
that the voter who does not make up his mind until 
the campaign is over is likely to be the least informed 
and the most confused. 

The rest of the book gives detailed surveys of work 
which has been carried out in the past decade or so 
under the headings of method and theory, social 
institutions and groups, rural and urban sociology, 
sociology of social stratification, criminology, socio- 
logy of ethnic relations and the sociology of mental 
health. 


TRIGONIA: A_LIVING FOSSIL 


T the close of the Mesozoic era the bivalve 
Trigonia gradually became less abundant in 
European seas and, to all appearances, soon became 
extinct. Their shells do not occur as fossils in the 
rocks formed during Tertiary time, and geologists 
were convinced that they had died out. Donald F. 
McMichael has described how the French naturalist, 
Peron, who, with his fellow collectors on the voyage 
of the French exploration ship Geographe, found on 
@ beach in southern Tasmania a shell which seemed 
to be the same as well-known fossils. Back in France, 
the great zoologist, Lamarck, described the shell as 
the first living Trigonia, calling it T. margaritacea 


NATURE 


January 26, 1957 von. 179 


because of its beautiful iridescent interior (Aust. 
Mus. Mag., 12, No. 3; 1956). i 

~ Two other French naturalists, Quoy and Gaimard, 
who sailed with the Astrolabe, carried out searches 
for a living specimen. In King George’s Sound and 
in Westernport, Victorie, occasional dead valves 
were found, but none alive. The first was hauled up 
in Bass Strait, among deep-sea anmmals and debns, 
and this was followed by other living specimens. 
The discovery of these living fossils must have 
excited as much interest at the time as did the 
finding of the first living coelacanth. It was as 
important from the scientific pomt of view. 

The shells are placed in a separate family, the 
Trigoniidae, which includes a number of different 
genera, and many distinct species. Of these, only 
six are lhving to-day, and all are found along the 
Australian coast. Later research has revealed that 
the shells do occur as fossils in the Tertiary rocks of 
Australia, where alone they have persisted since 
Mesozoic time. 

The present-day species are placed in the genus 
Neotrigonia. Because of their delightful lustre, the 
common name for them is brooch. shells, and they 
are used for shell jewellery. The exterior of the shell 
is marked with a series of radiating ridges and 
nodules, and the hinge ‘teeth’ are large and strongly 
serrated; these features are characteristic of the 

oup. 

All the living species of Neotrigonia occur in fairly 
deep water, between 10 and 100 fathoms, and only 
dead shells are seon on the beaches after storms. 


PHOSPHATE FERTILIZERS 


N a recent publication* by the Organization for 

European Economic Co-operation, results of all 
suitable experiments ın Western Europe that compare 
phosphate fertilizers made by processes which 
economize in sulphuric acid with other well-known 
phosphates have been collected and correlated by 
G. W. Cooke. The report is based on summaries of 
work carried out in their countries by rapporteurs 
from the Low Countries, Scandinavia, Austria, 
France, Germany, Italy, Portugal, Switzerland, 
Ireland and the United Kingdom. Occasional refer- 
ence is made to comparable experiments in the 
United States. 5 

The report emphasizes that thə values of altern- 
ative phosphate fertilizers depend on the crops for 
which they are applied ; unprocessed rock phosphates 
are satisfactory, for example, for swedes on acid souls, 
but potatoes make little use of this fertilizer and 
require water-soluble phosphates. The evaluation of 
fertilizers in both pot and field experiments is de- 
scribed, but most of the conclusions are based on 
extensive series of field experiments; results from 
379 experiments with dicalcium phosphate and 537 
experiments with phosphates produced by thermal 
processes are summarized in the report. 

The main classes of phosphate fertilizers discussed 
are dicalcium phosphate, nitrophosphates, phosphates 
produced by high-temperature processes and com- 
pound fertilizers containing ammonium phosphates. 
Powdered dicalcium phosphate dihydrate is equiva- 
lent to superphosphate. Nitrophosphates that con- 

* “The Agricultural Value of Phosphate Fertilizers which economize 
in the Use of Sulphuric Acid”. By Dr. George W. Cooke, Rothamsted 


Experimental Station, Project No. 162. ( Organization for European 
Economic Co-operation, Paris, 1956.) ` 
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tain a high percentage of water-soluble phosphate are 
also equivalent to superphosphate but those con- 
taining anhydrous dicalctum phosphate have not 
been fully evaluated and are tentatively rated as 
equivalent to three-quarters as much phosphorus in 
@ water-soluble form. The better high-temperature 
phosphates, Rhenania phosphate and silicophosphate, 
are approximately equivalent to superphosphate for 
swedes and turnips, but inferior to superphosphate 
for cereals and grass. It is recommended that they 
should be used for purposes where high-soluble basic 
slag is suitable. Ammonium phosphates have gener- 
ally given equivalent yields to superphosphate plus 
nitrogen fertilizer; on acid soils, monoammonium 
phosphate is sometimes inferior to mixtures con- 
taining superphosphate. 
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The report concludes with proposals for future 
investigations. The author emphasizes the need to 
compare the arhydrous and hydrated forms of 
dicaleium phosphate, and to study effects of the 
erystal form of this phosphate. The influence of 
other salts on the behaviour of dicalcium phosphate 
and the physical properties of granular fertilizers both 
require investigation. Further experimental work is 
also needed on the relationship between soil charac- 
teristics and the residual value of different phos- 
phates, which hes been inadequately studied, and 
on the conditione under which insoluble phosphates 
can be utilized ın neutral and calcareous soils. 

The detailed results on which the report is based 
have been deposised in several libraries, hsted in an 
appendix, in most of the countries of Western Europe. 


ANISOTROPIC THERMO-ELECTRIC EFFECTS IN GRAPHITE 
By Pror. A. R. UBBELOHDE, F.R.S., and J. ORR 


Department of Chemical Engineering, Imperial College of Science and Technology, London 


ITHIN recent years the concept! that graphite 

presents a transition between aromatic and 
metallic electrons has been elaborated in a number 
of theoretical and experimental studies. Various 
considerations suggest that graphite is much more 
markedly metallic in one principal direction in the 
crystals, along the @ axis, than perpendicular to this 
direction, along the c axis. Structurally, apart from 
lattice defects graphite presents infinite planes of 
conjugated aromatic electrons along the œ axis, 
whereas along the c axis the macro-aromatic mole- 
cules are merely bound by van der Waals types of 
forces, with a distance of separation of around 
3:35 A. This weaker interaction is accompanied by 
marked anisotropy of a number of physical properties 
related to the electronic interactions. Thus the 
thermal expansions are respectively 6-6 x 10-° along 
the metallic and 26-0 x 10-* along the non-metallic 
directions? in the crystals, compared, for example, 
with about 14 x 10-* and 65 x 10-8 for zine. The 
hardness is > 6-5 Mohs along the c axis and about 
0-5 Mohs along the a axis*. Relative rates of oxidation 
along the a axis and c axis are in the rabio? 17:1. 
Magnetic anisotropy is shown by the marked dia- 
magnetism along the c axis‘. Thermal conductance, 
which is mainly due to lattice vibrations, is about 
4-0 watt cm.-! deg. C. along the @ axis and 0-8 
units along the c axis’. 

These differences are perhaps no larger than 
may be expected for anisotropic crystal structures 
generally. However, a new and striking group of 
phenomena appear when electronic properties are 
examined. The specific electrical resistance has been 
previously measured® and found to be about 3-9 x, 
10-§ ohm cm. along the a axis and about 0-01 along 
the c axis. It is most significant that the tem- 
perature coefficient of resistance along the a axis is 
metallic in character, and is about 0-009 deg. C.-}, 
whereas along the c axis the crystals behave as semi- 
conductors, with a temperature coefficient of — 0-04 
deg. C.-1, (Some theoretical interpretations® regard 
even the conductance along the a axis as of semi- 
conductor type, but with zero activation energy.) 


These findings lend particular interest to other 
anisotropic electronic properties of graphite. By 
courtesy of the Morgan Crucible Co., we have been 
able to cut appropriate sections from comparatively 
large blocks of material in which the alignment, 
though not perfect, is not far from that for single 
crystals. Using sections about 1-5 em. long by 
3 mm. square, it is readily shown that the thermo- 


electric power of graphite agamst copper along the 


c axis is about + 30 uV./deg. C. compared with about 
+ 11 pV./deg. C. along the a axis. 

Measurements >f thermo-electrie power against 
copper cannot be conveniently extended to very 
high temperatures, for various reasons. However, it 
is perfectly possible to measure the self thermo- 
electric power of graphite to quite high temperatures, 
by forming thermo-junctions between blocks cut 
along the @ and c axes respectively. This has now 
been done. The blocks were mounted in electrical 
contact in impervious tubes of mullite with copper 
electrodes at the zold junctions, which were water- 
cooled. Various exploratory researches showed that 
above about 250° C. the presence or absence of even 
traces of oxygen had a critical influence on the 
self-e.m.f. (a/c) of graphite. Using ‘B.O.C. white spot’ 
nitrogen with less than 10 p.p.m. of oxygen to 
exclude air, the self-e.m.f. of graphite has been 
measured up to about 1,200° C. Temperatures were 
measured by chromel/alumel couples in the lower 
regions, and by pyrometry in the higher regions. 
Results up to abcut 700° C. are quite regular, and 
are illustrated in Fig. 1. Above this temperature, 
despite all precaut-ons, a falling off in thermo-electric 
power was generally observed. There are reasons to 
believe that this falling off was due to adventitious 
oxidation, despite the protective stream of nitrogen, 
since values of thermo-electric power were occasion- 
ally obtained which lay on the prolongation of tho 
curve at lower temperatures (not shown). Deliberate 
injection of oxygen into the nitrogen stream depresses 
the e.m.f. The point is possibly of some technical 
importance, since if the self thermo-e.m.f. of graphite 
in the complete absence of oxygen continues to follow 
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Fig.1. Self thermo-e.m.f. of graphite, a block-e block 


the low-temperature curve, then aje combinations of 
graphite could form very useful thermo-electric 
junctions at very high temperatures. They might 
even be used for forming micro-power units in special 
circumstances. 

Interpretation of these findings must necessarily 
be provisional at the present stage, but it accords 
with the general view, also based on other anisotropic 
properties, that graphite behaves as a metallic con- 
ductor along the a axis and as a semi-conductor with 
finite energy gap along the c axis. The fact that the 
c blocks are positive relative to the a blocks can 
perhaps be explained as follows : 

The electronic levels along both axes may be 
represented as in Fig. 2A. 

In the combination described, a ‘c’ block/‘e’ block 
junction behaves like a semiconductor-metal contact, 
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provided no n-type impurities are present in the ‘ec’ 
block to donate electrons to the vacant conduction 
bands or that there are few such centres compared 
with the number of electrons in the conduction band 
of the ‘a’ block. The topmost filled levels of the ‘a’ 
block will be higher than those of the ‘c’ block. 


. When contact is made, these levels will be adjusted 


until no difference exists. $ 

As the temperature of the ‘c’ block/‘a’ block junc- 
tion is raised, electrons will flow from the ‘a’ to the 
‘c’ specimen because the work function is less for the 
‘a’ specimen (Fig. 2B). 

The thermo-electric power against copper shows 
that in both blocks the conduction appears to be 
mainly by means of holes in the valence band, with 
a greater number of holes for movement in the ‘e 
direction than in the ‘a’. The origin of these holes 
need not be discussed here. À 

In the light of this tentative interpretation, the 
influence of oxygen is significant. It seems highly 
probable that oxygen attaches itself in the first 
instance to all defect sites and free valencies in the 
macro-aromatic molecules which form layers in the 
graphite crystals. As a result, at each group quinone 
electrons are withdrawn from the co-operative 
aromatic pool in each macro-molecule, in a manner 
well known when smaller aromatic molecules form 
quinones. This raises the work function of the 
macro-quinones in the planes of the macro-aromatic 
molecules so that the thermo-e.m.f. of ‘a’ block 
against ‘c’ block is reduced. 

This interpretation of the effect of oxygen throws 
an interesting light on relative rates of oxidation 
along and perpendicular to the a axis, quoted above. 
The effect of oxygen on the thermo-electric power of 
graphite concords with previous interpretations of 
the effect of electron acceptors in lamellar compounds? 
as in bromine graphite. i 
1 Ubbelohde, Nature, 182, 1002 (1933). 

2 Beckhurst, I., Proc. Roy. Soc., A, 102, 340 (1923). 
Ann. Phys., 34, 136 (1939). 

> Values depend somewhat on methods of measurement. Those quoted 
are given by Grisdale, Pfister and van Roosbroeck, Beli Syst. 
Tech. J., 80, 271 (1951). 

t Krishnan, Phu. Trans. Roy. Soc., A, 281, 235 (1933). 

že axis. Washburn, Ann. Phys., 48, 236 (1915). Krishnan and 
Ganguli, Nature, 144, 667 oe) a axis, Pirani and Fehse, Z. 
Elvktrochem., 29, 168 (1923). Nishiyama, Sci. Rep. Tohoku. Imp. 
Unw., 21, 171 (1932). 

® Coulson, Nature, 159, 265 (1947), Wallace, Phys. Rev., 71, 622 (1947). 

1 McDonnell, Pink and Ubbelohde, J. Chem. Soc. (39), 191 (1951). 
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THE ALPHA HELIX IN NATURAL AND SYNTHETIC POLYPEPTIDES 


By Dr, F. HAPPEY 
Technical Coliege, Bradford 7 ` 


HE natural and synthetic polypeptides in the 

alpha form give two basic types of X-ray 
diagram. First, the X-ray diagrams of Bamford et 
al.148 from the simple synthetic polypeptides such as 
poly-z-alanine and poly-methyl-t-glutamate show a 
comparatively highly crystalline structure which can 
readily be indexed on a hexagonal lattice, involving 
only one chain per unit cell, A single chain in Fig. 1 
shows a possible arrangement of the Pauling-Corey? 
helix as the basis of the screw along the fibre axis. 
Secondly, there is the more diffuse alpha diagram, 
found among the synthetic copolymers’, the fibrous 


alpha protein molecules? and in certain cases the 
synthetic polymers made from identical monomers of 
large molecular weight, for example, poly-L-glutanuc- 
benzyl ester‘. The fibre diagrams from these speci- 
mens are more amorphous in character and the polar 
reflexions consist mainly of strong reflexions ~ §-2 A.— 
~5:3 A. and ~1-5 A.; and a band of diffuse 
equatorial scatter varying in mean spacing from 
9 A. to 12 A. f 

Chain displacement and the Pauling—Corey helix. 
It has been shown that the intense scatter on the 
5-4 A. layer line of the X-ray diagram from the 
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symmetrical polypeptides 1s associated with the 
single turn of the helix’, It is therefore possible that 
an. intense scatter would still be associated with this 
molecular repeat even if the individual chains are 
mutually displaced along the fibre or the side-groups 
of the amino-acid residues of differing molecular 
weight caused the helix to be distorted about its 
axis. 

If the latter transformation is applied to the highly 
crystalline lattice structure, then the reflexions on 
the equator of the X-ray diagram showing hexagonal 
symmetry would be replaced by a diffuse band giving 
the mean distance of approach of the chains. Thus 
the more variable the side-chains the more diffuse 
would this reflexion become. In a comparatively 
crystalline protein such as porcupine quill, however, 
there appear to be several apparently unrelated 
equatorial reflexions, particularly 10:5 A. (v.s.), 
9-22 A. (v.s.) and 7:5 A. (weak); in this case it is 
possible that discrete crystalline aggregates of 
differing average residue weights are present®. In less 
crystalline alpha protems, such as wool and muscle, 
the reflexion is diffuse and has a mean value about 
10 A. 

Effect of molecular displacement parallel to the fibre 
axis. If displacement of molecules occurs in adjacent 
sheets parallel to the fibre axis (b), a further smearing 
out of the highly crystalline diagram may occur. 
The symmetry may be reduced to a form which 
would then give rise to (0k0) reflexions if? (A + 9) > 8 
and capable of resolutions when A > 6 andg < (A—9). 

Thus A (max.), the angle between (040) planes and 
that normal to the fibre axis, would be approximately 
determined as shown in Fig. 1, where 





Fig. 1. 


Corey helices. The hexagonal s; etry of 


poly-t-alanine type is inhibited by this type of displacement, which 
the length of a single turn of the helix parallel to the fibre axis 


maximum of half 
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tan A = h/2D (1) 


that is, with a displacement of half the pitch of the 
helix (4) along the fibre axis, D being the mean 
separation of tha chains. For the purpose of this 
discussion, (1) is an adequate approximation to the 
equation’ : 


cos ee sin? 8 — cos’a — cos*y + 2 cos « . cos B . cos Y 

sin? B 
Thus the main polar reflexion on the fifth layer line, 
assuming a fibre repeat of 27 A., would be from the 
(050) planes and may in highly oriented samples be 
resolved into a doublet about the meridian. The 
spacing could taerefore vary between ~~ dogo) = 
heos(tan-! h/2D} as a minimum value, up to 
some value less shan k, which would obtain when 
A>0. 

The 1:5 A. polar reflexion. In all the specimens, 
highly crystalline or otherwise, a polar reflexion*of 
approximately 15 A. is present, due to the repeat 
of the amino-acid residue along the fibre axis. A 
maximum molecular displacement along the fibre 
axis will influence the spacing of this reflexion only 
slightly ; for example, the maximum displacement 


.would be 1:5 A./2 between identical positions in 


adjacent chains, thus the (0, 18, 0) spacing would 
change to a value of 1-5 cos(tan-! 0-75/D). If D œ% 
10 A., then cos A = 0-997. The reflexion would 
therefore be only slightly smaller than that found in 
the synthetic pclypeptides of the t-alanine types, 
but may in highly oriented samples be resolved 
about the meridian. . 

Application of displacement theory. There 
are four particular cases to which these 
considerations have been applied: (a) poly- 
u-glutamic-benzyl ester type of structure ; 
(b) synthetic copolymers ; (c) highly crystal- 
line fibrous proteins; (d) normal alpha 
proteins. ; 

In (a). one might have expected that the 
molecules would form a highly crystalline 
structure. Normally this is not the case, 
and on she X-ray diagrams the polar arc 
at ~ 5'E A. can be resolved into a doublet 
about ths meridian. It would appear that 
the larg side-chains may influence the 
mutual displacement of the spiral mole- 
cules parallel to the fibre axis. It is, how- 
ever, possible to recrystallize this fibrous 
structure into a more ordered pattern ; 
but it does appear that the large and 
active side-chains play an important part 
in determining the packing of the chains. 
The copolymers of (b) generally are not 
very crystalline‘, showing an intense and 
diffuse reflexion of 10-12 A. on the equator 
and, as in (a), polar reflexions ~ 5:2 A. 
and ~1:5A. In these polypeptides the 
side-chains cannot be symmetrically per- 
pendiculer to the helix for obvious reasons. 
Parallel so it the side-chain displacement 
and A may vary from polymer to polymer ; 
this is shown in the small variations in the 
spacing af the (050) polar ares‘. 

The spacing variation in this polar re- 
flexion has been a difficulty in the com~ 
parison Letween the synthetic polypeptides 
in whick dogo) + 5-25 A. and that in 


ak proteins of 5-15 A. From this point it is of 
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interest to consider the polar arcs in the X-ray 
diagram of porcupine quill®. The reflexions can be 
identified as a polar arc of 5-15 A. (unresolved, since 
ọ > 8), spreading to a doublet of 4-9 A. on the same 
layer line. On stretching the fibre to its Hooke’s Law 
limit, the 5-15 A. spacing can be increased to 5-25 A. 
(approximately that found in the synthetic poly- 
peptides) with a consequent increase in the 4:9 A. 

_ spacing. It is possible, therefore, that the spacing 
variations between 5-15 and 4-9 A. may be related 
to a variation in the angle A due to chain displace- 
ment and particularly to variations in D of equation 
(1) in different components of the structure, The mini- 
mum value of d(o50) would be 5-25 cos(tan-? 2-6/7-8) 
= 4-9 A. In the protein, the helical pitch is ~ 5-25 A. ; 
but Hooke’s Law stretching can increase this to 
~5-4A. of the synthetic polypeptides. It must be 
realized that the foregoing discussion assumes that 
the polar reflexions on the fifth layer line are from 
(040) planes and do nob involve reflexions from (hkl) 
planes with d} and dy, forming a part of a larger unit 
of repeat perpendicular to the fibre axis. 

In X-ray diagrams of unstretched porcupine quill 
where high resolution has not- been obtained, the 
(050) spacing was? approximately 5:05A. This 
diffuse reflexion may on these grounds comprise a 
superposition of the reflexions (0k0), where dozo) may 
vary from 4-9 to a maximum value of about 5-15 A., 
and on stretching from 5'0 A. to 5-25 A. 

In the keratin—myosin—epidermm-—fibrinogen group 
of proteins of lower crystallmity than porcupine quill, 
the previous arguments may equally apply. On the 
X-ray diagram of keratin under tension, the diffuse 
polar are is 5-15 A. in spacing, and this may be as 
low as 5-05 A. in unstretched protein fibres; but 
there appears little variation in the ~ 1-5 A. spacing 
as would be expected. In these less crystalline proteins 
the helix may be distorted due to side-chain inter- 
action (for example, cystine cross-links), causing an 
apparent small collapse of the helix along the fibre 
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axis. The lattice can, however, be extended elastic- 
ally to approximately that of the synthetic poly- 
peptides. As in the other alpha polypeptides, chain 
displacement parallel to the fibre axis would have 
little effect upon the 1-5 A. polar spacing. It is hoped 
to study the offect of the random displacement of 
the chains in due course, but this is unlikely to cause 
much modification ın the general thesis. 

From this it is suggested that there is no reason 
why the helix of the highly crystalline synthetic 
polypeptides should not be similar basically to that 
in the proteins, and that the small variations in the 
spacings of their respective X-ray diagrams can 
possibly be explained. This discussion (outlined at 
the Australian Conference on Wool Technology, 1955) 
is based primarily on symmetry considerations of the 
Pauling—Corey spiral. It will in due course be neces- 
sary to consider its implications for the reflexion 
intensities of the diffuse protein pictures, particularly 
with reference to the coiled-coil structures of 
Crick®, which may be difficult to apply to regenerated 
alpha protein structures. In its present form, how- 
ever, it does give a possible correlation of the appli- 


' cation of the Pauling—Corey helix to all the alpha 


polypeptides, both natural and synthetic. 
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BIOSYNTHESIS OF ERGOTHIONEINE 


By Dr. H. HEATH and JENNIFER WILDY , 
Department of Chemical Pathology, University College Hospital Medical School, London, W.C.1 


RGOTHIONEINE was first discovered! in the 
sclerotia of the ergot fungus, Claviceps purpurea, 
but has since been found to occur in blood®, semen? 
and various other mammalian tissues, principally 
liver and kidneys‘. It does not appear to be bio- 
synthesized by animals’. Conditions have been 
found, however, in which biosynthesis of ergothiori- 
eine occurs in shake cultures of O. purpurea*’. 
This made possible the study of the biosynthesis 
of ergothioneine by radioisotope techniques. Through 
the incorporation of 2-44C-acetate into ergothioneine 
by this fungus, it was shown®? that the main con- 
tribution of acetate was in the provision of one-carbon 
fragments for the imidazole C-2 and the methyl 
earbons of the betaine. The five-carbon chain was 
not derived from glutamate. Histidine labelled with 
carbon-14 and isolated from the same growth showed 
& pattern of labelling almost identical with that in 


Table 1, COMPARISON OF THE DISTRIBUTION OF RADIOACTIVITY IN 

HISTIDINE AND IN IMMDAZOLEPROPIONIC ACID DERIVED FROM ERGO- 

THIONEINE ISOLATED FROM THE SAME CULTURE OF Claviceps purpurea 
GROWN ON A MEDIUM CONTAINING 2-"C-ACBTATE 


Radioactivity as percentage of total in : 
Histidine Imidazolepropionic acid 


Carbon atoms 
2, 4, 5, 6, 7, 8 
2 








imidazolepropionic acid, the corresponding six-carbon 
compound derived from the biosynthesized Sree: 
neine. This is shown in Table 1. 

The numbering convention (see below) which we 
have adopted’ is ; the same as that used by Westley 
and Ceithaml® for histidinol. 
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Table 2. DISTRIBUTION OF RADIOACTIVITY IN ERGOTHIONBINE 'SOLATED FROM CULTURES OF Cliviceps purpurea GROWN ON MEDIA CONTAINING 


VARIOUS ™C-LABELLED PRECURSORS 










2-4C-Acetate 
Carbon atoms 
Activity* Percentage 
2, 4, 5, 6, 7, 8, 9, 10, 11 4,476 100 0 
, 10, 11 1,500 33 5 
4, 5, 6, 7, 8 565 126 
2 2,411 53-9 





7-4C-Histidine (side-chain) 2-0Histidine (ring) 














Activity* Percentage Activity* Percentage 
14,220 100 0 6,900 100 0 
0 0 82 12 
14,301 100-6 0 0 
0 0 6,554 95 0 








* Total counts per min. at infinite thinness. Samples were counted as 1 sq. cm. areas of barium carbonate with an end-window Geiger- 
Muller tube and corrected for background, self-absorption, colncidence and variations in countug equipment. 


f: a 
4 5 6 7 8 
CH=C—CH,—CH—COO- 


ait deni tony, 
A + 
ror) 11,10,9 
bu 


We now wish to report briefly on the utilization of 
labelled histidine by C. purpurea for the biosynthesis 
of ergothioneine. The growth of the fungus on a 
chemically defined medium and the methods used for 
isolation and degradation of ergothioneine were 
essentially as described previously’, except for the 
oxidation of formic acid. This was carried out with 
acid mercuric sulphate after distillation of formic 
acid from the acidified reaction mixture. «-'4C- 
histidme (side-chain) and 2-'C-histidine (ring) were 
used in separate growth experiments and the dis- 
tribution of isotope in the ergothioneine isolated from 
these cultures is shown in Table 2. Figures, which 
have been reported previously? for the isotope 
distribution in ergothioneine isolated from cultures 
grown in the presence of 2-14C-acetate, are also given. 

The results of the acetate and histidme experiments 
clearly show that ergothioneine is formed from 
histidine. s 

In previous communications? we reported that 
ergothioneine and histıdine isolated from a culture of 
C. purpurea grown on a medium containing 2-10- 
histamine (ring) were completely inactive, showing 
that histamine, although a normal constituent of 
ergot’, was not a precursor of ergothioneine in this 
fungus. ` 

The results of the histamine (ring) and histidine 
(side-chain) experiments show that the fungus 
appears to be specific in its requirement for the five- 
carbon chain of histidme, and is not capable of 
utilizing a closely similar labelled imidazole com- 


pound without the appropriate side-chain. The 
acetate and histidine (side-chain) experiments did 
not establish the direct incorporation of the mtact 
imidazole ring o7 histidine into ergothioneine. The 
possibility existed that ring fission could have occurred, 
followed by re-iacorporation of a one-carbon com- 
pound linked through sulphur such as the —SCH, 
group of methionine. 

During growtk of the fungus on a medium con- 
tainmg 2-4C-histidine (ring), a small amount of ring 
fission of the labelled histidine occurred, as slight 
activity was detected in the methyl groups of the 
betaine of ergotkioneine. The very high labelling in 
the imidazole C-2 of this ergothioneine showed con- 
clusively, howevzr, that intact histidine had been 
incorporated into ergothioneine. The mechanism of 
the further steps involved, namely, sulphuration and 
N-methylation, is now being studied. 

Melville? has reported briefly that radioactive 
ergothioneine is formed when Neurospora crassa is 
grown in the presence of labelled histidine. 

Full details of shis work will be reported elsewhere. 
We are grateful to Prof. C. Rimington for his interest 
in this work. Wo wish to thank Messrs, Burroughs 
Wellcome for a generous gift of ergothioneine and 
the University of London Grants Committee for the 
provision of equipment for radioactive counting. 
1Tanret, C., J. Pharm. Chim., Paris, 30, 146 (1909). 

* Hunter, G., and Eagles, B. A., J. Biol. Chem., 72, 123 (1927). 

* Mann, T., and Leone, E., Biochem. J., 58, 140 (1953). 

‘Melville, D. B., Horaer, W. H., and Lubschez, R., J. Biol. Chem., 
206, 221 (1954). 

5 Moiville, D. B., Horner, W. H., Otken, C. C., and Ludwig, M. L. 
J. Biol. Chem., 213, 61 (1955). Melville, D. B., Otken, C. C., and 
Kovalenko, V., J. Biol. Chem., 216, 325 (1955). Heath, H., 
Rimington, C., ard Mann, T., Biochem. J. 85, 369 (1857). 

* Heath, H., and Wilcy, J., Biochem. J., 63, 1 P (1956). 

7 Heath, H., and WiHy, J., Biochem. J., 64, 612 (1956). 
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FILL AND CARCASS CHANGES OF YARD-FED AND OUTWINTERED 
BEEF CATTLE TURNED ON TO SPRING PASTURE 


By J. C. TAYLER, F. E. ALDER and J. E. RUDMAN 


Grassland Research Institute, Hurley, Berkshire 


Ca turned on to spring pasture commonly 


show losses in live weight or low rates of gain ° 


during the first few weeks. This check has been 
observed to be greater in yard-fed cattle than in 
those outwintered and has been reported under a 
variety of feed conditions. In spring 1956 the effect 
was measured of four winter treatments on the live 


weight, fill and carcass weight of forty-eight Hereford- 
cross bullocks turned on to spring pasture. 

During January-April four groups of twelve 
bullocks 2-24 years old of similar initial mean weight 
were fed in separate lots. These four winter feeding 
treatments were designated, according to place and 
plane of feeding, “yard high’, ‘yard low’, ‘pasture high’, 
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Table 1. 
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GAIN IN LIVE WEIGHT AND CALOULATED WARM CARCASS WEIGHT ON SPRING PASTURE FOLLOWING DIFFERENTIAL WINTER TREATMENT 
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Gain in weight on spring pasture (Ib. per head) 


Winter treatment Mean live weight 
January—April 1956 pril 25 
db.) 
1,122 
949 
1,100 
996 


April 25-May 16 
Live weight | Carcass weight 





Yard high 
Yard low 
Pasture high 
Pasture low 





May 16—June 6 
Live weight 


Total in six weeks 
Live weight | Carcass weight 


66 
91 
7L 
98 





Carcass weight 








No. of bullocks per 
treatment 12 





‘pasture low’. Silage, hay and straw were fed in 
weighed quantities from the same source to yard and 
pasture groups. The high-plane group received a 
greater proportion of silage to straw than the low-plane 
group, and a daily supplement of 6 lb. per head of 
crushed oats. Little grazing was available on the 
holding paddock for the pasture groups until grass 
growth began in March. The yard groups were 
sheltered m a cattle yard with a high roof. The 
approximate mean live-weight gain from January to 
April was 14 cwt. for the high groups and } cwb. for 
the low groups. i 

An imtial slaughter sample of four bullocks was 
taken from each of the four winter treatments on 
April 25 and 27, 1956. The remaining thirty-two 
bullocks were turned together on to a cocksfoot- 
dominant grass/clover ley, with the winter treatment 
groups equally divided between two spring manage- 
ments, strip grazing and rotational grazing. After 
three weeks, a second slaughter sample, two from 
each treatment combination, was taken., The remain- 
ing sixteen bullocks were grazed for another three 
weeks before slaughter on June 6 and 8. At each 
date, the same procedure was followed. After 
weighing from the field or yard at four hours after 
sunrise’, the sample bullocks were slaughtered about 
three hours later. Total contents of stomachs and 
intestines were weighed, and the measured loss in 
live weight on the journey to the abattoir was added. 
This gave a figure for weight of fill at four hours 
after sunrise. 

The live-weight changes followed the pattern 
already observed in yard-fed and outwintered cattle, 
but were smaller than in some years. After turning 
on to spring pasture the mean live weight of all 
groups fell, reaching its lowest point after 4-6 days ; 
in this period the loss ranged from 54 lb. per head 
for yard high to 2 Ib. per head for pasture low. The 
weights increased from this point to show a live- 
weight gain of 5-75 lb. in the first three weeks, the 


TABLE 2. WEIGHT OF FILL at Four Hours AFTER SUNRISE 
Treatment mean, Ib. per head* 


Slaughter 1 
(from 
winter feed) 
April 25 


Slaughter 2 
(from pasture) 
May 16 and 18 


Slaughter 3 
(from pasture) 
June 6 and 8 


Winter 
treatment 





Strip | Rotation} Strip | Rotation 





Yard high 
Yard low 
Pasture high 
Pasture low 





No of 
bullocks per 
treatment 








* Treatment means are adjusted by covariance to allow for difer- 
ences in mitial weight of bullocks. 


~ 








low groups gaining much more than the high (Table 1). 
Live-weight gains in the second period were high, 
some exceeding 4 lb. per day. Total gam was higher 
in the low groups than in the high. 

At the first slaughter, the yard groups gave a 
slightly, but not significantly, higher mean weight of 
fill than the pasture groups (Table 2). The latter 
were by this time obtaining a proportion of their feed 
from grazing, were refusing straw and-eating less 
hay. The second slaughter sample showed that, in 
general, there was a loss of fill after three weeks on 
spring pasture. The fill of the low groups at this 
second slaughtef was on average 15 lb. higher 
(0-05 < P < 0-1) than that of the high groups. 

This could have been due to a higher rate of 
pasture intake by these bullocks following a low 
winter plane of feeding. At the third and final 
slaughter in June, weights of fill were higher than in 
May, and of the same order as those in April. Strip 
grazing gave a higher mean fill (0-01 < P < 0-05) 
than rotational grazing. The higher weight of fill in 
these cases may be partly explained by increasing 
‘sternminess’ of the herbage in the second three-week 
period, particularly evident under the strip manage- 
ment. - 

From the dressing-out -percentage of the slaughter 
sample, the carcass weights of bullocks remaining 
after each slaughter were calculated, to make possible 
an estimate of their subsequent carcass gains. The 
high groups showed a carcass increase of 24 lb. and 
32 Ib. per head, in the period when their live-weight 
gains were 10 lb. and 5 1b., respectively (Table 1). 
Gains were only slightly greater in the second three 
weeks than in the first. In rate of carcass gain over 


“six weeks there was little difference between yard 


and pasture groups. The low groups, however, gained 
40 per cent more than the high groups. Their carcass 
gains confirm the findings of many authors, for 
example, Hughes eż ai.*, that rapid lhve-weight 
recovery follows periods of low nutrition. 

The patterns of live-weight change observed in 
this experiment can be explamed in terms of both 
fill losses and carcass gains. The big changes in fill 
suggest that the economic importance of spring live- 
weight losses may be over-estimated, although severe 
scouring may give a greater check to carcass gain 
than was observed in this experiment. Such large 
fill changes are important in evaluating live weights 
of experimental stock. Fecal analyses suggest that 
both the fibre content in the ration and the rate of 
intake are related to fill. Further work is planned on 
these and other factors which may contribute to such 
losses, and full results will be reported else- 
where. 

2 Campbell, J. B., Canadian Catilemen, 11 (October 1965). 
2 Tayler, J. C., Proc. Brt. Soc. Anim. Prod., 1 (1954). 


® Hughes, G. Pearson, Alder, F. E., and Redford, R. A., Emp. J. of 
Ezp. Agrio., 28, 145 (1955). 
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Activation of Amino-acids by Soluble 
Enzymes from Pancreas and Other Tissues 


Last year, Hoagland! reported that he had obtamed 
from rat liver a soluble enzyme preparation which 
catalysed the formation of amino-acid hydroxamaites 
when incubated with a mixture of twelve amino- 
acids in the presence of adenosine triphosphate and 
hydroxylamme. He suggested that this type of 
carboxyl group activation might be a fiřst step in 
protein synthesis. In a later paper with Keller and 
Zamecnik? he reported partial purification of act- 
ivating enzyme from liver. 

We were able to repeat the work of Hoagland et al., 
and having regard to the possible importance of 
these enzymes for protein synthesis we examined the 
distribution of amino-acid - activating enzymes in 
several mammalian tissues. Enzyme activity was 
estimated by measuring the amount of amino-acid 
hydroxamate formed from a mixture of twelve 
amino-acids as described by Hoagland, Keller and 
Zamecnik*. The enzyme preparation was the super- 
natant obtained by centrifuging a homogenate of 
tissue (1 part) m 0-05 M potassium chloride (1-5 parts) 


at 100,000g for 45 min. Results are given in Table 1. 
Table 1, RELATIVE ACTIVITY OF DIFFERENT TISSUE EXTRACTS IN 
ACTIVATION OF AMINO-ACID CARBOXYL GROUPS 


Tissue Hydroxamate formed 


(umolejmgm. protein/hr.) 


Rat liver 
Rabbit liver 
Guinea pig Iver 
Ohicken liver 


Rat kidney 
Rabbit kiäney 


Guinea pig kidney 
Chicken kidney 


Rat pancreas 
Guinea pig pancreas 


Rabbit muscle 
Guinea pig muscle 


Guinea pig gut 





From these results, it was clear that amino-acid - 
activating enzymes are widely distributed in mam- 
malian tissues and that pancreas was likely to be a 
good raw material for further purification. 

It was found that an active enzyme could be 
obtained from gumea:pig pancreas by dilution of 
the centrifuged supernatant with twelve times its 
own volume of 0-05 M potassium chloride, adjust- 
ment of the pH to 4-8 and centrifugation. The pre- 
cipitate was redissolved in trishydroxymethylammo- 
methane buffer at pH 7-6 and tested for its ability 
to activate single amino-acids or groups of chemically 
related amino-acids ; the results are shown in Table 2. 

From these results, ıb was clear that guinea pig 
pancreas was rich in enzymes activating serine or 
threonine and histidine or tryptophan. Tests on the 
individual amino-acids showed that the pH 4-8 
enzyme activated serine, threonine and tryptophan 
but was inactive towards histidine. 

By fractionation with ammonium sulphate, the 
enzyme activating serine and threonine could be 
partially separated from that activatmg tryptophan. 
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Table 2. ACTIVATION OF AMINO-AOIDS BY pH 4-8 ENZYME FROM 
GUINEA Pia PANOREAS 








Amino-acid Hydroxamate formed 
{umole/mgm. protein/hr.} 
Valine -++ leucine + isoleucine 0 008 
Serine + threon:ne 0:010 
Arginine + lysin 0:003 
Histidine + tryptophan 0-030 
Methionine o 005 
Phenylalanine 0:007 
Mixture* 0-104 








* The complete mixture contained alanine, valine, leucine, isoleucine, 
hhenylalanine, threonine, serine, histidine, arginine, lysine and 
Typtophan. 


Starting with tke pH 4:8 enzyme, serine—threonine 
activation was predominant in protein separated 
between 0-35 ard 0-55 saturation with ammonium 
sulphate (0-125 ~mole/mgm./hr. for serine and threo- 
nine and 0:09 ymole/mgm./hr. for tryptophan), while 
the protein precipitated between 0-55 and 0°8 
saturation was mainly tryptophan-activating enzyme 
(0-19 umole/mgn./hr. for tryptophan and 0-06 
umole/mgm./hr. for serine and threonine). 

Working on a larger scale, it has been possible to 
use sheep or ox pancreas and to prepare a stable 
acetone powder. By ammonium sulphate fractiona- 
tion of an extrac of this powder, an enzyme prepara- 
tion has been obsained which is specific for L-trypto- 
phan, stable to dialysis and which requires magnesium 
ions and adenosine triphosphate. 

It seems likely from the results of Keller and 
Zamecnik® that these amino-acid - activating enzymes 
play a part in protein synthesis, but the distribution 
of enzyme activity towards different amuo-acids 
seems to be characteristic of the type of tissue used 
as source of enzyme; thus, Hoagland, Keller and 
Zamecnik®, using rat liver, found a quite different 
distribution of activity from that shown in Table 2; 
moreover, Demcss and Novelli‘ reported that a 
similar enzyme preparation from micro-organisms 
showed no activity towards serine or threonine. 

R- D. Corr 
'J. Coors 
T. S. Work 
National Instituts for Medical Research, 
Loncon, N.W.7. 
Dee. 21. 


' } Hoagland, M. B., B-ochim. Biophys. Acta, 16, 288 (1955). 


3 Hoacland, M. B., ‘Keller, E. B., and Zamecnik, P. C., J. Biol. Chem., 
218, 345 (1956). 


* Keller, E. B., and Z-mecnik, P. C., J. Biol. Chem., 221, 45 (1956). 


ee k A., and Novelli, G. D., Biochim. Biophys. Acta, 22, 49 


Competitive Inhibition of Mammalian 

Tyrosinase by Phenylalanine and its 

Relationshia to Hair Pigmentation in 
Phenylketonuria 


In Jervis’s introductory study, and in subsequent 
case “reports of phenylketonuria (phenylpyruvic 
oligophrenia), a 2londe hair colour and a fair skin 
have been notel in the large majority of the 
patients'-*. The most striking example described by 
Jervis was ‘‘an iciot baby with blonde hair and blue 
eyes who belonged to a family of Sicilian extraction, 
all the members 2f which, for at least three genera- 
tions, were of a very dark Mediterranean race’), 
Three possible hypotheses may be advanced to explain 
the reduction of melanin formation: absence of the 
melanin-forming enzyme, tyrosinase; absence or 
decrease of the. melanin precursor, tyrosine; and 
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finally, inhibition of the tyrosine—tyrosinase reaction 
by phenylalanine or related abnormal aromatic 
metabolites which accumulate in the blood of patients 
with phenylketonuria. 

That the latter explanation is the most likely is 
suggested by recent reports of the darkening of hair 
colour in patients with phenylketonuria who were 

“maintained on synthetic diets deficient in phenyl- 
alanine?-4. The blonde colour may, therefore, result 
from the reversible inhibition of tyrosinase located 
in the melanocytes of the hair bulb by abnormal 
concentrations of phenylalanine, phenylpyruvie acid 
and phenyllactic acid. Darkening of the hair is 
associated with return of blood—and presumably 
tissue—phenylalanme-levels to normal in patients 
maintained on the diet. Furthermore, a recent study 
by Dancis and Balis has revealed that L-phenylalanine 
partially inhibits the oxidation of tyrosine by tyrosin- 
ase obtained from plant sources®. Since plant tyrosin- 
ase is much less specific in its action than mam- 
malian tyrosinase, it is preferable to study the effect 
of phenylalanine and other intermediates which 
accumulate in phenylketonuria on the mammalian 
tyrosine—tyrosinase reaction. We have now shown 
that phenylalanine, phenylpyruvic acid and related 
metabolites are inhibitors of mammalian tyrosinase. 

Mammalian tyrosinase was prepared from the 
Harding—Passey melanoma as described previously®. 
Tyrosinase activity was determmed manometrically 
by measurement of oxygen uptake in the Warburg 
apparatus at 38°C. with 0-1 M sodium phosphate 
buffer at pH 6-8. When acid was used as an inhibitor, 
pH was adjusted to 6-8 by addition of sodium 
hydroxide. Each Warburg vessel contained 1-4— 
1-5 units of tyrosinase? in the side arm. The sub- 
strates, 0-4 mgm. of t-tyrosine or 0-5 mgm. of 
-dihydroxyphenylalanine, were contained in the main 
chamber with various amounts of compounds studied 
with a total volume of 2-8 ml. of reaction mixture. 
Each experiment was carried out at least m duplicate. 

As shown in Table 1, L-phenylalanine has an 
inhibitory effect on the enzymic oxidation of tyrosine 
and dihydroxyphenylalanine. After studying by 
Lineweaver and Burk’s method of plotting’, L-phenyl- 
alanine was found to be a competitive inhibitor of 
tyrosine—tyrosinase activity. 


Inhibition of mammalian tyrosinase by L-phenyl-. 


alanine at-the same concentration as in the blood 


Table 1. INHIBITION OF THE OXIDATION OF L-TYROSINE AND 
L-DIHYDROXYPHENYLALANINE BY MAMMALIAN TYROSINASE 


Inhibition (per cent) 
L-Tyrosine 1L-Dihydroxy- 
phenylalanine 





L-Phenylalanine 8 
29 


Phenylacetic acid 


Sodium phenylpyruvate 


p-Hydroxyphenylacetic 
acid 


D-Phenylalanine 





pi-Alanine 
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of patients ıs about 15-30 per cent under the experi- 
mental conditions described. However, both enzyme 
(tyrosinase) and substrate (tyrosine) are present in 
the human skin and hair follicle in much smaller 
amounts. Therefore, greater inhibition by L-phenyl- 
alanine can be expected in vivo. 

Competitive mhıbition of the tyrosine to melanin 
reaction by phenylalanine at the melanocyte-level is 
further suggested by darkening of the blonde hair in 
phenylketonuria following the oral admunistration of 
large amounts of tyrosme®. By supplying an excess 
of tyrosine, the normal ratio of the mhibitor (phenyl- 
alanine) to metabolite (tyrosine) is restored and 
normal melanin formation results. 

The effects on the tyrosine—tyrosinase reaction of 
several other compounds which were reported to 
occur in the blood or to be excreted in the urine of the 
phenylketonuric patient are also presented in Table 1. 
Phenylpyruvie acid (sodrum salt) and phenylacetic 
acid were found to be weak inhibitors of mammalian. 
tyrosinase, whereas p-hydroxyphenylacetic acid has 
the most marked inhibitory effect. In addition, 
D-phenylalanine and pt-alanine failed to show 
any significant inhibitory effect even at relatively 
high concentrations of 8-7 and 8:2 x 10-*M, 
respectively. 

The other abnormal metabolites reported. to occur 
in this disease also might play a part in the decrease 
of pigment formation; but their concentrations in 
the blood are very low and significant effect cannot 
be expected. For example, the level of phenyl- 
pyruvic acid in the blood of patients was reported 
to be 0:31-1:78 mgm. per 100 ml. (1-89 x 10-5 — 
1-09 x 10-*M) 8, and at this range practically no 
inhibition was observed as shown in Table 1. There- 
fore, it is concluded that the increased L-phenylalanine 
is the most important factor responsible for the 
phenylketonuric hypopigmentation, and the other 
abnormal netabolites have only slight influencé on 
melanin formation. 

The fact that the p-isomer of phenylalanine has 
no inhibitory effect on the tyrosine—tyrosinase reaction 
is evidence of the importance of the steric configura- 
tion of the inhibitor. 

According to Harper et al.1°, the levels of phenyl- 
alanine in the blood of normal individuals vary from 
1-1 to 4 mgm. per 100 ml. (6-7 x 10-8 — 2-4 x 10-4 
M), and at the highest concentration of this range 
enzymic inhibition occurs. It is suggested that 
phenylalanine be considered as one of the factors 
controlling normal melanin formation. 

We would like to acknowledge the suggestions made 
by Dr. J. H. Fellman. 

Masamrrsu Mryamoro 
Tuomas B. Frrzparrick 
Division of Dermatology, 
University of Oregon Medical School, 
Portland, Oregon. 
Nov. 12. 
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Effect of Antimetabolites on Antigen Vi 
Synthesis and Variability in S. typhi 


S. typhi grown at 18° O, fails to produce antigen Vz 
and is immune to Vi phages?. We submitted such a 
culture of S. typhi to the influence of various factors, 
transferred it into 37°C., and studied in suitable 
media the synthesis of antigen Vi, growth of the 
bacteria and synthesis of cell protein (Mazia)?. We 
determined antigen Vi in hot saline extracts by 
passive hemagglutination®-5, 

Bacteria mhibited by chloromycetin retained their 
ability to produce antigen Vi (curve 1), though they 
failed to synthesize protein or to grow. There are 
data indicating that the enzyme responsible for syn- 
thesis of antigen V7 exists in the cells at a temperature 
of 18° C. over a number of generations in spite of 
absence of actual synthesis of the antigen. 
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Examination of growth-inhibiting factors demon- 
strated that all those inhibiting respiration or reducing 
cell metabolism and suppressing the Krebs cycle 
inhibit at the same time antigen Vi synthesis at 
87°C. This effect is exerted by cyanides, malonic 
acid, vacuum, absence of oxygen (evacuation or 
flushing with inert gases) and, finally, by high con- 
centrations of dinitrophenol. Chloromycetin and 
lethal doses of ultra-violet radiation, on the other 
hand, fail to inhibit antigen Vi synthesis (Table 1). 
The effect on antigen Vi synthesis of malonic acid 
was examined in particular. Bacteria originally 
sensitive to 0-005 JZ malonic acid are easily 
adapted to 0:025 M malonic acid by consecutive 
passages in increasing concentrations. Already 
in 0-01 M concentrations of the acid (in the second 
passage) the bacteria fail to synthesize antigen Vi. 


Table 1, INFLUENCE OF VARIOUS FACTORS ON ANTIGEN Vi SYNTHESIS 


Factor 


Antigen Vr 





Absent 
Absent 
Present 
Present 
Absent 
Present 
Present 
Absent 
Absent 
Absent 
Absent 
Present 
Present 
Present 


‘ Acriflavin 0 5 per cent 
Acriflavin 0 1 per cent 
Dinttrophenol 0 005 M 
Dinitruphenol 0 01 M 
Dinttrophenol 0 025 M 
Malonic acid 0-005 M 
Malonic avid 0 010 M 
Malonic acid 0 025 M 
Potassium cyanide 0 005 M 
Vacuum - oe 
Carbon dioxide 
Ultra-violet Irradiation 
Chloromycetin 

Control 
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In higher concentrations they grow as a sediment 
on the bottom of the vessel. Centrifuged and trans- 


-ferred into fresk media, the micro-organisms are. 


lysed almost completely within 0-30 min. (from 
optical density C-3 to 0-02). Plating of a thick 
suspension grown in 0:25 M malonic acid produces 
only a few dozer colonies from 1 ml. The factors 
responsible for lysis of the bacteria grown in a malon- 
ate medium are net yet known. The possible presence 
in the cells of a >rophage seems unlikely to be the 
cause, in view of the rapid rate of lysis. The few 
surviving micro-crganisms yield a large percentage 
(20-40 per cent) cf colonies producing no antigen Vi 
and immune to 7¢ phages, but still susceptible to 
typhus O phages. 
A. W. Koznfsx1 
- Z. OPARA 
Z. KRAFT 
Immunochemical Laboratory, 
Biochemical Institute, 
Polish Academy of Sciences, 
Warsaw. Sept. 4. 
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Late Effects of Gamma Radiation on Mice 
protected with Cysteamine of Cystamine 


Tax short-term value of cysteamine (f-moercapto- 
ethylamme) and -ts disulphide (cystamine) as. pro- 
tective agents against whole-body irradiation is now 
well established!. Little is known, however, about 
the ultimate fate of the survivors from the radiation 
syndrome. This 2zommunication is -concerned with 
the induction of lymphosarcoma and lymphatic 
leukemia by cobalt-60 m C 57 BL/6 mice protected 
with one of these substances. 

A total of 553 mice of both sexes, aged 38 + 3 days, was 
randomly assigned to four treatment groups receiving 
different total doses in two exposures five days apart. 
Before each exposure, mice of the protected group 
received an intraperitoneal injection of cysteamine 
(3 mgm./10 gm.) o? @ gastric instillation of cystamine 
(4>mgm./10 gm.). Irradiated mice of the control 
group similarly received saline. In two other control 
groups, mice rece-ved cysteamine or cystamine but 
were not irradiated. The 50-day protection afforded 
by these compounds under the experimental con- 
ditions was significant?. 

Evaluation of tae long-term protection, however, 
has brought up cther problems. Survivors in all 
groups have been observed for a period of 300 days 
after the first exposure. Incidence of tumours in all 
groups has been tabulated (Table 1). In the group 
receiving 703 r. tctal dose, seven mice died prema- 
turely from a late post-irradiation, infectious and 
necrotic process. Numerous disseminated and con- 
fluent caseous lesicns were found in lungs, liver and 
kidney. Therefore results on tumours from this 
group are not statistically significant. In the group 
receiving 301 r. total dose, the percentage of tumours 
approached the -evel expected in the controls. 
According to Kaplan®, the threshold for tumour 
induction by single exposure to X-radiation is about 
283 r. At both other dose-levels, however, incidence 
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Table 1. 

























Initial | Sur- 
Total No. vivors 
Group dose of after | tumours | other (per 
mice | 60 days causes cent) 
1 1 4 
3 3 
8 3 
9 2 4 
Control 24 24 0 2 






















301 r. |; 40 27 2 0 
Pro- 406 r. 40 23 6 1 26 
tected 550r. 66 44 16 2 36 
by cyste-| 742 r. 45 15 1 5 7 
amine Control 24 24 0 1 0 
Protected| 550r. 50 31 9 4 29 
by cyst- | 742r. 24 8 3 1 38 
amino Cuntrol 12 12 0 1 0 





of tumours in protected mice was significantly higher 
than in unprotected mice. 

This result is in sharp contrast with the observed 
minbition of tumours in irradiated C 57 BL mice pro- 
tected by bone-marrow injection and thigh or spleen 
shielding’, A cocarcinogenic effect of cysteamine or 
cystamine has been postulated. No such effect, 
however, could be demonstrated after 300 days in 
C 57 BL mice painted with methylcholanthrene and 
given daily 10 mgm. of cystamine in the drinking 
water for three months (Mewissen, D. J., unpub- 
lished results). 

Since evidence is now accumulating that human 
leukemia may follow acute or chronic exposure to 
radiation and also extensive radiotherapy, these 
observations are important for the clinical application 
of chemical protective agents. 


D. J. Mewissen* 
MARSHALL BRUOER 


Medical Division, 
Oak Ridge Institute of Nuclear Studies, 
Oak Ridge, Tennessee, 
under contract with the 
United States Atomic Energy Commission. 


* Present address: School of Medicine, University of Lidge, 
Belgium. Work done while a resident physician at the Medical Division, 
Oak Ridge Institute of Nuclear Stud during tenure of a fellowship 
of the Centre d'Études des ‘Applications de l’¥inergie Nucléaire, 
Brussels, Belgium. 
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Reserpine and Serotonin in Experimental 
Convulsions 


Ir has been postulated that serotonin plays an 
important part in the maintenance of normal activity 
in the central nervous system, and that drugs causing 
some profound disturbances in its activity, for ex- 
ample, lysergic acid diethylamide, function through 
their anti-serotonin action}. ord 

It has been shown that reserpine and serotonin 
have some central actions in common (potentiation 
of hypnotics) which are biocked by lysergic acid 
diethylamide’, and that reserpine liberates serotonin 
from its body depots, mcluding the brain*4. Accord- 
ingly it has been suggested that the central actions 
of reserpine are mediated through serotonin released 
in the brain’. This hypothesis, however, can be 
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accepted only if it ıs possible to demonstrate that all 
central actions of reserpine are mimicked by serotonin, 

We have therefore endeavoured to verify whether 
serotonin plays a part in the facilitating action of 
experimental convulsions manifested by reserpine. 


. The principles and procedures followed were in all 


regards the same as previously described*. Two 
convulsant drugs, camphor and leptazol, were in- 
jected endoperitoneally in albino mice, and con- 
vulsant doses ED, HD;, and ED, have been 
calculated, and found to be (mgm./kgm.): for 
camphor 205-0, 120-0 and 70:0; for leptazol 145-0, 
98-0 and 66-0. 

Reserpine at a dose of 30 mgm./kgm. was injected 
subcutaneously in albino mice 3 hr. before the con- 
vulsant drug; serotonin at a dose of 20 mgm./kgm., 
or 500 mgm./kgm. of 5-hydroxy-tryptamine-crea- 
tinine-sulphate, was injected subcutaneously in albino 
mice 15 min. or 2 hr. before the convulsant drug. 
Camphor and reserpine were solubilized as previously 
reported ; serotonin was solubilized in distilled water. 
The serotonin-creatinine sulphate was synthesized 
by Bernini’s method’. 

It was found that mice pretreated with reserpine 
and camphor show tonic convulsions with maximal 
extension of hind legs like those observed in mice 
treated with leptazol alone. Mice not pretreated with 
reserpine show, after camphor injections, only clonic- 
type convulsions. The experiments were planned in 
order to verify whether serotonin provokes tonic 
convulsions with maximal extension of hind legs or 
counteracts those provoked by reserpine. From 
Table 1 it is seen that serotonin injected subcutane- 
ously 15 min. before camphor injected at dose BD, 
or ED,, does not provoke tonic convulsions, and does 
not counteract in all the animals the tonic con- 


Table 1. CONYULSANT ACTIVITY OF CAMPHOR AND LEPTAZOL IN MIOR 
Tonic convulsions (maximal extension of hind legs) have been registered 
only 








Reserpine Serotonin virabeese drug 
(subcutaneous) | (subcutaneous) (intraper: toneal} Aice con- 
Time Time yulsing 
Dose before | Doset before | Com- Dose inj po. mice 
(mgm./ con- |(mgm./ con- | pound (mgm./ ba 
kgm.) vul- | kgm.) vul- _thjected kgm.) 
sant sani 
— — — -- |Camphor 70 0= ED, 0/20 
3 hr. — — i 700= ,, {20 
— — 20 15min en 700= ,, 0/20 
me 20 16min. ., O= ,, 5/20 
— 600 15min. wy 700s ” 0/20 
8 hr. 500 15 min. 3 ©7170 0= 1/20 
= — e — ” "205 O=EDy 0/20 
3 hr. — — 1” 205-0= ,, 14/20 
— — 20 15min. se 205 O== ,, 0/20 
30 3 hr. 20 15 min. Gs 205 0= ,, 11/20 
= — 500 15 min. 7 205 0= ,, 0/20 
30 8 hr. 500 15min. 205 0= ,, 8/20 
Dau es — — |Leptazol 66 0=ED, | 0/20 
— — ~ — m 145 0=EDa| 18/20 
30 3 hr. _ _ # 88 0=ED, 20/20 
— — 20 15min y 60= ,, 0/20 
30 3 hr. 20 15 min. n 66-0 ,, 16/20 
— — 500 15min ‘4 66 0= ,, 1/20 
30 8 hr. 500 15 min. + 66 0= ,, 16/20 
— _ 20 2 hr. ” 86 0= ,, 0/20 
30 3 br. 2 hr. ” 86 0= ,, 15/20 
— 2. — 500 2 hr. o 868 0= ,, 0/15 
30 3 hr. 600 2 hr. ” 66 0= ,, 2/18 
Vehicle for 
reserpine® 20 15min.;Camphor 70-0=ED, 0/20 
Vehicle for 
reserpine* 20 15min, m 205 0 =EDos 0/20 
Vehicle for 
reserpine* 20 15min, Leptazol 66 0=ED, 1/20 





* Injected subcutaneously 15 min. before convulsant, 
{ All values are in terms of 5-hydroxy-tryptamine-creatinine-sulph- 


ate. 
5 mice out of 20 died after serotonin. 
2 mice out of 20 died after serotonin, 
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vulsions provoked by reserpine. As the partial 
protective action is afforded only by very high doses 
of serotonin, the significance to this effect is not clear. 

Also, in animals treated with leptazol at dose ED,, 
the serotonin, injected subcutaneously 15 min. or 
2 hr. before the convulsant drug, does not provoke 
any tonic convulsions (maximal extension of hind 
legs) and does not counteract the facilitating action 
of reserpine in all the injected animals. Since this 
counteraction was observed at very high dose, but 
only in some of the animals treated, it seems im- 
possible in this case also to give proper significance 
to this fact. 

These results do not support the hypothesis. that 
the central action of reserpine is mediated through 
the serotonin released in the brain. Indeed, if the 
facilitating action on convulsions manifested by 
reserpine were mediated in this way, it seems quite 
logical to expect exogenous serotonin to have the 
same facilitating action. Additional facilitating 
action might be expected if the free serotonin flooding 
the cells of the brain is augmented by endogenous 
serotonin released by reserpine plus the injected 
exogenous serotonin, 

In the experiments of Brodie eż al. the exogenous 
serotonin has the same action as endogenous sero- 
tonin. In the experiments reported here the exo- 
genous serotonin only augments the calming and 
depressant effects of reserpine. 

On the other hand, if the cells of the brain deprived 
of their normal amount of serotonin by reserpine 
were more susceptible to action of hypnotics or con- 
vulsant drugs, then the injected exogenous serotonin 
should have counteracted the facilitating action of 
reserpine, The results reported here, obtained with 
very high doses of serotonin, are not very sig- 
nificant. It may be recalled that Brodie et al.‘ showed 
the impairment of serotonin binding-sites due to 
reserpine, which could explain the partial failure of 
exogenous serotonin to modify the facilitating action 
of reserpine. 

It seems impossible to explain this failure by 
supposing that serotonin fails to reach the central 
nervous system, since the calming effect of serotonin 
and the potentiating activity versus calming effect of 
hypnotics and reserpine, can take place only in the 
cells of the brain. 

CAMILLO BIANOHI 
Dr. Recordati 
Laboratorio Farmacologico 8.p.A., 
Milan, . 
Sept. 15. 
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Immunochemical Heterogeneity of Human 
Plasma Lipoproteins 


EVIDENCE for the immunochemical heterogeneity 
of human plasma lipoproteins has recently been 
presented'. Several lipoprotein fractions and a non- 
lipoprotein containing plasma protein fraction were 
isolated from human plasma by ultracentrifugal 
methods. Antiserums against lipoproteins were 
prepared in rabbits. No cross-reaction was observed 
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Fig. 1. (a) Agar diffusion plate, five weeks after start of diffusion. 


Centre well contained hi 


uman ; the outer wells contai: 
the followir 


serum 
amounts of preci itable ee antibody 
of the euglobulin fraccion of rabbit anti-Sy 6 lipoprotein serum : 
upper right, 0-05 mgm. ; appt left, 0-03 mgm.; lower right, 
0-01 mgm. ; lower lef, 0:005 mgm. The agar mixture consis! 

of 2 per cent agar, 0-© per cent sodium chloride, 0-603 per cent 
methyl orange and 0 002 per cent merthiolate. Human serum 
and antiserum fractions were diluted in to cuntain the 
same final agar, sodium chloride and merthiolate concentrations. 
(b) The same plate as in (a), three weeks later, after It was stained 
with sudan black B. Six bands are distinguishable, all staining 

with the lipid stain 


between anti-lipoprotein serums and the non-lipo- 
protein - containing plasma protein fraction. By 
serological absorpt.on of the antiserums, high-density 
lipoproteins (hydrated density 1-07-1-16 gm./ml.) 
were found to be distinguishable from low-density 
lipoproteins (hydrated density less than 1-063 gm./ 
ml.). Differences were observed between the quantita- 
tive precipitin beaaviour of two low-density lipo- 
protein fractions, Sy 6 (hydrated density, 1-03- 
1-04 gm./ml.) and Sy 13 (hydrated density, 1-015— 
1-03 gm./ml.), anc their respective antiserums. By 
the Oudin agar diffision procedure’, six to eight bands 
were observed in tubes. Band formation did not, 
however, proceed :n the usual manner. Rather, the 
formation of a precipitation zone was observed first, 
and then, within this zone, bands developed. i 

This type of bend formation had not previously 
been described ; also, there are reports in the litera- 
ture suggesting that human plasma lipoproteins are 
homogeneous by she criterion of agar diffusion®, 
We proceeded, therefore, to examine our systems by 
the Ouchterlony modification of the agar diffusion 
procedure®, 

Fig. l,a is a phctograph of an agar diffusion plate 
five weeks after s-art of diffusion. The centre well 
contained an agar whole human serum mixture; the 
outer wells contaimed a mixture of agar and several 
concentrations of the euglobulin fraction Æ-6 of an 
anti-Sy 6 lipoprotein rabbit serum?. At an interme- 
diate antibody ccncentration (0-03 mgm. of anti- 
body in the well) five bands were clearly evident 
on the plate, although the limitations of photo- 
graphic reproduction made them difficult to illustrate 
here. Fig. 1,b is a photograph of the same plate, 
three wecks later, after the plate had been stained 
with sudan black F. (We wish to thank Dr, Lawrence 
Levine for suggesting details of the procedure.) All 
precipitation bancs were stained black, while pre- 
cipitation bands im control plates containing non- 
lipoprotein systems did not stain. Similar results, 
that is, the formation of several precipitation zones, 
all staining with livid stains, were also obtained with 
isolated lipoproteia fractions, and with other anti- 
lipoprotein serums and serum fractions. 

It is concluded that human plasma lipoproteins 
are immunochemically heterogeneous by the criterion 
of agar diffusion on plates. The study of these 
immunochemically different lipoprotein components 
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and their relationship to pathogenesis of disease® will 
be an interesting challenge. 
FREDERICK ALADJEM 
Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology, 
Pasadena, 
and 
Department of Medical Microbiology, 
University of Southern California School of Medicine, 
Los Angeles, California. 


Dan H. CAMPBELL 
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California Institute of Technology, 
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Motile Catalase-producing Strains of 
Lactobacillus delbruckii 


Tue characteristics of the lactic fermentation- 
inducing bacteria used for lactic acid production 
in several industrial plants in Czechoslovakia known 
under the name Lactobacillus delbrückii have been 
investigated. Several significant differences from the 
description of this species in Bergey’s “Manual” have 
been found, though the fermentation of sugars and 
the production of lactic acid were in accord with the 
data given. A surprising catalase content, however, 
has been revealed. 

Quantitative catalase determination by means 
of the Warburg respirometer' has shown a catalase 
content in all the strains investigated. ‘The catalase 
quotient has been found to be 2,000 at pH 7 and at the 
incubation temperature 37°C., so that it is near 
Escherichia coli (2,100). Besides catalase the spectro- 
photometric investigation revealed the presence of 
cytochrome a and b. The cytochrome ¢ zone was 
indistinct. The presence of the hematin pigments 
has been checked by the inhibitory effect of potassium 
cyanide on glucose oxidation. 

The purity of the strains has been checked by 
means of the dilution method, by isolation from one 
cell and by means of a selective culture medium. 
It has been concluded that the observed differences 
in the enzymatic systems of the strains studied, dis- 
agreeing with the usual descriptions of Lactobacillus 
delbriickii, can be in no case explained by an infection 
or lack of homogeneity of the strain. 

It is assumed that the strains investigated are 
similar in their characteristics to Thermobacterium 
cereale as described by Davis*. In text-books Thermo- 
bacterium cereale is usually erroneously considered 
to be a synonym for Lactobacillus delbriickii. 

Contrary to the characteristics commonly ascribed 
to the genus Lactobacillus we have observed flagella 
in two of the strains. The only observations of this 
phenomenon in the literature are those by Harrison 
and Hansen? in Lactobacillus plantarum var. mobilis, 
by Mann and Oxford‘ in three unstable cultures of 
Lactobacillus isolated from the rumens of calves and 
by Cunningham and Smith (quoted from Tittsler 

* et al.*) in the Lactobacillus isolated from silage. 
Electron microscopic observation has revealed long 
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Fig. 1. Electronmicrograph of Lactobacillus delbriickii from 
48° C., 8 hr., malt agar culture, showing flagella. (x e. 18,500) 


flagella (Fig. 1) in young cells 7-9 hr. old from two 
of the three strains investigated. In the third strain 
no flagellum could be found, 
Jima VANKovA* 
Department of General Microbiology, 
Charles University, 
Prague. Nov. 2. 
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Host Infection in Pellicularia filamentosa 
controlled by Chemical Stimuli 


PATHOGENIC specificity of different strains of the 
fungus Pellicularia filamentosa (Pat) Rogers to 
different host plants has been shown by Flentje' to 
be determined at two distinct stages in the infection 
process, One of these stages is on the external surface 
of the host stem before penetration occurs. The 
hyph of a pathogenic strain become attached to the 
cuticle of a susceptible host above the junction of 
epidermal cells, grow in a characteristic manner along 
the stem following the lines of junction of these cells, 
and form complex appressoria or ‘infection cushions’. 
Each infection cushion is produced from a side branch 
in which normal elongation has ceased but in which 
further prolific side branching has occurred. Infection 
takes place only from these cushions. Strains not 
pathogenic to the host fail to become attached to or 
organize on the stems. Flentje' suggested that this 
differential reaction may be due to a diffusible 
chemical exudation from the host. 

The first direct evidence of stimulation of P. 
filamentosa by chemical exudates from seedlings was 
presented by Kerr? using a ‘Cellophane’ bag tech- 
nique. This work has been extended by us, using 
several distinct strains of the fungus and three 
types of seedling—radish, tomato and lettuce. In 
soveral tests there was a close correlation between 
the susceptibility of the seedlings to the pathogens 
and the stimulation of the pathogens by the seedlings. 
It was apparent that a root excretion was causing this 
differential stimulation of growth of the different 
strains. Most strains of P. filamentosa cause a damp- 
ing-off of seedlings, the roots of which are not attacked 
by the fungus, but it was thought that excretions 
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might be present also on stems and be responsible for 
specificity in attachment and penetration. 
h The work was extended by studying the action of 
radish root excretions in vitro. Surface-sterilized 
radish seeds were germinated on distilled-water-agar 
and after 2 days 300 seedlings were transferred to 
washed sterilized sand, where they grew for 7 days. 
Root excretions were obtained by removing the seed- 
i expressing the solution from the sand through 
hane in a pressure Borup —— 
(Richards’) and evaporating it down to 0-4 ml. by 
vacuum distillation The resultant solution was 
bio-assayed by adding 0-005 ml. to filter-paper disks 
4 mm. in diameter, placing these on small islands 
cut in distilled-water-agar in a Petri dish and cover- 
ing the surface with sterilized ‘Cellophane’ disks, 
i ximately 8 cm. diameter. ‘The top of the 
phane’ was inoculated in different plates with 
three different strains of P. filainentosa, one of which 
was pathogenic to radish. ‘Ihe strains grew out over 
the ‘Cellophane’ and that pathogenic to radish 
showed a marked response on the ‘Cellophane’ cover- 
ing the filter-paper disks soaked in root exudate, 
while the other strains failed to respond. The response 
of the radish strain was evident in the side branches 
of hyph in which normal elongation ceased and 
further prolific side branching occurred, to give a 


clumping similar to the infection cushions on radish 
stems (Fig. l,a and b). Nutrients such as glucose- 
peptone broth when tested in the same way failed to 
show any of these characteristic effects on growth 
although they gave a general increase in density of 
hyphæ. 





Fig. 1. Growth of the radish strain of P. filamentosa—a, on a radish 
sealing prior to iape, and b Parii na over radish 
root excretions 
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However, as no penetration of the ‘Cellophane’ 
ever occurred in response to the root exudate, and 
as the radish strain organizes on and penetrates 
stems and not rcots, it seemed that the nature of 
the surface on which organization occurred might 
also be importart in bringing about penetration. 
Radish seedlings om which strips of epidermis and 
cuticle had been removed or which had been punetured 
in several places by fine (10y diameter) glass needles 
were inoculated with the radish strain of P. filamentosa. 
Both treatments increased the number of infection 
cushions producec, these structures being formed not 
on the exposed cortical cells, but on the cuticle 
immodiately alongside such cells, and penetration 
was always through cuticle and epidermis, never 
through the wounded tissues. The presence of cuticle 
appeared to be important for attachment and 
penetration. 

Epidermal strips approximately 15 mm. x 3 mm. 
were then obtained from radish seedlings and placed, 
cuticle facing upward, on similar-sized strips of 
distilled-water-ager to which 0-01 ml. of root exudate 
had been added. Small blocks of agar inoculum of 
the three strains were placed alongside these epi- 
dermal strips so that the hypha grew out over them. 
The hyphz of the radish strain became attached to the 
cuticle above the junction of the epidermal cells, 
grew along the linas of junction of these cells, formed 
infection cushions and penetrated the strips as on 
living stems. On control strips of radish epidermis 
with no root exudate present, attachment and growth 
along the lines of junction of cells occurred but no 
infection cushions were formed and no penetration 
took place. The tavo other strains tested in this way 
with radish root exudate failed to form infection 
cushions on, or penetrate, epidermis stripped either 
from radish or from the hosts to which they are 
pathogenic, 

It appears, ther, that attachment to, organization 
on, and penetration of a host by the radish strain of 
P. filamentosa is controlled by the nature of the 
cuticle surface, and the presence of a diffusible 
material which is excreted on to the cuticle surface 
from the underlying cells. Specificity of reaction of 
the different strams to different hosts is probably 
due to variation from host to host of the nature of 
the cuticle surface, and of the diffusible excretion. 

This evidence fcr chemical stimulus of penetration 
is at variance wita the widely accepted theory pro- 
posed by Brown‘ that the penetration stimulus is 
non-specific and due to physical contact. Most 
previous work on penetration has been carried out 
with airborne parasites in which there would be little 
selective advantag> in responding to chemical stimuli 
from a host, as she only chance of survival of a 
spore lies in penetration of the substrate on which it 
has lodged. For soil-borne pathogenic fungi such as 
P. filamentosa there would appear to be a definite 
selective advantage in reacting only to chemical 
stimuli from susceptible plants, thus increasing the 
chance of surviva’ in the competition for nutrients 


in the soil. 
A. KERE 
N. T. FLENTJE 
Waite Agricultural Research Institute, 
University of Adelaido. 
Now. 7. 
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Colominic Acid, a Substance of Bacterial 
Origin related to Sialic Acid : 


Some years ago, it was found that a mucoprotein 
derived from submaxillary mucin contained an acidic 
component which was termed sialic acid’, More 
recently, it has been shown that other mucoproteins 
of mammalian origin contain substances closely 
related to sialic acid; among these are neuraminic*, 
gynaminic® and lactaminic‘ acids. Despite intensive 
chemical investigations, the structure of these various 
substances has not yet been fully elucidated. 

During an investigation on the nature of colicine K, 
an antibacterial agent elaborated by a strain of 
Escherichia coli known as K-2355, a substance was 
encountered. in the culture medium which had 
properties similar in many respects to those of sialic 
acid. This substance has been termed colominic 
acid. 

Crude colicine and colominic acid may be precip- 
itated from a culture medium in which Escherichia 
coli K-235 has been grown, by adding ethanol at 
0° C. (75 per cent)? to the concentrated and dialysed 
solution. Following dialysis, the two substances 
can be separated by precipitating the colicine at 
pH 5-8 with ammonium sulphate (85 per cent). 
Colominic acid is isolated. from the supernatant, after 
dialysis, by freeze-drying (yield: 1 gm. from 165 1. 
of culture medium). 

Colominic acid is obtained as a snow-white 
amorphous powder. It is devoid of serological activity 
and is homogeneous when examined by electro- 
phoresis. It gives only feeble anthrone and biuret 
testa, and tests for hexosamines, pentoses, and hex- 
uronic acids are negative. Colominic acid dialyses 
very slowly through ‘Cellophane’, and an aqueous 
solution of the free acid has a pH of 3-7. Upon 
heating with dilute mineral acid, colominic acid 
rapidly forms humin. When heated with Ehrlich’s 
reagent, it gives a red colour, and a reddish-purple 
colour is formed when the substance is heated with 
Bial’s reagent. Colominic acid itself does not reduce 
Benedict’s solution, but after autoclaving an aqueous 
solution, reducing substances are liberated. 

Colominie acid has the following analysis: C, 
» 46-80; H, 5-82; N, 4-54; CH,CO, 15-10. It has 
an optical rotation in water of [a]*7° = — 50-5°. 
- Methoxyl groups, sulphur and phosphorus are absent. 
The neutral equivalent is 326. From the analytical 
data the formula [C,,H,gNO,-sln would appear to 
represent most closely the polymeric form of colominic 
acid. Each unit is believed to contain one acetyl and 
one carboxyl group. 

Although colominic acid possesses properties which 
relate it to sialic acid, it shows differences as well. The 
absorption maximum of the red colour produced 
: by colominic acid in the Ehrlich test lies at 530 my 
whereas that of sialic acid is at 565 mp. The absorp- 
tion coefficient of the two substances at 530 mu is 
identical; at 565 my, however, that of colominic 
-acid is slightly lower. Sialic acid gives a positive 
Bial reaction when tested under conditions described 
- by Werner and Odin’, but colominic acid does not. 

Finally, it should be said that colominic acid is an 
` amorphous. macromolecular material whereas sialic 
acid is a crystalline substance. 
The fact that sialic and colominic acids show closely 
-related absorption spectra in the infra-red region also 
attests to similarities in their structures (we are 
greatly indebted to Dr. Herbert Jaffe of this Institute 
_ for the spectral measurements). It willbe seen from 
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Fig. 1. Infra-red adsorption spectra of colominic acid (4) and 
of sialic acid (B). Measuremenis were made using i-mgm. samples 
of each compound compressed in a potassium bromide pellet 


Fig. 1 that the spectral bands of the two substances 
show excellent conformity at the shorter wave- 
lengths. At longer wave-lengths, however, this is 
not the case. Because of the amorphous and poly- 
meric nature of colominic acid, broadening of its 
spectrum in this region is to be expected. 

In sum, a substance of relatively high molecular 
weight is elaborated by the micro-organism Escherichia 
coli K-235, which bears a close relationship to sialic 
acid. This substance has. been termed colominic acid. 
Its exact biochemical function is at present unknown, .. 
but it is hoped that futare work will elucidate this 
point. 

Guy T. Barry 
WALTHER F, GOEBEL 
Rockefeller Institute for Medical Research, 
New York. 
1 Blix, G., Kossel Z. physiol. Chem., 240, 43 (1936). 
* Klenk, B., Kossel Z. physiol. Chem., 268, 50 (1941). 


* Zilliken, F., Braun, G. A., and György, P., Arch. Biochem. Biophys., 
54, 564 (1955). 

* Kuhn, R., and Brossmer, R., Chem. Ber., 87, 123 (1954). 

$ Frederieq, P., Rev. Belge Pathol. Med. Exp., 19, Supp. 4 (1948). 

* Goebel, W. F., Barry, G. T., Jesaitis, M. A., and Miller, E. M., Nature, 
178, 700 (1955). Goebel, W. F., Barry, G. T., and Shedlovsky, 
T., J. Exp. Med., 108, 577 (1956). 

’ wen and Odin, L., Acta Soc. Med. Upsala, Sweden, $7, 230 


Vertebrate and Invertebrate Tropomyosins 


As a first step toward generalizing the relationship 
between tropomyosin, actin and myosin found for 
rabbit skeletal musclet, we have prepared and exam- 
ined tropomyosins from the different types of mam- 
malian muscle (cardiac, uterine and smooth), from 
lower classes within the vertebrate phylum (amphib- 
ian, fish and cyclostoms) and from representatives 
of different invertebrate phyla (arthropod, mollusc, 
echinoderm, annelid and nemertian). 

Most of these proteins crystallize in plates or in 
various types of needles. All have sedimentation 
constants falling along the same line and extrapolating 
to an Seow(e=0). Of about 3-0 (Fig. 1). 

On the basis of amino-acid composition, the 
tropomyosin. of mammelian striated muscle can be 
distinguished from the tropomyosins of smooth 
muscle, of uterus and of the lower vertebrates; the 
differences are small and limited to about seven of 
the amino-acids. In the composition of the inverte- 
brate tropomyosins, the differences.are much larger 
and affect nearly all the amino-acids ; nevertheless, 
there is adherence to the general tropomyosin, pattern. 
of, for example, high glutamic acid content (160-: 
200/105. gm.), low proline content. (1-6-10/10* gm.) 


-and histidine content (2-4-13/10' gm.), 


Although within the several phyla studied, 
practically every amino-acid seems susceptible to 
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Fig. 1. Sedimentation of tropomyosins from various 

cde A , Rabbit skeletal ; bovis © ; W, rabbit 

uterine; A, flatworm; x, earthworm; +, lobster; @, Venus 
eromyosin (ref. 3 These’ resul 


foot; O, I- AE S ts show that 
L-meromyosin (rabbit) ony resembles tropomyosin in its 
sedimentation behaviour 


alteration from class to class, one apparent regularity 
stands out. The sum of these basic groups is always 
about 140/105 gm., and in the lower phyla arginine 
replaces some of the lysine. Similar observations 
have been made “on molluscs by Bailey? and 
Yoshimura‘. In vertebrato striated muscle, lysine 
is 107 and arginine 41/10° gm. ; in lobster, lysine is 
83 and arginine 56/10° gm.; in molluscs, lysine is 
74 and arginine 62/10° gm.; and in annelids, lysine 
is 56 and arginine 83/10 gm. 

Another finding concerns the total charge of these 
molecules. Although the basic groups remain con- 
stant, a decrease in dicarboxylic acid content together 

ith a higher amide ammonia results in a lower net 


anionic charge in the lower phyla. Thus at neutral 


pH the vertebrates and sea cucumber have 80-90 
charges/10° gm., lobster and squid about 70/105 gm., 


and the annelids about 30/10° gm. 


These data indicate that the lysine-arginine dis- 
tribution and total anionic charge of a given tropo- 
myosin can be correlated with the phylum to which 
the animal belongs. 

An apparent exception to these regularities was 
found when squid tropomyosin was compared 
with the tropomyosin found to be abundant in 
clam smooth-muscle adductor? ; the latter had a low 
net charge and inversion of its lysine and arginine 
values compared with squid. Ammonium sulphate 
fractionation of clam tropomyosin yielded a main 
fraction (about 80 per cent) precipitating betweon 
28 and 40 per cent saturation, termed here tropo- 
myosin A, and a second fraction precipitating between 
45 and 65 per cent saturation, termed here tropo- 
myosin B. Tropomyosin B has the same lysine and 
arginine values as squid tropomyosin, and approx- 
imately the same charge. 

This seems to be the first time that two tropo- 
myosins have been isolated from a single muscle. 
It appears that tropomyosin B corresponds to the 
tropomyosins found in other animals. Because of 
its abundance and because of the small amount of 
myosin which can be isolated from clam muscle, 
tropomyosin A appears to be part of the contractile 
system in clam adductor muscle. 

Attempts in this laboratory to isolate such a second 
tropomyosin from rabbit skeletal myosin have been 
made recently in the light of evidence* that mam- 
malian tropomyosins contain two free —SH groups 
per molecule. Performic acid oxidation of purified 
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myosin gives in the product a mixture of two peaks 
on ultracentrifuga. analysis, one sedimenting similarly 
to tropomyosin and a slower one similarly to de- 
polymerized actin Purification so far has enriched 
the tropomyosin content to 70 per cent; amino- 
acid analysis of this product corresponds to a mixture 
of 30 per cent of actin and 70 per cent of a tropo- 
myosin which is nuch richer in phenylalanine and 
histidine and muca poorer in alanine than free tropo- 
myosin. It appears, therefore, that a tropomyosin A 
is also present in rabbit muscle as a constituent of 
the contractile system. 
Detailed accourts of this work will be published 

elsewhere. 

D. R. Kominz 

F. Saap 

K. LAKI 
National Institute of Arthritis and Metabolic Diseases, 

National Institutes of Health, 
Public Health Service, 
U.S. Department of Health, Education, and Welfare, 
Bethesda, Maryland. Nov. 5. 


i Kominz, D. R., Hough. A., 8: P., and Lakl, K., Arch. Biochem. 
“and Blophoes bor EiS ae j 


* Balley, K., Biochem. o., 64, 9P (1956). 

3 Szent-Györgyi, A. G., Arch. Biochem. and Biophys., 42, 305 (1952). 

*Kominz, D. R., Saad, F., Gladner, J. A., and Laki, K., Arch. Bio- 
chem. and Biophys. “in the press). 
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A Basal-Ce!l Carcinoma in the Fowl 


IN birds, though sarcomata are well known, 
carcinomata appear to be extremely rare’. The 
literature contains few references to these, one of 
the most recent being to that reported in a Pennant’s 
parakeet*. In the course of work in this department 
a small flat tumour about 1 cm. across was noted at 
autopsy in a Brewn Leghorn capon between the 
right ear and the angle of the jaw. Feathers, appar- 
ently normal for that site, were distributed over the 
area of the tumour. The growth, together with the 
surrounding skin, was sectioned in a plane normal 
to the surface. Upon histological examination the 
tumour was found z0 be a typical basal-cell carcinoma. 
This diagnosis was kindly confirmed for us by Prof. 
R. A. Willis. Witain the growth carcinomatous cells 
could be seen to 5e invading the mesodermal cores 
of feather papille, as shown in Fig. 1. We owe to 
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et Section of tumour, normal to the , which Is te the 
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Prof. Willis the suggestion that this carcinoma may 


in fact be derived from basal-cells of a feather-gerra. 


The bird was nine years old and had in previous 
years been used in work involving the administration 
of estrone. This had been given in four intradermal 
injections into the breast, each of 0-05 mgm., in alcohol, 
spread over a period of six months. It had also been 
given a dose of 500 r. X-irradiation directed to a 
patch about 2cm. x 3em. on the back of the neck just 
below the base of the skull and so just posterior and 
rather median to the site of the growth. The radiation 
was of approximately 1-25 mm. aluminium half- 
value layer and the focus-skin distance was 10 em. 

Our sincere thanks are due to Mr. T. J. Tulley, 
who, with the kind permission of Dr. K. W. Beetham, 
administered the radiation in the Radiotherapy 
Department of the Hull Royal Infirmary. 

Jack CoHEN 
PAUL G. ’ESPINAssE 
-> Department of Zoology, 
: The University, 
`- Hull. 
Nov: 1, 


i Willis, R. A., “Pathology of Tumours”, 267, 2nd edit. (Butterworth 
and Co., London, 1953); and private communication. 

*Osman Hill, W. C., Wadsworth, J. R., and Woodruff, R. S., Vet. 
Med., 50, No. 10, 463 (1955). 


Inaccuracy of Anaphase Bridges as a 
Measure of Radiation-induced Nuclear 
Damage 


One of the most significant contributions that led 
ipo the development of the target theory in regard to 
chromosome aberrations was Sax’s observation! that 
X-ray-induced dicentrics and rings, which require two 
breaks or hits, increase as the square of the dose. 
There have been numerous reports in the literature, 
however, of a linear dose curve resulting from the 
scoring of anaphase bridges that ostensibly come from 
the dicentrics and rings. Even Sax himself has re- 
ported in a paper by Sax and Brumfield? such a linear 
one-hit curve in the seed of Vicia faba. Later, Wolff? 
found that if the metaphase configurations in Vicia 
“were scored, the theoretically important parabolic 
The differences in these 
‘two curves were attributed to many diverse pho- 
nomena. Wolff thought that the difference between 
his curves and those of Sax and Brumfield might be 


“due to the fact. that they may have scored single 


“bridges resulting from one-hit isochromatid breaks, 
_vather than the double bridges associated with 
~dicentrics and rings. Caldecott**®, however, in a 
= geries of papers in which he obtained the linear curve 
for anaphase bridges in barley, observed that the 
‘bridges were all double, and postulated that the 


z apparent contradiction between Sax’s and Wolff’s 


two-hit curves on one hand, and Caldecott’s and 
Sax and Brumfield’s one-hit curves on the other, 
might be due to differences in hydration of the 
material’. Since the two-hit curve is of very great 
importance’ for the theory of the production of 


ES chromosome aberrations, it is important that the 


“discrepancy in the two types of curves be studied. 
In order to test this discrepancy observations were 
made both of metaphase and anaphase in barley, the 


-material in which a linear curve had been reported 


_ for anaphase bridges. It should be pointed out at 


this time that the scoring of metaphase aberrations 


is far more satisfactory than the scoring of anaphase 
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bridges". ‘This is due to the fact that at metaphase, 


unlike anaphase, one can see all the chromosomes and 
distinguish nearly all the aberrations. However, in 
materials that are comparatively difficult to use 
cytologically, anaphase may be the only stage that 
can be scored very readily. Barley, if handled by 
ordinary methods, is an example of such difficult 
material. By the use of a new squash method for 
barley’, however, large numbers of scorable meta- 
phase configurations can be obtained. 

The technique used in these studies consisted 
essentially of irradiating both dry and wet seeds 
(soaked 8 hr.) with various doses of 250 kVp. X-rays 
(1,000 r./min., half-value layer 0-55 mm. of copper) 
and then placing them on moistened filter paper in 
Petri dishes. At 24-26° C. the first mitotic divisions 
of barley root tips usually occur about 24 hr. after 
beginning of germination. Consequently, after 20 hr. 


the seeds were removed from the filter paper and C 


placed on filter paper that had been soaked with . 
a 0-2 per cent colchicine solution and were: then 
allowed to germinate further on the colchicine. This 
treatment destroyed the spindle and allowed all the 

dividing cells to accumulate at metaphase. The seeds 

were then fixed in a mixture of 6 parts absolute 

alcohol, 3 parts chloroform and 1 part acetic acid 

and stored overnight at 60° C. ir the fixative. After 
an 8-min, Feulgen hydrolysis the seeds were stained 

in leuco-basic fuchsin and treated with a 5 per cent 
pectinase (obtained from Nutritional Biochemicals 

Co.) solution for about 2 hr, Those root tips in 

which anaphases were studied were not treated with .. 
colchicine but otherwise underwent identical treat- 

ment. For each point of the dose curves, 300 cells 

were scored from a total of six slides. 

In Fig. 1 it may be noted, both in the dry and in» 
the hydrated seeds, that if dicentrics and rings are 
scored at metaphase the theoretically expected two- 
hit curve is obtained, that is, the dicentrics and rings 
increase as the square of the dose. However, if only 
anaphase bridges are scored it is found that they 
increase linearly with dose. These are all double 


bridges such as would be expected from dicentrics o ` 


and rings. The difference, therefore, is not due to 
the bridges being the result of isochromatid aberra- 
tions as was once postulated, or to the differences 
in hydration, since this oecurs in both dry and soaked: 
seeds. At present all that can be said is that the 
discrepancy seems to be some sort of an artefact 
that appears when anaphase bridges are scored. We 
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Fig. 1. Dose-effect curves obtained for two-hit aberrations 


when metaphase and anaphase are scored 
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-= do not know what causes this. 
= Most phenomena which could 
=> prevent dicentrics and rings 
from making observable bridges 
 ~—as the two centromeres going 

to } same pole in such a 
manner that the two chrom- 
ds fall apart, or non-dis- 
occurring by which 
centromeres drags 
centromere up to the 
—would be expected 
& constant propor- 
regardless. of 
ne would, therefore, 
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phase curve which, of course, 0 10 20 
“js assumed to show more accur- 
‘ately the amount of nuclear - 


- damage, has no constant rela- 
tion to the anaphase curve. At 
= low doses, nearly as many 
‘aberrations will be scored at 
naphase:as at metaphase, 
as a8 the dose. increases, 
discrepancy. between the 
o curves becomes greater and 
ter. ‘This means, of course, that anaphase results 
ive a very accurate indication of the amount 
ar damage. Consequently, one has to use 
caro in correlating other radiation effects to 
ear damage as measured by anaphase bridges. 
his work. was performed under U.S.A.E.C. Con- 
No. W-7405-eng-26, 
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n Exchange Method of determining 
nosine, Anserine and their Precursors in 
ee Animal Tissue 
Aurnovan elegant procedures have been described 
r the separation of the neutral and acidic amino- 
wids by elution from sulphonated polystyrene resins, 
the quantitative separation of the basic amino-acids 
as proved more difficult*. For example, when the 
pH of the eluting buffer is more than 7 their re- 
coveries rarely exceed 80 per cent. It is for this 
~yeason that buffers of pH less than 7 and relatively 
high sodium ion concentration have previously been 


used. in their separation, although such conditions 
greatly reduce the sensitivity of the method. © 





0-2 M Borate buffer, pH 8-0, 0:03 per cent 
sodium diethyltdithiocarbamate, 0-181 X 
sodium ions, 26° C. te, 25° C. 


0-22 M sodium carbonate, 0-03 
per cent sodium diethyldithiocarb- 


Fig. 1. The fractionation of basic amino-acids end the dipeptides carnosine and anserine by 

buffered elution from a 50 cm. column 0:9 cm. d.ameter, packed with ‘Dowex-50" resin, 4 

cent cross-linked. The pre 
A photometric ninhydrin method was used to estimate the amino-acids (ref. 7 


er 
ation and running of such a column have. been described (ret 3), 


In general, the separation of amino-acids containing 
groups of closely smilar pK. value is greatest when 


the pH of the eluting buffer is 1-2 units higher than eee 


the pK of the group controlling the cation exchange 
with the resin®, which in the case of the basic amino- 
acids is the weaker of the two basic groups present. 
This communication mainly describes the separation. 
of amino-acids containing an imidazole nucleus, that 
is, histidine, N-methylhistidine, carnosine:and anser- 
ine, in which the imidazole pK controlling the ex- 
change varies from 6-00 for histidine to 7-04 for 
anserine. Optimal separation of amino-acids within 
this narrow range of pK should therefore be achieved 
by using a buffer between pH 8 and 9-and by manipu- 
lating the cationic ssrength to give alow distribution 
ratio. Unfortunately, it is precisely in this range 
of pH that the recovery falls most drastically, and 
it is suggested that shese losses may be due to traces | 
of heavy metals in the resin material forming a com- 
plex with the amine-acid. This is borne out. by the 
fact that complete recoveries are obtained when 
powerful chelating agents are added to the buffers... 
As sodium diethylcithiocarbamate is found to be 
most effective for this purpose, it is likely that the 
contaminating ions are copper. Once the yield has 
been improved in shis way, the. sodium ion con- 
centration can be adjusted to give convenient. 
eluting volumes. The final method adopted is shown 
in Fig. 1. o i 

The method has been used for examining the levels 
of carnosine and amserine and of the precursors, 
histidine and N-metaylhistidine, in the muscles from 
various animal speces, The results are summarized , 
in Table 1. Samples of muscles were’ prepared as 
soon as possible after the death of the animal so 
that the possibility o? any hydrolysis of the dipeptides 
was reduced to a minimum‘. 
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THE CONTENT OF ANSBRINE, CARNOSINE, HISTIDINE AND. 


Table 1. 


N-METHYLHISTIDINE OF RED- AND WHITE MUSCLES FROM A NUMBER: 


OF- ANIMAL SPECIES 
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The most significant feature of the results is that 
the so-called white muscles, for example, the pectoral 
of the fowl and the psoas and longissimus dorsi of the 
rabbit, contain largo amounts of anserine and little 
carnosine, whereas red muscles such as the pectoral of 
the pigeon and semitendinosus of the rabbit contain 
little of either dipeptide. The extreme case of a red 
muscle is, of course, the heart, which is better supplied 
` with blood than other muscles. Rat and rabbit heart 
contain no detectable amounts of carnosine or anserine. 
The longissimus dorsi of the horse is exceptional in 
having a high level of carnosine, but no anserine, 
while the considerably whiter muscles of the rat con- 
tain little anserine and almost no carnosine. There 
is œ relatively low concentration of the dipeptides 
in the longissimus dorsi of the sperm whale. In no 
caso are the precursors histidine and N-methyl- 
histidine present in detectable amounts. It is inter- 
esting that the peak which contains the neutral and 
acidic amino-acids (Fig. 1) is 8-10 times larger in 
muscles containing little or no carnosine and anserine 
than for muscles rich in these dipeptides. The high 
concentration of these amino-acids in muscles such 
as rat heart is of the same order as the concentration 
of the dipeptides in white muscle such as rabbit 
psoas. . 

-The results, which are particularly interesting in 
view of the recent importance attached to carnosine 
and anserine.in both aerobic and anaerobic glyco- 
lysis*-**, are being followed up with a detailed study 
_ of the intermediary metabolism of these dipeptides. 


C. L. Davey 
(New Zealand Defence Scientific Corps.) 


Low Temperature Research Station for 
Research in Biochemistry and Biophysics, 
University of Cambridge, 


an 
- Department of Scientific and Industrial Research. 
A A Oct. 16. 
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interconversion of I7-Keto and 17g-Hydroxy! 
Groups in Steroids by Protozoa 


Ir has been amply demonstrated that bacteria, 
yeasts, moulds and actinomycetes convert steroids 
in various ways. In many instances, the products 
obtained by such microbial action have been identified 
and range from modifications at one or two carbon 
atoms (hydroxylation, dehydrogenation, etc.) to a 
complete degradation of the steroidal molecule. 
However, almost nothing is known about the ways 
in which such compounds are affected by micro- 
organisms of the animal kingdom. Is has been re- 
ported that in some cases Protozoa require steroidal 
materials for their subsistence’, but the identity of 
their metabolic intermediates or products has not 
been established. We wish to report that a specific 
and well-defined reaction can be brought about by 
two protozoan species of the genus Trichomonas. z 

Cultures of Trichomonas gallinae were grown in 
100 ml. of a trypticase — serum — thioglycollate 
medium for 24 hr. at 37°C. At the end of this 
period 10 mgm. of the steroid to be tested was added 
to the culture and the incubation continued for an 
additional 24 hr., either under anaerobic conditions 
or aerated in shaken flasks. The steroidal material | 
was then extracted from the culture medium: with 
methylene chloride and identified by paper chromato- 
graphy in six solvent systemns®, 

The results indicated that all the 17-ketosteroids 
tested were reduced to their corresponding 178- 
hydroxy analogues in an anaerobic environment, and > 
that a reversal of such reductions eccurred under > 
aerobic conditions (Table 1). BS 


Table 1. CONVERSIONS oF STEROIDS BY Trichomonas gallinae 
10 mgm. of steroid dissolved in 1 ml. propylene glycel/100 ml. medium. 
One-day growth and one-day conversion at 37° C. 








Substrate Product 
4-Androstene-8,17-dione. | 178-Hydroxy-4-andro- 
sten-3-one 
4-Androstene-3,11,17- 178-Hydroxy-4-andro- 


trione stene-3,11-dione 


178-Hydroxy-1,4-andro- 





Reduction 


1,4-Androstadione-3,17- 
dione 


lia-Hydroxy-4-andro- 
stene-3,17-dione 
116-Hydroxy-4-andro- 
stene-3,17-dione 
38-Hydroxy-5-androsten- 
17-one 
36-Acetoxy-5-androsten- 


stadien-3-one 
11a,17#-Dibydroxy-4- 

androsten-3-one 
118,178-Dihydroxy-4- 

andrasten-3-one 
5-Androstene-37,17f-diol 


3f-Acetoxy-5-androsten- 





17-one 17f-of + 38-Hydroxy- 
5-an ten-17-one + 
38-Hydroxy-5-andro- 
sten-17}-ol 
CEstrone (Estradiol 
178-Hydroxy-4-andro- 4-Androstene-3,17-dione 
sten-3-one 


118,178-Dihydroxy-4- 
androsten-3-one 

178-Hydroxy-4-andro- 
stene-3,li-lione ` 

178-Hydroxy-4-æstren-3- 
one 


11f8-Hydroxy-4-andro- 
stene-3,17-dione 

4-Androstene-3,11,17- 
trione 

4-(Estren-3,17-dione 


Oxidation 








In addition, the bioconversion product of 4-andro- ©: 
stene-3,11,17-trione was isolated by column chromato- 


graphy and identified as 178-hydroxy-4-androstene-°- 


3,ll-dione (11-ketotestosterone) by mixed melting. 
point with the corresponding authentic steroid and. 
by infra-red analysis. No transformations by this 
organism of At*-3-keto-pregnene derivatives were 
detected. 

These results show that the trichomonad contains 
a dehydrogenase which carries out a specific inter- 
conversion of the 17-keto and 178-hydroxyl groups 
in C,, and: C,, steroids : 
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e° have observed that another trichomonad 
(T'. foetus) also brings about specific transformations 
of this type. i 
The interconversion of keto- and hydroxy-steroids 
occurs in a variety of mammalian tissues‘. In many 
instances, bacteria’, yeasts*, moulds? and actino- 
mycetes* have also been reported to affect the 
si sapien of C,, and C,, steroids in the 17- as well 
as 3-positions. Our findings show that reactions 
of this type can also be carried out by Protozoa. 
Further work will be published elsewhere. Acknow- 
-ledgment is made to Mr. L. M. Reineke and his 
associates for the paper chromatographic analyses, 
and to Dr. J. L. Johnson and Mrs. G. 8. Fonken for 
the infra-red spectrographic data. 
OLDRICH K., EBEK 
Kuopa M. MICHAELS 
Research Laboratories, 
The Upjohn Company, 
Kalamazoo, Michigan. 
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Isolation of Melanin Granules 


TuE study of melanin granules is of both com- 
mercial and academic importance in the investigation 
of the pigmentation and bleaching of animal fibres. 
A means of separation of the granules from the keratin 
matrix which leaves them morphologically and 
chemically unaffected is therefore desirable. The 
methods of isolation which have so far been used 
consist in dissolving the keratinous material either 
by acid or alkaline hydrolysis, or by treatment with 
a mixture of phenol hydrate and thioglycollic acid. 
Of these, the last? appears to be the most satis- 

, because it leaves the granules undamaged. 
It is, however, extremely laborious, involving reflux- 
ing of the protein substance for twenty-four hours, 
after which the resultant suspension is centrifuged 
for 10 hr. 

By refluxing melanin-containing protein with 
60 per cent w/v hydrazine/absolute alcohol solution 
for 2 hr., using a liquor ratio of 50:1, it has been 
found possible to isolate the pigment granules. The 
protein is converted into hydrazides of low molecular 
weight** and any undispersed matter is filtered out 
on a coarse filter paper, through which the granules 
pass. The suspension is centrifuged for 2 hr. at 
2,000 g, the supernatant liquor is decanted off and 
the residual granules are washed three times with 
distilled water. 
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Fig. 1 


The accompanying electron micrograph (Fig. 1), for 
which we are indeoted to Dr. J. Sikorski, shows gran- 
wes which have been isolated by the above treatment 
from dark-brown Welsh mountain wool. As may be 
seen, they appear to be morphologically unaffected, 
though in this instance they were refluxed for 4 hr. 
Even after digest.on for 2 hr., however, the granules 
are quite clean, and no advantage is to be gained 
by the longer treatment. 

A. FILSON 
J. Horr 
Textile Chemisty Laboratory, 
Department of Textile Industries, 
University, Leeds. Oct. 26. 
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erence on Electroz Microscopy, Stockholm 1956 (in press). 
raah Ohno and Norita, Bull. Soc. Chim. Japan, 25 (3), 214 
‘ Blackburn and Lee, J. Text. Inst., 45, 7'148 (1954). 


Interatomic Bonding in Manganese 
Trifluoride 


THE monoclinie unit cell of manganese trifluoride 
has dimensions a, 8-904 + 0-003 ; b, 5-037 + 0-002 ; 
c, 13-448 + 0-005 A.; B, 92-74 + 0-04°, and con- 
tains twelve manganese and thirty-six fluorine atoms 
in general and special positions?! of space group 
C2/c — C%,. The structure is pseudo-rhombohedral, 
and since the packing of fluorine atoms is mid- 
way between close-packed hexagonal and a ReO,- 
type defective cubie close-packing, it is classified as 
a VF,-type transition-element trifluoride’. MnF, 
octahedra are joned by sharing corners, and the 
lower symmetry cf the structure, in comparison with 
other trifluorides of the first long period, results from 
the unusual occurrence of three different Mn-F bond- 
lengths (2-09, 1-91 and 1-79 A.) within each octa- 
hedron. 

Crystal-field (ar ligand-field) theory* has been 
applied recently Ly Harris, Nyholm and Stephenson‘ 
to explain the abaormally long Pd-I bonds observed 
in the distorted ectahedral complex Pd(diarsine),I,. 
A similar explanation is now offered for the unsym- 
metrical bonding in manganese trifluoride. 

The magnetic moment’ of 4-9 Bohr magnetons 
implies that there are four unpaired electrons in the 
3d shell of the Mr (IT) atom. Three of these occupy 
the d, orbitals, and the remaining electron is probably 
in a 3dz: orbital. The empty 3dg:_y2) orbital points 
in the direction ef four fluorine ions and together 
with the 4s and swo 4p orbitals forms four hybrid 
dsp? bonds directed towards the corners of a square. 
The three singly occupied d, orbitals offer no repulsion 














since Gee point betws the Suorive atoms. The 
singly occupied 3d, orbital points along the axis of — 
the remaining two Mn—F bonds and must exert a 


| apreehe These two fluorine atéms are held either~ 


‘by ionic bonds or by linear hybrid/4p4d bonds, an 
interpretation which is in accordance with the 
abnormally long bond-length of 2-09 A. The four 
hybrid 3d(g:_yy4s4p? orbitals are not all exactly 
equivalent, since the bonds in the plane (1-91 and 
1-79 A.) are not of equal lengths. 

Neighbouring MnF, octahedra are oriented in such 
a way that a fluorine atom common to both is either 
equidistant at 1-91 A. from each metal atom or is 
abnormally distant (2-09 A.) from one manganese 


atom and at the same time abnormally close (1-79 A.) 


¿to the other manganese atom. In this way, the close- 
packing of distorted octahedra with shared corners 
is maintained. In terms of classical valency theory, 

three different Mn-—-F bonds might be described 

aving different covalent and ionic contributions, 
he ionic contribution increasing with increasing 

-bond-length. 

Ligand-field theory also offers an explanation for 
the unique difference between manganese and its 
neighbouring metals in their trifluoride structures. 
Chromium, manganese, iron and cobalt, each in the 
trivalent state, have electronic configurations as 





represented in Fig. 1. 


3d, 









Fig. 1 


Ib is only for manganese, where the electron 
occupation of the dy orbitals is unsymmetrical, that 
the dy interaction with the ligands might be expected 
be anisotropic. The iso-electronic Cr(II) fluoride 
is being examined to see whether a similar effect is 
- observed. 
M. A. HEPWORTH 
i K. H. JACE 
hemistry Department, 
King’s College, 
’ Newcastle upon Tyne. 
E R. S. NYHOLM 
-Chemistry Department, 
<- University College, 
London, W.C.1. 
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Gold 
‘Durie the development of an apparatus for 


measuring the rate of disappearance of oxygen at a 
pressure of a few microns in the presence of hot metal 


Reaction between nis and Hot 





filaments, gold was used for providing a ‘blank’. Itv 
expected that the reaction would be immeasurably 
slow. 

In fact, the oxygen disappeared at a rate which 
was definite and reproducible (2 x 10-? ul cm.-? 
min.~'), and, at a pressure of 3 microns, corresponded 
to a reaction probability of order 10-° for the im- 
pingement of oxygen at room temperature on gold 
at about 900° C. 

Oxygen disappears from the gas phase at a rate 
which decreases with time. This decrease is connected 
with the formation of a film on the ‘Pyrex’ reaction’ 
vessel, since if a fresh ‘Pyrex’ surface is exposed the... 
rate of disappearance of oxygen rises again to its” 
initial value. If the experiment is continued for some... 
hours, the rate of disappearance of oxygen approaches 
asymptotically to a constant. 

Tho film deposited on the ‘Pyrex’ walls is at first 
pink and, when thicker, green, as viewed by trans- ` 
mitted light. X-ray diffraction suggests that the film. . 
has the lattice constant of pure gold. 

At a pressure of a few microns of oxygen, the rate 
of deposition of gold on the ‘Pyrex’ walls is some 
twenty times that to be expected from the vapour 
pressure of a pure gold filament and is constant with 
time. Evacuation of the vessel causes the enhanced 
evaporation to decay with a time constant of the 
order of a quarter of an hour. 

Since the rate of disappearance of oxygen decreases 
with time but that of gold transfer is constant, the 
ratio goldjoxygen increases with time. It seems to 
vary somewhat from experiment to experiment but 
is usually of order unity. 

If the walls are warmed, the rate of disappearance 
of oxygen increases (for example, by 50 per cent if 
the ‘Pyrex’ is warmed from 20° to 50° C.), The rate 
also increases if the experiment is stopped and 
restarted after an overnight period of ‘rest’. 

Under conditions in which the disappearance of 
oxygen approached the asymptotic rate, the rate is 
roughly proportional to the square root of the pressure 
over the range 1-11 microns. Bees 

The reaction-rate increases with the temperature © 
of the filament but does not give a linear Arrhenius 
plot. At 860°C. a rise of 25°. in the filament tem- 
perature produces a 30 per cent increase in the rate 
of reaction. 

Vacuum fusion of the. gold filament at the end of 
an experiment failed to recover the oxygen which 
had disappeared, and X-ray diffraction showed no 
abnormal lines. 

A possible interpretation is that the primary process 
is the formation of an oxide of gold on the surface 
of the hot filament. This evaporates and is initially 
depos ‘ted on the ‘Pyrex’ walls. However, the oxide, 
when thicker than about a monolayer, is unstable 
and hence subsequent arrivals break up into gold, 
which remains, and oxygen atoms. Some of the 
latter are adsorbed on the surface of the deposit or 
on impact with the walls. Others recombine and 
regain the gas phase. 

The increased rate of disappearance of oxygen on 
heating the walls or resting overnight may be due 
to the migration of oxygen. and/or oxide to less 
accessible sites- under the influence of temperature 
and time, 
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: vO being continued and will be patlighed 
in detail iater, 

, i L. G. CARPENTER 
W. N. Mare 
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is the Earth’s Radiogenic Helium ? 


hə estimated 2 x 10% gm. uranium and 
x 102° gm. thorium in the lithosphere, helium 
ould be generated radiogenically at a rate of about 
-x 10° gm./year. Moreover, the (secondary) cosmic- 
‘ay source of helium has been estimated to be of 
_ comparable magnitude. Apparently nearly all the 
elion from sedimentary rocks and, according to 
Seovil! and Hurley’, about 0:8 of the radiogenic 
lium from igneous ‘rocks, have been released into 
2 atmosphere during geological times (currently 
en to be about 5 x 10° yr.). Hence more than 
102 gm. of helium should have passed into the 
itmosphere since the ‘beginning’, Because the atmo- 
phere contains only 3:5 x 103 gm. helium-4, 
he « ‘common assumption is therefore that about 102° 
gm. “of helium-4 must also have passed out through 








` pane has given an exact formulation of the rate 
of a given component from the exosphere. 


n+ p E yen 
(1) 
is. rate of loss of the ith component (in 
Reo, Ji Roi is radius of the Earth at the surface 
.); Re is radius at the base of the exosphere ; 
root mean square velocity ; v,, is escape velocity ; 
32 (v,/C)* 5 nos and Y apply to helium-3 
d ña, and Y, to helium-4. 
At O =v, (T = 20,700° K.), therefore, the rate 
f escape of helium-4 should be 1-4 x 108 X mo, gm. 
toms per year. Now the experimental evidence 
_ from high-altitude studies indicates that hydrogen 
> and helium do not concentrate significantly in the 
upper atmosphere as has previously been supposed. 
inge by definition Enoi = 3-0 x 10? atoms/c.c. for 


= “ny 2 Ong Y exp(— 





all species present at the base of the exosphere, no, 
not be appreciably greater than 180 atoms/c.c., 
g an escape rate of approximately 

10% (20,700/T)1/* (exp(1-5 — 31,400/T) x 
3 (14+ 7/31,400)/5 (gm. helium-4/year) (2) 
n at 20,700° K. where O = Va, the escape- 
ielium-4 (about 8 x 101° gm./yr.) would be 
ut ten to twenty times greater than that 
to maintain steady state with radiogenic 
ogenic’ helium, and at the assumed tem- 
-1,500° K. -at the base of exosphere, the 
pe of helium-4 would be only about 
or only. about, 10-7 as great as the 
nent rate from. the lithosphere. Spitzer 
, presumably ‘by taking into account a 
al increase i in the concentration of helium-4 
: atmosphere, that the rate of escape of 
uld be {1 — exp(—1)} x 3-5 x 10% 
ind x 108 years at 1,000° K. ; 
years at 2,000°; and in about ‘geological 
years) at 1,500° K. However, this 
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does not take into account the A E a which 
in 5 x 10° years would be about 10° times greater 
than the total loss from the atmosphere. considered 
by Spitzer. Furthermore, results of rocket studies 
indicate that the semperature at the base of th 
exosphere may be even less than 1,500° K. To account 
for a supposed steady-state atmosphere as regards 
helium-4, a fluctuating temperature in the exosphere .. 
associated perhaps with solar disturbances has there- 
fore been suggested?, Since, however, even the. 
unreasonably higk steady-state temperature of 
7,000° K. would be required to remove the 6 x 10° 
gm.fyr., any fluctwating-temperature model seems- 
inadequate to explein a theoretical balance between 
escape and replenisiment as regards helium-4 in the | 
atmosphere. 

A further complication involves the ratio..of 
helium-3 to heliur-4 (*He/*He) shown. by Alvarez 
and Cornog’, Aldrch and Nier* and Coon’ to : 
0-3-1-4 x 10-7 in radioactive minerals, 1-4-1-7 
10-7 in natural gas and 1: 2-1-3 x 10-* in the atm 
sphere. Equation (1) gives for the ratio helium-3 to 
helium-4 in escape gases : 

Y, — - Rell, 


- (971 Gri 
‘He 3 Nos ii 4 Ke RJE, ; 
Since noa/no, = 1-2 x 1075, one thus finds that the - 
ratio helium-3 to helium-4 in the escape gases should © 
be 0-01 if the excsphere temperature is 1, 500° KK. 
and 2 x 10- if it is 2,500°K. If, therefore, 
1,500° K., one requires an unknown source of abo 
108 gm./yr. of helum-3 and, if T = 2,500°K., a 
source of about 2 x 10° gm./yr. to maintain a con-.:. 
stant concentration of helium-3 in the atmosphere, 
The tritium source ef helium-3 is only about 100. gm./.. 
yr. and the lithospheric source apparently no more — < 
than about 800 gm/yr oo 
Where, therefore, is the ‘sink’ for about 6 * 10% gme ooo 
helium-4 per year and the ‘source’ for helium-3 that = 
maintains a ratio of nelium-3 to helium-4 (atmosphere) 
nearly ten times greater than that for the lithosphere, 
despite a theoretical escape ratio of about 10~*, 
Perhaps the answer may be found in a non-steady”: 
rather than a steady-state solution in which helium-4 
is still increasing aad in which the relatively high 
ratio of helium-3 to helium-4 in the atmosphere 
compared with thas in the lithosphere may be the 
result of terrestrial accretion of meteoric materials 
which are known #0 have occluded helium with a 
very high ratio of belium-3 to helium-4 (up to® 0-3)..— 
This leads, however, to an ‘anomalous’ atmospheric > 
chronometry which is, on the other hand, in approx- © 
imate agreement w:th the chronometry one obtains 
from the annual uranium flux in river ‘water _ 
(1019-108 gm./yr.) compared with the total uranium 
present in the oceans (about 10 gm.) °. 
MELVIN A. Coox 
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Department of Metallurgy, 
University of Utah, 
Salt Lake City. Oct. 10. 
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Simulation of Astrophysical: Processes in 
the Laboratory 


A PLASMA gun (or plasma source) has been de- 
veloped which can project plasmoids' (plasma- 
magnetic entities) across a magnetic field (in a 
vacuum) at speeds up to 107 em./sec. A Taylor- 
instability jet? produced in a plasma supported 
against gravity by magnetic field may thus be 
simulated and studied in the laboratory. The 
track left by the plasmoid in crossing a magnetic 
field is luminous! because of the recombination 
light of the ions and electrons which have been 
left behind as ‘debris’. The track may thus be 
photographed. > 

If a pressure of a few microns of residual gas 
is used instead of a vacuum of 10-* mm. mercury, 
the photo-ionization produced in this gas can 
give rise to currents that produce an electromag- 
netic brake on the plasmoid. This braking action 
not only decelerates the plasmoid but also deflects 
it into a spiral. The presence of other plas- 
moids' intensifies this process of deceleration and 
deflexion. 

These processes were first documented with time- 
exposure photographs. A more spectacular demonstra- 
tion of the eftects can be obtained with Kerr-cell 
photographs such as are shown in Fig. 1, where four 
plagma sources fire simultaneously across a magnetic 
fiola? The pictures show a time-sequence where the 
four arms wrap themselves up into a spiral, ending 





Fig. 1. Kerr-cell photographs (2-ysec. exposure) of the recombination light resulting from 
simultaneous projection (roughly radially) of four plasmoids across a magnetic field of 
4,000 gauss (into the paper) and at a pressure of 2-6 microns. The current in the plasma 


guns lasts about 0-5 psec. 

10-cm, diameter ring. 

16, 20, 25 and 30 psec. 
air and some pump-oil vapour 
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c. The guns are arranged symmetrically on the periphery of a 
Exposures are taken with a sequence of delays of 2, 4, 6, 8, 12, 
The residual gas in the chamber is a combination of deuterium, 
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3 psec. 3 paet 4 psec, 
1-Tu 3u 2-4u 
4,000 gauss 2,800 gauss 2,800 gauss 





5 psec. 4 eee. 5 usec, 
2-lu 2-84 1 -8u 
4,000 gauss 4,000 gauss 4,000 gauss 


Fig. 2. Kerr-cell photographs (2-usec. exposure) of the recom- 
bination light resulting from the simultaneous firing of two 
plasmoids across the magnetic fields Indicated. Pressures in 
microns; delay times in usec, The barred spiral configuration 
shown here is easily produced over a wide range of parameters 


in a ring at the end of a 30-ysec. interval. (The 
plasmoids are composed of deuterium and titanium 
ions, since the wires of the plasma sources are 
deuterium-loaded titanium.) 

The photographs of Fig. 2 taken with two plasma 
sources firing simultaneously under various conditions 
show a type of configuration that is very easy to 
obtain. These configurations will 
be recognized by astronomers as 
barred spirals. 

The conditions for the photo- 
graphs of Fig. 3 represent higher 
pressures (and hence more braking 
action) than those of Figs. 1 and 
2. In a and b of Fig. 3, two 
plasmoids are stopped short of 
ever coming in contact with one 
another. In ¢ of Fig. 3, eight 
plasmoids are projected inward 
simultaneously, but with the press- 


ure so high that they remain 
separate and do not coalesce. 
We suggest that the processes 


displayed in these photographs are 
actually organically related to geo- 
metrically similar astrophysical pro- 





cesses, although the laboratory 
magnetic fields (4,000 gauss) are 
greater by 10°, laboratory atom 
densities (about 10** cm.-*) are 


greater by 10'*-10", laboratory 
distances (about 10 cm.) are less 
by 10**, laboratory time-scale (about 
10 usec.) is faster by 10**, laboratory 
speeds (10'-10' cm./sec.) are com- 
parable, but less by 10-10%. We 
suggest that Fig. 1 is represent- 
ative of the basic processes in- 
volved in the formation of a spiral 
galaxy? and perhaps of an indi- 
vidual star; that Fig. 2 is repre- 
sentative of the basic processes 
involved in the formation of barred 
spirals known to astronomers ; and 
that a and b of Fig. 3 represent 
the formation of binary stars 
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(6) 1°5 psec. 


~œ» (a) “11 psec. 
x: 


Fig. 3. (a) and (b) show two plasmoids fired across a 4,000-gauss 
separate 


This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 
Wryston H. Bostick* 
ORRIN A. TWITE 


University of California Radiation Laboratory, 
Livermore, California. 


* Now at Stevens Institute of Technology, Hoboken, N.J. 
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Crystallographic and Geological Factors 
in the Growth of Garnets from Central 
Perthshire 


In the process of mineralogical and petrological 
studies of the metamorphic rocks in the Central 
Highlands of Scotland, it has been found that in 
certain minerals, particularly garnets, there is 
evidence of interplay of crystallographic and geo- 
logical factors. Such is seen in the sample which 
has been collected from central Perthshire (National 
Grid No. NN 913602). It consists of compact 
impure graphitic limestone studded with numerous 
dodecohedral garnets, up to 5 mm. in diameter, but 
normally of the order of 2 mm. In addition to calcite 
and garnet, the rock contains an appreciable amount 
of quartz, muscovite, chlorite and ores. Graphitic 
dust is concentrated in calcite, muscovite and 
chlorite. 

Most of the garnets consist of two zones. The 
inner zone, in sections cut parallel to 101, normally 
shows a radial arrangement of six sectors of clear 
garnet, without inclusions, interspersed by six zones 
of garnet with numerous inclusions of calcite and 
occasional quartz. Such inclusions are dimensionally 
elongated and possess a perallel orientation which 
does not change from one sector to the other. The 
outer zone of each garnet is not subdivided into 
sectors and has many homogeneously distributed 
inclusions. These are oriented so that on the dia- 
metrically opposite sides of the outer zone they show 
a deflexion in an opposite sense. In other words, 
together with the inclusions of the inner zone, they 
form an (inverted) S-shaped trend with the central 
straight part of the S situated in the inner zone and 
the curved parts in the outer zone. The calcite 

in the matrix, at the margin of the garnets, 
are often elongated across the trend of the inclusions 
in the outer zone. Sometimes a selvage of quartz 
separates the garnet from the matrix. 

The grain size of the inclusions of calcite in the 

outer zone is generally slightly larger than those of 
the inner zone. The grain size of the crystals of 
quartz and calcite in the matrix is larger than that 
of either set of the inclusions. 
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pa magoetii lay? ot pressures 
8 and 18 microns) so great that the plagmoids never come into contact. (c) represents 
Gent plasmoids re at such a high pressure (6 microns) that the plasmolds remain 
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s Distribution of inclusions in the 
inrer zone conforms to the cases 
described by Karpinsky* and Har- 
ker*, who suggested that they are 
situated on rhombohedral sur- 
faces converging towards the centre. 
The fact that the inclusions of 
the inner zone have similar orienta- 
tions in different sectors sug- 
gests that they have been parts 
of a pre-garnet fabric and that 
ducing the growth of the inner 
zone of the mineral they have 
not been deflected. Thus the growth of garnet 
proceeded under static conditions. Evidently, 
under such conditicns, the purely crystallographic 
factor of velocity of growth determined those sectors 
where growth was fast and inclusions were preserved, 
and those where the slowly growing mineral allowed 
the dissolution of inclusions. The fact that, despite 
the relative irreguarity of the inclusion-bearing 
sectors the individual grains are not deflected, 
signifies that they were not ‘brushed aside’, The 
‘velocity of growth’ explanation accords with postu- 
lates put forward by Seagar’, who maintains that the 
combination of fast initiation and growth on the edges 
leads to rapid growth of a skeletal crystal with rela- 
tively retarded growth of the faces. 

In the outer zone, she more or less uniform distribu- 
tion of inclusions implies that the velocity of gro 
was generally high enough to ensure the preservation 
of the inclusions. Since the inclusions in the outer 
zone show an S-shaped trend, the growth of the 
mineral must have proceeded under dynamic con- 
ditions happening simultaneously with rotation of 
the garnet. Thus the dynamic factor of deformation 
increases the velocity of growth to such an extent 
that the purely crystallographic effects, seen in the 
inner zone of the mineral, are completely over- 
shadowed. 


(e) 5 psec. 


N. Rast 
B. A. STURT 
Geology Deparsment, 
University College of Wales, 
Aberystwysh. 


*Karpinsky, Mel. Phys; Chim. St. Petersbourg, 12, 639 (1887). 
* Harker, “Metamorphism”, 3rd edit., 41 (1950), 
* Seagar, Min. Mag., 30, 1 (1953). 


Importance of Calcium and Magnesium 
lons in Phototaxis of Motile Green Al 
During the past year phototactic behaviour has 


been studied in a namber of motile green alge and 
dinoflagellates at this laboratory and at Hopkins 


Marine Station of Stanford University, California’. 


These flagellates swim either towards the light or 
away from it, depending upon their recent past 
environment in ways that are far from being under- 
stood. When any of the organisms examined was 
transferred to fresh medium, a negative phototaxis 
resulted immediately. The direction of response was 
independent of light intensity. When the organisms 
were kept in the same medium for some time, from 
hours to days, their reaction became positive, irre- 
spective of the light intensity. 

Some experiments have performed with 
Platymonas subcordijormis (Wille) Hazen (A. Gibor’s 
strain) directed at analysing the chemical factors 
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Fig. 1. The phototactic activity in Platymonas as measured 

1 0-5 M sodium chloride -~ calcium chloride solutions (negative 

hototaxis).and in 0-5 M sodium chloride - magnesium chloride 

‘“golutions, above 0-5 M in perros chloride solutions (positive 
phototaxis 


affecting these reactions. It has been shown that 
carbon dioxide and oxygen in the medium are not 
primarily responsible for these changes. It has 
further been shown that Catt and Mg++ are involved 
and that they are antagonistic in their effect. Cat+ 
causes a negative and Mgt+ a positive phototaxis. 
A number of other ions have been tested but so far 
have produced no effect. 
; effect of Catt was measured as the negative 
phototactic activity, recorded as swimming rate, 
obtained with different concentrations of calcium 
chloride in a 0-5 M sodium chloride—calcium chloride 
‘solution; and the effect of Mgt+ as the positive 
phototactic activity, recorded as swimming rate, 
‘obtained with different concentrations of magnesium 
chloride in a 0-5 M sodium chloride-magnesium 
chloride solution (at concentrations higher than 
0-4 M magnesium chloride, magnesium chloride in 
-glass-distilled water was used, sodium chloride 
being omitted), The results are given in Fig. 1. 
- For Ca++ the cells were motionless below 0-005 M 
< calcium chloride. With increasing calcium chloride 
_ Concentration the negative phototactic activity rose 
toa maximum at 0-05-0-1 M and then fell to zero 
at 0:3 M. Above this concentration the cells were 
_ motionless. For Mg++ the cells showed no movement 
- below 0-035 M magnesium chloride. With increasing 
magnesium chloride concentration the positive photo- 
tactic activity increased to a maximum at 0:15- 
then decreased slowly to zero at 1:75 M. 
his concentration the cells were motionless. 
2 shows the results of an experiment in which 
cium chloride/magnesium chloride ratio was 
ina 0-5 M sodium chloride-calcium chloride- 
ium chloride solution. The organisms showed 
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Fig. 2. The. phototactic activity in Platymonas in 0-5 M sodium 
chiori sium chloride solutions gun 
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da= calcium chloride — 
-magnesium chloride ratio is altered. 
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One ofthe reasons for the negative phetotaxi 
which always occurred when Plaiymonas was trans- 
ferred to fresh medium was that the Cat#+/Mgt+. 
ratio in the medium was 1:5; but other facto 
addition to this one seem to be*important. T 
reason for the change from negative to positive 
reaction after some time in the same medium remains © 
unknown, but the pH changes which occur during: | 
the metabolism are Hkely to have effect on the | 
phototaxis directly or indirectly. 

The theory that the driving power in the flagellates 
is an ‘adenosine triphosphate motor’ has recently 
been suggested by Links*. It is also known from 
number of experimenis that Ca++ and Mgt+ are 
involved with antagonistic effect in the adenosine 
triphosphatase activity (for references see Needham'),’ 
Our experiments with Catt and Mg++ in phetotaxis 
strongly support Links’s hypothesis. 

Further experiments on phototaxis are in progress. 
Complete reports will be published elsewhere, ~ 

This work was perfermed during the tenure of 
fellowship awarded by the U.S. National Academy 
of Sciences under arrangement with Intermational 
Cooperation Administration. i 

Grateful acknowledgment is made to Drs. ©. 8. 
French and J. H. C. Smith and other members of the 
staff of the Department of Plant Biology, Carnegie 
Institution of Washington, for stimulating discussions, 

PER HALLDAL 
Department of Plant Biology, 
Carnegie Institution of Washington, 
Stanford, California, 
Oct. 31. 

! Halidal, P., Carnegie Inst, of Wash. Year Book No. 55 (1956). 
2 Links, J., thesis, State University, Leyden, Holland. 

> Needham, D. M., “Adv, in Enzymol.”, 18, 151 (1952). 



























Factors influencing the lodine Content 
of Pasture Herbage 


Bovrcet' reported that wide variation in iodine 
content occurred among plants growing on the same 
soil, even among plants of one species. Other 
workers? have reported variations in the iodine 
content of herbage growing on different soils. The 
extent to which the iodine content of pasture herbage 
is influenced by soil type, season and botanical” 
composition was not clear, and it has been made the 
subject of further investigation. 

A brief survey of ths influence of soil type showed 
that on five different soils with total iodine eontents 
varying nineteen-fold (135-2,550 pgm. per 100 gm. 
dry weight) the herbage iodine content of various 
strains was independent of soil iodine content. It. 
appeared that the amounts of ‘available iodine’ were 
similar in all the soils investigated, which ranged in 
pH from 5-0 to 6-0, 

When observation was confined to one soil type 
and when herbage samples were taken from many 
plants it was found that each strain had a character- 
istic iodine content. Iodine contents of the pasture 
strains so far investigated vary over a twenty-fold 
range, as shown in Table 1. 

The iodine content of herbage of most. strains _ 
investigated was not markedly affected by season. 
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Table 1. IODINE CONTENTS OF HERBAGE OF PASTURE Spares E 
Data are annual“means -for’ ponthly sampl , bulked according to 


yield. Strains’ were grown in rando: plots on one soll type. 
New Zealand’ certified strains are denoted by an asterisk 


Iodine content 


(ugm. iodine 
per 100 gm. 
dry wt.) 


Iodine content 
hg (ugm. “iodine Pasture 
«Pasture strain rain 


er 100 gm. ati 
g dry wt.) 


Mt, Barker 
subterran- 
„| ean clover* 
Broad red 
.| _clover* 
Montgomery 
red clover* 
Brown-top 
Yorkshire fog 
Poa annua 
Poa trivialis 


Perennial rye- 
grass 
italian rye- ` 


siare rotation 


ryegrass* 
Cocksfoot* 
White clover* 
Tallarook 

subterranean 

clover* 





» It may be concluded that the strain effect is generally 

+ the most important of the three factors (strain, soil 
* and season) in determining the iodine status of New 
Zealand pastures. 

From the point of view of the iodine nutrition of 
grazing animals, the maintenance of the iodine con- 
tent of herbage of certified strains at moderate or 
high levels is desirable. Simpson? reported that 
congenital goitre in lambs is associated with herbage 


iodine contents less than 30 ugm. per 100 gm. dry, 


weight and this has been confirmed by us in four 
instances. 
The data for the certified ryegrass strains are 
particularly interesting, since New Zealand short- 
rotation ryegrass, which is derived by selection from 
hybrids of New Zealand perennial and Italian rye- 
grasses, has a considerably lower herbage iodine 
content than either of these strains. On further 
investigation thirteen perennial ryegrass plants taken 
at random gave iodine contents ranging from 18:5 to 
247-0 ugm. per 100 gm. dry weight. Analyses of 
plants derived from diallel crosses of four of these 
plants were therefore made and it was shown that 
the percentage iodine content of the herbage is a 
strongly inherited characteristic. 
This work will be reported in detail in Physiologia 
Plantarum. = 
G. W. BUTLER 
J. M. JonNsoN 

Department of Scientific and Industrial Research, 

Plant Chemistry Laboratory, 
New Zealand. Oct. 25. 
1 Bourcet, P., C.R. Acad. Sci., Paris, 129, 768 (1899). 
? Orr, J. B., and Leitch, I., Med. Res. Counc. Special Report Serles 
No. 123 (1929). 
> Simpson, B. W., N.Z. J. Agric., 40, 226 (1930). 
“Simpson, B. W., N.Z. J. Agric., 41, 179 (1980). 


Effect of [ons of Certain -Metals on the 
Development of Stem Rust in the 
Wheat Plant 


SEEDLINGS of Khapli wheat. (Triticum dicoccum) 
are resistant to most races of Puccinia graminis var. 
tritict. However, they can be made susceptible by 
the application of DDT (dichlorodiphenyltrichloro- 
ethane) to the leaves’, by treatment of the plants 
with maleic hydrazide (private communiéation from 
Drs. D. J. Samborski and M. Shaw) and by detaching 
and floating the leaves on water (private com- 
munication from Dr. D. F. Forward). “A new method 
of changing the reaction of the Khapli seedling from 
resistant to susceptible has been found. The uptake 
of iron salts by the roots causes a resistant reaction 
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in a normally suscept-ble plant and it 18 believed ‘that 
this finding has econcmic significance. 

Seedlings of Khapli and Little Club wheat were 
grown ow a modified. Pfeffer’s solution by a method 
which will be published in detail elsewhere. The 
seedling leaves of Khapli were inoculated with race 
15B of stem rust, to which race it is normally re- 
sistant. Following sn incubation period of 24 hr., 
various additions were made to the nutrient solution. 
The addition of 5 gm. of zinc sulphate (ZnSO,.7H,0) 
or manganese sulphete (MnSO,.4H.O0) to 2-5 litres 
of the nutrient solution on the third to the eighth 
day inclusive after inoculation caused the Khapli 
leaves to give a susceptible reaction to race 15B of 
stem rust. The solution containing excess of zinc 
or manganese was le=t in contact with the plants for 
only 24 hr. before i was replaced by the original 
nutrient solution. A similar result has been obtained 
by using 5 gm. cobalt nitrate (Co(NO;)..6H,O) per 
2-5 litres of solution. 

Another method was tried in which a much smaller 
quantity of zinc suzphate was left in the solution 
continuously. The collowing concentrations of zinc 
were used in four separate experiments: 0, 0:11, 0-56, 
2-8, 14-0, 70-0 and 350 p.p.m. of zine ions. Only 
in the solution with 350 p.p.m. zine ions did the 
plants show a susceptible reaction. 

The effect of zinc is not specific for Khapli. Seed- 
lings of Mindum and Spelmar (varieties of Triticum 
durum) are normally resistant to race 56 of. stem 
rust, but after treasment with zinc they were sus- 
ceptible. McMurachz (Triticum vulgare), when grown 
at @ temperature continuously below 70° F, is resist- 
ant to race 56 but cn addition of excess zinc and at 
the same temperatures the seedling leaves showed: a 
susceptible reaction‘, 

Other workers? have concluded that at least one 
form of chlorosis associated with the toxicity of zinc, 
manganese and cobalt to certain plants is caused by a 
lack of available iron in the leaves. Indeed, Sideris* 
has shown that the 2rowing of pineapple plants in a 
nutrient solution wish excess manganese results in a 
root to shoot ratio of iron which is decidedly higher 
than normal. Sincs excess amounts of zine cause 
iron deficiency and also a breakdown in resistance in 
the wheat plant, it seemed possible that an application 
of iron might cause resistance in a normally suscept- 
ible plant. By use of ferric sulphate as the salt to 
supply ferric ions in excess, it was possible to kill 
rust infections in leaves of Little Club wheat seedlings 
with concentrations of 40-200 p.p.m. of : ferric 
sulphate (Fe (SO,)+H:O) in the nutrient solution. 
Apparently the ferrie ions accumulate in such amounts 
at the infection site that the rust hyphe are killed 
and the infected area becomes dark brown to black 
in colour. The acticn of the iron appears to be of an 
opposite kind to that of zinc and manganese. How- 
ever, the physiological effect produced by an excess 
of iron does not appear to lead to hypersensitivity, 
which is usually associated with resistance. The effect 
of the iron may be more closely related to an eradicant 
type of fungicidal action. 

The biochemical processes responsible for these 
effects are not known. The effect of zinc, manganese 
and cobalt ions is not specific for one genetic type of 
resistance to rust in the wheat plant. This lack of 
specificity may mean that the biochemical basis of 
resistance is the samre qualitatively in several different 
wheat varieties but differs quantitatively. 

The results of these experiments suggest the 
intriguing possibility that the metabolism of iron has 
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a role in the defensive mechanism of the wheat plant 
against the rust organism. 
F. R. Forsyte 
Plant Pathology Laboratory, i 

7 Science Service, 

Canada Department of Agriculture, 

Winnipeg, Nees 
Nov. 


1 Johnson, T., Can. J. ee o 24, 23 (1946). Forsyth, F. B., Nature, 
173, 827 (1954). 


3 Forsyth, F. R., Can. J. Bot., 34, 745 (1956). 


3 Hewitt, B. J., Nature, 161, 489 (1948). Ntcholas, D. J. D., Ann 
Rep. Agric. and Hort. Res. Sta., Long Ashton, Bristol, 87 11982), 
Vergnano, O., and Hunter, J. Gs, Ann. Bot., N.S., 17, 317 (1953). 


‘Sideris, ©. P., Plant Physiol., 25, 307 (1950). 


A Powdery Mildew (Leveiliula taurica 
(Lev.) Arn.) on Cotton in the Sudan 


IN December 1955 a powdery mildew hitherto 
unrecorded in Africa on cotton appeared on several 
Egyptian (Gossyprwm barbadense L.) as well as 
American (G, hirsutum L.) varieties at Shambat, 
Khartoum Province. The pathogen, Leveillula 
taurica (Lev.) Arn., is a common parasite upon 
numerous other cultivated and wild plants in the 
Sudan!, becoming more extensive during the winter 
months. Although the disease was confined mainly 
to young cotton plants grown m the out-of-season 
period—for genetical work—and although it was 
severe only on the cotyledon and first leaves, but 
scarcely affecting the upper fourth or fifth leaves, 
the quick spread of this parasite upon the cotton 
varieties which are most cultivated and highly valued 
has caused much concern. So far the disease on cotton 
has not been recorded ın the Gezira, where the as 
of the Sudan Egyptian cotton is grown. 

From cross-inocwation tests it was damousteated 
that the source of infection must have been of local 
origin, probably from a diseased crop of Faba bona 
Medic (Vicia faba.L.) which was growing in the 
vicimity, or else from a ubiquitous shade-loving weed, 
Huphorbia heterophylla L. Several varieties of 
GQ. barbadense (for example, Domain Sakel and X 1730, 
the two varieties grown in the Gezira and the pump 
schemes of the Blue and the. White Nile) and of 
@. hirsutum became infected when artificially in- 
oculated from diseased leaves of E. heterophylla or 
F, bona. 

Another interesting aspect of this work, therefore, 
is the evident tendency of this mildew towards non- 
specialization. Several other cross-inoculation tests 
were carried out; for example, from cotton on to 
E. heterophylla, F. bona, ete., with positive results 
in most instances. Since all the artificial inoculations 
were from lesions or even whole infected leaves, it 
may be argued that we might have been dealing with 
a mixed- and not a single-strain inoculum. This 


possibility, however, is somewhat remote because, ~ 


so far as is known, physiological races arise primarily 
as a result of interchange of nuclear material during 
sexual reproduction. L. taurica rarely produces 
cleistothecia upon its wide range of host species, and 
the sexual state has not been observed upon any of 
its hosts (except on Carthamus tinctorius) in the 
Sudan. Furthermore, the even coverage obtained in 
most cross- and back-inoculations render the possi- 
bility of two or more strams being present in every 
tested sample of inoculum somewhat remote. 
These results, which will be published fully else- 
where, do not agree with those of Zwirn® or of Kamat 
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and Patel’, who report that L. taurica exhibits highly 
specialized traits of ‘specific’ rank. Although it is 
generally accepted that the powdery mildews, lke 
the rusts, are obligate parasites and that they may 
have numerous physiological races', nevertheless 
evidence to the contrary has often been cited. 

It 1s probable, therefore, that the annual appear- 
ance of L. taurica on winter crops in the Sudan arises 
from primary conidial infection from the susceptible 
weed species, for example, E. heterophylla, which 
‘carry’ the disease all the year round. 

M. A. Nour 
Faculty of Agriculture, 
University of Khartoum, 
Sudan. - 
Nov. 29. 


1 Tarr, S, A. J., “The Fungi and Plant Diseases of the Sudan” (O.M I. 
Publication, 1955). re 


* Zwirn, H. B., Palest. J. Bot., Jerusalem, 3, 52 (1948). 

* Kamat, M. N., and Patel, M. K., Ind. Phytopath., 1, 153 (1948). 

+ Newton, M., and Cherewick, W. J., Canad. J. Res., C, 25, 73 (1947). 

s Hammarlund, Bot. Notiser, L 101 (1945). Hardison, J. R., 
Phytopath., Sa 1 (1944). i 


Abbreviations for Iodinated Amino-ac'ds and 
Derivatives from the Thyroid Gland 


THe use of abbreviations for the designation of 
compounds on chromatograms or autoradiographs 
has recently led to some confusion in the thyroid 
field, because of the variety of symbols used by 
different workers. At the Ciba Foundation 
Colloquium last June on the “Regulation and Mode 
of Action of Thyroid Hormones”, a discussion was 
held in which agreement was reached on suitable 
symbols for a number of compounds: namely, the 
iodinated thyronines and tyrosmes. This discussion 
will be published in due course. Meanwhile we desire 
to direct the attention of those engaged in research 
on. the thyroid to these agreed symbols and to a few 
additional symbols for compounds which might be 
found among thyroid hormones or their metabolites. 


Thyroxine T nr ba pa Rc aed MIT 


4 
Triiodothyronine T: Tetralodothyropyruvic acid KT, 
Dilodothyronine Ts Triiodothyropyruvic acid KT, 
Monofodothyronine T Tetraiodothyroacetic acid TA, 
Dilodotyrosine DIT Trliodothyroacetic acid TAs 


If the writer wishes to distinguish between two iso- 
mers, then the symbol cun be preceded by numbers 
indicating the positions of iodine (halogen) atoms in 
the two benzene rings of thyronine—thus, the three 
O cares would be 3:5-T., 3’:3’-T, and 

: 5-T. 

We feel that much would be gained if all workers 

in this field agreed to use the same symbols for the 


thyroid hormones, their precursors and derivatives. — 


C. R. HARINGTON 
: RosaLrND Prrr-RIVERS 
National Institute for Medical Research, 
London, N.W.7. 
A, QUERIDO 
Academisch Ziekenhuis, 
Leyden. 
J. RO0HE 
Collége de France, 
Paris. 
ALVIN TavRoG 
School of Medicine, 
Berkeley 4, California. 
Jan. 2. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, January 28 


UNIVERSITY or LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Dr. A. D. 
Booth: “The History and Recent Progress of Machine Translation’.* 
(Second of three lectures on “Aspects or Translation”, Further lecture 
on February 4.) 


Roya GEOGRAPHICAT: SOCIETY (at 1 Kensington Gore, London, 
8.W.7), at 8.30 p.m.—Lieut.-Col. Q. E. Wheeler: “Recent Develop- 
ments in Soviet Central Asia”. 


Tuesday, January 29 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 1.15 p.m.—Dr. R. H. 
Garstang: “The Biography of a Starbeam”.* 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, West- 
minster, London, 8.W.1), at 5.80 p.m.—Mr. M. Lovett: “The Cam- 
paign for Cleaner Rivers”. 


INSTITUTION OF ELROTRIOALD ENGINEERS 
CONTROL SECTION (at Savoy Place, London, 
Scientific Papers. 


UNIVERSITY oF LONDON (at the London School of Hygiene and 
Tropical Medictne, Keppel Street, Gower Street, London, W.C.1), at 
6.30 p.m.-—Prof. C. A, Keele: ‘Causes of Pain”.* (Seventh of fifteen 
lectures on “The Scientific Basis of Medicine’, organized by the 
British Postgraduate Medical Federation.) 


SOCIETY oF INSTRUMENT TECHNOLOGY (at Manson House, Portland 
Place, London, W.1), af 7 p.m.—Dr. H. I. Andrews: “The Develop- 
ment of Instruments for Measuring the Performance of Steam Loco- 
motives with the Mobile Testing Plant”. 


MEASUREMENT AND 
W.C.2), at 5.30 pm.— 


Wednesday, January 30 


Asus (at the Royal Soelety of Arts, 8 John Adam Street, Adelphi, 
London, W.C.2), at 6 p.m.—Dr. A. R. Michaelis: “Communication 
of Sclence by Means of Film”. * 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street Gower Street, 
London, W.C.1) at 6.80 p.m.—Papers on “Battery Operated Equip- 
ment”. Mr. R. A. Lampitt and Mr. J. P. Hannifan: “Design of 
Battery Operated Frequency Modulation Receivers”; Mr. K. E. G. 
perry : oe Power Unit Design of Portable Radiation Measuring 

struments”. 


Soorety OF CHEMICAL INDUSTRY, FOOD GROUP (joint meeting with 
the LONDON SROTION and the PLASTIOS AND POLYMER GROUP, at 14 
Belgrave Square, London, 8.W.1), at 6.80 p.m.—Mr. F. A. Paine: 
“Some Aspects of Food Packaging”. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION 
(at 1 Birdcage Walk, Westminster, London, §,W.1), at 6.45 p.m.— 
Discussion on “Economy in Commercial Vehicle Operation”. 


ROYAL INSTITUTE oF CHEMISTRY (joint meeting with the Soura- 
WEST Essex TROHNIOAL COLLEGE CHEMICAL Soormry, at the South- 
West Essex Technical College, Forest Road, London, E.17), at 7 p.m. 
—Mr. R, Lait: “Some Aspects of Inorganic Peroxy Compounds”. 


Thursday, January 3! 


Roya Soctzty (at Burlington House, Piccadilly, London, W.1), 
at 11 a.m,—Discussion on “Viability of Mammalian Cells and Tissues 
After Freezing”, opened by Dr. A. S. Parkes, F.R.S. 


UNIVERSITY oF LONDON (in the Anatomy Theatre, Universi 
College, Gower Street, London, W.C.1), at 1.15 p.m.—Prof. L. 
Penrose, F.R.S.: “The Uncommon Case of the, Porcupine Man”.* 


UNIVERSITY COLLEGE, LONDON (in the Physiology Theatre, Gower 
Street, London, W.C.1), at 5.15 p.m.—Prof. F. Bergel: “Recent 
Advances in Cancer Research”.* 


Friday, February | 


ROYAL ASTRONOMICAL Soorry (at Burlington House, Piccadilly, 
London, W.1), at 4.15 p.m.—Geophysical Discussion on “The Use of 
Natural and Artificial Tracer Elements in Geophysical Research”. 
Chairman’: Prof P. A. Sheppard. Speakers :` Prof. H. C. Urey, Dr. 
L. H. Cooper and Dr. N. G. Stewart. 


SOCIETY FOR VISITING Sorgntists (at 6 Old Burlington Street, 


London, W.1), at 7.30 p.m.—DIseussion Meeting on “The Effects oi 
Low Temperature on Mammals and Their Tissues”, Chairman: Dr. 
A. S. Parkes, F.R.S. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
. Pe William Pugh, F.R.8.: “The Geological Map of Great 
ritalin”. . 


Saturday, February 2 


LONDON County Counorm (at the Horniman Museum, London 
Road, Forest Hill, London, S.E.23),at 3 80 p.m.—Dr: Kenneth Oakley: 
“Early Man’s Use of Fire”.* 


BRITISH INTERPLANETARY SOCIETY (in the Tudor Room, Caxton 
Hall, Caxton Street, London, 8.W.1), at 6 p.m.—Wing Commander 
F. Latham: ‘“‘Aecelerations in Flight’. 
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APPOINTMENTS VACANT. 


APPLICATIONS are invited for the following appointments on or 
before the dates mentiwned : 

ASSISTANT, Grade A (with a degree in physics or A.Inst.P., and 
preferably with industrzal, research or teaching experience), at the 
Technical College of Monmouthshire, Crumlin-—-The Director of 
Education, County Hal, Newport, Mon. (January 31). 

ASSISTANT EXPERIMENTAL OFFICERS (with a pass degree in botany 
or other suitable qualification), for posts in cytology, grass and clover 

sh Plant Breeding Station, University 
College of Wales, Aberystwyth (January 31). | s 

ASSISTANT (Selentific) to be mainly responsible for photographie 
work—The Secretary,. Welsh Plant Breeding Station (University 
College of Wales), Plas Sogerddan, near Aberystwyth (January 31). 

LECTURER and ASSISTANT LECTURER (with an honours degree In 
phvsics or physical chemistry or mechanical engineering, and prefer- 
ably with industrial or -eaching experience) IN PAPER TECHNOLOGY 
in the Department of Textile Chemistry, to undertake research and 
to teach paper technolozgy—The Registrar, The Manchester College 
of Science and Technolcgy, Manchester 1 (February 1). 

SIR ALAN COBHAM RESEARCH OW IN ABRONAUTICS, to carry 
out research in one of tLe following subjects : (a) alrcraft noise and 
structures, (b) hypersomics, (c) helicopter vibrations; (d) jet flap 
Investigations, or (e) numerical methods applied to wing design— 
Fhe Secretary and Registrar, The University, Southampton (February 


LECTURER IN MEDICAL Stavistics—The Registrar, The University, 
Manchester 13 (February 9).. 

PHYSICAL CHEMIST, Sœentific Officer grade (with a first- or second- 
class honours degree or egaivalont) i t the Food Investigation Low 
Temperature Research Station (D.S.I.R.), Cambridge, to study 
separation processes based on electrodialysis, including the properties 
of ion-selective membranes and investigation of behaviour of industrial 
solutions in zmiltt compartment cells—The Ministry of Labour and 
National Service, Technical and Scientific Register (K), 26 King Street, 
London, §.W.1, quoting ¥.730/6A (February 9). 

SENIOR AGRICULTURAL ECONOMIST (with a good degree in economics 
or agriculture with economies, together with experience in farm 
management and advisozy work) IN THE DEPARTMENT OF AGRIOULT- 
URAL Economtos—The Registrar, King’s College, Newcastle-upon- 
Tyne (February 9). i 

RESEARCH FRLLOW (w-th a degree in veterinary sclence), for work 
in animal viruses under the direction of the Head of the Department 
f po eee Scretary, The Queen’s University, Belfast 

‘ebruary 15). 

LECTURER (with special qualifications in applied mathematics) 
or ray iia Registrar, The University, Manchester 13 

‘ebruary 16). 

RESEARCH FELLOW IN THE NUOLEAR ENGINEERING LABORATORY 
of Queen Mary College (Jniversity of London), to carry out research 
on fundamental fluid mction and heat transfer problems associa 
with the use of liquid fuels in nuclear reactors—The Registrar, Queen 
Mary College, Mile End Road, London, E.1 (February 16). 

LECTURER or ASSISTAFT LRCTURER IN PHYSICS at the Univeralt; 
College of the West Indizs—The Secretary, Inter-University Counce 
ior tighen ease Overseas, 29 Woburn Square, London, W.C.1 

ruary 22). 

LECTURER IN THE COMEUTING LABORATORY—The Registrar, Univer- 
sity of Durham, 1A Kensington Terrace, Newcastle-upon-Tyne 2 
(February 23). 

LECTURERS IN MarHamatios—The Registrar, King’s College, 
Newcastle-upon-Tyne (February 23) 

CHAIR oF Statistics within the Department of Pure Mathematica 
—The Registrar, The University, Birmingham 15 (February 27). 

CHAIR OF STATISTICS in the University of the Witwatersrand, 
Johannesburg South Africa~—The Secretary, Association of Univer- 
sities of the British Ccmmonwealth, 36 Gordon Square, London, 
W.C.1 (South Africa, Feoruary 28). 

DIRECTOR OF THE COMPUTING LABORATORY—The Secretary of 
University Court, The University, Glasgow (February 28). 

LECTURER or ASSISTANT LECTURER IN PURE MATHEMATICS; & 
LECTURER or ASSISTANT LECTURER IN APPLIED MATHEMATICS; and 
LECTURERS (2) or ASSISTENT LECTURERS (2) IN THE SUB-DZPARTMENT 
or’ COMPUTATION-—The Secretary and Registrar, The University, 
Southampton (February 78). 

LECTURER or ASSISTATT LECTURER IN APPLIED MATEEMATICS— 
The Secretary, The University, Exeter rch 1), 

ASSISTANTS (2) (female, preferably with a degree in biology or 
horticulture or equivalens qualification) principally for field experi- 
ments on fruit crops carr‘ed out by the plant pathology, entomology 
and plant protective chemistry sections—The Secretary, East Malling 
Research Station, near Maidstone, Kent (March 2). N 

LECTURER IN CHEMICAL ENGINEERING at Canterbury University 
College, Christchurch, New Zealand——The Secretary, Association of 
Universities of the Britisk Commonwealth, 36 Gordon Square, London, 


+ W.C.1 (New Zealand, March 31) 


LECTURER (with an honours degree ond experience in research or 
in clinical work) IN PsyeHoLoGy at Canterbury University College, 
Christchurch, New Zealand-—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Néw Zealand, March 81} 

IMPERIAL MICAL _NDUSTRIES FELLOWS FOR RESEARCH IN 
PHYSIOS, CHEMISTRY, COLLOID SCIENCE, BIOCHEMISTRY, ENGINEERING, 
METALLURGY, PHARMACOLOGY, CHEMOTHERAPY or related subjects— 
The Secretary-General of the Faculties, University of Cambridge, 
The Old Schools, Cambridge (April 30). 

AGRICULTURAL SUPERINTENDENT (with a university degree in 
agriculture, horticulture cr a natural science (which includes botany) 
or the Diploma of the Imperial College of Tropical Agriculture, and 
at least two years suitakle postgraduate training or experience) in 
British Guiana, for the Jevelopment of the cocoa industry (duties 
include the supervision of nurseries and propagation centres, field 
trials and experiments, ett.)—The Director of Recruitment, Colonial 
Office, London, 8.W.1, quoting BCD.63/80/011. 
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University of Alberta, Edmonton, Alberta, Canada, 

ELECTRONIO ENGINEERS or PHYSIOISTS (with, or obtaining, a firsts 
or second-class honours degree or equivalent, with experience or in- 
terest in radio, radar and communications; instrumentation for tele- 
metry and other measurements; electronic devices; application of 
advanced techniques to other fields, for example, armament) af 
Ministry of Supply Research and Development Establishments, 
chiefly at Malvern, Worcs; Farnborough, Hants: and Sevenoaks, 
Kent—-The Ministry of Labour and National Service, Technical and 
Sclentifie Roglater (K), 26 King Street, London, §.W.1, quoting 

o: . pe ` 

GRADUATE (metallurgy, chemistry or physics) IN THB INFORMATION 
DEPARTMENT, for work dealing with every aspect of the recording 
and transmission of Information on the extractlon, manufacture and 
uses of non-ferrous metals and their alloys—The Secretary, British 
Non-Ferrous Metals Research Asscclation, Euston Street, London, 


MASTER (with an honours degree) to teach Chemistry to advanced 
level; and a MASTER (with an honours degree) to teach Mathematics 
“ eet level—-The Headmaster, Bristol Grammar School, 

r k i 

RESEARCH ASSISTANT (young graduate in one of the biological 
sciences, and preferably with an Interest In, and knowledge of, histo- 
chemistry and bone metabolism) IN THE PHYSICS DEPARTMENT, to’ 
assist in research upon the effects of high energy radiation upon normal 


bone and bone tumours by means of autoradlography, microradio- - 


graphy and histochemistry—The House Governor, Westminster 
Hospital, St. John’s Gardens, London, S.W.1. 

SENIOR LECTURER (with a degree in mining engineering or equivalent: 
and not less than five years teachin: experience ata British Univer- 
sity) IN MINING ENGINEERING at the University of Rangeon—The 
Ministry of Labour and National Service (A.S.12), Almack House, 
King Street, London, 8.W.1, quoting A.12/RUR/437/TCS. 

SENIOR TECHNICIAN and/or TECHNICIAN IN THE CLINICAL PATHO- 
LOGICAL LABORATORY—The Secretary, The National Hospitals for 
Nervous Diseases, Queen Square, London, W.C.1. 

TROBNICIAN (trained in bacteriology} IN THE VIRUS REFERENCE 
LABORATORY, Colindale—The Director, Central Public Health Lab- 
oratory, Colindale Avenue, London, N.W.9. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Booke Supplement) 


"Great Britain and Ireland 


Proceedings of a Symposium on Optical Design with Digital Come 
puters, held in the Physics Department, Imperial College, London, 
.W.7, June 5, 6 and 7, 1956. Pp. viil+93. (London: Imperial 
College, 1956.) 10s. 2311 
Institute of Personnel Management. Annual Report of the Council, 
10) Pp. 20. (London: Institute of Personnel Management, 


Empire Cotton Growing Corporation. Progress Reports from 
Experiment Stations, Season 1955-56. Kenya. Pp. 14. 9d. Sudan. 
Poe ie 9d. (London: Empire Cotton Growing Corporation, 
Ministry of Agriculture, Fisheries and Food. Fishery Investigations 
Sertes 2, Vol. 20, No. 5: On the Fishing Effort in English Deme 
Fisheries. By J. A. Culland. Pp.ii+41. 7s. 6¢. net. Series 2, Vol.20, 
No.8: A Simplified System of Mussel Purificatlon. By Nial Reynolds. 
Phere plates, 5s. net. (London: H.M. Stationery Ofico, 


The New Scientist. No. 1 (22, November, 1956). Pp. 68. 1s. weekly. 
Subscription rates: Inland and Overseas, 60s. a year; 308 for s 
months, Special rates; Canada, 7.60 dollars a year; U.S.A., 8.50 
dollars & year. (London: Harrison, Raison and Co., Ltd., 1956.) [8011 

Society for the Promotion of Nature Reserves. Handbook 1956. 
Pp. 62+4 plates.: (London: Society for the Promotion of Nature 
Beserves, c/o British Museum (Natural History), 1956.) 5s. {3011 

Bulletin of the British Museum (Natural History). Zoology. Vol. 4, 
No.5: A Revisfon of the Lake Victoria Haplochromis Species (Pisces, 
Cichlidae). Part 1: H. Obliquidens Hilgend., H. Nigricans (Blgr.), 
A. Nuchisquamulatus, (Hilgend.), and H. Lividus, Sp.N. Bi H. 
Greenwood. Pp. 223-244. 6s. Vol. 4, No.6: A Systematic Revision 
of the Fishes of the Teleost Family Carapidae CPercomorphl, Blen- 
nioidea) with descriptions of Two New Species. By D. C, Arnold. 
T5840? 20s. (London: British Museum (Natural History), 

Careers for Graduates in Albright and Wilson and Midland Silicones 
Limited. Pp. 28. (London: Albright and Wilbon, Ltd., 1956.) [3011 

Siemens Brothers and Co., Ltd. Engineering Bulletin No. 274: 
33,000 Volt Submarine Cable for Lake Maracaibo, Pp. 20. (London: 
Siemens Brathers and Co., Ltd., 1956.) 3011 

British Electrical and Alied Industries Research Association, 
Technical Report L/T323: Theory of Linear Systems. I. By B. 
Gross. Pp. 17. (Leatherhead: British Electrical and Allied Industries 
Research Association, 1955.) 10s. 6d. 3011 

Ministry of Agriculture, Fisheries and Food, Fishery Investigations. 
Series2, Vol. 20, No. 7: The Great Spatfall of Mussels (Mytilus edulis 
L.) in the River Conway Estuary in Spring 1940. By R. E. Savage. 
Pp. ii+22+3 plates. (London: H.M. Stationery Office, 1950 Pr 
net. 

Forestry Commission. Leaflet No. 38: Oak Mildew. Pp. 6. (Lon- 
don: H.M. Stationery Office, 1956.) 6d. net. [312 
The First Hundred Years: Corticosteroid Therapy. Pp. 92, (Folke- 
stone: Pfizer, Ltd., 1956. < 312 
What We are Doing, No. 6. . 32. (Kenley, Surrey: British 
Paper and Board Industry Association, 1956.) 312 

icultural Research Council: Soil Survey Research Board. Sol} 
Survey of Great Britain. Report No. 8, 1955. Pp. i1i+45. (London: 
H.M. Stationery Office, 1958.) 5e. net. {312 
E 
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Other Countries 


-UNESCO : Centro de Cooperacion Cientificas para Americana Latina, 
Montevideo. Instituciones Cientificas y Cientificos Latinoamericanos 
Tolombia (20. Volumen). Pp. 11+176. (Montevideo: URERCO, ` 


56.) 1) 
Wattle Research Institute (South African Wattle Growers’ valle 
University of Natal—Union Department af Forestry). Report for 
1955-1958 (Ninth year). Pp. 4641 plate. (Pietermaritzburg: Wattle 
Research Institute, University of Natal, 1956.) 261. 
World Health Organization. Technical Report Series, No. 110: 
Expert Committee on Insecticides—Sixth Report. Pp, 88. (Geneva: 
World Health Organization; London: H.M. Stationery Office, 1066.) 
8s. 6d.; 2 tranes; 060 dollars, 261 
Polska Akademia Nauk: Komitet Inzynterli Ladowej. Archiwum 
Inzynierli Ladowej. Tom 1, Zeszyt 1-2. Pp. 168. (Warszawa: 
Panstwowe Wydawnictwo Naukowe, 1955.) {2611 
Thisis du Pont: The Story of Science in Industry. Pp. 32. (Wilm- 
ington, Delaware: E. I. du Pont De Nemours and Company, 


1956. 

Journal of the Palwontological Society of India. Vol. 1, No.1. Pp. 
viil+230+36+37 plates. (Lucknow: Paleontological Socicty of 
India, 1966.) Rs. 30. [3011 
. Uganda Protectorate. Annual Report of the Geological Survey 
Department for the year ended 3ist December, 1955. Pp. +35. 
Shs. 1/75. Geologleal Survey of Uganda. Memoir No. 9. Oil In 
(panda. By Dr. N. Harris, J. W. Pallister and J. M. Brown. Pp. 
i1f+33. Shs. 12/50. Records of the Geological Survey of Uganda, 
1984. Pp. til+71+49 plates, Shs. 7/50. (Entebbe: Government 
Printer, 1956.) [312 

Northern Region of Nigeria, Annual Report on the Forest Admin- 
istration of the Northern Reglon of Nigtria for the year 1954-55. 
Pp. 11431. (Lagos: Government Printer; London: Crown Agents 
for Oversea Governments and Administrations, 1956.) 9d. net. [312 
. Rast Africa High Commission: Desert Locust Survey. Report of 
the Desert Locust Survey and Control, Ist January. 1953-30th June, 
1955. Pp.i+70. (Nairobi: Desert Locust Control, 1956.) [312 

National Sclence Foundation. Federal Funds for Sclence. 5: The 
Federal Research and Development Budget, Fiscal Years 1955, 1956, 
and 1957. Pp. 11+47. (Washington, D:C.: Government Printing 


oN 312 

Inter-American Tropica) Tuna Commission. Annual Report for the 
Year 1955. Pp. 95. (La Jolla, Calif.: Inter-American Tropical Tuna 
Commission, 1956.) . [312 
Museum of Comparative Zoology at Harvard College. Breviora, 
No. 62: A Third Leaf-Nosed Species of the Lizard Genus Anolis from 
South America By James A. Peters and Guatavo Orcés-V. Pp. 8 
No. 63: New Bathyal Isopoda from the Caribbean, with Observations 
on their Nutrition. By Robert J. Menzies. Pp. 10. No. 64: Rare 
Species of Copepoda Calanoldea taken from the Izu Region. By 
Otohito Tanaka, Pp. 8. (Cambridge, Mass.: Museum of Compara- 
tive Zoology at Harvard College, 1956.) 
Metropolitan Life Insurance Company. Statistical Rulletin. Vol. 
87 (October 1956): The Birth Rate—Recent Trends and Outlook, 
hs 12. (New York: Metropolitan Life Insurance. Company, 


~ Académie Royale de Belgique. ‘Classe des Sctences. Mémoires. 
Tome 29, Fascicule 7: Vitesses Différenticlles dans l’Atmosphére de 
n Aquilae ot de £ Geminorum. Par Grandjean. Pp. 60. (Bruxelles: 
Académie Royale de Belgique, 1956.) 50 francs. 312 

South African Council for Scientific and Industrial Research : 
National Building Research Institute. Save £ While Building. Pp, 
19. (Pretoria: South African Council for Scientific and Industrial 
Research, 1956.) [312 

University of California Publications in Zoology. Vol. 54, No. 6: 
Taxonomic Appraisal and Occurrence of Fleas at the Hastings Reserva- 
tion in Central California. By Jean M. Linsdale and Retty S. Davis. 

. 293-8370 +plates 11-22. (Berkeley and Los Angeles: University 
ot, paiform Press; London: Cambridge University Press, 19503 

.50 dollars. 

Smithsonian Miscellaneous Collections, Vol. 181, No. 8: The 
Geology and Vertebrate Paleontology of Upper Eocene Strata on the 
North-Eastern Part of the Wind River Basin, Wyoming. Part 2: 
The Mammalian Fauna of the Badwater Area. By C. Lewis Gazin. 
Pp. 11143548 plates. (Publication 4257.) Vol. 131, No. 9: Breeding 
and Other Hahits of Casqued Hornbills (Bycanistes subcylindricus). 
Pp. v+45+6 plates. (Publication 4259.) (Washington, D.C. :. Smith- 
sonian Institution, 1956.) {312 

Kungl. Lantbruks- Högskolans Annaler, Vol. 22. (Annals of the 
Royal Agricultural College of Sweden.) Pp. iv+488. (Uppsala: 
Kungl. Lantbruks- Högskolans, 1956.) 312 

Health Education: a Selected Bibliography. (Educational Studies 
and Documents, No. 19.) Pp., 46 (Paris: Unesco; London: H.M. 


' Office, 1958.) 35 cents. 


. Stationery Office, 1956.) 100 francs; 28.; 0.40 dollars. 
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SCIENCE: AND HUMAN: VALLES a 


HE three essays on “Science and Human 

Values” which Dr. J. Bronowski has contributed 
to recent issues of the Universities Quarterly are a 
revised version of the Carnegie Lectures which he 
gave at the Massachusetts Institute of Technology. 
In them—and especially in the third essay—Dr. 
Bronowski discusses the sense of human dignity and 
challenges widely held views of what science is and 
does. These views are highly relevant to the current 
task! of developing—or even reshaping—the educa- 
tional system of Britain so as to provide us with the 
scientists:and technologists and technicians which we 
need in this age of technology. No less important, 
the educational system must provide us also with 
managers and administrators alive to the significance 
of scientific and technical advance and to the im- 
portance and bearing of human values. He develops 
indeedian ethic for science which derives directly 


_ from its own activity and accordingly fosters and 


even creates those human values, respect for which 
can safeguard us from the excesses of totalitarianism 
and automation. 

In his first essay, Dr. Bronowski shows that science 
is a creative activity, not to be distinguished from 
other imaginative activities. Every cast of mind, he 
suggests, has its creative activity, which explores the 
likenesses appropriate to it and derives the values by 
which it must live. The exploration of the artist is 
no less truthful and strenuous than that of the 
scientist, and here as in science, in the act of creation, 
a man brings together two facets of reality and, by 
discovering a likeness between them, suddenly makes 
them one. The act of fusion is the creative act, and all 
science, Dr. Bronowski holds, is the search for unity 
in hidden likeness. 

Leaving aside the bearing of this conception of 
creativity on the problem of creative research as it 
presented itself to the conference on the direction of 
research establishments held at the National Physical 
Laboratory last September, it is no less important in 
relation to education. Dr. Bronowski rightly observes 
that the spectator who is moved by the finished work 
of art or the scientific theory re-lives the same dis- 
covery ; his appreciation also is a re-creation, and it 
might well be suggested that when the teacher fails 
to bring the student to the point of such appreciation, 
he has failed in his task, whether he be teaching arts 


` or science. 


Next, however, Dr. Bronowski examines the 
question whether the likenesses which a science finds 
have to conform to a sanction of fact from which the 
arts are free. Discussing the question of science and 
truth, he points out that the habit of testing and 
correcting the concept by the consequences in 
experience has been the spring within the movement 
of Western civilization ever since Copernicus. In 
science, in art and in self-knowledge, we explore and: 
move constantly by turning to the world ôf sense to 
ask, Is this so? This is the habit of truth, and it 
is at the centre of science, not as a dogma but as a 


process, shaping the society which sciontiats have 
been compelled tc form in the pursuit of science. 
Independence, originality, and therefore dissent, show _ 


“the progress and ssamp the character of our civiliza- 


tion: with freedom and tolerance they are the first 
needs of science, the values, which of itself it 
demands and forms. F 

Discussing. finally in his third lecture the sense ‘of 
human dignity, Ia. Bronowski observes that the 
society of scientists must be a democracy. It can 
keep alive and grow only by a constant tension 
between dissent ard respect; between independence 
from the views of others, and tolerance for them, 
based not on indifference but on respect. It confronts 
the work of one man with that of another, and grafis 
each on each ; nor can it survive without justice and 
honour and respec between man and man. More- 
over, the company of scholars constituted by the_ 
men and women who practise the sciences is held 
together by a bond more durable than that holding 
together any modern State, and Dr. Bronowski 
suggests that ultimately the ordinary people respect 
the scientist: more than his theories. By its nature, 
science must prize the search above the discovery, 
and the thinking (and with it the thinker) above the 
thought. In the ciety of scientists, each man, by 
the process of exp-oring for the truth, has earned a 
dignity more profound than his doctrine; and, taking 
& phrase from Buifon, Dr. Bronowski suggests that 
® true society is sustained by the sense of human 
dignity. 

It is unnecessary to follow Dr. Bronowski into the 
detail of his argument to appreciate how much 
science, directly enzering in this way into the human 
spirit, can contribuce to make a human society work ; 
and how largely our difficulties to-day are due to our 
neglect of science ss a human value in itself, and of 
its power to foster,;the basic conditions of independ- 
ence for the indivicual and toleration by the body of 
society, from which there follows step by step the 
spectrum of humen values: dissent, freedom of 
thought and speech, justice, honour, human dignity 


and self-respect. Cr. Bronowski does not claim that . ‘ 


the scientist can gcvern society ; but he does insist 
that it is the sciemtist’s duty to teach society the 
implications and tae values in his work, that the 
command over the power of Nature needs at least as 
much devotion anc understanding as its discovery. 
Fundamentally, the society of scientists, he urges, is 
more important than their discoveries, the spirit of 
science than its techniques. 

More recently, in addressing the National Union of 
Teachers in London, on January 2, Dr. Bronowski 
urged that the prevailing attitude to science and 
technology is respensible for our slow. progress in 
transforming the {technical skills of the nineteenth ‘ 
century into those needed in our own time. Until we 
have created a soc.ety in which science is regarded 
as a native accompk&shment and an important. human 
value, he said, adecuate finance will aot be Par, 
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generally regard their children’s higher education as 
important, or teachers of a requisite calibre be forth- 
coming. The present artificial division between 
science as :& method of making things work and 
science as & method of understanding Nature, between 
science as æ technique and science as & cultural and 
intellectual activity, he repeated, must be ended, 
and this requires a profound work of conversion in 
the minds of the administrative and government layer 
of society—and, it may be added, in many other 
layers of society. 

Much of this 1s not new. More than a century ago, 
Shelley, in ‘The Defence of Poetry”, argued that it 
is the task of the artist to absorb the new knowledge 
of science and assimilate ıb to human needs; but 
Mumford has pointed out how the scientist, given 
the freedom to pursue his method and preserve his 
vocational integrity, will pursue his research under 
social conditions which are crippling to an artist, a 
post.or a philosopher. We have seen too often in 
-our day how easily the scientist is lured into serving 
tyranny to accept unquestioned the whole of Dr. 
Bronowski’s argument, for all the force with which, 
like Mumford, he emphasizes that the only alternative 
to catastrophe is to allow science full opportunity to 
bring its values to the shaping of a society of the 
present day, in which knowledge is necessary to 
match and govern power. 

What is important in Dr. Bronowski’s addresses, 
however, is the way in which he demonstrates the 
bearing of these human values of science on the 
practical problems of to-day. Nor is he entirely new 
even here. Obviously, this precise bearing on the 
expansion of technical and technological education, 
on training for management, on the question of 
general education, whether in the sixth forms of 
schools or in the university, on such an experiment 
as that proceeding m the University College of North 
Staffordshire, on the supply of science teachers, and 
so on, can only be stated in the context of to-day. 
None the less, those implications were stated clearly 
in the report made by the Adult Education Com- 
mittee of the Ministry of Reconstruction in 1919, 
which has recently been reprinted with some revision 
and additions under the title “A Design for Democ- 
racy’. It is not simply that this report argued 
nearly forty years ago for wide opportunities for 
developing the study of natural science among adult 
students. It urged also the desirability of encouraging 
a wider diffusion of scientific knowledge and still 
more of the scientific habit of mind. 

“Quite apart from the utilitarian reasons . . . for 
promoting scientific education . . . a wide apprecia- 
tion of the methods and spirit of natural science ought 
to be an essential element in our national culture. 

. . If this result is to be achieved . . . the scientific 
departments of our universities should regard educa- 
tional work among extre-mural students as a normal 
part of their duties . . . and should be staffed to 
admit of their undertaking it. . | . Students with a 
natural gift for some branch of ‘scientific inquiry 
would obtain opportunities of study which would be 
otherwise inaccessible to them. Not less important, 
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the meaning and value of scientific work would 
gradually be more widely understood by all classes 
of the community.” + 

The lack of progress over more than a generation 
in implementing views so cogently argued in 1919 
should discourage any easy optimism. None the less, 
Dr. Bronowski’s stimulating and highly pertinent 
addresses point the way afresh to much educational 
work to which scientists, concerned to play their part 
in the re-shaping of a society more fitted to deal with 
the problems of an age of technology and automation, 
might well address themselves both individually and 
through their professional associations. They indicate 
how much remains to be done before the Govern- 
ment’s present plans for the expansion of scientific 
and technical education can have full effect, quite 
apart from the modification of those plans to deal 
adequately with the real needs. Above all, they are 
a challenge to thought which neither scientist, nor 
humanist, nor philosopher should ignore. 


STORY OF THE ATOM BOMB 


Atomic Quest 

A Personal Narrative. By Dr. Arthur Holly Compton. 
Pp. xx+370+8 plates. (London: Oxford University 
Press, 1956.) 30s. net. 


N this book Prof. A. H. Compton describes the 
development of the United States atom bomb 
project from its effective inception in 1941. He 
describes the early contacts with the British project 
and how we suggested early in 1941, as a result of 
Cambridge work, that plutonium should be made in 
the Berkeley cyclotron and its properties studied to 
see whether it could be used as a nuclear explosive. 
He quotes a letter from Prof. Ernest Laurence to 
the National Academy Committee in July 1941, con- 
firming that plutonium is fissile by slow neutrons 
and that it was likely that an atomic bomb could be 
made from it. There is also a record of a, visit from 
Prof. M. L. E. Oliphant, bringing further news of 
British measurements and conviction that a uranium- 
235 bomb could be made. About this time the report 
of the British MAUD Committee was transmitted 
to Bush and Conant, and this reinforced the con- 
clusions of the National Academy that atom bombs 
were feasible, 
Thereafter, the book describes how the great 
United States project was built up. Prof. Compton 


. became head of the ‘Metallurgical Laboratory’ in the 


University of Chicago. He describes how Fermi’s 
first graphite reactor was built and the exciting story 
of how it became critical. The Laboratory was - 
responsible for building further experimental reactors 
at the Argonne Laboratory near Chicago, and a pilot 
graphite reactor at Oakridge. At this stage of their 
project, in early 1944, the next formal British contacts 
with the reactor side of the American programme 
were made after the break caused by the ‘Manhattan 
Project’ re-organization. Together with colleagues 
from Canada, I visited Chicago and Oakridge to see 
their reactors, and the collaboration then established 
helped us to design the Canadian heavy water 
reactors. © 

Prof. Compton also describes in general terms ihe 
building of the Hanford water-cooled graphite- 
moderated production reactors, and how after the 
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initial Pon the reactor power decreased due to 
the formation.of xenon ‘poison’. Fortunately, the 
reactor had been over-designed deliberately and there 
was space to insert more uranium and provide the 
extra k required to overcome the xenon poison. 
The first few kilograms of plutonium were produced 
at Hanford in the first weeks of 1945. 
Prof. Compton describes in great detail the 
‘ agonizing discussions which went on among the 
scientists of the Metallurgical Laboratory and Los 
Alamos during 1945 as to whether the bomb should 
be used against the Japanese. The discussions were 
brought to the attention of the Secretary of State 
for War, Mr. Stimson, who appointed a representative 
‘Interim Committee’ to advise him. At this point 
General Marshall stated that he would advise against 
its use in the war provided its existence could be 
kept secret. The general opinion was, however, that 
it would not be possible to keep its existence secret. 
A proposal to make @ non-military demonstration 
likely to bring an end to the war was also thought 
to be impossible. After this, a poll of a hundred 
scientists of the Metellurgical Laboratory brought an 
87 per cent vote in favour of its military use. The 
decision was taken by President Truman on the 
advice of Mr. Stimson, who has given his own account 
of these deliberations in ‘‘Foreign Affairs’. The book 
describes the course of events in Japan and the 
difficulties of making the military agvee to surrender, 
even after the droppmg of two atom bombs, with 
their ‘frightful destruction. Prof. Compton believes 
that the use of the bomb saved a very large number 
of lives, since he does not believe that the Japanese 
would have surrendered without bitter fighting in 
the next landings. 

There are some errors in the book. It is stated 
that Pontecorvo was included in the team of physicists 
that Britain sent to aid in developing a successful 
atom bomb, and that he was acquainted with 
American war-time methods of bomb construction. 
Actually, Pontecorvo worked: only in Canada on 
heavy-water piles; he had no contact with the 
United States bomb project and had no knowledge 
of the bomb. 

In discussing radioactive contamination of the 
atmosphere by atom bomb explosion, the author 
questions whether a permanent increase by a factor 
of 100 in the general level of ionizing radiation would 
@ perceptible effect on the prospects of future 
tions. Such an increase would result in a world 
n dose to the whole population of more than 
tgens. It would increase the incidence of 
an order of magnitude and shorten life 
jably ; it would also increase mutation 













ional Academy of Sciences and the Medical 
earch Council Committee. Prof. Compton should 
d the reports of these Committees. 

He states that no use has been found for radio- 
active fission products. Radiocesium has already 
been used for radiotherapy in large sources, and the 
United States is’ building a plant for separating 
200,000 curies a year. 

Prof. Compton considers that modern conditions 
of war have placed it on a higher level of morality 
than war of the traditional type—that “the people 
. back home who vote for war must recognize as they 

~ do that they themselves may be among those who 

Swill be destroyed. Under such conditions war will 

not be declared unless those who make the decision 
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‘with the problems of frost hardiness, 
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are so convinced of the importance and rightness of 


-their national causa that they are prepared to risk ` 


their own lives and fortunes”. Under present world 
conditions such a Gemoératic process could apply in 
only a very few nétions. 

Tn general, Prof. Compton takes an optimistic view 
of the future, besed on his deep religious and 
humanitarian feelings. J. D. Cockororr 


` HARDINESS OF PLANTS 


The Hardiness of Plants | 

By J. Levitt. (Agronomy : @ Series of Monographs 
prepared under the auspices of the American Society 
of Agronomy, Vol. 6.) Pp. viii+278. (New York: 
Academic Press, Inc.; London: Academic Books, 
Ltd., 1956.) 7 dollars. 


T is common knowledge that while some plants 

are killed by the first moderate frost of winter, 
others survive without injury long-continued exposure 
to temperatures many degrees below the freezing 
point of water. Similarly with drought, some plants 
survive continued iry conditions in which others 
die sooner or lator. Less familiar under natural 
conditions is he injury produced by high tempera- 
tures, but here also there is considerable vanation 
among plants. It -s with the problems presented by 
the varying ability of plants to survive such extreme 
environmental conditions that the present book is 
concerned. 

Hardiness is defined by the author as ability to 
survive an unfavourable internal environment, so 
that cold hardiness, drought hardiness and high- 
temperature hardiness, the three phenomena con- 
sidered, are respectively ability to withstand being 
cooled, ability to withstand drying and ability to 
withstand attaining & high temperature. The term 
hardiness is preferred to resistance, since cold resis- 
tance, for example, could mean that the plant 
remains warm when subjected to low temperature. 

More than half she text of the book is concerned 
A very con- 
siderable amount cf work, ‘good, bad and indifferent, 
has been published on the effect on plants of freezing 
temperatures. This is summarized and discussed in 
some detail by the author and from a consideration 
of all the data a sheory of the mechanism of frost 
injury and hardiness is enunciated. Essentially this 
is that killing by frost is brought about through 
mechanical injury to the protoplasm. As is well 
known, when ice forms in the protoplasm the cell is 
always killed, the ice crystals bringing about an 
irreversible change in the space -relations of the 
protoplasm. However, when a plant freezes, water 
generally passes out of the cell and ice forms in the 
intercellular spaces. The cells are thus dehydrated 
and the protoplasmic ‘consistency’ (a combination 
of viscosity, elasticity and adhesiveness) increases 
and the protoplasm may become brittle, while con- 
traction. of the cel due to loss of water subjects the 
protoplasm to tension. As a result the tension may 
be sufficient to cause mechanical damage to the brittle 
protoplasm and hardiness is exhibited where the 
greater ductility >f the protoplasm ‘enables it to 
withstand the effects of the cell contraction. This 
theory the author holds is in agreement with the 
observed data releting to the freezing of plants ae 
which are set out in the book. ` 
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From a consideration of the recorded observations 
on the effects of drought on plants the author con- 
siders that death through drought also, as Iljin had 
held, is due to mechanical injury brought about by 
the shrinkage of thé cell through loss of water and the 
resulting tension'totwhich the protoplasm is subjected 


by being pulled.itiward as the vacuole shrinks while 
it adheres to thé=tiiére rigid cell wall. Here also 


hardiness depends on the avoidance of mechanical . 


injury by the protoplasm under such conditions, and 
here also a considerable mass of data can be produced 
in favour of the theory. 

While frost and drought injury can both be ascribed 

, to mechanical injury resulting from loss of water 
from the éell, injury resulting from too high a tem- 
perature would appear to be due, as is generally 
supposed, to denaturing of the protoplasmic proteins. 
However, factors furthering dehydration hardiness 
also further heat hardiness, and the orders of hardi- 
ness of different cells to hydration and high tempera- 
ture are similar. From such facts as these the author 
concludes that heat injury, like frost and drought 
injury, may be regarded as due to mechanical weak- 
ness of the protoplasm which renders it easily 
denatured by ‘thermally induced oscillations”, 

One small point puzzles the reviewer and that is 
the meaning attached by the author to the term 
‘tonoplast’. This expression was comed by de Vries 
to denote the inner plasmatic membrane or vacuole 
wall. When the author states that “ice may form 
between the wall and the tonoplast” and that this 
“may be the same phenomenon as the ‘thin hull: of 
ice inside the wall’ ” described by other observers, it 
would appear that the word ‘tonoplast’ is used for 
denoting something other than the internal plasmatic 
‘membrane. 

The subject-matter of this book should be of 
interest to plant physiologists, agriculturists and 
horticulturists alike, and it is one of both purely 
scientific and economic importance. The production 
of the volume leaves nothing to be desired. 

WALTER STEES 


ON A CYBERNETIC 
THEME 


An Introduction to Cybernetics 
By W. Ross Ashby. Pp. ix+295. (London: Chap- 
man and Hall, Ltd., 1956.) 36s, net. 


`. Tas term ‘cybernetics’, after more than a hun- 
dred' years of retirement among the writings of 
Ampère, burst anew on the scientific world just eight 
years ago. Its connotation has since varied and 
broadened until many of us have almost despaired 
of its usefulness as a scientific label. But it still has 
its users; and its very vagueness may yet allow it 
to be captured for a precise purpose by someone 
bold enough to stake his claim. Cybernetics, at this 
early stage, is as cybernetics does. 

Much of Dr. Ashby’s book is not about cybernetics 
of the sort that a reader of Norbert Wiener might 
recognize. He is concerned basically with a general 
theory of machines and their representation by 
mathematical transformations ; and fully two-thirds 
of the book has gone by before the concepts of 
regulation and control are formally introduced. Let 
it be said at once that Dr. Ashby shows himself an 
excellent expositor, lucid, entertaining and imagin- 
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ative of the difficulties that may arise in the reader’s 
mind. His chapters are -lavishly- sprinkled with 
examples, to which answers are supplied, and there 
is no question that æ reader of very modest mathe- 


_ matical background could in time follow the argu- 


ments through from start to finish. To this extent 
the claims on the flyleaf are more than justified. . . 

What is less certain is whether the mastery of this 
transformation theory will most easily enable the 
reader (particularly the biologist whom the author 
has in mind) to “proceed without difficulty” (p. vi) 
to the study of more advanced work such as Shannon’s 
on communication theory. Owing perhaps to the 
deliberate eschewal of differential calculus, the 
general climate of the book does little to toughen 
him against the rigours of more typical literature. 
He may even be lulled into a quite spurious con- 
fidence by Dr. Ashby’s comforting use of biological 
situations to illustrate his theorems, though he may 
recognize that as apphcations of the theory they 
would not be thought very rewarding. a 

The truth is that there is no royal road to the 
detailed understanding of either communication 
theory or control theory, though there may be— 
indeed certainly are—results and applications which 
require but little mathematics of the user. Dr. 
Ashby gets around the difficulty only by teaching the 
reader the mathematics he wants for his limited 
purposes, and there is room for more expositions of 
this sort. But the picture which emerges is scarcely 
representative either of the scope or the power of the 
methods termed ‘cybernetic’, and it would be a pity 
if this should cause the real merits of the work to be 
overlooked. 

For as an introduction to a new way of talking 
about mechanical systems the book is fascinating. 
Ashby’s treatment of the ‘decay of variety’ in a 
determinate system is particularly illuminating, and 
his discussions of the concepts of ‘system’, ‘model’, 
‘black box’ and the like are excellent in the clarity 
with which they distinguish his usage from other 
people’s. Theoreticians of biology as well as of 
engineering will undoubtedly find much to stimulate 
them here. 

Inevitably, perhaps, there are some pinpricks to 
disagreement. It seems confusing, for example, to 
speak of the number of components of a vector as 
its “length” (p. 81); and it is certainly inadequate, 
to define “degrees of freedom” as the numbg 
“components with independence giving the 
variety’? (p. 129) without specifying the nur 
values that each component may take. The 
of “feedback” on p. 53 deliberately igngs 
tinction between informational feedba 
Newtonian reaction, and is then defended 
sive terms which obscure the real point in g 
The same failure to distinguish information-sensi 
from energy-sensitive actions vitiates later dis 
sions, for example on pp. 57 and 238. The brusq 
rejection of “memory”, for example on pp. 115-1% 
and 172, as something “‘hypothesized” for lack of a 
mechanical explanation, reads strangely in a day 
when most psychologists discuss both memory and 
its mechanical mediation with equal seriousness. A. 
similarly needless dogmatism colours the definition 
of probability on p. 163. : j 

Many other points of detail raise critical questions, 
Must all cybernetic systems be “closed to informa- . 
tion” ? (p. 4). How does thè fact that ‘feedback can 
be positive and yet leave the system stable” sho 
“how unsuitable is the concept of feedback outside 


ee 
















no.4sss February 2, 1957 


its particular range of applicability” ? (p. 81). -Does 
not the standard Nyquist theory of stability under 
feedback (nowhere mentioned) specifically -include 
this case ? : 


How does the “law of experience” on pp. 138-9. 


guarantee that even a simple machine could be 
brought ‘each morning ...to some standard 
state” by taking its input through some standardized 
routine “in the early morning’? Surely the time 
taken must depend on the machine in question, and 
the only ‘standard state’ possible might well be one 
quite useless to the experimenter (for example, if the 
machine contained an irreversible counter with non- 
recurrent tallies)? Again, how does Shannon’s 
theorem on the capacity of a noisy channel “show 
that the problem” of the corruption of information 
in the brain (p. 191) “is a minor one” ? 

Misleading generalizations of this sort are destruc- 
tive of one’s confidence, and it should be said that 
there are not too many. But the impression remains 
that it is the discriminating reader, in search of a 
new angle on an old subject, rather than the novice 
in search of a balanced presentation, who can be most 
confidently recommended to read this entertaining 
book. D. M. MacKay 


BONE METABOLISM 


The Biochemistry and Physiology of Bone 

Edited by Geoffroy H. Bourne. Pp. xiii+875. 
(New York: Academic Press, Inc.; London: 
Academic Books, Ltd., 1956.) 20 dollars; 143s. 


ONE is a specialized connective tissue character- 

ized by long branching processes which occupy 
cavities and fine canals in a hard, dense matrix of 
bundles of collagenous fibres in an amorphous ground 
substance impregnated with calcium phosphate 
complexes. It is not a static tissue but a plastic, 
actively metabolizing tissue. During the past twenty- 
five years, there has been a rapid development of new 
techniques. The present publication is the outgrowth 
of a belief that the time had come to collect the 
diverse studies published in a wide variety of journals 
into one integrated volume. The comprehensiveness 
of the present treatise by a panel of twenty-eight 
experts discoursing in some twenty-four chapters has 
nevertheless a unity despite some degree of overlap 
which is inevitable in a multi-author publication. 

In his preface Dr. Geoffrey H. Bourne, the editor 
of the volume, points out that Frey in his manual of 
histology published nearly a hundred years ago 
summarized what is our present conception of bone 
when he wrote: “Owing to their hardness and 
solidity, the bones are peculiarly well adapted for the 
mechanical construction of the body. ... They serve 
to protect internal organs, and form systems of levers. 
... The bones take part also, to a great extent, in the 
chemical occurrences of the organism, owing to the 
lively interchange of matter going on in them”. 

The introduction of new histological stains and 
metal impregnations and new biophysical techniques 
such as X-ray diffraction, polarization and electron 
microscopy, and the use of radioactive isotopes to the 
study of bone tissue, has thrown fresh light on the 
structure and physiological function of bone tissue. 
These are described in this most interesting series of 
contributions. 

The organic and inorganic parts of bone together 
form a marvellous construction on the ultrastructural 
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è 
level, a construction that has good mechanical 
properties, but also has the ability to incorporate and 
exchange various ions at a very rapid rate. It serves 
in this sense to regulate the ionic milieu in the body. 
This quick pick-up end release of ions by some surface- 
exchange phenomera or recrystallization means shat 
a number of radioastive isotopes-introduced into the 
body become localized in the skéléeton at specific ‘hot 
spots’ which may cause radiation sickness. One of the 
contributors points out that in our time, when each 
individual risks ccntamination with ‘bone-seeking’ - 
radioisotopes such as products from uranium or 
plutonium fission, is is extremely important to study 
bone structure anc. physiology from the molecular 
to the anatomical “evel. A study of bone may help 
us to find specifics cr principles for the detoxication of 
the skeleton with respect to radioisotopes. There is a 
special urgency for such research and this collection 
of reviews is timely. The text is very clear, fully 
documented and the illustrations remarkably good. 
D. P. CUTHBERTSON 


MORAL CODES AND ETHICAL 
THEORIES 


Encyclopedia of Morals 2 

Edited by Vergiliis Ferm. (Midcentury Reference 
Library.) - Pp. xi+682. (New York: Philosophical 
Library, 1956.) 1C dollars. 


HIS book consists principally of a set of articles, 

varying in length from two to a dozen pages, on 
subjects which fall roughly into the following cate- 
gories: expositions of the main tenets of eminent 
moral philosophers of all times; descriptions of the 
main types of ethical theory such as utilitarianism ; 
descriptions of the moral ideals of influential religious | 
and cultural groups such as the Quakers, the Chinese 
and.the Jews; anshropological studies of the moral 
beliefs and practices of modern primitives such as 
American Indian tzibes. These main articles appear 
in alphabetical ordar among a host of shorter articles 
which have no independent content but refer one to 
the relevant main articles and take the place of an 
index. 

The main articlss, all signed, are the work of a 
considerable body >f American scholars. So far as a 
single reader of such a work can judge they are fair, 
clear in style and -vell proportioned ; even when the 
reader may disagres it will generally be on a debatable 
point, for there is _ittle sign of culpable ignorance or 
carelessness. The most obvious lacuna, is the absence 
of any main articles on prominent moral notions and 
problems. This is presumably deliberate policy and 
might be defended on the ground that such articles 
would inevitably 5e controversial and thus out of 
keeping with the factual character of the rest. But 
the price paid is that if one looks up such a key notion 
of morality as ‘comscience’ one is simply advised to 
consult some twenty main articles, some of which 
refer to conscience only in passing. 

This is not primarily a book for the specialist in 
the fields covered. since he will always know, or 
need to know, mors on any topic than this book can 
tell him; though even he will find many things to 
interest him, But for the reader who might wish to 
know, accurately but in no great detail, Schopen- 
hauer’s views on moral philosophy, the general 
character of Hindt moral ideals, what Nietzsche said 
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š i 
(as opposed to what the Nazis or his sister said that 
he said), the theoretical attitude of Marxists to 
morality, or a hundred similar things, this book will 
be ẹ reliable and sober guide. 

If this assessment of the book’s utility is sound, 
some slight criticism of the editor’s policy is in order. 
He has been very generous to contemporary moral 
philosophers, both in the length and in the number of 
articles devoted to them; thus Dewey receives 
twenty-four columns against Plato’s twenty-three 
and Kant’s eighteen, and Broad receives ten columns 
in an article which points out that he has made 
no distinctive contribution to ethical theory. For 
non-specialist readers some of this space could have 
been better allotted to additional main articles on 
such topics as the following, all in accordance with 
the plan of the book, but in fact noticed only inci- 
dentally in other articles: Buddhist ethics, Epi- 
cureanism, casuistry, determinism, libertarianism, 
fatalism, taboo and theories of punishment. 

The book is well produced and, though printed with 
two columns to the page, is set in good-sized, clear 
type. J. O. Unmson 


SCIENTIFIC MEDICINE 


1956 Medical Progress 

A Review of Medical Advances During 1955. Edited 
by Morris Fishbein. Pp.x+389. (London : McGraw- 
Hill Publishing Company, Ltd., 1956.) 41s. 6d. 


Lectures on the Scientific Basis of Medicine 

Vol. 4: 1954-55. (British Postgraduate Medical 
Federation: University of London.) Pp. ix+397+ 
34 plates. (London: Athlone Press, University of 
London, 1956: Distributed by Constable and Co., 
Ltd., London; and John de Graff, Inc., New York.) 
37s. Gd. net. 


Medical Research 

A Mid-century Survey. Vol. 1: American Medical 
Research: in Principle and Practice. Pp. xxxii+765. 
Vol, 2: Unsolved Clinical Problems: In Biological 
Perspective. Pp. xxxii+740. (Boston, Mass. : Little, 
Brown and Company ; London: J. and A. Churchill, 
Ltd., 1955. Published for The American. Foundation, 
New York.) 15 dollars; 106s. the two volumes. 


‘HE volumes under review illustrate three 
aspects of medical education and appeal to 
three different groups of workers, namely, the 
practising doctor, the research worker and the 
administrator. Underlying them all is the common 
purpose of the dissemination of knowledge based on 
the realization that the rapidly advancing flood of 
science carries with it the grave danger of stultifying 
isolation for the individual in whatever field of work 
his main interest lies. On one hand, whether it be 
the care of the patient, the solution of a research 
problem or the direction of research the individual 
knows that to achieve success requires not only the 
use of appropriate methods but also continuous 
thought and immersion in his subject. On the other 
hand, he knows that since medicine has no bounds 
he must try to keep abreast with work in other fields ; 
anywhere in these, and not only in the most pub- 
licized advances, may lie the clue that will solve his 
ownproblem. To help him to keep abreast, the human 
associations and the printed publication are legion. 
“1956 Medical Progress” is directed to the prac- 
tising physician and surgeon. Under the editorship 
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of Dr. Morris Fishbein of Illinois it contains twenty- 
one brief ‘review articles by American authors 
covering ‘a large range of subjects. These vary in 
quality and critical approach but on the whole seem 
fairly-to ‘assess progress or lack of it during the past 
year. Dr. Fishbein picks out four as being the most 
exciting announcements of medical progress inthe 
year, namely, the Salk vaccine against poliomyelitis, 
the further development of tranquillzing agents, the 
appearance of several new antibiotics with remarkable 
properties and the report from Germany of a new 
substance (BZ 55) to be taken by mouth for the 
control of blood sugar. 

“Lectures on the Scientific Basis of Medicine” are 
directed to the younger research worker and future 
consultant and specialist, and are well worth their 
attention. The present volume, the fourth, continues 
the publication of the excellent series of lectures given 
annually in London under the auspices of the British 
Postgraduate Medical Federation. The twenty-one 
lectures published (thirty were delivered) are, as in 
the past volumes, all by workers well known’in their 
own field and make interesting reading. As would 
be expected from current trends the emphasis is on 
the biochemical approach. The older disciplines, 
however, are not neglected, for Sir Victor Negus deals 
withthe comparative anatomy of the larynx. Four 
of the lectures cover various aspects of injury : shock 
from burns by J. P. Bull, the electrolyte and meta- 
bolie response to traums by G. M. Wilson, reaction 
of enzymes to injury by J. D. Judah and radiation 
injury to bone by Janet Vaughan. 

“Medical Research, a Mid-century Survey” is the 
product of years of work by the staff of the American 
Foundation (Esther Everett Lape and her associates) 
undér the chairmanship of Curtis Bok and with the 
assistance of a committee of consultants well known 
in the field of American medicine and allied subjects. 
According to the introduction, “tho most urgent of 
present national needs in the medical field is thus 
conceived to be expansion and improvement of 
medical education integrally related to research, and , 
progressive improvement of medical practice, steadily 
lessening the empirical nature of applications of new 
knowledgo to medicine. The medical research 
involved must be in biological perspective, utilizing 
the contributions of chemistry, physics, mathematics 
and the results of research on atomic energy’. The 
first volume contains an account of American medical 
research in principle and practice dealt with in five 


chapters: (1) Medical research in perspective of , 
biological, chemical, physical and mathematical 
science. (2) Current trends and current problems in 


medical and biological research in the United States. 
(3) Research agencies. (4) Clearing of results and 
controlling progress of medical research. The second 
volume surveys in ten chapters unsolved clinical 
problems in biological perspective and includes such 
topics as cancer, hypertension, alcoholism and 
schizophrenia. While the other two books referred 
to above lend themselves to easy reading and diges- 
tion, the same cannot be said of this American survey. 
To paraphrase a remark made on page 702 (Vol. 1), 
the use of this painstaking survey is likely to be 
impeded by its very volume, for it occupies no less 
than 1,505 pages. The reviewer has found it difficult 
to trace his way through the trees of the forest, and 
feels the need of a brief and constructive summary. 
The survey will probably be of use to the research 
worker and the administrator as a reference book on 
American views. R. T. GRANT 
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Kinetic Theory of Liquids 

By Prof. J. Frenkel. Pp. xi +488. (New York: 
Dover Publications, 1955.) Cloth,’ 3.95 dollars ; 
paper, 1,95 dollars. 


HIS Dover edition is an unaltered and unabridged 

re-publication of the first English translation of 
Prof. J. Frenkel’s book published by the Oxford 
University Press in 1946. The conventional text-book 
theory, which derives the properties of liquids by 
considering the transition between the liqud and 
gaseous states, is now known to be valid only at 
temperatures near the boiling point. Prof. J. Frenkel, 
in this book, develops the modern theory that, at 
temperatures near the crystallization point, a con- 
sideration of the analogy between a liquid and a 
crystalline solid leads to a better understanding and 
explanation of the properties of liquids. In particular, 
it is shown that hquids and crystalline solids, appar- 
ently so divergent in properties, differ fundamentally 
only in the degree of order of their structures. ~ 

Among other topics dealt with are those of viscosity, 
rigidity, surface tension, surface films, the polarization 
and conductivity of liquids, and the kinetics of 
crystallization. There is also an important chapter 
dealing with the properties of high-polymeric and 
rubber-like substances. The general treatment of the 
subject-matter, particularly the mathematical por- 
tions, is much to be commended for its logical, clear 
presentation. Many references are given, and the 
text is well illustrated with line diagrams. 

In the preface, the author expresses the hope that 
the book will serve as an introduction to the new 
theory for physicists and chemists at large ; but it is 
probably true that, for the run-of-the-mill scientist, 
a simpler exposition would fulfil this purpose rather 
better. However, the book should be invaluable, 
both as a text-book and a work of reference, ġo those 
interested in the liquid or quasi-liquid states of 
matter; to those engaged in research in this field, 
many interesting and fundamental problems are 
suggested. 


Principles of Organic Chemistry 

An Introductory Text in Organic Chemistry. By 
Prof. James English, Jr., and Prof. Harold G. 
Cassidy. Second edition. Pp. xiii+469. (London: 
McGraw-Hill Publishing Company, Ltd., 1956.) 49s. 


N writing this full-year course of organic chemistry 
for university students, the authors, professors at 
Yale University, have made a judicious blend of 
theoretical and factual matter. The book’s twenty- 
four chapters describe a carefully made selection of 
the alkyl and aryl compounds generally studied in 
introductory courses, and in addition consider the 
several types of substituted acids, colour and con- 
stitution, stereoisomerism, carbohydrates, polysac- 
charides, proteins and plastics. 

In the last chapter heterocyclic compounds are 
briefly treated. Alkyl and aryl compounds, after 
Chapter 5, are treated together. The compounds and 
reactions described, including those newly discovered 
which have especial instructional value, have been 
chosen more for their worth in giving a grip of theory 
than for their economic and industrial application. A 
general account of the electronic theory is given early 
in the book, then more theory is introduced, piece- 
meal, as a compound or reaction suitable for its 
illustration is met. Thus resonance, together with 
conjugation, is taken with the study of the olefines, 
the molecular orbital theory with acetylene, and 


NATURE 


227 


reversible redox systems with the study of the 
quinones, Reaction mechanism is stressed through- 
out. 

Helpful historical notes dispersed throughout the 
text and valuable footnotes add to the interest of the 
book. In this ecition the authors have rewritten 
sections to improve the clarity of presentation and 
have used curved arrows to indicate the courses of 
reactions. The book 1s written up to the level of the 
freshman intending to study chemistry seriously and 
is calculated to promote an understanding and 
enjoyment of the science. G. FOWLES 


Bibliographie des langues aymará et. Kicua 

Par Paul Rivet et Georges de Créqui-Montfort. 
Tome 51. Vol. 4 Pp. iii+957. (Paris: Institut 
@Ethnologie, 1956.) 6000 francs. 


HE veteran French anthropologist, Prof. Paul 

Rivet, announced the publication of Vol. 1 of 
the great bibliography of the Aymará and Quechua 
languages of highland Peru, Bolivia and Ecuador, of 
which he is joint author, by presenting copies to the 
First International Congress of Peruvianists in Lima 
in 1951 and the Thirtieth International Congress of 
Americanists in Cambridge in 1952. The work is 
arranged chronologically, the items being listed under 
their years of publication, and Volume 4, which covers 
the years 1941 to 1955, brings it up to date. It also 
contains additions and corrections to the earlier 
volumes. 

In addition to bibliographical notes, a few words of 
appraisal are given in appropriate cases, and some 
title pages are reproduced. The work is extremely 
comprehensive, and includes many items in other 
languages, for example Karsten’s “Ceremonial Games 
of the South American Indians’’, because they contain 
some Quechua or Aymará words. It is a necessary 
work of reference for historians of the Andean region. 

G. H. S. BUSHNELL 


Naturecraft in Australia 

An Introductory Handbook to the Fauna and Flora 
and to the Australian Environment for the use of the 
Bushwalker, Student, Field Naturalist, and Con- 
servationist. Arranged and Edited by Thistle Y. 
Harris, Pp. xvi+264+24 plates. (Sydney and 
London: Angus and Robertson, Ltd., 1956.) 25s. 


ISS T. HARRIS, of the Sydney Teachers’ 
College, has already done a good deal to 
generate interest m the Australian countryside. This 
volume, which is published under the auspices of the 
Wild Life Preservation Society of Australia, continues 
this usefulfwork. In this book, which is edited and 
in part written by Miss Harris, a number of Australian 
naturalists have combined to describe (in 237 pages) 
the geology and natural history of a continent. The 
result is not, of course, a contribution to science ; 
indeed it is a pity that valuable space is taken up 
with long lists o? the Latin names of birds, fishes, 
and plants, beceuse these lists give the reader a 
false impression taat the book might be a naturalist’s 
handbook. As a handbook “Naturecraft in Austra- 
lia? could not be recommended. But it can be 
recommended as a book to stimulate interest on the 
part of Australians in their bush and their sea coasts ; 
and its twenty-four photographie plates (which are 
of much higher quality than the text) will give the 
naturalist who is not able to visit Australia a vivid 
idea of some of the common insects and snakes and 
birds and plants which occur there. E. ASHBY 
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By Pror. J. TUZO WILSON E 
Geophysics Laboratory, Department of Physics, University of Toronto i 


HE surface features of the Earth are strikingly 

different from those of the Moon. This requires 
explanation, because these bodies are generally con- 
sidered to haye been companions in space, subjected 
to the same external influences for several thousand 
million years. The Moon’s surface is cratered, prob- 
ably by the impact of large meteorites, and it appears 
to be partly covered by lava. It is usually supposed 


that this is an ancient surface little altered since the - 


Moon’s early history, and that it is.the Earth’s 
surface, once similar, which has been modified. One 
cause of change which has been suggested is erosion 
by air and water, but this is not enough. Erosion 
would have levelled former features, but it could not 
have built high continents and mountains. 

I wish to suggest that the material of the entire 
crust has been. derived from lavas extruded from the 
mantle of the Earth durmg geological time, to pro- 
pose an outline of a possible manner of growth, and 
to point out that the Mohorovitié discontinuity at 
the base of the crust is likely to have been the 
Earth’s early surface, corresponding to that of the 
present face of the Moon. The growth of the crustal 
features has been controlled by a system of fractures 
and made possible by suitable conditions in the 
interior of the Earth. The lava has been accom- 
panied by gases and steam, which, as others have 
already suggested, formed the atmosphere and 
oceans. 

Consider first the probable sources of the atmo- 
sphere, oceans and crust. Rubey has recently sum- 
marized the evidence concerning the atmosphere and 
hydrosphere and concluded. that it seems likely that 
they “have accumulated gradually during geologic 
time by the escape of water vapor, CO, CO, Na, 
and other volatiles from intrusive and extrusive 
rocks that have risen more or less continuously from 
the deep interior of the earth”, 

Shillibeer and Russell? have also calculated that 
the volume of argon-40, which constitutes 99-6 per 
cent of atmospheric argon, is such that it could have 
been generatéd during the Earth’s history from the 
potassium-40 present in all the rocks above the 
Mohorovitié discontinuity, if it had been released as 
they were poured out in a molten state. 

The solid crust of the Earth can be considered to 
a first approximation to consist of a layer of basalt 
6 km. thick extending under both ‘oceans and con- 
tinents, upon which are superimposed continental 

- blocks, 30 km. thick®, the surface composition of 
which has been shown. to be close to that of andesite 
with 59 per cent silica (SiO,) (and not granite as is 
often stated)‘. This basaltic layer has a volume of 
about 2-5 x 10° km.®, and the andesitic layer 
4-5 x 10° km.*. 

Sapper has estimated that the average rate of 
emission of lava since A.D. 1600 has been greater 
than 0-8 km.3/yr.5, The thermal history of the Earth 
suggests that this rate may have been higher in the 
past®. Recycling of lava is improbable, because the 
oceanic crust is too thin to be re-melted and because 


recent seismic investigations have shown that the 
West Indian’ and Aleutian! volcanic ares must be 
fresh additions. Both arcs are predominantly 
andesitic and rise from typical basaltic ocean floors 
which are found on both inner and outer sides of the 
arcs. Other arcs are probably similar. 


The whole crust could therefore have been formed y i 


during the probable age of the-Earth, 4-5 x 10° yr. ?, 
at an average rate of volcanism only a little greater 
than that estimated for the present. The main parts 
of the crust have approximately the same com- 
position as basalt and andesite, which are by far the 
commonest lavas!, 

The volume and composition of the atmosphere, 
of the hydrosphere, and of the whole solid crust 
above the Mohorovičić discontinuity therefore appear 
to be compatible with the theory that they have 
been formed by volcamic extrusion during the 
Earth’s history. 

The active volcanoes nearly all rise along one of 
the two great fracture systems, which have therefore 
controlled the formation of the principal features of 
the crust. Along one of these systems, the simpler 


and less active, lie the mid-ocean ridges. Ewing" has. 


just suggested that the mid-Atlantic ridge, which is 
already kríown to be continuous from the Arctic to 
Tristan da Cunha, turns and continues beneath the 
Southern Ocean south of Africa to connect with the 
Carlsberg Ridge in the Indian Ocean and thence 
south of Australia to connect with the principal 
ridges of the Pacific Ocean. Numerous earthquake 
foci, all shallow, lie along this continuous system. 
In many places the ridges have been shown +o be 
rifted or to have scarps due to fracturing. Most of 
the volcanoes are only feebly active and all emit 
predominantly basaltic lavas of the basalt—trachyte, 
Atlantic or calcic suite. They contain ultra-basic 
inclusions, but no granitic ones. All that we know 
of these volcanoes is compatible with the view that 
they may have risen along a continuous zone of 
shallow fracturing (less than 70 km.) by partial 
melting and differentiation of the mantle at depths 
of a few tens of kilometres. 

The rate of emission of lava is so low that these 
vast ridges, hundreds of miles wide, with crests two 
to seven miles high, must have taken most of the 
Earth’s history to accumulate. 

' Although there is considerable evidence that large 
loads on the crust sink and are depressed, such ridges 
could not have disappeared. Few comparable ridges 
exist which are not seismically active (for example, 
the Lomonosov ridge!#). This is an indication that 
these ridges have not migrated. 

The continents are related to another more active 
system, which, unlike the first, has migrated in the 
past, but which at present has the shape of an 
inverted T folded about the Earth, , Along it are 
all the detive andesitic volcanoes and all the deep 
earthquakes (up to 720 km.) and a majority of the 
shallow ones. The stroke of the T is formed by a 
belt extending across southern Asia and Melanesia 
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Tablo 1, STAGHS IN MOUNTAIN BUILDING 


Initial event m stage 


Formation of arcuate 
fracture ` 

Uplift and- meta- 
morphism of former 
a island arc 
Appalachian Moun- | Migration of active 
tains of New Eng- | fracture system to 
land. another location 
Grenville province of | Gradual erosion 
Canadian Shield 


Example 
(1) Island are Aleutian Islands 


(2) Active mountain Coast. motintams of 
arc - ‘British Columbia 





(3) Inactive moun- 
tain aro 





(4) Province of a 
shield 


(contains several 
arcs) 








from the Mediterranean to New Zealand. The stem 
is another belt which joms ıt at Celebes and extends 
clockwise around the borders of the Pacific Ocean. 
Except for the limb from Celebes to New Zealand, 
the irregularities of which are discussed elsewhere", 
both belts are made up of a series of arcs joined 
end to end. All are m stages 1 or 2 of the 
sequence of evolution of primary mountains given 
in Table 1. 

The lava extruded along these arcs does not, of 
course, remain unaltered. Most of it is rapidly 
eroded to sediments, which accumulate in the vicinity 
of the arcs, later to be ‘granitized’, uphfted and 
eroded again. 

Since only basaltic lavas vise along the mid-ocean 
fracture system which has only shallow earthquakes, 
and since andesitic lava with a little basalt rises 
along the continental fracture system which has all 
the deep earthquakes, I think it reasonable to con- 
clude that basalts are formed by partial melting of 
the shallow layers (tens of kilometres deep) and that 
the andesites are a differentiate from deep layers 
(hundreds of kilometres deep). Andesites rising from 
great depth would be superheated and capable of 
melting some basalt, explaining the mixture of lavas 
over deep fractures. 

From time to time parts of the active fractures 
forming this continental fracture system have shifted, 
leaving the abandoned ares to decline through stages 
3 and 4 of their evolution. For example, activity 
was transferred from the Hercynian Mountains to the 
Alpine-Himalayan Mountains by a step outwards. 
On the other hand, part of the system moved to an 
entirely different location when the Appalachian- 
Ouachita system which had been joined to the 
United States Cordillera in Paleozoic times became 
inactive, while at the same time fresh fractures 
formed to link the Cordillera to the Andes through 
the Caribbean region for the first time. Again, that 
part of the fracture system which joins the Yukon 
to Japan lay through the Brooks Range of Alaska 
and the mountains of eastern Siberia until Mesozoic 
time, when it shifted forward to form the Aleutian 
and Kurile arcs, Thus do continents grow outwards, 
by adding a range or a province at a time., Some- 
times the additions are parallel to their predecessors, 
sometimes they move to another coast. After a few 
hundred millon years in one place, the channels 
become choked or the sources of lava are exhausted 
and the arcuate fractures move elsewhere; but in 
the meantime enough new rock has been added to 
the continental crust to form another province. It 
does seem that at all times the fracture system is 
long and continuous. 

Those continental shields for which there are 
sufficient age determinations'*!* have been found to 
be zoned, with progressively yolinger provinces 
arranged about one or several continental nuclei. A 
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dozen of, these have been identified*. They have 
special character-stics, but the details of their 
structure and the exact manner of their formation 
are not yet known. Their lavas appear to be prin- 
eipally basalts, saggesting that at that early time 
(2-8 x 10° yr. ago) the principal fractures did not 
penetrate deeply enough to tap the layers which 
produce andesites. 

The boundaries between provinces are large fault 
systems, close to which most of the largest ore bodies 
(at least ın the Canadian Shield) are arranged??, In 
view of this, it is not surprising that recent studies 
of the isotopic ratios in lead ores have been inter- 
preted to mean that the majority of these ores have 
risen directly from the mantle, presumably using 
major faults as «hannels!*. In young regions, the 
simplicity of this arrangement has been obscured 
by the folding cf young strata over the faults of 
the basement and by migration of ore-bearng 
solutions througk them. Nevertheless, the relation 
of these ores so large hidden faults has been 
postulated”. 

Besides these t-vo systems of fractures, one shallow 
and stationary and the other deeper and migratory, 
one would expecs ancillary fractures springing from 
them and connecting them. Such may include 
graben and ocean scarps such as those recently 
described by Menard*°, 

The extrusion of the crust would cause about 
100 km. contraction in the original surface, which is 
more than double that to be expected by thermal 
cooling without any phase changes (Allen, D. W., 
personal communication) and contraction after the 
manner proposec by Jeffreys”. 

The change from island-arc stage to active moun- 
tain stage is apperently a fairly sudden event. Saull?? 
has suggested thet the transformation of sedimentary 
minerals to mesamorphic minerals may be exo- 
thermic. It may also mvolve a decrease in density. 
If true, this woald explain the rapid transiwion of 
old and large e.geosynclines into elevated plutonic 
ranges. Parts of the metamorphic rocks may be 
mobilized and come plutonic rocks may form by 
solidification of vas at depth; but the bulk of the 
crust is considere to be formed by the metamorphism 
of sediments der-ved from lavas. Cover rocks at the 
margins of mountain uplifts undergo foreland folding 
by gravity slumping. ' 

The emission of lavas from the interior, and the 
sudden metamorphism and uplift of accumulations of 
sediments derivad from them, would -disturb the 
Earth’s principal moments of inertia end may thus 
have caused pclar wandering’*, If so, the com- 
paratively recens uplift of Alpine, Himalayan, Cor- 
dilleran and Andean mountains should have caused 
considerable shifting and may have brought the 
poles to their present land-locked positions, causmg 
the present ice ege*4, 

Any polar migration must distort the Earth’s 
surface, and one would expect the resultant shearing 
to be concentrased whenever possible along existing 
belts of weakness. This may explain the large trans- 
current faults lke the San Andreas of California?’ 
and the Alpine Fault of New Zealand**, which appear 
to have been scperimposed in Mesozoic or Tertiary 
time on pre-existing mountain building structures. 
They are at present moving so rapidly (about | in. 
a year)*? that their present activity must be of fairly 
recent origin. 

Admittedly parts of this thesis are speculative and 
invite investigasion, but it is an attempt to unite 
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and’ explain observations from many different fields. 
Fuller accounts are in preparation. 
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SWINDEN LABORATORIES OF THE UNITED STEEL 
COMPANIES, LTD. 


RESEARCH AND DEVELOPMENT IN IRON ‘AND’ STEEL 
l By J. H. CHESTERS 


Assistant Director of Research 


Tis Central Research Department of the United 
Steel Companies, Ltd., established at Stocksbridge, 
near Sheffield, in 1934, was already much too small 
for the work in hand by the end of the Second World 
War. New laboratories, named after Dr. Thomas 
Swinden, the first director of research, were, therefore, 
built at Rotherham and officially opened in 1952. 
With the new director, Mr. F. H. Saniter, came not 
only new laboratories and new sections, but also a 
completely new -group dealing with plant develop- 
ment. To the original metallurgy, chemistry, 
physics, X-ray, and refractories sections, were added 
others dealing with minerals, fuel, furnace design, 
mathematics, high-temperature metals, and welding. 
The development group, designed to cover all aspects 
of iron and steelworks engineering, was sub-divided 
into sections dealing with works layout and general 
engineering, ironmaking plant including blast fur- 
naces, steelmaking plant, reheating furnaces, rolling 
mills and engineering standardization. In addition, 
it included a small but versatile design and drawing 
office. The new department, with its twenty sections 
and a staff of about 235, can best be considered under 
the main groups of plant, process and product. 


Plant 


Although ‘logically the plant comes first, it can 
only be designed in terms of the process to be operated 
and the product to be made. It must, therefore, be 
continually subject to changes caused by research in 
these fields. Because many of the new ideas come 
from outside and some of them from other countries, 
it is part of the development engineer’s task to keep 
abreast of progress. This means not only wide 
reading but also frequently foreign travel. Before 


new plant can be installed, additional information ` 


may be required, and this may call for research or 
development within the laboratories or for pilot-scale 


work within a steel-plant. A good example of the 
latter is given by the development of the Austeel~ 
Escher metallic recuperator. 

This new type of heat exchanger was developed in 
Australia during the Second World War and was 
used for preheating combustion air for gas- or oil-fired 
soaking-pits (the furnaces used for heating ingots 
prior to rolling). This had generally been achieved 
either by checkers, as used in open-hearth furnaces, 
or by refractory tile recuperators with their attendant 
risk of leakage. The new metallic type consists 
essentially of two concentric steel tubes, differing in 
diameter by only a small amount, say ł in. The 
flue gases from which the heat is to be extracted 
flow through the mner tube, which may be of the 
order of 3 ft. inside diameter and about 20 ft. long. 
The air, or gas, to be preheated flows through the 
annulus between the tubes, either parallel with or 
counter to the waste gas flow. Heat is exchanged 
from the flue gas to the air or gas through the wall 
of the inner tube, which is usually made either of heat- 
resisting steel or of mild steel lined with refractory. 

A pilot unit (Fig. 1) was built in a nearby steel-plant 
and arranged to take the waste gases from a disused 
forge furnace. The location was chosen because fuel 
and power supplies were available, together with 
trained erection and maintenance men and adequate 
handling equipment. A series of test runs was 
carried out using parallel and counter flow, both 
with and without refractory linings. The data 
collected included such factors as flue gas, air and 
recuperator metal temperatures, gas and air flows, 
pressure drop and flue gas analyses. The results 
were afterwards published’. This showed not only 
that this type of recuperator was satisfactory for use 
in conjunction with soaking-pits but also provided in 
addition a check on the methods employed in cal- 
culating heat transfer. A number of soaking-pits 
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Fig. 1. Pilot scale recuperator under test 


were ‘afterwards equipped with this type of recupera- 
tor and have, over several years of operation, shown 
economies of the order predicted from the test run. 
In addition to more efficient use of fuel, better contro! 
has been obtained over pit atmosphere, maintenance 
costs have been lowered and availability increased. 


Process 


Although iron- and steel-making must eventually be 
describable in terms of applied mathematics, physics 
and chemistry, the fundamental approach can by no 
means always be applied, and resort must, therefore, 
be had to numerous technologists, for example, those 
concerned with ore preparation, refractories, fuel and 
process chemistry. Since many operations, for 
example, steel production, involve these technologies 
simultaneously, it is not surprising that co-operation 
between sections is found to be vital. It might, for 
example, be thought that the sintering of iron ore 
was essentially a mineralogical problem, but our 
work in this field shows that aerodynamics may be 
equally important. Indeed, the key to the empirical 
laws governing sinter output came from the ability 
of the research team to make flow measurements 
under relatively difficult conditions’. Large-scale 
trials showed that the output, even from existing 
plant, could be doubled provided the permeability 
of the feed was sufficiently increased. Ways of 
doing this, for example, by increasing the water 
content of the batch, or by pelletizing the fines*, 
were demonstrated in the laboratory and have since 
been applied in practice with substantial gains. 

Co-operation on a still wider scale is demanded by 
work on open-hearth furnace roofs. Although these 
only account for approximately 5 per cent of the 
total cost of the refractories used in steelmaking, the 
roof life tends to determine the time between major 
shut-downs and is, therefore, of peculiar importance. 
Throughout its life, generally of the order of 12 weeks, 
the silica roof is kept at a temperature close to its 
melting point and is bombarded with substantial 
quantities of molten iron oxide. It must be capable 
of maintaining its sprung-arch shape and must be 
repaired or removed whenever there is any risk of 
collapse, premature failure meaning not only loss of 
a roof but probably also of the expensive steel 
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ceneath. The drive for greater Out- 
put, based in the main on increased 
fring rates, has led to shorter roof 
lives, but as a result of extensive 
research this trend has even been 
reversed ; roof lives to-day being if 
anything greater than ten years ago 
in spite of much greater production 
cates. This change resulted from 
co-operative studies of the raw 
materials‘ used for brickmaking, of 
manufacturing methods*, and of 
instrumentation® and design of 
open-hearth furnaces’. 

The rumour that bricks made 
from certain South African chal- 
cedonic quartzites gave lives on 
South African furnaces better than 
could be obtained with imported 
materials, although the bricks were 
made by relatively unskilled labour, 
led to an inspection of the de- 
posits by our geologist, and the 
subsequent importation of sub- 
stantial quantities of materials for 
works trials. The improvements shown in split roof 
trials (see Fig. 2), where the new material was compared 
with standard, were far greater than would have been 
predicted from existing theory. Indeed, in certain of 
the trials roofs of this silcrete-type material were 
actually used for a second run on the same furnace. 
The improvement has still to be completely explained, 
but it is fairly certain that high density and low flux 
content (titania excluded) played a major part. 
This conclusion led to the trial of bricks made from 
specially selected British quartzites or flint pebbles, 
and performances equal to those given by the 
imported material are now being obtained, Further 
trials indicate that these so-called ‘super-duty’ silica 
bricks can best be used in the critical areas in roofs, 
for example, as a strip adjacent to the back and 
front walls, rather than for the roof as a whole. 

Even ten years ago the continuous measurement 
of roof temperature was considered a hopeless task ; 
but research has now reached the point where many 
steel companies have all their furnaces equipped with 
roof pyrometers and several make use of automatic 
roof temperaturefuel flow linkage. Unfortunately, 
the fact that the control point on a roof does not 
exceed a maximun safe temperature of, say, 1,650° C., 
does not mean that other parts are equally well 





Split roof srial on open-hearth furnace, showing marked 
contrast in silica brick quality 
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with boron 
i Analyses 
Carbon, per cent 0-09 0-08 
Manganese, per cent 0-43 9-40 
Silicon, per cent 0-25 0-25 
Molybdenum, per cent 0-58 0-58 
Boron, per cent — 0-003 
| Mechanical properties 
; Material : §-in. diam, (forged) 
r 
Heat treatment: 930° C., a:e. 
Tensile strength, tonsisq. in. 28-5 41-0 
Yield stress, tons/sq. in. 16-2 34-8* 
Elong. on 44/4, per cent 40-0 26-0 
Redn. of area, per cent 74-0 71:3 
Izod impact, ft. lb. 99 93" 








* ‘This corresponds to 1:0 per cent extension on 2 in., no true yield 
stress existing, 


-¢reated. Extensive furnace trials and aerodynamic 
studies’, both in the laboratory and works, have 
< shown. that. certain designs, for example, the single- 
uptake, used in conjunction with correct steam/oil 
ratio to give optimum flame length, can minimize 
such temperature differences and, therefore, enable 
the best use to be made of available refractories. 
Great benefit has been obtained in these furnace 
trials, which necessitated simultaneous measurements 
by as many as thirty different investigators, achieved 
-by close co-operation with research teams from the 
British Coal Utilisation Research Association, the 
British Iron and Steel Research Association, and more 
cently the Fuel Technology and Chemical Engin- 
= eering Department of the University of Sheffield. In 
‘one of the latest trials’, an attempt was made to 
eheck a mathematical theory of heat transfer by 
radiation with actual service data. It was found 
hat the observed heat transfer could be largely 
xplained in terms of radiation, and by at least 
“partially confirming the mathematical theory, enabled 
-ealculations to be made with some confidence of the 
effect of such changes as conversion from single to 
twin burners. 
The new science of furnace design, which involves 
the study not only of flow pattern and mixing 
pattern but also of the dynamics of liquid iron oxide 
droplets in gas streams, is still at an early stage ; but 
it hag already reached a point where improvements 
have been successfully predicted from such changes 
o as burner movement. Furthermore, completely new 
-ideas are being developed, for example, the use of 
moving air curtains for the protection of refractories 
from flux-laden, gases. 


Product 


_ Although carbon steels, in the form of billets, 
plates, structural sections and rails, constitute the 
bulk of the Companies’ production, much metal- 
lurgical research is concentrated on alloy steels, due 
“to. the heavy demands made on materials by the 


n 





, = aireraft and power industries, including atomic 


ergy. In the ferrous field relatively little can be 
ne to.reduce weight by normal alloy additions, but 
`. greater strength for a given weight can often be 
‘provided. Unfortunately strength alone does not 
‘satisfy. the engineer, who requires in addition ade- 
quate ductility and often weldability. É 

<- Perhaps the most interesting of our own develop- 
_ ments in this field has been the production of a high- 
` strength steel with good weldability. Its composition 
arose from the interesting discovery that when ‘only 
6-002 per cent of boron was added to a low-carbon 
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ontaining $ per cent molybdenum, the yield 
: was doubled and the © imum stress 
increased by about 50 per cent, Typical test data 
are given in Table l =. R 

It might well be asked whether it is possible to 
get good distribution throughout, say, 60 tons of 
product when the boron added is less than 1 oz. per 
ton. Actual resulta show that, in fact, the variation 
throughout a cast is extremely small and indeed less 
than that of most other elements noted. The degree 
of consistency is illustrated in Table 2. 






Table 2 
Boron, per cent 

Plate thickness Soluble Insoluble 
in. 0:0035 0:0001 

in. 0-0032 0-0002 

in. 0-0032 0-0002 

in. 0-0033 0-0002 

1 in. 09-0033 0-0002 
lyin. 0-0034 0-0001 


Much research was, however, necessary to find 
ways of introducing the boron in an effective, that is, 
soluble, form, this element readily combining with 
both oxygen and nitrogen, which render it ineffective, _ 
Fixation of the oxygen and nitrogen was ultimately 
achieved by additions of titanium and aluminium, or 


of aluminium alone. No difficulty has been encoun- 


tered in maintaining such control in practice, and the 
new steel has now been successfully made in high- 
frequency, electric are and in both hot- and cold- 
charged open-hearth furnaces. 

As will be seen from Fig. 3, the amount of molyb- 
denum required to give the desired properties is 
critical, With less than 0-2 per cent molybdenum, 
the boron addition has little effect on the properties, _ 


but with 0-3 per cent a marked improvement in _ 


yield strength is obtained. In practice a lower limit 
of 0-40 per cent is used for ensuring the desired 
properties. 


Yield stress (tons per sq. in.) 








o7 


94 
Molybdenum. content (per cent) 
Effect of increasing molybdenum content on the yield 


stress of 0-13 per cent carbon steel containing boron 


9-1 02 3 0-5 0-8 


Fig. 3. 
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The effect. of the boron addition is to retard 
transformation of the austenite on cooling, with the 
result that the steel transforms at a lower temperature 


and in place of the normal ferrite/pearlite structure 
an lar-type ferrite is formed. The effect of 



















ng the transformation is such that normal 
fies can be obtained in quite large sections of 
f 7-in. diameter and greater. Although the 
tion is lowered with quite slow rates of 
does not vary greatly when the rate of 
ng is increased. This ig an extremely important 
ture in regard to welding and explains the freedom 
‘sking of this steel during fabrication. 
striking illustration of freedom from cracking 
g welding was given by tests carried out under 
ons of severe restraint and at a temperature 
-76° C. Examination after a period of 60 hr. 
ailed to reveal any cracks. : 
he normal properties are readily obtained in the 
f plates, sections, sheet, tubes and forgings, 
but it is mainly as sections and sheets that the 
teel has found its widest use. An interesting applica- 
tion is in aero gas turbines, where it has replaced 
mild steel by thinner sections and in fabricated form 
=i has replaced light-alloy castings. In addition to the 
advantages of high strength and easy weldability, it 
_ has good high-temperature strength—a vital require- 
-| ment with gas turbines. 
The largest application has, however, been for 
_ military. bridges, notably the heavy girder bridge, 
ich has succeeded the well-known Bailey bridge. 
Ligher working loads have thus become possible and 
with the added advantage that the desired properties 
ean be obtained in the as-rolled material—no subse- 
uent heat-treatment being required. Another 
nteresting application is its use in a crane grab, 
ich enables the pay-load to be increased from 
to 64 tons. 































PDROPOSALS for the development of the Man- 
=. chester College of Science and Technology are 
‘set. forth in a pamphlet recently issued* by the 
principal, Dr. B. V. Bowden. Without recapitulating 
he history of the College itself, which was given in 
o handbook issued in. 1902 in celebration of the 
jubilee, of the building in Sackville Street, the pam- 
] includes two chapters intended to provide the 

background to the proposals as well as one 
ally sketching the development of the College and 
ior discussing in general terms the teaching of 
noce and technology to undergraduates. The first 
these two chapters reviews the development of 
gical education’ in general and stresses how 
diy Great Britain compares to-day in facilities and 
in output of graduates in science and technology with 
other countries. Postgraduate degrees in science and 
_ technology in 1954 totalled 900, compared with 4,500 
in the U.S.S.R. and 3,500 in the U.S.A. At roughly 























* Proposals for the Development of the Manchester College of 
Science and Technology. By Dr. B. V. Bowden. Pp. vili+146. ( 
the College.) 5s. ; 


233 





: Future Developments & 
It is not possible in so short a space to discuss the 
250 or so investigations at present in hand, nor can 
any adequate indication be given of the exciting 
developments still snvisaged. To the already existing 
facilities have been added an 11-in. 3-high rolling 
mill and more recently vacuum melting and pouring 
equipment, while excavations are already taking 
place for a new laberatory of the development type, in 
which pilot scale studies on furnaces can be carried 
out. In many fields, for example, continuous casting 
and all-basic furnaces, there are signs that earlier 
work may soon reach the application stage, while 
many new works trials are planned to improve the 
efficiency of existing processes. Increased use is 
envisaged of electronic digital computers, and with 
this in mind the Company has recently shared. the 
purchase of such squipment with the University of 
Sheffield. Arrangements are already being made to 
obtain data in digitized form, and it is hoped that’. 
in this way ressarch—like industry iteelf—-may 
benefit by a general speeding up of its techniques. 
‘ Davis, J. B., Ernest, W., and Kay, H., J. Iron and Steel Inet.,187, 


66 (January 1951). $ i 

? Voice, E. W., Brooks, S. H., Davies, W., and Robertson, Bi D., 
J. Iron and Steel Trst., 175, 97 (October 1963): es 

"Grice, M. A. K., and Davies, W., J. Iron and Steel Inst., 176, 165 
(October 1953). : i EER 

* Davies, W., Trans. Brit. Cer. Soc., 51,.95 (1952). 

‘Lynam, T, R., Nichoson, A., and Young, P; F., Trans. Brit. Cer. 
Soc., 51, 113 (1952) Mackenzie, J., ibid., 51, 186 (1952). 

*“The Instrumentatior of Open-Hearth Furnaces”, British Iron and 
Steel Research Association (George Allen and Unwin, Ltd., 
London, 1951). 

7 [ron and Steel Institute Special Report No. 37, J. H. Cheaters and 
M. W. Thring (1945). 

* {ron and Steel Institute Special Report No. 59, 8. W. Pearson, 
M. W. Thring and 3, H. Chesters (1956). 

* Pearson, S. W., Chessers, J. H., and Thring, M. W., Proc, Joint 
Conf. on Combustion, A.S.M. E. and Inst.M.E. (1958). 

 Bardgett, W. E., aml Reeve, L., J. Iron and Steel Inst., 18%, 
277 (November 1949). oe 








MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY 


PROPOSALS FOR EXPANSION 


comparable stancards, Dr. Bowden estimates the 
number of first dagrees in pure science at 5,200, or 
105 per million of population, and in technology 
at 2,800, or 57 per million of population; for the 
U.S.S.R. the corresponding figures are: in pure 
science, 12,000 and 56; in technology, 60,000 and 
280; for the United States, 23,500 and 144; 22,500 
and 137. For Wostern Germany the corresponding 
figures are 3,450 end 67; 4,450 and 86; for France, 
1,760 and 41; 2988 and 70; and for Switzerland, 
215 and 44 ; 399 and 82. The second of these chapters 
sketches very briedy the organization of technological 
education abroad. 
With this background, Dr. Bowden in his fifth 
chapter discusses the organization of university 
courses in Britain, commenting that students of the 
Manchester College of Technology are given the most 
specialized university courses in England, and that 
all the technological courses in England are more 
iali than tose in the rest of the world. Most 

of the courses im Manchester, he concludes, have 
grown up piecemsal and each department attempts 
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Fig. 1. The architect's drawing of the completed Manchester College of Science and Technology 


to be independent of the result, with in consequence 
unnecessary duplication of lectures. Dr. Bowden 
criticizes the system as too inflexible and requiring 
thorough revision. Stressing the importance of indus- 
trial experience for students of technology, he does 
not advocate introduction of ‘sandwich courses’ for 
that purpose, but suggests the College should take 
the lead in organizing a new apprenticeship scheme. 
Dr. Bowden also emphasizes the need for post- 
graduate courses, both in science and in technology. 

The most difficult task in the next ten years, in 
Dr. Bowden's view, will be to attract an adequate 
number of suitable staff. In 1954 the Manchester 
College of Technology had only four professors and 
six hundred university students ;) if the College is to 
attract 1,500 students in 1962 in place of the present 
900, the ten professors of 1956 must be increased by 
at least twelve. He believes that senior staff should 
be encouraged to become industrial consultants and 
part-time members of the staff of such establishments 
as the Shirley Institute and leading industrial 
research establishments, and that local industrialists 
and senior members of such local research institutions 
should be elected honorary or industrial lecturers or 
professors. The practice of sabbatical leave is’another 
respect in which the staff policy of the College requires 
improvement ; and in recruiting staff, proper weight 
should be given to industrial experience as well as to 
teaching and academic research, while more attention 
should be given to studying the craft of teaching and 


experimenting with new methods. He also advocates 


placing senior specialists in charge of specialized 
subjects throughout the College. The uate 
research school, at present numbering 170, should be 
considerably expanded, but should concentrate its 
resources on basic research and a limited number of 
objectives, so chosen as to produce some significant 
contribution to knowledge; nevertheless, it should 
also be organized so as to undertake more co-operative 
and sponsored research. Dr. Bowden hopes that the 


contract with the National Research Development 
Corporation for the development of certain machine 
Sa will prove the prototype of many similar 
un 

Before outlining his detailed expansion programme, 
Dr. Bowden stresses the importance of broadening 
the basis of the undergraduate curriculum, specifically 
so that students can understand and appreciate the 
profound impact that the growth of science and 
technology has had upon society. All students, he 
thinks, would profit greatly from studying the history 
of science, and particularly of technology, and he 
thinks that courses based on the history of technology 
might take in the College the role that has been 
traditionally cast for the humanities, 

As regards the actual expansion, he suggests that 
the College should have room for at least 2,000 
students before the ‘bulge’ in the student population 
arrives in 1965-66, and that at least another 1,000,000 
sq. ft. of floor space will be required within the next 
decade. The present area is rather less than half 
that. The governors have consulted with the Univer- 
sity Grants Committee and with the Planning Sub- 
Committee of the Manchester City Council, and the 
City has now decided to reserve an area of about 
27 acres on the south side of the College for its 
ultimate use. Areas A and C will be reserved for an 
extension of the College on the understanding that 
the necessary amendment is made to the develop- 
ment plan in due course, and Area B will be regarded 
as reserved for future extensions ; in the meantime, 
special consideration will be given to any proposals 
for major development in the area. The building 
programme should thus in due course transform a 
squalid slum into a new lung for the City. 

Dr. Bowden advocates creation of new chairs in 
building, in structural engineering, in mathematics 
and in production engineering in 1956-57, and chairs 
in industrial statistics, in some t of electrical 
engineering, and perhaps in the Chemistry Depart- 
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ment in 1957-58. Aeronautical engineering he regards 
as possessing high claims, but these must be con- 
sidered with the claims of other chairs when more is 
known as to the financial resources available from 
the University Grants Committee. When the con- 
version of the cotton mill is complete, ‘it is hoped to 
build a block of lecture rooms and a new department 
of civil engineering, thus permitting a redistribution 
of space which will allow expansion of all depart- 
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ments. He suggzsts that a second vice-principal 
should be appointed to take charge of the Depart- ` 
ment of Industrial Co-operation, and looks to a 
Department of Polymer Chemistry to supplement the 
work done in the Textile Department as a whole, as 
well as to the rapid development of the Department 
of Industriel Administration and of a school of 
research in printing, particularly m association with 
photography. 


OBITUARY 


Prof. Frederick G. Donnan, C.B.E., F.R.S. 


On a September day almost thirty years ago, a 
young man stood in front of the apple-green door of 
No. 23 Woburn Square in London, calling for the 
first time on the famous scientist to whose laboratory 
he had been attracted from five thousand miles 
away. The interview went on for some time while 
Prof. F. G. Donnan patiently persuaded the young 
man to give up, the narrow field of physical chemistry 
that he had planned and to choose one which was 
broader and was expanding rapidly. But the young 
man’s eagerness to start that afternoon was squashed 
by: “I don’t think you should come into the labor- 
atory for a week. First, get to know London past 
and present, visit its museums and art galleries, its 
theatres—just walk about and then tell me what 
you've learned—this time next week”, 

So began one person’s story of Donnan which was 
to end a few weeks ago in Canterbury Hospital, 
where old age had taken him. Then, as always, his 
interest was in the London he loved, in the affairs 
and doings of the many people who could claim to 
be his friends. He died on December 16. 

In September 1927 Donnan was fifty-seven years 
old. The high days of his own personal scientific 
achiovements were past. The best-known one, his 
treatment of ionic equilibria across semi-permeable 
membranes, ‘had long since become a foundation 
stone of modern physiology. The flood of honours 
was, however, in full swing. Details of these will no 
doubt appear elsewhere and will show the esteem in 
which his work was held, not only by his colleagues 
in the Royal Society—he was awarded the Davy 
Medal in 1928—but also by universities and scientific 
societies all over the world. For Donnan was one of 
the great men of physical chemistry in that era when 
this branch struggled to achieve its place alongside 
the two giants, inorganic and organic chemistry. 
Later, he helped this new branch to become the basic 
or unifying theme of all the chemistries, including 
biochemistry, that it is to-day. His work spanned 
the field of physical chemistry from chemical thermo- 
dynamics to colloids, making the former more useful 
and the latter more ‘scientific’. 

In 1927, the school of physical chemistry at 
University College was at its height. But it was not 
a school of the type where much of the activity is 
devoted to the development of the ideas of an agile 
and able man at the top. It was certainly bound 
around one men, or rather around a personality 
whose “greatest joy in life has always been the 
making and helping of young scientific men”, to 
quote his own words. It was a school of many parts 
with scarcely a side of physical chemistry unrepre- 


sented. In the work and personal activities of all 
the eighty—ninoty staff, fellows and research students, 
Donnan took an inserest. He would with patience listen 
to the embryonic ideas of the inexperienced, and 
through questions gently explore a weakness or give 
a lead to fresh ideas. Somehow or other he skilfully 
avoided filling ir. the missing ideas himself but 
stimulated them in others. His name appears in the 
acknowledgments of hundreds of scientific papers, 
but in this period rarely as an author. 

One of the outstanding characteristics of the 
school was its imternational character; research 
students came in continuous streams from every part 
of the world. This was partly because of the high 
esteem in which Donnan’s work was held, but more 
because of the friendly relations he established 
abroad. He travelled extensively, and everywhere 
he was received in a princely manner and with 
affection. He was an international man, as his 
foreign secretaryship of the Chemical Society 
indicated. His extended help to the victims of 
Hitler is a measura of his interests and his sympathy. 

No. 23 Woburn Square played a major part in 
every Donnan story. To it came people from all over 
the world for discussion not so much of science as of 
philosophy and ‘many things’. To meet them were 
invited the young men and women of the College. 
For Donnan knew everybody that mattered in 
science and especially in industry, and he made it a 
pleasant duty to ensure that his students benefited 
by this. A studertship with Donnan was a passport 
to travels abroad. The path to a career in great 
firms like Imper:al Chemical Industries was well 
signposted by him. In the reverse direction he per- 
suaded industrialists to take an interest in univer- 
sities and help them financially. 

The hospitality in that home had an elegance and 
a quality that one imagined belonged to a bygone 
age. But its success was largely due to two sisters— 
Nora, who ran the house (she died in May 1956), and 
Jane, who organ.zed things at his office and his 
home, and who predeceased him by only three days. 

When Donnan retired in 1937, he progressively cut 
himself off from she whirl of the London scientific 
circle. Soon afte? the bombing of London started, 
the family movec. to the charming Kentish village 
of Hartlip just of the Chatham—Sittingbourne road, 
where with his strong physique to help him, Donnan 
almost took on the new role of a country squire. A 
bomb destroyed the house in Woburn Square a week 
after the move. 

His retirement was complete. Except to fulfil 
some of his continuing commitments such as for the 
Society for Visiting Scientists, and to attend special 
occasions such as the jubilee of the Faraday Society, 
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of which he was a founder member, he rarely came 
up to London. A very special occasion was the 
dinner given to him at University College by many 
of his old students on his eightieth birthday. Hun- 
dreds of his friends have kept in touch with him by” 
letter or visits through the whole of his retirement. 
Much remains to be said about this great man of 
science. An attractive and inspiring personality he 
certainly had. He was generous to a fault; his 
testimonials had to be heavily discounted. It was 
surprising to many that, while he could inspire self- 
confidence in others, he could not do the same for 
himself—perhaps the two are connected, for his 
sympathy and his generosity in praise might have 
sprung from a knowledge of what is needed by 
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others. Religious —certainly in the de facto sense 
but not de jure. A sense of humour—who will forget 
his speech at a student rag dinner when a famous 
French professor was given his ‘presidential’ chain 
of office which incorporated a chain commonly found 
(only) in English households. As a teacher even the 
second law of thermodynamics took on a new light. 
In short, a man that many would like to be able to 
emulate. 

The bomb that fell in Woburn Square left standing 
only the apple-green door. There it stood for many 
years until it was demolished some months ago to 
make room for a new extension to the University of 
London. ` Perhaps it will be replaced by a blue 
plaque, “Donnan lived here”. C. F. GoopEve 


NEWS and VIEWS 


Prof. S. Chandrasekhar 


Tus award of the Rumford Premium of the 
American Academy of Arts and Sciences to Prof. 
Subrahmanyan Chandrasekhar for his researches on 
radiative transfer of energy in the interior of stars 
was recently reported in Nature (179, 77; 1957). 
This further recognition of the valuable work of one 
who has already received the Gold Medal of the Royal 
Astronomical Society and the Bruce Medal of the 
Astronomical Society of the Pacific will be welcomed 
by Prof. Chandrasekhar’s many friends on the east 
side of the Atlantic. Proceeding to Cambridge in 1930 
after graduating at the Presidency College, Madras, he 
was awarded his Ph.D. in theoretical physics, was 
elected to a fellowship at Trinity College, and later 
obtained the degree of Sc.D. in theoretical astro- 
physics. In 1936 Prof. Chandrasekhar went to the 
Yerkes Observatory ; there and m the University of 
Chicago he has gathered around him an influential 
group attacking a wide field of research in theoretical 
astrophysics. The Rumford award refers to one side of 
hus work, but the titles of his other books, “An Intro- 
duction to the Study of Stelar Structure’ and 
“Principles of Stellar Dynamics”, cover different fields 
in which he has developed important studies; his 
George Darwin Lecture on “Problems of Stability ın 
Hydrodynamics and Hydromagnetics” shows how 
widely Prof. Chandrasekhar casts his net. In his 
mathematical work he has made many fundamental 
contributions to astrophysics. 


Physiology at Middlesex Hospital Medical School : 
Prof. Eric Neil 


Pror. Eric Nem, who has just been appointed to 
the John Astor chair of physiology at the Middlesex 
Hospital Medical School in succession to the late 
Prof. Samson Wright, was a student at the School of 
Medicine in Leeds, where he graduated in 1942. He 
obtained his M.D. in 1944 and was awarded his 
D.Sc. ın 1953. During 1942-50 he was first demon- 
strator and then lecturer in physiology in Prof. 
Hemingway’s department in Leeds. He was 
appointed senior lecturer in physiology in Prof. 
Samson Wright's department at the Middlesex Hos- 
pital Medical School in 1950, and became reader in 
1953. Prof. Neil’s research activities have been 
varied, but his most ummportant contributions have 
related to blood gases, reflex control of the circulation, 
studies on the larynx and the physiological changes 


accompanying hypothermia. Hus early academic 
interest ın oxygen and carbon dioxide dissociation 
curves in blood found an important practical appli- 
cation when he came to study the disturbances 
induced by hypothermia in cardiac surgery. He was 
the first to describe the severe metabolic acidemia 
and the serious liver damage which may accompany 
this procedure. He has made many important con- 
tributions to the reflex control of the circulation and 
respiration using electrophysiological techniques to 
study the activities of baro- and chemo-receptors. 
Some of this work was done in conjunction with Prof. 
Y. Zotterman in Stockholm. Prof. Neil is at present 
writing a monograph with Prof. C. Heymans, of 
Ghent, on this ‘subject. 


Tribute to Prof. M. Saha 


Tam issue of Science and Culture for October 1956 
is a special number devoted to the late Prof. Meghnad 
Saha’s activities in research, education and scientific 
organization. The issue contains ten articles by 
colleagues, friends and students of Prof. Saha, 
dealing with his contributions to astrophysics, 
nuclear physics and the development of atomic 
research in India, geophysics, calendar reform, river 
valley developments, and his success as @ teacher and 
organizer. Prof. Saha’s contribution to the Dr. D. M. 
Bose Seventieth Birthday Commemoration Volume 
of the Transactions of the Bose Research Institute (20, 
109; 1955) was an account of the present position 
of nuclear reactor development, and it is fitting that 
in the special number Dr. Bose should pay tribute to 
Saha by an article suggesting how the atomic energy 
power programme m India should proceed. He 
maintains that of the many proposals now being 
discussed concerning the most suitable form of 
memorial to commemorate the outstanding services 
of the late Prof. Saba, nothing could be better than 
the erection of a nuclear reactor in the region served 
by the Institute of Nuclear Physics, Calcutta, the 
existence and present development of which are 
almost solely due to his efforts. Besides being an 
academic scientist who achieved international dis- 
tinction by his theory of thermal ionization in solar 
and stellar atmospheres, Prof. Saha was responsible 
for a large number of extra-mural activities. He took 
the initiative in founding the National Academy of 
Sciences in India and became its first president in 
1932, and in 1935 Prof. Saha became the first joint 
secretary of the National Institute of Sciences of 
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India, a body which he himself first suggested in his 
address as president of the Indian Science Congress 
Association meeting in Bombay in 1934. 


Urology and Medical Physics at Leeds 


Tue Council of the University has accepted a gift 
of up to £60,000 from the Wellcome Trustees towards 
the cost of building research laboratories for medical 
physics and urology. The laboratories. will be built 
- on a site at the General Infirmary at Leeds, and it is 
expected that substantial contributions will be made 
by the United Leeds Hospitals Board and the 
University to meet additional costs of the building 
and its equipment. The total cost is expected to be 
about £120,000. 

The Department of Urology in the teaching hos- 
pital, the General Infirmary at Leéds, was established 
in October 1950. At-the same time, a Department of 
Urology was established in St. James’s Hospital, 
Leeds, the two hospital departments co-operating to 
form one urological unit for the city, Mr. L. N. Pyrah 
being appointed consultant surgeon to the unit. In 
October 1956 the University appointed Prof. Pyrah 
to a personal chair in urological surgery—the first 
chair of its kind in Great Britain. The Medical 
- Research Council accepted major responsibility for 
the research programme of the Urological Unit and 
helped in creating a clinical research unit for the 
study of urological and surgical metabolism under 
the honorary directorship of Prof. Pyrah, with Dr. 
F. M. Parsons as assistant director. ‘Che University 
Department of Medical Physics has developed from 
the earlier Physics Department in the General’ 
Infirmary at Leeds. The University Department was 
founded in 1950, to further the application of physical 
methods to clinical research: m collaboration with 
many departments of the teaching hospital, its work 
includes investigation of problems bearmg directly 
on the treatment of patients. When established by 
the University in 1950, the chair of medical physics, 
to which Prof. F. W. Spiers was appointed, was the 
first chair of its kind in Great Britam outside London. 
The clinical work and research programmes of the 
Urological Unit and the University’ Department of 
Medica] Physics have developed in mereasingly close 
association, and have both been assisted by the 
financial support of the Yorkshire Council of the 
British Empire Cancer Campaign and the Leeds 
Regional Hospital Board as well as the United Leeds 
Hospitals Board and the University. 

The Urological Unit has developed work upon 
problems which have included biochemical studies 
following certain operations for cancer of the bladder 
and' other conditions for which deviation of the 
urinary stream is necessary, clinical and biochemical 
studies in cases of renal failure’ due to advanced 
kidney disease and- severe cases of prostatic obstruc- 
tion, and also cases of stones in the kidney; in 
August of last year an artificial kidney was provided 
by the Board of Governors of the Teaching Hospital 
for the treatment of the most serious cases of renal 
failure. In medical physics, extensive work has been 
done on the application of radioisotopes to medical 
problems, frequently jointly with the Urological Unit 
on problems mentioned above. In addition, work is 
being done on the development of electronic methods 
as a means of providing better methods of measuring 
and recording the small electrical signals occurring 
in muscle and brain ; and, in another field, electronic 
scanning, ag in a television camera, is being applied 
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to intensify the X-ray screen image. The Department 
has developed a special interest in the measurement 
of body radioactevity, and the first international 
conference on this subject was held in Leeds in April 
1956. With the sensitive apparatus now at the 
Department’s disposal, it is possible to detect any 
small excess activ-ty which may have been acquired 
occupationally or in other ways—an imporiant safe- 
guard in the develbpment and use of new radioactive 
materials. The Department has devoted much 
research also to the physical aspects of X-ray and 
radium therapy, and the results of its investigations 
on radiation abscrption in bone have been widely 
applied in radiological work. Thus, these programmes 
of work in urolozy and medical physics together 
underline a develcpment which is becoming increas- 
ingly a feature of modern medicine—the growth of 
an extremely close partnership between the medical 
man in his concern with’ clinical research upon 
disease in the patient, and. the scientist in his primary 
concern with- fundamental physical, chemical and 
biochemical problems. 


Hungarian Refugee Students 


TŒ Senate of the University of London has made 
available £1,000 for the immediate operation of 
41 Tavistock Squere as a reception centre for refugee 
Hungarian studerts. The house was cleaned and 
partly redecorated by students of the University and 
furniture has been.obtamed on loan from the London 
Hostels Association. Similar arrangements have been 
made in 12 Prirces Gardens, which the Imperial 
College of Science and Technology has organized as 
an annexe to 41 Tavistock Square to accommodate 
sixteen students. The Senate on December 19 voted 
a further £1,000 to cover the needs of both centres 
for the immediaze future. Fifty-five Hungarian 
refugee students are temporarily accommodated at 
41 Tavistock Squere, 12 Princes Gardens, Canterbury 
Hall, College Hal and Nutford House. 

The universities of Britain have agreed to accept 
and’ maintain ore hundred and fifty Hungarian 
refugee students. London’s share is thirty-four. The 
Senate has approved a scheme for registration of 
refugee students from Hungary who provide satis- 
factory evidence cf a qualification to matriculate in a 
university or institution of equivalent rank, and who 
have been prevented from pursuing courses of study 
or have stiffered interruption in their courses through 
political circumstances. 


Synthetic Detergents 


THE Standing Technical Committee on Synthetic 
Detergents, the Hrmation of which was announced 
in the House of Commons by the Minister of Housing 
and Local Government on December 18, has now 
been appointed, in consultation with the Secretary 
of State for Scorland, with the following member- 
ship: Chairman: H. W. Cremer, partner in the 
firm of Cremer and Brearley, consulting chemical 
engineers; Memsers: Dr. N. R. Beattie, principal 
medical officer, Ministry of Health; Dr. E. A. B. 
Birse, chief inspector of alkali works and rivers 
pollution in Scocland; Dr. A. H. Cook, assistant 
director, Brewing Industry Research Foundation ; 
H. R. Galleymore, head of research and development, 
Thomas Hedley and Co., Ltd.; W. E. Hamer, 
general research manager, Monsanto Chemicals, 
Ltd.; Dr. G. C. Hampson, research manager, 
Unilever, Ltd., Port Sunlight; Dr. S. H. Jenkins, 
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chief chemist, Birmingham Tame and Rea District 
Drainage Board; Dr. A. Key, senior chemical 
inspector, Ministry of Housing and Local Govern- 
ment; Dr. J. Longwell, senior principal scientific 
officer, Department of the Government Chemist ; 
F. T. K. Pentelow, chief inspector of salmon and 
freshwater fisheries, Ministry of Agriculture, Fisheries 
and Food; Dr. B. A. Southgate, director of water 
pollution research, Department of Scientific and 
Industrial Research; R. C. Tarring, manager of 
Detergents Department of Shell Chemicals, Ltd. ; Dr. 
E. Windle Taylor, director of water examination, 
Metropolitan Water Board; Secretary: D. H. A. 
Price, Ministry of Housing and Local Government. 

The Committee has the following terms of refer- 
ence: “To keep under review the difficulties, or risks 
of difficulty, arising in sewage works, rivers and 
water supply as a result of the use of synthetic 
detergents ; to encourage, and assist the co-ordination 
of, appropriate research by manufacturers of deter: 
gents and intermediate materials; and by suitable 
public bodies, into methods by which those diffi- 
culties, or risks of difficulty, could without an undue 
burden on public funds be avoided or overcome ; and 
to report progress at least once @ year.” 


Presentation of the Corner Collection to the 
British Museum (Natural History) 


Dr. C. T. TRECHMANN has recently purchased and 
presented to the British Museum (Natural History) 
the greater part of the late Dr. Frank Corner’s 
collection of early human skulls and other skeletal 
remains, including the famous Galley Hill skeleton 
which has been the subject of controversy for nearly 
seventy years. The Galley Hull skeleton is that of a 
man of modern type, that is, Homo sapiens, but with 
certain so-called primitive traits; it was discovered 
in 1888 at a depth (it is said) of 8 ft. in the ancient 
gravels of the River Thames at Swanscombe near 
Dartford. These gravels contain flint hand-axes at 
the earliest stone age, and bones of extinct rhinoceros 
and elephant. If this human skeleton were really 
contemporaneous with the gravel as the original 
investigators claimed, it would be older than Neander- 
thal man, and by far the oldest known skeleton of our 
own species. After the Swanscombe skull was found 
during 1935-36 m the same gravels but at a depth 
of 24 ft., interest ın the Galley Hill skeleton revived, 
for the new skull seemed to foreshadow modern man, 
and its antiquity was beyond doubt. However, in 
1948, comparison of the fluorine content of the Galley 
Hill skeleton with thas of extinct animal bones from 
the Swanscombe gravels left no doubt that it was 
an intrusive burial of comparatively late date, 
possibly Neolithic. The same test confirmed the 
antiquity of the Swanscombe skull. More recently 
these results were reinforced by measurements of 
nitrogen content. 


Field Studies Council 


In order to meet the steady increase in the demand 
for places, the Field Studies Council has decided to 
open a fifth Field Centre at Preston Montford, near 
Shrewsbury. This Centre will be opened in the spring 
and is well situated to take full advantage of the 
many and varied opportunities for field work which 
Shropshire offers, not least in the geographical and 
geological spheres. The Council hopes that the 
opening of the Centre will be the means of enabling 
bookings to be offered to those who have so often, 
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im recent years, been unable to obtain all the places 
they require at existing Centres. Besides courses in 
geographical and geological studies, Preston Mont- 
ford is offering special countryside courses for school 
and university groups as well as rural science courses 
for teachers. Among the many interesting courses at 
\the five established Centres is one on insects at 
Malham Tarn and another on snails at Juniper Hall. 
Besides insect ecology, Flatford Mill offers, inter alia, 
interesting courses on animal life in the soil, land- 
scape painting and spiders, while a course at Dale 
Fort in practical archeological excavation. which 1s 
to be led by Prof. W. F. Grimes should quickly be 
over-subscribed. Opportunities for bird studies are 
again being made available at Skokholm. Inquiries 
should be addressed to Ravensmead, Keston, Kent. 


The National -Museum of Canada 

THE annual report of the National Museum of 
Canada for 1954-55 (pp. 180720 plates. Ottawa: 
Queen’s Printer, 1956. 1.50 dollars) records that 
twenty-two field projects were undertaken during 
the summer season covering paleontological, zoo- 
logical, botanical, archzological and ethnological 
studies. In addition, four Museum bulletins were 
issued, many exhibits were improved and two large 
murals, one of moose and the other of the barren 
ground caribou, were completed. As usual, the report 
includes several original papers and also embodies, as 
a special feature, a bibliography of Canadian anthro- 
pology, archeology and ethnology for the year 1954, 


«Zoological Nomenclature 

Tse International Commission on, Zoological 
Nomenclature gives notice that as from May 30 it 
will start voting on the following case involving the 
possible use of its plenary powers for the purpose 
specified ; full details have been published in the 
Bulletin of Zoological Nomenclature (12, Pt, -11): 
Pieridae Duponchel, 1832, validation of family-group 
name (Cl. Insecta, Order Lepidoptera). In addition, 
applications for the use of the plenary powers in the 
following cases were published in the Bulletin (11, 
Pt. 12): (1) Ptychopyge Angelin, 1854, designation 
of type species (Cl. Trilobita); (2) convexa de Haan 


- [1835] (Ocypode (Chasmagnathus) ) validation (Cl. 


Crustacea, Order Decapoda). Comments should be 
sent as soon as possible and in duplicate to Francis 
Hemming, Secretary to the Commission, 28 Park 
Village Kast, Regent’s Park, London, N.W.1. 


Host-specificity and Parallel Evolution 

A symposrom on host-specificity and parallel 
evolution among parasitic insects and, worms of 
vertebrates, under the chairmanship of Dr. Ernst 
Mayr (Harvard), will take’ place at Neuchatel 
(Switzerland) during April 15-18. The aim is to 
bring together both parasitologists and specialists of 
ths host groups to discuss the various problems that 
have been tentatively grouped under the following 
headings: adaptation, dispersal, speciation and 
phylogeny. The following have agreed to present 
reports or to take part in the discussion. On hosts: 
L. Harrison Matthews (London), Kuhn-Schneider 
(Zurich), A. J. Marshall (London), B. Patterson 
(Harvard), E. Stresemann (Berlin); On parasites: 
J.-G. Baer - pNeashitel), A. Chabaud (Paris), Th. Clay 
(London), G. Dubois (Neuchatel), L. Euzet (Mont- 
pellier), Y. -Golvan (Paris), G. Hopkins (Tring), W. 


. Inglis (London), N. Kent (Baltimore), J. Llewellyn 


(Birmingham), H. W. Manter (Lincoln, Neb.), O. 
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Theodor (Jerusalem). It is intended to have all the 
reports ready beforehand in either mimeographed or 
printed form so as to avoid translations and to leave 
` more time for discussions. This symposium is being 
held under the auspices of the International Union of 
Biological Sciences and the University of Neuchâtel. 


Further particulars may be obtained from the general - 


secretary, Prof. Jean 
(Switzerland). 


G. Baer, C.P.2, Neuchatel 7 


Oversea Service Division: Colonial Office 


Tax following’ appointments have recently been 
made in the Oversea Service Division, Colonial 
Office: E. G. McAnulty (laboratory technician, 
Uganda), chief laboratory technologist, Department 
of Veterinary Services, Uganda; G. R. Scott 


(veterinary research officer, Kenya), senior virologist,” 


East African Veterinary Research Office, East Africa 
High Commission; C. J. R. Bridge, agricultural 
officer, North Borneo; G. D. N. Clark, adviser on 
land policy, British Guiana; A. C. Dennison, 
temporary principal agricultural officer, Northern 
Nigeria; D. M. Dring, specialist, plant pathologist, 
Agricultural Department, Gold Coast; B. Gietema, 
agricultural officer, Gold Coast; Dr. R. G. Hurd, 
plant physiologist, Gold Coast; P. C. Lloyd, land 
research officer, Western Nigeria; A. L. Moore, 
agricultural engineer, Department of Agriculture, 
Gold Coast; J. Rossiter, specialist officer (plant 
breeder), Northern Nigeria; S. G. Willimott (form- 
erly senior chemist (soils), Federation of Malaya), 
temporary acting director, West African Institute of 
Oil Palm Research, Nigeria; K. W. Brown, forest 
entomologist, Department of Forests, Uganda ; J. D. 
Leofo, assistant conservator of forests (class 1, 
education officer), Cyprus; G. S. Carter, geologist, 
Tanganyika; A. N. Hutton, geologist, Geological 
Survey Department, Gold Coast; J. L. Clarke, 
entomologist, Medical Department, Western Nigeria ; 
J. D. M. Marr, entomologist, Ministry of Health, 
Gold Coast; W. A. McDonald, temporary senior 
scientific officer, research entomologist, West African 
Institute for Trypanosomiasis Research; M. A. 
Vickars, scientific’ officer (chemist), Colonial Insect- 
icides Research Unit, Arusha, Tanganyika; K. L. 
Strickland, veterinary investigation officer, Northern 
Nigeria ; J. B. Dundas-Taylor, veterinary research, 
Nyasaland; P. G. Fenemore, entomologist, British 
Solomon Islands Protectorate; G. W. Heath, 
entomologist, Nyasaland. 


Announcements 


SIB ARTHUR WHITAKER has been elected president 
of the Institution of Civil Engineers in succession to 
the late Mr. H. J. F. Gourley. Sir Arthur was for 
many years civil engineer-in-chief, Admiralty, ‘and 
is now a partner in the firm of Livesay and Henderson 
(consulting engineers). 

Pror. C. K, Incoup will deliver the Pedler Lecture 
of the Chemical Society on “The Course of Polar 
Reactions in Non-polar Conditions” at the Royal 
Institution on February 14 at 7.30 p.m. Inquiries 
should be addressed to the General Secretary, 
Chemical Society, Burlington House, London, W.1. 


Dr. T. E. Arırgonm will deliver the Faraday 
Lecture of the Institution of Electrical Engineers at 
the Central Hall, Westminster, on February 13 at 
6 p-m., his subject being “Nuclear Energy in the 
Service of Man”. Admission is free by ticket, obtain- 
able from the Institution, Savoy Place, London, W.C.2. 


NATURE 


239 


THE Shell Petroleum Company has made a donation 
of £20,000, payable by covenant over.seven years, to 
the University College of North Staffordshire. 


THE conditions of the Structural Aluminium 
Research Scholarsaip administered by the Institution 
of Structural Engineers have been revised and it is 
now open for award every third year for a two-year 
period, the value of the Scholarship being £600 per 
year. Entries for the Scholarship, which is intended 
to enable the holder to undertake research on some 
aspect of the application of aluminium alloys to 
structures, close cn March 31. Further particulars, 
together with forms of entry, can be obtained from 
the Secretary of she Institution of Structural Eng- 
ineers, 11 Upper Belgrave Street, London, 8.W.1. 


Tae fourth display of instruments organized by 
the Scientific Instrument Manufacturers’ Association 
opened on January 2 at SIMA House, 20 Queen 
Anne Street, Lordon, W.1, and will continte for 
three months. 

Tue Third International Instrument Show, spon- 
sored by B. and K. Laboratories, Ltd., and Allied 
International Co., Ltd., will be held at Caxton Hall, 
London, during March 25-29. More than fifty leading 
instrument manuzacturers from the United States, 
Switzerland, Wes-ern Germany, Denmark, Holland, 
Sweden, Austria and Great Britain will be displaying 
some three hundred items of test equipment and 
apparatus. Tickess can be obtained from B, and K. 
Laboratories, Ltd, 57 Union Street, London, 8.E.1. 


THe tenth congress of the Laboratory Animals 
Bureau is to be teld at the Royal (Dick) School of 
Veterinary Studies, Edinburgh, during April 4-5. 
Further information can be obtained from the 
Laboratory Animals Bureau, M.R.C. Laboratories, 
Holly Hill, Hampstead, London, N.W.3. 


A TWO-DAY symposium on ‘‘Antioxidants in Foods” 
is to be held-in Cembridge during April 2-3. Further 
information and registration forms (to be returned 
by March 4) can be obtained from Dr. C. H. Lea, 
Low Temperature Research Station, Cambridge. ` 


Tax fourth Easter symposium on agricultural 
science at the University of Nottingham School of 
Agriculture, Sutten Bonington, will be held during 
April 15-17. The symposium will be devoted to a 
study of the ways in which the plant environment 
can be controlled +o facilitate experimental work, and 
the uses which cam be made of environmental control 
in the study of plant behaviour. The possibilities of 
increasing crop ymlds by stricter control of environ- 
ment in the field er glasshouse will also be discussed. 
Further information can be obtained from Prof. J. P. 
Hudson, School cf Agriculture, University of Not- 
tingham, Sutton Bonington, Loughborough. : 


The ninth Tecanical Exhibition of the Oil and 
Colour Chemists’ Association will take place during 
March 12-14 at the Royal Horticultural Society's 
new hall, Greycoat and Elverton Streets, London, 
S.W.1. The theme of the Exhibition will be the 
presentation of technical advances in those industries 
supplying the paint, varnish, printing ink, linoleum 
and allied industries, and there will be 87 companies 
and research assomiations exhibiting. There will be 
no charge for edmission or for the descriptive 
brochures, which zan be obtained from the General 
Secretary, Mr. E. H. Hamblin, Oil and Colour 
Chemists’ Associetion, Memorial Hall, Farringdon 
Street, London, E.C.4. 
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THE INTERNATIONAL COMMITTEE ON LABORATORY ANIMALS 


ORE and better laboratory animals are to-day 

required than ever before, and this demand 
will continue to rise if it is to keep pace with the 
quickening tempo of biological, medical and veter- 
inary research. The provision of this living experi- 
mental material is no longer a local problem ; local, 
that 1s, to the research institute. It has become of 
national concern and, in some of its aspects such 
as strain nomenclature, even international. It is 
encouraging, therefore, to see it being considered 
internationally. 

At a meeting of consultants called by Unesco in 
Paris during December 3—4, 1956, there was general 
agreement that a body should be formed to help 
solve problems arising from the increasing use of 
laboratory animals. As a result, an International 
Committee on Laboratory Animals has been set up, 
under the auspices of the International Union of 
Biological Sciences and the Council for International 
Organizations of Medical Sciences, with the assistance 
of Unesco. The Council for International Organiza- 
tions of Medical Sciences includes in its membership 
the International Union of Physiological Societies, 
the International Union of Biochemistry and the 
International Union against Cancer. T 

Two independent activities had preceded this 
event, . The first in time was the appointment of an 
international committee by the International Union 
of Biological Sciences, which arose out of a resolution 
adopted at its meeting in Rome in April 1955. The 
second was the request by Unesco for information 
about the production and use of laboratory animals 
in various countries ; this was part of the cell biology 
programme recommended by the Council for Inter- 
national Organizations of Medical Sciences in Decem- 
ber 1955. Both these activities have been taken over 
by the new committee. 

The International Committee on Laboratory 
Animals consists of: (a) a representative of the 
International Union of Biological Sciences, Prof. Sven 
O. Hérstadius, who is president of the Union (chair- 
man of the Committee); (6) a representative of the 
Council for International Organizations of Medical 
Sciences ; (c) Dr. Dale W. Jenkins, chairman of the 
Institute of Laboratory Animal Resources, National 
Academy of Sciences—National Research Council, 
U.S.A.; (d) Dr. W. Lane-Petter, director of the 
Laboratory Animals Bureau, Medical Research 
Council, United Kingdom, honorary executive secre- 
tary of the committee; (e) M. M. Sabourdy, directeur 
du Centre de Sélection des Animaux de Laboratoire, 
Centre National de la Recherche Scientifique, France ; 
and (f) a representative of Unesco. 

The aim of this Committee is to find out what must 
be done to ensure that experimental biology and 
medicme are not hindered by a lack or shortage of 
suitable animals. To begin with, a survey of existing 
resources must be made, in order to obtain a reason- 
ably accurate picture of supply and demand. 
Arrangements to survey sources and consumption of 
animals have already been made in the Benelux 
countries, France, Italy, Scandinavia including Fin- 
land and Iceland, United Kingdom and United States 
of America, and further countries are to be added as 
opportunity arises. The Committee receives financial 
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support from the International Union of Biological 
Sciences and from the Council for International 
Organizations of Medical Sciences. Unesco is assisting 
substantially by placing contracts with individuals 
for the initial survey; by callmg meetings of the 
Committee and providing travel grants; by much 
admunistrative help ; and in time to come by printing 
the results of the Committee’s work. 

From analysis of the surveys further action will 
naturally develop, but among the earlier objectives 
of the Committee are the definition of common terms 
used in relation to laboratory animals, with regard 
to genetics, disease and parasitism, nutrition, care, 
performance; the compuation of a world list of 
strains of laboratory animals; the selection of suit- 
able centres for the production of animals achieving 
a high and defined quality, or for the maintenance 
of master stocks of such animals; the recognition of 
problems which do, or are likely to, interfere with 
the supply of suitable animals and the action needed 
to forestall them; and the investigation of customs, 
quarantine and other regulations governing the inter- 
national shipment of laboratory animals. The Com- 
mittee will also examine the need for establishing an 
information exchange on laboratory animals; for 
laying down standards of education and training for 
animal technicians; for creating internationally 
recognized standards for laboratory animals and for 
testing animals claimed to attain such standards ; 
and for furthering the dissemination of knowledge of 
this subject, possibly through symposia or congresses, 

Some of these activities have already been started 
by national organizations, and the new Commit- 
tee will lean heavily on the accumulated experience 
in different countries. The Laboratory Animals 
Bureau in the United Kingdom, formed in 1947 by 
the Medical Research Council, has already conducted 
a detailed survey in Britain’. The technique of this 
survey, and its analysis and presentation, may be 
taken as a model, subject to modification appropriate 
to other countries. The Institute of Laboratory 
Animal Resources in the United States, formed in 
1952 by the National Academy of Sciences—National 
Research Council, has done similar work and pub- 
lished a ‘Handbook of Laboratory Animals’. Its 
present activities are numerous, but among them may 
be mentioned the determination of standards for 
certain types of laboratory animals, which will also 
be a model for the International Committee. The 
Centre de Sélection des Animaux de Laboratoire in 
France, among other activities, is building up a 
repository of master strains of animals from which 
producers—-commercial or Jlaboratory—can draw 
breeding stocks. 

Most of the work has yet to be done in regard to 
definitions, logistics and care of laboratory animals, 
and it should be done internationally. Animals must 
be defined as to quality, but if the definitions are 
esoteric, local or ambiguous they will soon cease to 
have any meaning. Such has been the fate of the 
‘Swiss’ mouse, for those labelled ‘Swiss’ may to-day 
be no more than albino, and albinism can cover a 
multitude of genes. As a result of the new Committee's 
work, the experimental biologist can look forward to 
being able to state precisely what animals he has 
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used or wishes to use, in terms that are universally 
accepted, so that his colleague in another continent 
will know immediately the nutritional requirements, 
the state of freedom from specific infection, the 
pedigree and the possible sources of the same strain. 
The quality of the animals sooner or later limits 
all work for which they are used. Cancer workers 
were among the first to realize this, and much of 
their research would to-day be impossible without 
the highly defined strains of mouse and rat being 
used. In the field of bio-assay the amount of frus- 
trated effort resulting from the use of inadequate 
animals can only be estimated by the minority who 
have taught themselves, if not their colleagues, the 
value of good ones. But it is of little benefit to swell 
the minority into a majority unless, first, there is 
agreement on the definition of quality and, second, 
the better animals can be produced in sufficient 
_numbers.: The first of these provisos is a matter for 
the International Committee. Those who hold the 
purse strings of research can facilitate the second by 
taking the laboratory animal from the bottom of the 
list of claims and placmg it somewhere near the top, 
Lastly, the research worker himself can give decisive 
support by insisting on being provided with better 
animals, and making good use of them when he gets 
them. W. LANE-PETTER 


1 See Brit. Vet. J., 111, 282 (1955). 
a Seo Nature, 175, 26 (1955). 


GAS CHROMATOGRAPHY 


SYMPOSIUM on gas chromatography, organ- 

ized by the Hydrocarbon Research Group of 
the Institute of Petroleum, was held m London 
during May 30-June 1. The meeting was attended 
by nearly four hundred members from thirteen 
different countries, and the thirty-four papers 
presented covered all aspects of gas chromato- 
graphy. The full proceedings, complete with dis- 
cussion, will be published by Messrs. Butterworths 
shortly. It was felt that in this rapidly growing 
field, nomenclature and methods of presentation 
of date should be standardized as early as possible. 
A special Committee, was ‘accordingly nominated, 
comprising Dr. A. J. P. Martin (chairman), Mr. 
C. 8. Q. Phillips (secretary), Mr. D. H. Desty, 
Dr. E. Glueckauf, Dr. A. T. James and Dr. A. I. M. 
Keulemans. At the end of the symposium the 
chairman presented the Committee’s recommenda- 
tions, which were as follows. 


- Nomenclature 
(a) That the term ‘gas chromatography’ be asd 


to describe all chromatographic methods in which | 


the moving phase is a gas, and that the term ‘vapour 
phase chromatography’ be no longer employed. 

(b) That the term ‘gas-liquid chromatography’ be 
used to describe all gas chromatographic methods in 
which the fixed phase is a liquid (distributed on an 
inert support). 

(ce) That the term ‘gas~solid chromatography’ be. 
used to describe all gas chromatographic methods in 
‘which the fixed phase is a solid (for example, char- 
coal, zeolites). 

(In this report the Committee uses the term 
‘chromatography’ only where a fixed phase 1s in- 
volved.) 
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Presentation of Retention Values in Gas-Liquid 
Chromatography 


Since for mæry purposes it is unnecessary to 
determine absolute retention volumes, and since, by 
the use of an mtemal standard the corrected retention. 
volume per gram of liquid phase of which has 
been measured, all values can be compared, it is 
recommended ; 

(a) That the retention values (retention volumes 
or retention times of concentration maxima) should 
be expressed relazive to an internal standard; that 
in presenting valies for a series of substances, the . 
internal standard. substance should be chosen so as 
to have a retention value near the middle of the 
series; that internal standards with very low reten- 
tion values should not be used; that retention 
values should ba corrected for dead-volume (by 
injection of a permanent gas) before these values are 
expressed relativa to the internal standard; that 
such results should be quoted with the exact com- 
position of the fixed liquid phase, the nature of the 
support material and the exact temperature at 
which the column has been operated; that column 
temperatures be controlled by means of vapour 
jackets or circulazing-fluid (liquid or air) jackets. It 
is felt that resuits obtained with a column which 


“varies in temperature (along its length, or during the 


course of @ run) will be of little value. 

(6) That whenever possible the corrected retention 
volumes per gram of liquid phase (that is, Vy 
values) should be measured for the internal standard, 
careful corrections being made for the pressure drop 
across the column. These values may be obtained 
by the following procedure: 

(1) Determine the volume of gas (measured at the 
exit pressure of tie column, and corrected to dry gas 
at the column temperature) which has passed from 
the column between the emergence of the dead- 
volume (permanent gas) peak maximum and the 
peak (concentrasion) maximum of the internal 
standard. 

(2) Correct ths volume for the pressure drop 
across the column by multiplying it by the reducing 
factor 


3 (P:P) — 1 
2 (py/Po)* — 4 


where p, is the pressure at ‘the beginning of the 
column, and p, tne -pressure at the exit. The values 
of p, and py should be recorded. 

(3) Divide the corrected retention volume so 
obtained by the weight (in grams) of the fixed liquid 

hase. 

The Committee has envisaged the possibility that 
the measurements in sections (a) and (b) may some- 
times be made by different workers. Attention is _ 
directed to the ned, in connexion with the corrected 
retention volume, of accurate measurements of flow 
rate. It is not zonsidered that rotameter readings 
are of sufficient accuracy for this purpose, and the 
use -of soap-bubble or eapillary flowmeters is sag- 
gested. 

(c) That the following substances should be used 
as internal standsrds: n-butane} iso-octane (2:2: 4- 
trimethylpentane); benzene; paraxylene; naph- 
thalene; methylethyl ketone; cyclohexanone ; 
cyclohexanol. 

(d) That in presenting retention values for new sub- 
stances, one or more of the following liquid phases 
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should be used (temperature ranges (°C.) in paren- 
theses): n-hexadecane (20 to 50); squalane (20 to 
150) ; benzyldiphenyl (80 to 150) ; dinonyl phthalate 
(20 to 100); dimethylformamide (—20 to 20); 
diglycerol (20 to 100). : 

(It is hoped that these lquids will be made avail- 
able in standard purity.) 

That while ıt will be of great value if studies are 
made on the effects of varying the support material 
and the packing ratio, a mixture of 20 parts by 
weight of fixed liquid to 80 parts by weight of 
inert support (preferably ‘Celite 545’) be used as a 
standard. 

(e) That with skew peaks tho results for retention 
values should be extrapolated to zero sample size. 

In drawing up these recommendations the Com- 
mittee has m mind low-temperature (up to 150° O.) 
columns. It is felt that the subject of high-tem- 
perature {operated at above 150°C.) columns is 
not sufficiently developed to put forward rigid pro- 
posals. 


Column Resolution 


That column resolution be expressed in terms of 
theoretical plate numbers; that a theoretical plate 
number should always refer to a particular substance, 
and that the theoretical plate number of the internal 
standard should always be given. It is recommended 
that theoretical plate number should be determined 
by the following procedure: tangents (see Fig 1) are 








Fig. 1 


drawn to the peak at the points of inflexion. The 
lengths of base line (y) cut out by these two tangents 
is then measured. The length from the start of the 
run (that is, including dead-volume) to the middle of 
this base-line section (s) is also measured. Then 
number of theoretical plates = 16 (2/y)*. 


Vapour Detectors 


In view of the often widely different performance 
characteristics of the detectors now used in gas 
chromatography, the Committee does not feel that it 
would be desirable at this stage to lay down any 
definite rulings on the manner in which detector 
sensitivities should be expressed. However, it wishes 
to emphasize that in describing detector performance 
attention should .be paid to the following : 

(a) The sensitivity should be expressed in terms 
of vapour concentrations rather than semple size. 
Details should always be given of the stability (under 
normal rather than favourable workmg conditions) 


of the base line, both for short periods (noise) and’ 


for long periods (drift), The sources of these in- 
stabilities should be indicated wherever possible 
(thus the effects of vibration may be more serious 
under some workmg conditions than under others). 

(b) Linearity of response. 

(e) Necessity for calibration. 

(d) Response time and volume of detector. 

(e) Reproducibihty. 

(f) Temperature-range of operation. 

(g) Range of vapours, stressing types of vapour 


for which the detector is particularly suited or_ 


unsuited. 
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It ıs intended to form a discussion group for gas 
chromatography under the auspices of the Hydro- 
carbon Research Group in the near future, which will 
be responsible for holding further meetings as 
required and also for implementing the above recom- 
mendations, particularly as regards the collection, 
assessment and distribution of retention volume data. 

D. H. Destry 


CENTRAL ELECTRICITY 
AUTHORITY. 


REPORT FOR 1955-56 


HE eighth annual report and statement of | 

accounts of the Central Electricity Authority, 
which covers the year ended March 31, 1956*, is of 
particular interest for its reference to the contribution 
of nuclear power plant. At March 31, 1956, the 
Authority owned 274 power stations, with a total 
installed generating capacity of more than 20-6 
million kW., there being a net increase in maximum 
output capacity of about 1-5 million KW. during the 
year, and a further increase of 45 per cent is planned 
during 1956-61. The 1961 programme of plant 
approved during the year is for 2,379,000 kW., of 
which 250,000 kW. is of nuclear plant, and consent 
was given in July 1956 to the establishment of such 
stations at Berkeley, Gloucestershire, and Bradwell- 
on-Sea, Essex. Competitive designs for these first 
two stations, of a capacity of not less than 150,000 
kW., are being prepared by each of four industrial 
groups, and the greater part of the cost of electricity 
from such stations is expected to arise from capital 
charges. Stress is laid in the report on the severity 
of the requirements for siting such stations, twelve 
of which are included in the Authority’s programme 
for the next ten years. Arrangements havevalso been 
made for the supply of heavy fuel oil to seventeen 
power stations, and it is estimated that the total 
consumption of oil will rise to more than 6-5 million 
tons @ year, equivalent to some 9 million tons of 
coal, while one of two hydro-electric projects to 
receive Parliamentary sanction is a 300,000-kW. 
pumped storage scheme in North Wales, the first of 
its kind in Great Britain. With the introduction of 
nuclear power plant on a large scale for base-load 
operation, other new plant must be flexible in 
operation and suitable for two-shift workings and 
daily starting-up and shutting-down as required, and 
new 200,000- and 120,000-kW. reheat units are being 
designed accordingly. The Authority continues to 
be the largest individual user of coal in Great Britain 
and in 1955-56 consumed 41-04 million tons of fuel 
(39-87 million tons of coal), or 6-6 per cent more 
than in the previous year, with a 9-4 per cent increase 
in the electricity generated. 

The main research laboratories of the Authority 
are at Leatherhead, and are occupied mainly with 
problems relating to the design and operation of 
power stations, including the efficient combustion of 
coal, the causes of boiler fouling and corrosion and 


~ methods of alleviation, particularly the fouling effects 


of. certain coal constituents, the use of electronic 
equipment in studying operational problems, and, in 
co-operation with the Forest Products Research 


* Central Electricity Authority. Eighth Report and Statement of 
Accounts for the Year ended 3ist March, 1956. Pp. vili+2444+8 
plates. (London: H.M.S.0., 1956.) 108. 6d. net. 
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Laboratory and the manufacturers of timber pre- 
servatives, the causes of breakdown in timber used 
in cooling-tower packings. A preservative treatment 
has been adopted which appears to be effective 
against the most prevalent form of fungal attack, 
and very sensitive and accurate methods of analysing 
boiler feed water for dissolved oxygen and for copper 
and iron have been worked out. Advantage was 
taken of the dry summer of 1955 to measure the rate 
of cooling of selected rivers affected by the discharge 
of circulating water, and research was also carried 
out into the measurement and amounts of tempera- 
ture variations of steam and metal in power-station 
plant. 

The Authority continued to support the work 
of the Building Research Stetion on the sintering 
process by which the fine ash from power stations is 
converted to aggregate and used in brickmaking. 
Blending of coals with a chlorine content of 0-5 per 
cent or more proved successful in further trials, and 

_ studies in air pollution have shown that a modern 
power station has no significant effect on ground- 
level pollution in the surrounding district. Research 
on utilization has also continued to expand, and the 
Authority, besides its membership. of the British 
Electrical and Allied Industries Research Association, 
the British Coal Utilization Research Association, the 
British Hydromechanics Research Association, the 
British Welding Research Association, the British 
Non-Ferrous Metals Research Association and the 
British Iron and Steel Research Association, con- 
tributes to the work of the Ministry of Fuel and 
Power. on the development of coal-fired gas turbines, 
and sponsored specific research in some fourteen 
universities and university colleges through its Com- 
mittee on Research in Universities, which examines 
proposals submitted by the Electricity Suppl: 
Research Council. 


COMMONWEALTH OF AUSTRALIA 
SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


REPORT FOR 1954-55 


N the sixth annual report of the Commonwealth 

of Australia Scientific and Industrial Research 
Organization for the year ended June 30, 1954, 
attention was again directed to the difficulties 
experienced by the Organization in recruiting first- 
” class scientists. At the beginning of the year there 
were vacancies for 112 research officers, for which 
posts the minimum requirement is a good honours 
degree, and there was a net gain of only three in the 
year. Recruitment of technical officers, however, was 


. , satisfactory. Following increases in research salaries, 


the seventh annual report* records some improve- 
ment in the position up to June 1955, and although 
the net increase in research staff on the year was 
only twenty-three there was a considerable improve- 
ment in recruiting during the last months. 

The Australian, Atomic Energy Commission has 
now taken over the work of the Atomic Physics 
Investigation Unit at the University of Melbourne 
and also that of the Organization’s officers at Har- 

*Seventh Annual Report of the Commonwealth Scientific and 


Industrial Research Organlaation for the year ending 30th June, 1955. 
Pp. 185. (Canberra ; ernment Printer, 1956.) 11s. 
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well. The Sectior of Meteorological Physics has been 
designated a Div-sion, and the administration of the 
Irrigation Researsh Stations at Griffith and Merbein 
has been placed under one direction. 
operative industrial research organization, the Aus- 
tralian Wine Resarch Institute, was established by 
the Wine Researth Act, 1955, and during 1954-55 
further research projects were sponsored on a co- 
operative basis. These include investigations by the 
Division of Building Research of defects in the 
decoration of fibrous plaster; by the Division of 

Industrial Chemistry of the extraction of uranium ~ 
from unfiltered ore pulps; by the Animal Genetics 
Section of the breeding of mice sensitive and in- 


_ Sensitive to cestrozens given subcutaneously ; by the 


Division of Radicphysics on cloud-seeding ; a study 
‘of marine fouling by the Division of Fisheries; and 
of cheese-making by the Dairy Research Section. 

The availability of water supplies is probably the 
greatest natural limiting factor in the Australian 
environment, and the seventh annual report directs 
attention to two Jevelopments in the Organization’s 
work bearing on tnis problem, now reaching the stage 
of large-scale tests. The detailed study since 1947 
of the properties of single clouds by the Division 
of Radiophysics has demonstrated the important 
part in atmospheric condensation played by nuclei, 
and has also ind@ated how, under appropriate con- 
ditions, individuel clouds can be made to rain by 
supplying substitutes when the natural nuclei are 
absent or meffective. During the past year the 
emphasis has shicted to a search for more detaled 
information on she occurrence and behaviour of 
natural nuclei ard on the investigation, supported 
by field trials, of methods of artificial seeding, by 
which rainfall msghé be increased over a relatively 
wide area. 

The preliminary work by the Division of Industrial 
Chemistry on tke use of cetyl alcohol to retard 
evaporation of water from dams and open reservoirs 
has been so encouraging that, during the summer of 
1954-55, trials were performed on stretches of water 
from one to three hundred and twenty acres in area. 
Both projects hold promise of significant returns in 
relation to the availability of water supplies. 

Several important arrangements were made with 
universities during the year for the integration of 
research projects. Certain aspects of the work of the 
Timber. Mechanics Section of the Division of Forest 
Products will be undertaken in the Engineering ' 
School, University of Western Australia, and the 
high-speed electronic computer constructed in the 
Division of Rad_ophysics is being transferred on 
permanent loan to the Department of Applied 
Mathematics, University of Melbourne, which will 
also receive a grant of £3,000 per annum for the 
maintenance of = mathematical computing centre. 
It has also beem agreed to link closely pastoral 
research by the Regional Pastoral Laboratory at 
Armidale and the University faculty of rural science 
at New England. The University of Adelaide is pro- 
viding accommodation for the Clay Mineralogy 
Section of the D-vision of Soils until the Division’s 
new building is available. A grant for five years has 
also been made tc the University of Adelaide for the 
establishment of an Animal Ecology Unit. -The 
Organization has received a gift of 250,000 dollars 
from the Carnegie Corporation-of New York towards 
the construction >f a giant radio-telescope in Aus- 
tralia, for whick the Commonwealth Government 
afterwards offerec half the cost. 


A third co- . 
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Expenditure during the year totalled £5,449,643 
compared with £4,861,873 in 1953-54. Of this, 
£554,858 was spent on plant problems, £533,061 on 
animal health and production problems, £439,850 
on industrial chemistry, £429,661 on the National 
Standards Laboratory, £275,441 on radiophysics, 
£266,812 on wool textile research, £240,654 on forest 
products problems, £179,423 on food preservation 
and transport problems, £168,400 on entomological 
studies, £147,183 on fisheries investigations, £57,587 
on mathematical statistics, £119,068 on building 
research, £116,626 on fuel research, £105,692 on land 
research and regional survey, £102,108 on biochemical 
and general nutrition studies, £161,433 on soil 
problems, as well as £91,891 on soils and problems of 
irrigation settlements, and £83,117 on wildlife survey. 
£71,591 was allocated to tmbophysics, £53,671 to 
meteorological physics, £42,615 to dairy research, 
£33,237 to plant fibre research and £27,834 to 
genetics. . a 

As in the immediately preceding annual reports, 
the material is arranged according to subject, rather 
than according to the Divisions or Sections con- 
cerned. Besides a full list of staff and personnel of 
the Council and Committees, there is an index of 
papers published during the year, arranged according 
to sections. The Division of Soils is the central body 
engaged in soil research in Australia and, besides 
systematic mapping of Australian soils in broad 
categories, more detailed classification and mapping 
of soils in specific areas, applied research into soil 
fertility and on soil mechanics, undertakes funda- 
mental research on the pedology, chemistry, physics, 
mineralogy and microbiology of Australian soils. 
Considerable advances have been made in the study 
of the mineralogy of both clay and the coarser 
fractions as a guide to soil classification, the genesis 
of soil profiles, and as a useful attack on the geo- 
chemistry of the soil which may enter into fertility 
problems. Besides the X-ray studies, emphasis is 
being placed on the petrographic study of the non- 
clay fraction, and a new section dealing with clay 
mineralogy has been set up. The approach to micro- 
biological studies has been broadened with the com- 
mencement of work on humus and on the nature and 
activity of organisms in the rhizophere immediately 
adjacent to the roots. 

As part of a long-term programme of investigations 
of basic importance to plant introduction work in 
Australia, studies were begun at Canberra on problems 
of drought resistance and seasonal dormancy in 
introduced plants. In connexion with biophysical 
work at the University of Tasmania, a recording 
growth meter has been constructed which detects 
growth of a rapidly elongating root in a few seconds. 
Studies during the past year have greatly clarified 
the understanding of cobalt deficiency of grazing 
sheep and clarified especially the occasional rapid 
precipitation of the deficiency syndrome in flocks 
depastured on incipiently cobalt-deficient terrain. 
Marked progress was also made in the study of 
BHC and DDT dipping fluids for control of cattle 
tick. 

The Division of Tribophysics has shown that at 
least three mechanisms may operate in the liberation 
of stored energy in the heating of a deformed metal, 
and the manner in which the energy associated with 
these three processes varies with the deformation has 
been studied for nickel, arsenical copper and pure 
copper. Analytical and kinetic investigations with 
selected hydrocarbons show that gaseous oxidation 
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at high temperatures occurs in two suceessive stages, 
the first controlled by the accumulation of active 
intermediates in the gas phase, and by processes ‘at 
the walls of the reaction vessel, whereas in the second 
stage, gas phase reactions predominate. In the 
Division of Physics, a new method for controlling 
humidity, using a small ionic crystal as detecting 
element, has been devised, which has given promising 
results in the automatic measurement of dew-point 
temperature, in the accurate regulation of humidity 
in air-conditioned rooms, and as a self-balancing 
instrument with sensitivity equivalent to 0-01 deg. C. 
in dew-point, and response time of only 0:3 sec. The 
energies of alpha particles from certain natural 
radioactive substances and the gyromagnetic ratio 
of the proton have been redetermined, and work 
continued on the relation between the chemical and 
physical structure of pure compounds and their 
dielectric properties. Investigation of a proposed 
method for navigating long-range aircraft by distance 
measurement was concluded, but is not being carried 
further on account of the complexity of the instru- 
mentation and the limit of 1,400 miles on the 
separation of the stations. Laboratory and road trials 
established the reliability of two radio-Doppler 
devices for remote measurement of the speed of road 
vehicles. Basic studies are being made of the physics 
of the atmosphere, with the object of attaining a 
more fundamental understanding of the weather and 
the processes which control it, and the Division of 
Radiophysics made several important studies relating 
to the Sun and galaxy. A detailed study of the 
southern part of the galaxy is in progress, which, 
when combined with the results from similar studies 
in the northern hemisphere, should afford a three- 
dimensional map of the spiral structure of the galaxy. 
A special interferometer, 1 km. wide, for use on solar 


disturbances is being constructed, while search hag _ 


been made for evidence of radio emission from the 
planet Jupiter. Theoretical work centred on the 
origin and transmission of electromagnetic waves in 
an ionized gas. 


CHEMICAL ENGINEERING IN THE 
UNITED STATES 


HE Department of Scientific and Industrial 
Research, Overseas Technical Report No. 2 
(pp. vi+24. H.M. Stationery Office. 2s.), on “Chem- 
ical Engineering in the U.S.A.”, is one of a series of 
surveys: on technological subjects which is being 
made under the egis of the scientific attaché to the 
British Embassy in Washington. The present report 
was prepared by Dr. P. H. Calderbank, a member of 
the staff of the Chemical Research Laboratory, and 
is based on visits to educational and industrial estab- 
lishments, and on meetings with representatives of 
those concerned with the selection, training and 
employment of chemical engineers in the United 
States. The report deals with the development of 
chemical engineering, the progress of which in the 
United States has been spectacular, the present 
position in chemical engineering education, and some 
recent trends in chemical engineering practice. 
The older engineering professions have been con- 
cerned with the application of certain scientific 
principles to the building of structures and machines. 
The creation of the chemical industry required the 
introduction- of a new range of principles, among 
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which the rate-process figured prominently; and 
from this development; chemical engineering emerged, 
It led to a quickened interest in equilibrium con- 
ditions and in thermodynamics generally; and in 
the mechanisms of turbulent transfer and the pro- 
cesses occurring at phase boundaries. 

Chemical process development in Germany occurs 
through co-operation between the industrial chemist 
and the mechanical engineer with process training 
(the ‘process engineer’). In the United States the 
co-operation is between mechanical engineers and 
chemists who have had process training (‘chemical 
engineers’). This difference, the report remarks, 
“seems to be due to the historical reasons which 
determined whether chemists or mechanical engineers 
took the initiative in embracing the principles of 
the physically controlled rate-process. However, the 
chemists’ established familiarity with the chemical 
rete-process and the fact that the latter is frequently 
modified by physically controlled transfer phenomena, 
seem to suggest that the American development was 
the more logical and satisfactory”. 

Of particular interést is the American approach to 
chemical engineering training. Under the ‘practice 
school’ made famous by the Massachusetts Institute 
of Technology, groups of students work in an indus- 
trial plant with their instructor on problems of 
interest to their host company. Many industrial 
firms are willing to teke part in this scheme, which 
is generally considered to offer valuable training and 
a useful introduction to industrial life. The ‘plant 
design’ class, which, is usual in Britain, has also been 
widely adopted in the United States. Students are 
required to co-operate with each other and with their 
supervisor in designing full-scale chemical plant. 
This emphasizes the element of co-ordination between 
various fields of study and introduces the importance 
of economic factors. There is also the ‘co-operative 
scheme’, similar to the British ‘sandwich course’, in 
which students divide their time between the 
university and industrial undertakings to which they 
are apprenticed. 

The original division of the subject into ‘unit 
operations’ is coming to be regarded as arbitrary. It 
is increasingly appreciated that much of chemical 
engineering involves the wider application of com- 
paratively few basic principles, which afford a greater 
economy and elegance of treatment than the former 
avenue to the subject through unit operations. The 
‘problem method’ of instruction lays stress on the 
solution of large numbers of set problems: an 
approach enabling the‘student to meet a variety of 
different processes, not in compartments as unit 
operations, but as exemplars of the basic techniques. 
A recent development is thus an increasing emphasis 
on teaching simply the fundamental principles of 
engineering sciencé. ‘These courses contain no tech- 
nology, but concentrate entirely on basic physics, 
chemistry and mathematics. Graduates are expected 
to fit equally well into any of the established branches 
of engineering. ` Specialization is relegated to a later 
stage: the student acquires his specialist training 
either by postgraduate research and advanced study 
or by practical experience as an apprentice in industry 
itself. ad 

The report explicitly avoids any comparison 
between British and American chemical engineering 
practice. But some of the unique features of the 
American organization, both of the profession and 
the training required for it, invite close and profitable 
attention, Z ‘ 
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AUTOMATIC: COMPUTERS IN 
CLERICAL WORK 


HE first report of the inter-departmental study 

group represerting the National Physical Labor- 
atory, the Treasury and the Ministry of Pensions and 
National Insurance which is working at the National ` 
Physical Laboratory on methods of doing clerical 
work with fully automatic computers has now been 
published*. It deals with wage accounting and gives 
detailed informaticn applicable to all forms of pay- 
roll work. The report covers the subject broadly, 
while taking the spacific case of weekly wage account- 
ing at the Central Office of the Ministry of Pensions 
and National Insurance at Newcastle as an example 
for more detailed study, and is written for a wide 
range of readers, jrom the expert in business who 
knows little about computers to the expert in com- 
puters who knows little about business. 

The contents consist of fourteen sections and five 
appendixes. After an introductory section, the 
essential features cf a fully automatic computer are 
outlined and some details are given of the particular 


- serial computer DEUCE (Digital Electronic Universal 


Computing Engine), which is used as an example in 
the report. The main store in DEUCE is a magnetic 
drum of capacity 250,000 bits, and data and instruc- 
tions are fed into the store on punched . cards. 
Section 3 describes the task of the pay branch at 
Newcastle in respect of weekly wages and the 
methods used, together with an estimate of the cost, 
and Sections 4-7 a hypothetical computer system, 
based on the use of DEUCE, with the addition of 
auxiliary equipment consisting of magnetic tape- 
operated printing aquipment, which is proposed to’ 
replace the present methods. The auxiliary equip- 
ment is not yet available, but it is considered that it 
could be developed within the next two years. The 
scheme considered amploys a high-speed computer to 
calculate each worker’s overtime and find out how 
much income tax he should pay and then deduct it 
and his National Insurance contributions from his 
gross wages. Many organizations arrange for volun- 
tary contributions for sports clubs and the like. Not 
only will the computer deal with this,, but it also 
remembers to give a warning a fortnight before a 
man’s pay increment is due. 

Section 8 gives cn estimate of the annual cost of 
such a computer system and shows that it can be 
economic. Calculations for a staff of 3,400 paid 
weekly with overtime but not piecework can be done 
by the machine in sn hour, but forty-three man-hours 
of labour are required to feed and extract the 
information. It would require a total staff of eleven, 
most of them on a part-time basis, against twenty- 
two full-time staff used at present, though, of course, 
as in other forms of automation, the staff retained 
would have to be fairly highly skilled. Further 
details of the type of auxiliary equipment required 
are given in Section 9 and various possible alternatives 
of design of the computer system in Section 10. 
Topics discussed in the remaining sections include 
the application of computers to other payroll work 
then that of the Central Office; reliability, faults 
and fault indication; and data sorting. The appen- 
dixes include notes on the binary scale and binary 
coded notation. : 


* National Physical Laboratory. Wage Accounting by Electronic 
Computer—Report No. 1 of the Inter-Departmental Study Group on 
the Application of Computer Technique to Clerical Work. Pp. 11+57. 
(London: H.M. Stationery Office, 1956.) 2s. 6d. net. 
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WIND STRUCTURE IN THE 
TRADES 


T is now forty-two years since Sir Geoffrey Taylor 

inaugurated modern scientific study of the 
dynamics of wind in the lower layers of the atmosphere 
with his theoretical and experimental work on 
turbulent viscosity published in the Philosophical 
Transactions of the Royal Society m 1915. That work 
was a direct consequence of the sinking of the Titanic 
and Taylor’s appointment to investigate, in the 
Scotia, the meteorology of the ocean area in which 
the Titanic sank. 

The latest research on the subject is that by 
H. Charnock, J. R. D. Francis and P. A. Sheppard 
in the same series (Phil. Trans., A, No. 963, 249; 
Oct. 1956). These workers made 466 double-theodolite 
pilot balloon ascents from the island of Anegada in 
the West Indies in the spring of 1953. This island 
is in the easterly trade-wind belt. The trade winds 
in this area are very suitable for detailed study of 
wind structure because of their comparative constancy 
and, above all, because they decrease with height 
above the relatively small height of 350 m. The 
decrease above this height is due to the fact that 
the air temperature at a fixed height increases from 
north to south, so that the north to south fall of 
pressure, giving easterly winds, decreases with 
height. Up to 1,000 ft. the wind increases with 
height because of increasing distance from the sea 
surface. This kind of variation of wind with height 
permits calculation of the drag exerted by the ocean 
on the wind. The value of the drag for these winds, of 
speed about 6 m./s., is 0-41 dynes/om.*, which 
corresponds to a drag coefficient of 1:24 x 10-3. 
There were also evaluated the variation with height 
of the downwind and crosswind eddy stresses, the 
coefficient of turbulent viscosity and the eddy- 
velocity products. A 

The downwind coefficient of turbulent viscosity 
came out at about 1 x 105 cm.#/sec. and the cross- 
wind one about three times as great. 

The eddy velocity products, (w’)?, ete., showed that 
the turbulence was not isotropic at any height in 
the layer, 1,350 m. deep, through which observations 
were made. The downwind eddy velocity variances 
were of the order of 50,000 (cm./sec.)*, the crosswind 
ones about 120,000 and the vertical ones 1,200 at 
most. This is rather a surprising result, showing 
that the damping effect of the sea surface on vertical 
eddy movements extends to a greater height than 
had earlier been realized. 


SOME RECENT ASTRONOMY AT 
"TOKYO 


HE Annals of the Tokyo Astronomical Observatory 

(University of Tokyo. Second Series, 4, No. 3; 
1956) contam two papers, the first of which 1s 
“Tables for the Approximate Special Perturbations 
by Means of the Variation of Parameters”, by Tadao 
Takenouchi. With mean anomaly for every 10 
degrees from 0° to 180°, nine coefficients have been 
computed to three-decimal accuracy, except in the 
case of the eccentricity, where two-decimal accuracy 
is sufficient. The coefficients are as follows: « = 
cos —e, B = sink, y = —sin#/(1—ecosf), è = cosH/ 
(l—ecos#), à = —2esin#, p = (l—ecosH#)?, v= 
— ljut, 
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The tables can also be adapted for the computation 
of ephemerides. A numerical example of their 
application is given. 

The second paper, by Masatoshi Kitamura and 
Tsuyoshi Nakamura, with the title “A. Photoelectric 
Study of the Atmospheric Extinction at Tokyo 
Astronomical Observatory’’, deals with the weaken- 
ing of starlight passing through the Earth’s atmo- 
sphere; this weakening is caused by absorption and 
scattering due to particles in the atmosphere, and the 
amount of extinction and its dependence on wave- 
length are important in the reduction of spectral 
photometry. Pure extinction is due to the molecules 
of pure air, while haze effect is caused by water 
vapour, dust and smoke, the amounts of these con- 
tinually varying; this haze effect is conventionally 
known as ‘dust’ extinction. As the Observatory is at 
Mitaka, a suburb of Tokyo, local conditions require 
that observations should be carried out towards the 
west, and these were made with the photoelectric 
apparatus attached to the 26-in. refractor of the 
Observatory, from the zenith towards the western 
horizon. The selected stars were B And. and B Tri., 
spectral type MO and A5, respectively, and the 
observations were carried out on December 5-6, 
1955, and January 9-10, 1956. Observations were 
made ın 1951 by T. Dambara with the same apparatus 
on a Gem. A (A0), and these were placed at the 
disposal of the authors. All three stars pass close to. 
the zenith at Tokyo. 

The reduction of observations was based on the 
well-known formula AM = k secZ, where AM is the 
loss of light in magnitude, and k is the extinction 
coefficient. This varies with the wave-length of the 
light, and formule for corrections of this and other . 
disturbing factors are provided for use in the com- 


` pilation of the extinctions given in Tables la, 1b, 2a, 


2b, 3 for the stars selected. The results of extinction 
observations, extinction coefficients and absolute 
humidity are shown graphically and there is a short 
discussion on the dust absorption kp, the variable 
part of which is mostly due to the amount of water- 
vapour, for the lower atmosphere may be considered 
to absorb the starlight at discrete wave-lengths. 
Taking into consideration all the meteorological 
conditions at Tokyo, it is considered that no useful 
results would be obtained by discussing the atmo- 
spheric extinction there from data for zenith distances 
greater than 60°, 


IMPACT OF INDUSTRIALIZATION 
ON RURAL LIFE IN THE 
BELGIAN’ CONGO 


N account of the impact of industrialization on 
rural life in the Belgian Congo has been given 
by the Rev. J, E. Young, of the Baptist Missionary 
Society (Rural Life J., No. 10; November 1956). The 
developments have taken place under the guidance 
of the Belgian Colonial Government, and thig 
administration has achieved a considerable degree 
of success, perhaps a higher degree than most of its 
neighbours m Africa. 
Stanley’s journey nearly eighty years ago revealed 
a vast country of enormous potential wealth. To 
exploit this wealth, 280 miles of railway were built 
from the coast, by-passing the rapids of the lower 
Congo. The vision and judgment of King Leopold 
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and a small group of pioneer enthusiasts carried this 
through by 1900, so setting the scene for the estab- 

lishment of law and order and the development of 
the country. 

Trade in the early days consisted of bartering for 
palm oil, palm nuts and rubber, all gathered in the 
raw state by Africans. With the railways came the 
establishment of plantations by companies, including 
those that now form the Lever Group. Copper was 
discovered in the south-east, bordering Northern 
Rhodesia, then gold m the north-east, followed by 
diamonds and tın, and finally uranium. Mining 
developed steadily until 1929 and, after a slump, 
began to recover when the Second World War broke 
out. 

Before the War, the established pattern of economy 
was mining in the south-east and north-east, and 
elsewhere, where soil and ¢limate permitted, agri- 
culture. Now a vast change is taking place ; Belgium, 
mindful of its own strategic position, is sending more 
of its citizens to the Congo, and starting every type 
of industry. Consequently, the population of Leopold- 
ville, the capital, has grown in twenty years from 
50,000 to 350,000 and will reach 500,000 by 1960. 
In other centres, too, hght industry is being developed. 

‘Light manufacturing industries are operated in 
` smaller units than mines and cannot spend large sums 

on welfare schemes. They are, however, situated in 
large cities which cast the spell of high wages over 
the African, but living conditions are nowhere near 
as good as in mining ‘camps’. Recently, the Govern- 
ment has, by direct action, and by pressure on 
employers, launched building work in all the big 
' cities. Africans, assisted by a Government-sponsored 
‘building society’, can and do buy their own houses. 
Social services have been greatly expanded, but the 
population has grown too fast for them. There is an 
acute shortage of teachers. 
New factories and houses go up constantly, creating 
a demand for man-power that drains the countryside 
of its young men. The territory of Kasangulu has 
been so depopulated that the Government colonized 
it with other Africans and granted them credit to 
start market gardening. The magnetic draw of the 
capital is felt two hundred miles away, some villages 
having only old men, women and children left. 

The impact of industrialization has done great 
harm to rural communities ; but the Government is 
alive to the situation, and is eager to’ maintain the 
rural population. Employers. also realize that pro- 
ductivity depends upon a healthy, contented and 
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stable labour force. Plantation companies followed 


‘the lead of the mining companies in improving 


conditions, whicn resulted in a stabilization of the 
workers’ families and a change in the shape of the 
rural community. Around existing plantations were 
created zones of influence where villagers made palm 
plantations on their own land. The scheme operated 
under a tripartite contract: villagers provided land 
and labour; the company provided seed, transport 
and a market; the Government supervised, advised, 
maintamed roads end arbitrated between villagers 
and the company. 

The Government is faced with the problem that 
the economic davelopment of the Belgian Congo 
demands that urban populations grow, and grow 
rapidly ; but they must also be fed by a stable and 
contented rural population. The Congo imports food 
from neighbouring Colonies and from overseas. To 


_ solve this prob.em the Government has created 


peasant settlements (paysannats indigènes). These 
smallholding communities are organized to make the 
best use of land and to increase both productivity 
and soil fertility, and each settlement is large enough 
to provide worth-while social services. 

The first of taese settlements was at Torumbu, 
seventy miles from Stanleyville. Since 1942 long 
strips of land running east and west have been cleared. 
and planted each year; these tultivated strips are 
separated by forat strips of equal widths-of about 
a hundred yards. The chief allocated each peasant 
@ portion of each strip as it was brought into culti- 
vation. This hə farmed for three years and the 
produce belonged to him absolutely; after three 
years the land went back to the chief and was rested 
for fifteen years. Peasants each had an additional 
plot of one acre near their houses and other plots in 
& perennial planzation of oil palm’ and coffee. The 
homestead plots were in groups of about thirty and 
formed hamlets, a number of which were sited around 
the community eentre. The crops grown and sold 
were maize, bananas, rice, cassava, peanuts and soya. 
A co-operative was formed to organize marketing, 
and later acquired farm machinery. The success of 
the venture is ncw assured; in 1953, two thousand 
cultivators were living on the settlement and- the 
drift to the towrs had ceased. 

The Belgian Government is pressing forward with 
the extension of shis valuable system. By 1958 it is 
hoped that half a mullion peasants will be suited ; 
with their familias they will form one-sixth of the 
country’s populasion. 


b 
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EFFECT OF HEX@STROL ON CARCASS COMPOSITION AND 
EFFICIENCY OF FOOD UTILIZATION IN FATTENING LAMBS 


By T. R. PRESTON and ISOLINE GEE 


Rowett Research Institute, Bucksburn, Aberdeenshire 


YNTHETIC cestrogens have been shown to 
induce greater and more economical live-weight 
gains in lambs'-7. To some extent these advantages 
have been offset by consistent reports of a reduction 
in carcass quality?-§. Where detailed carcass studies 
have been made‘, it was found that the subcutaneous 
fat was thinner and. contained more moisture, but 
that there was little change in muscle measurements 


or intermuscular fat. It was suggested® that the 
increase in live-weight and subsequent carcass weight 
of treated lambs might be entirely due to an increase 


‘in moisture content of the tissues and a greater per- 


centage of offal. These conclusions have been based 
on limited analyzes of smali sample joints, such as 
the 11-12-13 rik cub. Since cstrogens alter the- 
conformation of ihe animal’? and may affect parts 
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of the carcass differently, the composition of such 


sample joints may not be representative of the ` 


carcass as a whole. Moreover, the claims that 
cestrogen treatment improves efficiency of feed con- 
version are based on live-weight measurements only 
and can have little significance until the composition 
of the extra live-weight of treated animals is 
known. 

The main purpose of the following experiment was 
to determine (æ) the chemical composition of the 
increases in carcass weight of cestrogen-treated 
lambs, and (b) the relative efficiency with which 
treated and untreated lambs convert the protein and 
energy in the feed to protein and energy of the edible 
carcass. 

Thirty-six Suffolk x Half-bred five-month old 
wether lambs were allocated at random to three 
groups. One group, designated the sample slaughter 
group, was killed at the beginning of the experiment. 
The carcasses were split down the back, and the left side 
of each carcass jointed into leg, loin and ‘rest’ (that is, 
forequarter, tail, pelvis, ribs and flanks). The joints 
were separated into subcutaneous fat, bone and 
remaining flesh. The flesh and subcutaneous fat 
were analysed chemically for fat and moisture; 
protein was calculated as 90 per cent of the dry 
fat-free tissue, j 

A 1l5-mgm. hexæstrol pellet was implanted sub- 
cutaneously in an ear of each of the members of the 
second group; the third group served as a control. 
The lambs of both these groups were housed individ- 
ually indoors and were fed 100 gm. hay daily and 
increasing amounts of a concentrate mixture (56 per 
cent maize meal, 14 per cent crushed oats, 14 per 
cent bran, 8-per cent linseed cake meal, 8 per cent 
fish meal) for a period of approximately ninety days. 
After fifty days it was no longer possible to feel any 
of the pellet in the ears of the implanted animals and 
re-implantation with a further 15-mgm. pellet of 
hexcestrol was carried out. 











Table 1, WEIGHT GAINS AND Caroass DATA FOR CONTROL AND 
HEX@STROL-IMPLANTED LABS 
Control Hexcsstrol 
group group 
Initial live-weight (1b.) 85 83 
Live-weight at slaughter (1b.) 126 135* 
Live-weight gain (1b.) 41 52t 
Length of fattening perlod (days) 91 96 
Carcass-weight (Ib.) 65-2 68°8 
Killing out percentage 51:8 51-0 
cold carcass weight x 100 
live-weight at slaughter 
Weight of leg jolnt ab.) 6-86 7-28 
Weight of loin joint (lb.) $ 5-64 25 
Weight of rest of carcass, (1b.) 20-30 21-90 
* Si cant at P < 0-01 
iio » P < 0-001 
n » P<005 


The animals were slaughtered at comparable stages 
of fatness as decided by two independent judges. 
The same procedure of jointing, dissection and 
analysis was followed as described for the sample 
slaughter group. In addition, several external 
and internal measurements were made on the 
carcasses. 

Live-weight and carcass data set out in Table 1 
show that lambs implanted with hexcstrol made 
significantly greater daily live-weight gains, and at 
the end of the fattening period had heavier carcasses 
than the controls. There was no significant difference 
in killing out percentage between the two groups, or 
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Table 2. INCREASES IN BONE AND EDIBLE TISSUES (IN KGN.) OF 
CONTROL AND HEXŒSTROL-IMPLANTED LAMBS 












Control Hexeestrol 

group group 
Increase in carcass 9 86 12-18* 
Increase in edible meat 9°40 1112+ 
Tnerease in fat in edible meat 5-16 4:86 
Increase in protein in edible meat 0-95 132% 
Increase in moisture in edible meat 3-20 4-82" 
Inorease in bone 0-46 ' 


in the time taken to reach the same degree of finish. 
The effect of hexcestrol on the weights of the different 
joints is interesting, for the leg and ‘rest’ joints were 
significantly heavier and the loin lighter in treated 
lambs. 

The carcass composition of the lambs in the 
treated and control groups at the beginning of the 
experiment were predicted from their live-weights 
using equations calculated from the live-weight and 
carcass composition data of the sample slaughter 
group. (The equations were of the form Y = bX + C, 
where Y is an appropriate measurement, for example, 
weight of fat in carcass, weight of protein in carcass, 
etc., and X is live-weight of animal.) Since carcasses 
of both groups were analysed at the end of the 
experiment, it was possible to calculate the increases 
in the various components of the carcasses over the 
treatment period as shown in Table 2. 

The increases in carcass-weight, edible meat and 
bone were significantly greater in the treated as 
compared with untreated lambs. There were sig- 
nificantly greater increases in protein and moisture 
in the edible meat of hexcestrol-treated lambs; on 
the other hand, the increase in fat was greater in the 
controls. .These differences between carcasses from 
treated and untreated animals were supported by the 
carcass measurements. Treated lambs had a thinner 
fat cover (panniculus adiposus) over-the carcass as a 
whole and appeared to have a better muscle develop- 
ment. From the average consumer’s point of view, 
both: these characteristics would be viewed with 
favour. 

There is unanimous agreement that lambs im- 
planted with synthetic cestrogens require less food 
per unit of live-weight gain than untreated lambs**’. 
In this experiment the hexcestrol-implanted lambs 
made greater increases in live-weight, carcass-weight 
and edible meat per unit of organic matter consumed 
than the controls (Table 3). The most interesting 
feature of the results is the effect of hexcestrol on 


Table 3. FERD CONVERSION EFFICIENOIES IN HEXŒSTROL-IMPLANTED 


AND CONTROL LAMBS 





Control 
group 


Increase In live-weight/organic 
matter consumed Zi 

Increase In carcass weight/organic 
matter consumed ( .fkgm.) 

Increase in edible meat/organic 
matter consumed (xgm.fkgm.) 

Increase in energy in edible meat/ 
organic matter consumed 
(kealfkgm.) — 

Increase in protein in edible meat/ 
protein consumed (kgm./kgm.) 








* Significant at P < 0-01 
t P<005 
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the animals’ capacity to- convert food protein to meat 
“protein, Treated lambs were found to be 31 per cent 
more efficient in this respect and thus substantiate 
th orts. of Whitehair et d.t? and Jordan, who 

foun that nitrogen retention was increased by 
en t On. the other hand, energetic 
(that is, the conversion of food to edible 
ms of calories) was slightly less in the 









































mode of action of synthetic cstrogens is 
- understood. Clegg and Colet, on the 
eir finding that there was no difference in 
or percentage moisture between treated and 
steers, suggested that the increased weight 
ig treatment were due to an increased 
nabolism. They postulated that oestrogens 
to the anterior lobe of the pituitary body to 
ġo adrenocorticotropic hormone which in turn 
ulates the adrenal cortex to produce androgens 
g protein anabolic activity. This thesis is 
tirely supported by the results of our experi- 
nen. That there should -be increases in bone and 
\oisture as well as in protein, and. that carcass 
extremities, for example leg, should be developed 
more than late-maturing parts such as the loin, 
suggest that hexcestrol promotes somatic growth 
nd not merely protein anabolism. Clegg and Cole’s 
ata have also been interpreted to mean that 








Crystallization of Cytochrome c 
from Fish 


HE main procedures of preparation and various 
properties of crystalline cytochrome c from 
*a yeast, beef and pig heart muscle have 
ecently been reported’, From these sources cyto- 
ie c crystallized as needles which were some- 
imes grouped into rosettes or leaflets; that from 
orse heart and skeletal muscle, obtained by the 
same method, crystallized as needles, although they 
ere very small and have not yet been obtained as 
go crystals’. Quite differently shaped crystals, 
ery large and plate-like, were obtained recently 
om thë heart muscle of fish—bonito (Katsuwonus 
3, Lesson) and also tunny (Thynnus alalunga, 
E ‘The method of preparation was the same 





























éannective tissue was removed from the frozen 
yhich were rapidly washed and minced. The 
ce was suspended without delay in the same 
85 saturated ammonium sulphate solution 
0-06 N ammonium hydroxide, and the 
homogenized in a Waring blendor. After 
t room temperature (about 20° C.) for 
‘suspension was filtered with ‘Celite’ and 
, washed with neutralized 0-55 saturated 
onium sulphate solution. To the mixture of the 
to and washings « (about 0-55 saturated- am- 
sulphate, pH 7-2-7-6), solid ammonium 
added atl the- specific gravity was 
-B saturation). The resulting pree 








he fil ate by adjusting the pH- to 
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ved and cytochrome e was pro- 
-When the solutior was allowed to reach. room tem- 


oestrogens cause an increase in output of growth 
hormone from the pituitary body". This explanation 
might seem more plausible in view of the findings of 
the present experiment. 

A more detailed report of this work will be pub- 
lished elsewhere. Grateful acknowledgment is 
accorded to Mr. W. A. Boyne for carrying out the 
statistical analyses. 
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CRYSTALLINE CYTOCHROME C 


4-5 with 3 N trichloroacetic acid in the cold; After 
removing the ammonium sulphate 
filtration and compression between filter papers, the 
precipitate was dissolved in a. large volume of dis- 
tilled water so that the concentration of the am- 
monium ion came below 0-05 M, The cytochrome-c 
in the solution was adsorbed on a column. .of the 
resin, ‘Duolite CS 10r (or ‘Amberlite XZ-64’), then 
eluted with neutralized 0-1 saturated ammonium 
sulphate solution ee ref. 1). The purified and con- 
centrated cytochreme e solution was nearly saturated 
with ammonium sulphate, brought to about pH 9-5 
with ammonia, kept at 2-5° C, overnight and then 


filtered in the cold. After dialysing the filtrate, eyto-. we 


chrome ¢ was adserbed on the minimum amount of 

‘Amberlite XE-6£. This resin with adsorbed cyto- 
chrome c was placed on a column of. ‘Amberlite. 
X#-64 treated with sodium hypochlorite’ and 

ammonium phosphate buffer (pH 7:0, 0-25 ammonium. 

ion) and then chromatographed with. the same : 
buffer (see ref. 1. From the widest band. which 

contained the largest amount of cytochrome c, the 

protein was concentrated by the adsorption and 

elution technique {see ref. 1), using a small column 

of the resin. 

The solution containing 5 per cent cytochrome c 
was brought to about 0-8 saturation with arnmonium 
sulphate and to pH 8-0-8-5 with ammonia to which 
ascorbic acid had been added to reduce cytochrome: ¢ 
completely. After removing a slight precipitate by 
centrifugation, the supernatant. solution was cooled. | 
in ice-water and then. brought to slight turbidity by 
the addition of finely powdered ammonium sulphate... 


solution by 









F 
x 
i 


aN 





1) Crystalline cytochrome e of Katsuwonus vagans, Lesson. 
g Crystalline cytochrome c of T'hynnus alalunga, Gmelin ( x 150) 


perature, small and badly formed crystals appeared, 
together with an amorphous precipitate. In order to 
dissolve the amorphous precipitato and obtain large 
and better-shaped crystals, the suspension was cooled 
again and allowed to reach room temperature while 
being mechanically stirred. Stirring was continued 
for 3 hr., during which time a small amount of 
ammonium sulphate was added in two lots to give an 
increase of about 0-01 in saturation ; then the suspen- 
sion was allowed to stand at room temperature for one 
to two days. Recrystallization was carried out in the 
same way. The yield of the crystalline cytochrome c 
was higher than from other sources™, amounting to 
60 mgm. from 1 kgm. of heart muscle of each fish 
(Figa. 1 and 2), 

This method was somewhat different from that 
already reported (see ref. 1) for mammalian cyto- 
chrome c; but it gave better results than that used 
with horse and beef heart muscle since modification 
of cytochrome e was prevented. This modification 
occurred in the course of preparation, especially 
during extraction and treatment with trichloroacetic 

- acid, and resulted in several fractions of cytochrome c 
on the column of ion exchange resin*. 

The crystals were large and so strongly coloured 
(reddish orange) that the absorption bands of single 
crystals at 550 my and 520 mp were visible with a 
microspectroscope. The adsorption spectrum of the 
crystalline cytochrome c from bonito was the same 
as that from tunny at all wave-lengths and the same 
as that from beef and pig heart muscle in the visible 
range both in oxidized and reduced form. However, 
the relative extinction of oxidized fish cytochrome c 
against that at 550 my. in reduced form was consider- 
ably higher at 280 my and slightly lower around 
300 my than that of beef heart muscle. The ratio of 
the extinction of reduced fish cytochrome c at 
550 to that of the oxidized form at 280 mp 
showed a rather low value, 1-04 + 0-02. This cor- 
responds to the value 1-00 which was obtained by 
Paléus in a pure salmon preparation the iron content 
of which was similar to that of the purest beef 
preparation®. 
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supply of source materials. 
BUNJI HAGIHARA IcHIRO MORIKAWA 
Kunio TAGAWA JINPEI YAMASHITA 
Mrrsvutro NOZAKI Kazuo OKUNUKI 


8 Tages. B., Horio, T., Yamashita, J., Nozaki, M., and Okunuki, 
» Nature, 178, ti29 (1950). Hagihara, B. Morikawa, 1. Sekuzu, 

I., Horio, T., and Okunuki, K., Nature, 178, 630 (1956). Hagi- 
hara, B., Nozaki, M., Horio, T., Sekuzu, I., and Okunuki, K., 
Nature, 178, 631 (1956). 

* Hagihara, B., Okunukl, K., and twelve other co-workers, Symposia 
on Enz. Chem. (Japan), No. 1, 69-81 (July 23-25, 1966). 

3 Paléus, S., Acta Chem. Scand., 8, 971 (1954). 


N-Terminal Residues of Crystalline 
Cytochrome c from Yeast and from Heart 
Muscle of Horse and Beef 


Tuppy et al. have published a series of papers on 
the determination of the amino-acid sequence in the 
proteolytic digestion products containing the ham 
moiety from cytochrome c. Margoliash* has recently 
reported that cytochrome c purified, but not crys- 
tallized, from horse heart muscle has two histidines 
as the N-terminal residues using the fluorodinitro- 
benzene method’. 

Recently, cytochrome c has been crystallized from 
several sources* and extensively investigated in our 
laboratory. Tho results obtained by us were not in 
agreement with those of Margoliash*; arginine and 
threonine were detected as the N-terminal residues 
in the case of yeast cytochrome c, whereas only 
arginine was determined in the case of horse and 
beef heart muscle. Although it is not unreasonable 
to expect that histidine may be detectable when the 
phenylisothiocyanate method is used, it was never 
detected by the fluorodinitrobenzene method. De- 
terminations of the N-terminal residues of crystalline 
cytochrome c are reported here. 


(1) Yeast Cytochrome c 


(a) Cytochrome c was crystallized from the eluate 
of all bands (cytochrome c shows the presence of 
more than one component under certain conditions*) 
on an ion-exchange resin column by the method 
of Hagihara et al. (see ref. 4), It was dialysed against 
dilute sodium chloride solution, then sodium bicarb- 
onate, fluorodinitrobenzene and ethanol were added 
to the solution according to the method of Sanger’. 
After shaking the mixture for 3 hr., the precipitate 
of dinitrophenyl cytochrome c was washed and 
hydrolysed with 5-7 N hydrochloric acid for 8 hr. at 
105° ©. The hydrolysate was extracted with ether 
and the extract was identified by paper* and silica gel* 
chromatography, and the aqueous layer by ion 
exchange resin’ and paper chromatography*. Dinitro- 
phenyl-threonine and «-mono-dinitrophenyl-arginine 
were identified. 

(b) When cytochrome c crystallized from fraction 8 
on the column was treated as above, dinitro- 
phenyl-threonine and a-mono-dinitrophenyl-arginine 
were estimated as less than 1 mole per molecule of 
cytochrome c, assuming a molecular weight of 13,000. 

(e) Crystalline cytochrome c from fraction 4 was 
treated as before except that it was hydrolysed for 
16 hr. The same result was obtained. 

These findings suggest that cytochrome c from 
yeast has two N-terminal residues, and each pre- 
paration crystallized from the separated fraction on 
an ion-exchange resin column has the same N- i 
residues. 
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(2) Cytochrome c from Horse Heart Muscle 


(a) The solution of cytochrome c to be erystallized 
was used. Bicarbonate, fluorodinitrobenzene and 
ethanol were added to the solution and stirred for 
4 hr, at pH 9-0. Dinitrophenyl-protein was separated 
‘and hydrolysed for 16 hr. The ether extract con- 
ined a small amount of some dinitrophenyl-amino- 
ds and the aqueous layer contained «-mono-dinitro- 
arginine; . but bis - dinitropheny] - histidine 
mono - dinitrophenyl - histidine were not 


ystalline cytochrome c prepared by the 
of Hagihara et al. (see ref. 4) was dinitro- 

or 3 hr. by shaking with sodium carb- 
sodium bicarbonate (pH 9-0) and acetone (it 
en shown that ‘histidine is dinitrophenylated 
der these conditions). “Dinitrophenyl-cytochrome c 
as hydrolysed with acid for 6 hr. at 105° C. and 
mono-dinitrophenyl-arginine was estimated as less 
l mole. Bie-dinitropheny]-histidine and #-mono- 
mitrophenyl-histidine were not detected. The 
ueous layer was hydrolysed for another 16 hr. 
and the same result was obtained. 
__(¢) Cytochrome c prepared by the method of 
Keilin and Hartree? was treated as in (b). Some 
dinitrophenyl-amino-acids were identified in small 
amounts: and «-mono-dinitrophenyl-arginine was 
imated as less than I mole. 

nese results show that cytochrome c from horse 
le has one N-terminal residue. 








ytochrome c from Beef Heart Muscle 
„Crystalline cytochrome ¢ prepared by the method 
of Hagihara et al. (see ref. 4) was treated as in 2 (b), 
spt that it was hydrolysed for 22 hr. The ether 
i contained scarcely any dinitrophenyl-amino- 
but the aqueous layer contained less than 1 
nono-dinitrophenyl-arginine. This suggests 
‘tochrome ¢ from beef has one N-terminal 


ON of detonation in solid explosives by 
ile impact has been the subject of wide 
photographs showing the phenomenon in 
ot appear to have been published and 
en speculation as to the precise sequence 





communication deseribes experiments in 
the Buxton rotating-mirror camera (as adapted 

‘en photography) was used for photographing 
pact of a mild steel fragment when projected 
igh velocity against the plane end of a cylin- 
sxplosive pellet (the target. charge) of 
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The  identificasions of _«-mono-dinitrophenyl- 
histidine and «-mono-dinitrophenyl-arginine were 
examined using the Pauly!’ and Sakaguchi" reactions, 
respectively, for cytochrome ‘c.from horse and beef 
heart muscle. Tho Sakaguchi reaction was positive 
for the a-mono-diaitrophenyl-arginine on the paper 
chromatogram, whereas the identification of «-mono- 
dinitrophenyl-hist&line by the Pauly reaction was 
unsuccessful. Es 

We wish to thank Prof. Akabori and members of 
his laboratory for their interest and advice inthe. - 
course of this investigation, and also the Oriental ` 
Yeast Co., Ltd., for the supply of the source material, — 
the Japan Organc Co., Ltd., for the resin ‘X H-64’, 
and the Nippon Kiko Co., Ltd., for ‘OS-101V. 0 
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INITIATION OF DETONATION BY PROJECTILE IMPACT 


By Dr. K. E. SPELLS* 
Armament Research Establishment, Ministry of Supply i 
AND 
i Dr. D. W. WOODHEAD i 
2 Safety in Mines Research Establishment (Ministry of Fuel anc Power), Buxton 


diameter 1-25 in. and 3-8 in. long. The method of | 
projection used was. developed before the Second 
World War by she Research Department, Royal 
Arsenal, Woolwich, and consisted first. in setting the 
fragment (a cylinder of diameter 0-214 in. and 
0-125 in. long) ceatrally in a Woods metal surround 
so that the whole formed a circular disk, 1-25 in. in 
diameter, with the plane faces of the fragment 
coplanar with thcse of the disk of which it formed 
part. The disk was then placed concentrically 


against the end of a cylindrical pellet of pressed 


tetryl (the projector charge) of 1-5 gm.jem.? density 
and of the same dimensions as the target charge ; 


81, 
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Fig, 2 


Rol -mirror schli records with a slit lar 1, 3) and 
tating: r eren camera with asl perpendicular (Figs. 1. 8) an 


parallel (Figs, 2. 4) to the trajectory of a high 8! 


cylinder, was held together by transparent tape. 
When a detonator, synchronized with the camera, 
was set off at the other end of the assembly, the 
fragment was projected axially. The Wood's metal 
surround, which was completely disintegrated by the 
detonation of the projector charge, prevented the 
break-up of the mild steel fragment, 

Projector and target were suspended coaxially 
with an air-gap between them. For good definition 
the field of view of the camera was restricted by a 
slit, of effective width in the object plane of 2 mm., 
and in most experiments axial records were taken, 
that is, the common axis of the projector and target 
was arranged to lie within the field of view. Trial 
photographs taken without a target and with the 
projector axis perpendicular to the camera slit showed 
that the fragment to emerge from the accom- 
panying cloud of Wood’s metal after travelling about 
60 cm. and was well clear after 80 cm. Fig. 1 is an 
example of these photographs. As in the rest of the 
illustrations, the field of view, in this case a plane 
80 cm. in front of the projector, is represented by 
the broken line in the diagram. First occurs the 
passage of the fragment, recorded as a small black 
rectangle, and then, after a clear interval of 0-05 
msec., the arrival of the foremost part of the opaque 
cloud of Wood’s metal. A gap of not less than 80 cm. 
was therefore used between the projector and target 
charges. The accuracy of projection was such that 
a complete ‘miss’ never occurred in a series of twelve 
experiments, although for axial records the fragment 
was not always directly in view. The schlieren shadow 
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cast by the bow wave of the fragment 
ensured that its passage through the air 
gap would be recorded, however. A camera 
writing speed of 313 m./sec. was used 
throughout. 

Fig. 2 is an axial record with a field of 
view covering the target and the last 
25 em. of an 80-cm. gap between projector 
and target, and shows the initiation of 
detonation in pressed tetryl, density 1-5 
gm./em.*. The black shadow with a well- 
defined boundary sloping steeply towards 
the target was produced by the projected 
Wood's metal, which completely obscured 
the schlieren illumination. Above this 
boundary, sloping rather less steeply in the 
same direction, is a straight line produced 
by the bow wave of the fragment. From 
the slope of this line and the time-scale, the 
velocity of the fragment is deduced as 
1,750 m./sec. A detonation wave of velocity 
7,200 m./sec. (characteristic for tetryl in 
the form used) is seen to be initiated in the 
target by the impact of the fragment ; also, 
there is a flame of velocity 4,420 m./sec. 
spurting backwards from the point of im- 
pact. Any delay between the arrival of 
the fragment and initiation of the target 
is evidently too short to be resolved by 
the present method and cannot exceed a 
time of order 1 psec. 

It is also of interest to investigate 
the sequence of events occurring in & 
plane perpendicular to the trajectory 
of the fragment at a position just in front 
of the tetryl target pellet. For Fig. 3, 
therefore, as in Fig. 1, the projector 
axis was perpendicular to the camera 
slit, which viewed the plane 3 cm. in 
front of the target. The gap was widened to 83 em. 
The passage of the fragment is again clearly visible, 
and then, after an interval of 0-027 msec., an intense 
flame of increasing width which may be identified 
with the backward spurt of flame from the initiated 
target noted in Fig. 2. This interval must have been 
the total time taken by the fragment to travel the 
remaining 3 cm. to the target and for the flame to 
travel back the same distance. The two parallel lines 
across the centre of the record are shadows cast by 
suspension strings connecting the projector and 
target, and they define the width of the charges. 
The asymmetry of the fragment with respect to the 
lines shows the error of projection after 80 cm., and 
a corresponding ry of the returning flame is 
further evidence that initiation of the target occurred 
at the point of impact. 

A photograph (not reproduced) of the impact with 
a pellet of cast tetryl/TNT 40/60, density 1-62 
gm./cm.*, was obtained with the same geometrical 
arrangement of charges and viewing slit as for Fig. 2. 
Detonation was not initiated in this less sensitive 
explosive, but there was some evidence of a very 
weak flame at the point of impact. Material was 
also projected backwards from the target, and this 
was thought at first to be additional evidence that 
some combustion had occurred. However, a similar 
throwback of material was obtained when a pellet of 
concrete of the same size as the explosive targets 
and of density 1-75 gm./cm.* was substituted for the 
tetryl/TNT (see Fig. 4). It happened that the frag- 
ment trajectory lay wholly within the field of view 
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in. Fig. f and a small bright flash generated at 

-o bhe point of impact with the concrete is clearly 
“visible: - 

Th 

































scale of these: experiments was limited by the 
to avoid damage to the schlieren camera. 
‘ore, conditions for the initiation of less sensitive 
losives, for example, by the use of faster and 
fragments, could. not be reproduced. That 








wequired by the fragment from the projector 
oes not appear possible on any reasonable 
regarding rates of heat transfer. Support 


The Contractile Vacuoles 


) ECENTLY, attention has been directed to the 
. structure of the motile cell which is the unit of 
contractility in the pulvinus of the sensitive plant, 
Mimosa pudica Linn, -As the descriptions given by 
Weintraub! and Toriyama? are not comprehensive 
some of the observations of the two authors may 
t variance, the picture which emerges from the 
nt extended studies is hereby given with the 
of clearing up some of the ambiguity. 
Watching the ‘actual process of contraction in 
. Mimosa pulvinules, Weintraub was led to believe 
that small transitionary vacuoles, which arise and 
pear, constitute the contractile element of the 
Toriyama makes no direct observations on con- 
iility, but lays stress on the extensible property 
e tannin vacuole, and mentions in passing that 
larger central vacuole also contracts. 
structure. and organization of the Mimosa 
have been. described in my previous work’. 
tructure of the cell which goes to make up the 
tile tissue is as follows. The cell is isodiametric 
umerous plasmodesmatic: connexions to neigh- 
cells”. There is a layer of cytoplasm enclosing 
large vacuole’. The cytoplasm supports a large 
- nucleus, innumerable protein droplets, mitochondria 
and some modified chloroplasts (Fig. 14). 
















(A) (B) 


‘ig. 1. Free-hand ‘diagrams of brilliant cresyl blue stained cells 
Mimosa pudica z? inus. A, a motor cell showing cytoplasm 
h inclusions and the vacuole. The tannin body, drawn with a 
is Included in the Jarger sac of the vacuole; B, the 
ted with 25 per- cent glycerine. The yacuclar mem- 
les about the tannin mass, which remains relatively 
-c inert. The cytoplasm does not plasmolyse. In intact tissue, the: 
entire cell wall will contract along with the cytoplasm: and the 
Panes vacuole, €x e. 1,140) TE Eke 
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for this view is provided by the results of metal- 
lurgical tests by Mr. R. Jeffrey on fragments pro- 
jected into sawdust ; these showed that. any appreci- 
able heating wae confined toa thin layer of little 
more than molecular thickness on the rear surface. 
Rather, it is thought that initiation is the result of 
the considerable beal transformation of energy which 
must occur during the initial impact of the fragment 
on the target surface. : 


Acknowledgment is made to the Controller of HM: 


Stationery Office for permission to publish the photo- 
graphs. ae JESSE 






Guilliermond‘, discussing the work of Mange 
states that in the Mimosa pulvinus, tannin and- 
tannin vacuoles lie side by side in the cytopl 

Weintraub mentions that tannin. vacuoles, wherever ` 
present, are in agzregates, ‘Toriyama is of the opinion | 











that there are two vacuoles, and the smaller tannin- : mes 


vacuole lies within the larger central vacuole.) = 00o 
The tannin mass is easily visible and reacts strongly 
to safranin, osmac acid and Molisch’s reagent. for- 
phloroglucotannaid compounds, as discovered earlier 
by Molisch® and Bose’. The outer vacuole had not 
then been discovered, and the tannin ‘element ‘was 
taken to comprise the entire vacuole of the cell. 
The large vacuole is invisible with ordinary tech- 
niques such as those mentioned above, and with the . 


vital dyes neutral red, toluidine blue, methyl blue > 


and methylene blue, which, however, stain the 
tannin mass. Waen janus green B is used. for stain- — 


ing mitochondris, the tannin body later takes up: 


the stain. The cuter vacuole is not rendered visible 
by” fixatives. It responds only to the vital. dye 
brilliant cresyl Glue. The dye takes 20-30 min. to 
react and colcurs only freshly hand-sectioned. 
material. . When differentiation is complete, the — 
tannin maés, stained an iridescent indigo blue, is 
observed to lie to the inner side of the larger violet- 
coloured sac. Ia all cases of motility, of not only: 


Mimosa but mary other pulvini’, the blue body was. : 


observed to lie neluded within the violet. sac. In 


non-motile tissue adjoining the pulvinus; such as of- : 


petiole and stem, the blue and violet. sacs were seen 


to lie side by sile. as observed by Mangenot. The. < 
tannin was in every case present as one single masa, | _ 


but broke up into a cluster of small masses with most 
reagents and fixatives. In the presence of neutral 
red, small non-tannin vacuoles were observed. to- 
arise, comparalde to the transitory neutral red 
vacuoles reported in Amoeba by Goldacre and Lorch’. 

Attempts were made to induce the large violet sac 
to contract, and see if it would collapse around the 
blue one. Wher sap expressed from cut pulvini was 
added, the outlixes remained the same and the violet 
colour deepened in shade, The tannin mass dissolved 
in the agents ether, chloroform and acetone. . The 
vacuoles crumpEd up and fragmented in absolute. 
alcohol and 10 >er cent glycerine. A 25 per cent 


solution of glycerine was perhaps isotonic with the © 


tannin mass as, upon treatment, the tannin mass 


remained as before, while the vacuolar membrane. oe 
erumpled to a small mass around it (Fig. 1B). After 
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this hastened the recovery process. It is thus clear 
that the membrane is contractile, while the tannin 
inclusion is comparatively inert. 

Now it has been observed that the tannin complex 
may be included either as a dense mass or lightly 
dispersed inside the vacuole. It is entirely dissolved 
away in the fresh state by tannin solvents, and the 
organization described holds only during daylight. 
With the onset of darkness the discrete mass breaks 
up in the vacuole, and Toriyama® has observed tannin 
to issue out into the intercellular spaces at night. 
The quantity and density of tannin are very much less 
in other less motile plants’. All these facts lead to 
the conclusion that the tannin matter does not con- 
stitute a vacuole, but is merely an inclusion in the 
larger vacuole, which is the contractile element of 
the cell. Therefore, the concept of one vacuole 
within another is not supported by the present 
observations. 

It has been noted that expanded vacuoles remained 
expanded in the presence of salts expressed from cut 
pulvini, but that contracted vacuoles expanded by 
intake of these salts. Microscopical and field observa- 
tions indicate that contraction of cell and tissue is 

brought about by loss of these salts and recovery is 
brought about by imbibition of the salt-rich sap by 
‘the vacuoles (which can take in water only in the 

` presence of these salts), Toriyama’® has demon- 
strated that this sap is rich in potassium. 

‘The help and encouragement extended by Dr. 

<D. M. Bose, director, Bose Institute, is thankfully 

acknowledged. 
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Vacuoles of the Pulvinus and the Mechanism 
See of Movement 
‘Tae mechanism of bending movement in Mimosa 
| pudica L. is governed. by the vacuolar system which 
ig present in the cells of the motor tissue: of pulvini 
and pulvinules... Most authors’? report on the 
-Contractile nature of the tannin vacuole; but I have 
_ discovered another type of small contractile vacuole 
> in the parenchymatous cells of the motor tissue of 
o the main pulvinus (Fig. 14; d). These do not contain 








_ Many smaller vacuoles were. observed by Wein- 
traubi in the motor tissue cells of the pulvinule, but 
I differ from him in finding a lesser number of 
these and their size was also found to be smaller 
than was formerly reported by Weintraub. Unlike 
Aimi’s' observation, a thin cytoplasmic layer was 
found. at the periphery of the motor-tissue cells of 
_ the main pulvinus; this supports the opinion of 
Toriyama’, n 


-Simply on the basis of precipitation, Toriyama’s* 


separation of A and B types, etc., tannin vacuoles in 
_ the main pulvinus w 
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a while, the membrane. partially extended out in the 
glycerine, and if water or pulvinar sap was added, - 


undesirable, because the 
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Fig. 1. Camera lucida drawings of a parenchymatous motor-tissue. = = 
cell of the main pulvinus = Se 
A, before stimulus; B, after stimulus 
a, cell wall; 6, tannin vacuole; cytoplasmie layer; d, smaller 
vacuoles 


contents were not examined by him critically, 


Moreover, the functions of these different types of ue i 


tannin vacuoles and their relationship with the 


mechanism of movement were also not observed by 


him. 

In turgid condition each parenchymatous cell of 
the motor tissue was found filled with a large con- 
tractile tannin. vacuole and many smaller vacuoles 
(Fig. 14). On stimulation these smaller vacuoles | 
disappear completely and the tannin vacuole becomes 
smaller in size (Fig. 1B) and at the same time a liquid 





containing potassium salts was found to be present = 


in the intercellular space. A slight contraction of the 
cell wall was also noticed. On recovery, however, 
these smaller vacuoles. re-appear and the tannin 
vacuole becomes the same size as before, but no 
liquid was found in the intercellular space. So it can 
be concluded that this liquid was expelled out of 
these cells from these vacuoles, and on recovery this 
liquid was re-absorbed into the vacuoles, and so the 


loss of turgidity in these cells is‘due to a loss of a ‘ 
liquid containing potassium salts from ‘these con- 


tractile vacuoles.. By employing a modified technique ` 


of Weintraub’s', I was able to observe the active 


contraction of these vacuoles under the microscope... 


Toriyama’s* central vacuole was also. observed onio- 


contraction of the tannin vacuole on stimulation but 
not in the turgid condition, which shows that there 
is a close relationship between these two types of 
vacuoles. 


The presence of tannin solution in the ‘canaliculated’ = 


intercellular space of Toriyama? was not observed by 
me, Hydathodes in the epidermis of the pulvinus 
were also observed. © os 
Thanks are due to Prof. Shri Ranjan for his kind 
help and suggestions and to all my colleagues. 
A. K. Durr 
Department of Botany, i 
University of Allahabad. 
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À Changes during the Respiratory 


Movements ‘of Teleostean Fishes 
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respiratory cycle the pressure in both cavities 
is first negative and then positive with respect 
to the surrounding water, but the relative am- 
plitude of these two parts of the pressure curves 
is different in the two cavities. In the buccal 
cavity the positive pressure, associated with mouth 
closing (phases 2 and 3 of Fig. 1), is the most 
marked; whereas the negative pressure is greater 
in the opercular. cavity (phases 1 and 2). Dur- 
ing these three. phases water will pass 
across she gills as. the pressure in the 
buccal cavity exceeds that in the. oper- 
cular cavity.. In phase 3 water is forced 
through the gills by a buccal: pump; in 
phase 1 it is drawn through by the action — 
of an opercular suction pump ; and phase 2 

is a trensition during which both pumps - 
are operating to some extent: However, 
betweer. phases 3 and 1 we have invariably 
observed a. brief period (phase 4) during. 
which she. opercular pressure is positive 


cavity. This will tend to cause a reve si 
the direction of flow of water across the x 
gills ard is probably of importance in 
bringing about closure of the opercular 
valve. Thus, with this exception, we have 
been akle to confirm van Dam’s suggestion 
that flowy of water across the gills is con- 
tinuous. in spite of its discontinuous inflow 
to the buccal cavity and outflow from the 
opercular cavities. 

Resuits obtained with the roach (Leucis- 
cus rutdus) and tench (Tinca tinca). were 
in general agreement with those described 2 
above, although the negative pressure in: 
the buczal cavity was larger in amplitude. ; 
Variaticns of this and other types. wero- 
most common in the tench, where the nèga- > 
tive pressure in the buccal and opercular — 
cavities were sometimes equal. 

Measurements of the volumé. of water 
flowing across the gills, together with 
simultaneous. determinations of the mean 
pressure-difference, have made possible 
the calsulation. of values for the resist- 
ance of the gills. An increase in minute- 
volume. caused by raising the carbon 





with respect to the pressure in the buccal a 









ig. ay ‘Mov ements of the mouth and operculum with associated pressure changes 
me buccal and opercular cavities during breathing in a trout (70 gm.) at 
Dashed’ lines relate to the mouth and buccal cavity. The differential 

eae between the two cavities is shown below, O and O indicate ‘closed’ 


dioxide. tension in. the water breathed, 
is largdy achieved by a greater siroke- 


and ‘open’ respectively 
















movements of teleost. fishes has been dis- 
yeral workers'-*, Pressure measurements 
by Woskoboinikoff and Balabai‘t, but 
results give no indication of the time-course of 
he Using a capacitance manometer, we 
| able to measure pressure changes in both 
| opercular’ cavities throughout the com- 
atory cycle in three species of freshwater 
né films taken simultaneously made it possible 
the movements of the mouth and operculum 
ut loading these structures in any way. The 
of the mouth and opercular valves was also 
died from the films. 
The events during a typical respiratory cycle of 
the trout (Salmo trutia sp.) are shown in Fig. 1.. The 
_buceal cavity begins to expand about a quarter of a 
cycle before abduction of the operculum. starts, and 





_ begins to contract about one-fifth of a cycle before 


During a Single 


| abduction of. the operculum. 





volume and is accompanied by a fall in 
gill resistance. 
Further details. of this work will be published 
shortly. 
G. M. Hugues 
G. SHELTON 
Department of Zoology, 
Cambridge. Dec. 8. 
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Purkinje Shift and Retinal Noise 
Tue Purkinje shift is the displacement of the 


-maximum sensitivity of the eye towards the blue 


end of the spectrum at low levels of ambient illumina- 
tion. It occurs in a wide variety of vertebrates, 
including some which possess the porphyropsin 


ooo molecules. 
- spectral sensitivity to the blue would reduce the rate 
- Jof thermal decomposition, so that this may be as. 
=o heneficial to the sensitivity of the eye as it is to 
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in spite of this widespread occurrence, there is no 
satisfactory. explanation for the advantage derived 
‘from evolving different photosensitive systems with 
different spectral sensitivity curves for use at high 
and low levels of illumination. An explanation is not 
to be found in the different distribution of energy 
in the incident light in day-time and at night, for 
the maximum energy of light from the Moon is 
slightly to the red side of the maximum for light 
from the Sun. Le Grand! suggests that rhodopsin 
was evolved by deep-sea fishes, for the light which 
penetrates deep into the sea has a maximum energy 
close to the peak of the absorption of rhodopsin, 
but a shift of the spectral sensitivity curve to the 
blue may enable the eye to achieve greater sensitivity 
for a quite different reason. 

Recent work? has shown what factors control the 
ultimate sensitivity of detectors of radiant energy 
working at the limit set by radiation noise from their 
surroundings. In particular, it has been shown’ that 
the sensitivity can be greatly improved by reducing 
to a minimum the response of the detector. to wave- 
lengths longer than those contained in the signal. 
The sensitivity of the human eye is probably not 
limited by radiation noise, but reasons: have been 

advanced: elsewhere* for believing that it may be 
“limited by the thermal decomposition of rhodopsin 
de Vries’ pointed out that a shift of 


< detectors limited by radiation noise. This conclusion 
is reached as follows. 

- Stiles* has shown that the spectral sensitivity 
-. gurve of the human eye at the red end of the visible 


spectrum can be partially accounted for on the 
“hypothesis that the photochemical. change which 


activates a rod requires a certain definite minimum 


-energy which is not entirely derived from a quantum 
“cof absorbed radiation, but is supplemented by 
thermal energy supplied by collisions with the sur- 


-rounding molecules. If thermal energy can supple- 
ment radiant energy, it is natural to suppose that, 
occasionally, it may be sufficient to activate a rod 
without the absorption of any radiation, Unfortun- 
ately, it is nob possible to calculate the absolute 
rate of auch thermal excitations ; but it is possible 
to show how the rate would be affected by varying 
the minimum energy (E) required for the photo- 
©: ehemical. change which causes rod excitation. It is 
_. assumed that a change of E does not affect the avail- 
_ ability of thermal energy to the site in the rhodopsin 
molecule which is linked to the mechanism of rod 
excitation, and that it does not change the maximum 
-extinction coefficient of the molecules, but that it 

does change the position of maximum. absorption (A) 
< so that Ac/A=E (that is, one quantum of maximum 
visibility radiation provides exactly the minimum 

energy). Following Stiles’s assumptions, the fraction 
“of molecules (F) with energy greater than Æ is given 
“| by the expression : 


FF = exp(—E/kP) = exp(—he/akT) 
where h is Planck’s constant, c the velocity of light, 





-OO k Boltzmann's constant and T the absolute tempera- 


ture. Uf other conditions. are the same, the smallest 
“number of quanta which must be absorbed for a 
given reliability of detection will be proportional to 
the square root of the rate of the thermal reaction, 


system of freshwater fishes in place of the rhodopsin 
system. of sea-water fishes and land vertebrates ; but 
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so thas the threshold energy (J) is given (in arbitrary 
units) by : 

LA = FR = exp(—he/2.4T) 
On changing E from E, to E, the position of the 
peak of sensitivity changes from A, to à, and the 
ratio of threshold energies at the two wave-lengths 
is given by: 


I, he he (=) B 
Tx, PR G o 
For ha = 550 my, à, = 541 mp, Lila = 4, so the 
rather surprising conclusion is reached that, m the 
middle of the visible spectrum, a shift of the spectral 
sensitivity curve by 9 mu towards the blue allows the 
threshold energy to be halved. For a shift from the 
peak of the photopic (560 my) to the peak ef the 
scotopic visibility curve (507 my), the theory pre- 
dicts an improvement of 65 times, and for the shift 
from the red receptor (580 my) to the rods (507 my) 
an advantage of 265 times. si 
Waid? compared the sensitivity of rods lying 8°) | 
from the fovea with the sensitivity of cones lying .. 
at the fovea, using a test stimulus 1° in diameter 
exposed for 1/25 sec., and found that the rods were > 
225 times more sensitive at their peak wave-length - 
than the cones were at theirs. The theory therefore 
seems to give a correct estimate of the order of. 
magnitude of the advantage derived from curtail- < 
ing the sensitivity of the receptors on the long 
wave-length side, and one could scarcely hope for 
more exact agreement without taking into account 
many other factors, such as the type of test stimulus: 
used, the concentrations of the photosensitive sub- 
stances involved, and Lewis’s* further development 
of Stiles’s theory. 
If it is accepted that thermal decomposition of 
rhodopsin is an important factor limiting the absolute 
sensitivity of the eye, then the above argument 
points to the following additional conclusions: 
(a) photosensitive substances sensitive to longer 
wave-lengths than rhodopsin are likely to be much 
less stable, and this may be the cause of the lower 
sensitivity of the cones which contain them ; (b) the |... 
decreased rate of thermal breakdown thas can’: 
accompany a shift of spactral sensitivity to the blue... 
may be the factor of survival value that explains —- 
the evolution of the Purkinje shift. anes 
H. B. BARLOW 
King’s College, Cambridge. Oct. 24. 
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Vacuolar Degeneration of Rat Liver Cells 
by Electron Microscopy 

BIOCHEMICAL studies on the vacuolar degeneration < 
of rat liver cells have been carried out in this Institute 
during the past three years. Total and residual 
nitrogen fractions, cateptic. and transaminase activi- 
ties, acid-soluble SH-groups, intra- and extra-cellular - 
water fractions have been studied on normal and - 
vacuolated rat liver. Vacuolation was obtained by 
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keeping the animals in an atmosphere of 3 per cent 
oxygen + 97 per cent nitrogen for 2 hr. No changes 
were observed in the nitrogen and water fractions, 
in cateptic and transaminase activities, in SH-groups, 

= or deoxyribonucleic and ribonucleic acid contents ; 
only some of the soluble phosphorus fractions were 
_ diminished. These results therefore seem to lead to 
the conclusion that the cytoplasmic lesions are not 
_ 80 serious as one would expect them to be from the 
ical appearance of the vacuolated cells. In 

cytoplasm of these cells appears deeply 
damaged in stained sections and contains several 
_ vacuoles of different size, which may sometimes reduce 
_ the cytoplasm to thin strands between the vacuoles. 





a 
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_ However, observations carried out with a phase- 
contrast microscope on isolated living liver cells 
_ from animals kept in hypoxia indicate that vacuoles 
È are not visible in non-fixed, unstained cells. This 


F Da Pik e 
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_ Seems to suggest that the appearance of these vacuoles 
is linked in some way with fixation of the 

cells: it could be an artefact due to the action of 

the fixatives commonly used in histology on the 

cytoplasmic structures. 
In an attempt to elucidate these apparently 
contradictory findings and to demonstrate more 
clearly the cytoplasmic structure of the damaged 
cells, a morphological study has been undertaken on 
thin sections of normal and hypoxic rat liver. Prelim- 
inary results obtained by electron microscopy are 
presented here. 
_ The animals were killed by decapitation, small 
pieces of liver quickly removed and placed in a 
buffered solution of 1 per cent osmic acid. The fixa- 
tion and dehydration were carried out according to 
the technique of Sjéstrand', Specimens were em- 
in a mixture of butylmethacrylate + 5 per 
cent methylmethacrylate, containing 1 per cent 
2,4-dichlorobenzoylperoxide. | Polymerization was 
_ achieved by keeping the samples in an oven at 45° C., 

as described by Newman, Borysko and Swerdlow*. 
The electron micrographs were obtained with a 
Siemens electron microscope. 

These initial studies on liver cells from hypoxic 
rats do not permit one to draw definitive conclusions 
_ about the ultrastructure of cytoplasm in the damaged 

€ However, some imi observations can 


already be made. As can be seen in Fig. 2, in hypoxic 
liver cells the ground substance tends to disappear, 
while the elements of the cytoplasmic reticulum 
appear enlarged and considerably swollen in places, 
with a tendency to form large cysternz. On the whole, 
‘the cytoplasmic structure seems loosened and the 
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(1) Normal rat liver cell; (2) hypoxic rat liver cell. x 9,000 
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lamella tend to be disrupted. Vacuoles have not 
yet been observec. One may perhaps assume that 
the vacuoles which appear in normally stained 
sections may be derived from this loosened cyto- 
plasmic structure. However, not enough cells have 
as yet been observed to it a definite conclusion 
on this point. Mitochondria do not appear to be 
either swollen or damaged, although it is possible 
that their function may be impaired by the altered 
cellular medium. 

Further studies are now in progress, in order to 
clarify the question of whether or not vacuoles in 
hypoxic cells are artefacts, and to see if alterations 
of the mitochondr:a and cellular membrane also occur. 


Institute of General Pathology, 
University of Mian. Nov. 3. 
1 Sjostrand, F. S., J. Gell. and Comp. Physiol., 42, 15 (1953). 


? Newman, 8. B., Ag ong E., and Swerdlow, M., J. Res. U.S. Nat. 
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Neurosecretory Cells in the Brain of the- 
Larva of Lucilia caesar L. 


Bra neurosecretory cells have now been described 
in a large number of pterygote insect species. Most 
authors are agreed that there are normally two 
groups of these identifiable in each hemisphere of 
the brain, a median group lying close to the pars 
intercerebralis and a lateral group. In larve of 
Diptera-Cyclorrhapha descriptions exist of the former 
only (see Thomsen*). 

Observations have now been made of the neuro- 
secretory cells of the brain of the larva of Lucilia 
caesar L. Serial sections of brains of larvae in diapause 


-and at five stages in development without diapause, _ 
from feeding thrd i 


instar to cryptocephalic pupa, 
have been stained with the following ures : 
(1) Chrome-hemetoxylin of Gomori* and (2) paralde- 
hyde-fuchsin of Gomori*, both after oxidation with 


acidified potassium permanganate; (3) Steedman’s* Í 
hæmalum—eosin 


alcian blue with neutral red, with 

counter staining : (4) periodic acid — Schiff with and 
without pretreatment with diastase; (5) toluidine 
blue; (6) sudan black B in formol-calcium fixed 
post-chromed material. Other staining methods 
tried proved of little value in distinguishing neuro- 
secretory cell groups. The carbohydrate-staining 
techniques were used in the hope of identifying a 
polysaccharide component of the neurosecretory 
product. Results were, from this point of view, 
inconclusive, but were valuable in 
demonstrating that there are cyto- 
chemical differences between neuro- 
secretory cell groups and identity 
within groups, 

No fewer than six groups of 
neurosecretory cells can be identi- 
fied in the brain of the L. caesar 
larva, distinguishable by criteria 
of position, size, morphology and 
staining characteristics. The follow- 
ing descriptions refer to the 
in one half of the brain only. 

Group 1. This consists of two 
large neurones, attaining a maxi- 
mum size in a dis larva of 
182 x 40u. In sections stained with 
paraldehyde-fuchsin the smallest 
particles of the neurosecretory pro- 


: -fuchsii 


Coo distinct. 
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duct are at the limit of resolution of the light 


microscope. These particles form aggregates, but. in 


this group. the largest aggregates do not. exceed lu 
in size. In-the diapause brain, these cells assume a 
uniform grey-blue colour with chrome-hematoxylin, 
and have a marked affinity for aleian blue while the 
product is not positive to periodic acid — Schiff 
reagent. The cell stains metachromatically, a deep 
purple colour being produced with toluidine blue. 
Accumulation of the product starts at the cessation 
of feeding and within a few days the cell is greatly 
distended. It remains in this state throughout the 
diapause phase, the product being retained pre- 
sumably until the end of diapause. 

Group 2, A single cell lying anterior to group 1; 
this measures 15u x 20u. Accumulation of the 
product starts at about the same time as in group 1, 
but in paraldehyde—fuchsin sections the group 2 cell 
is characterized by the fact that in it the product 
eollects in very large aggregate masses. This group 
is not differentiated by alcian blue or periodic acid — 
Schiff procedures, but does show purple meta- 
chromasia, though the colour is less intense than in 
group 1. 

Group 3. The four cells of this group, measuring 
about 15. x 20u, with a central nucleus, are the only 
ones showing the distinct blue seeretory granules of 
an actively secreting cell in diapause brains stained 

“with chrome~hematoxylin, A discharge picture is 
“glso obtained in these brains with paraldehyde— 
“They are undifferentiated by the other 
“procedures, and are the only neurosecretory cells 
““orthochromatic with toluidine blue. In the non- 


-o diapause larva, accumulation of the product does not 
“start in these cells until late in the pre-pupation 


< phase. 
“o°- Group 4, Although cells of this group intermingle 
“cowith those of group 3, they are morphologically 
Measuring about 17-52 x 25y, they are 
| distinctly pyriform, with the nucleus displaced to the 


=o axon end. of the cell. In diapause brains they are 
without granules, but the abaxonal zone of the cyto- 


plasm colours a uniform light purple with paralde- 
© hyde-fuchsin, and with other procedures is phlox- 
= fnophil, eosinophil and uniformly positive to the 
periodic acid — Schiff reagent. With toluidine blue a 


- purple/red metachromasia develops. In non-diapause 
> larvæ, accamulation starts in this group at the time 


‘of completion of crop evacuation after the cessation 
«of feeding, and a clear discharge picture is obtained 
ait a time when the development rate of imaginal 
disks is rapidly increasing, that is, at the time of 
thoracic gland activation. Before puparium formation, 


` Gp3 p.2 Gps apa 





Fig. 1, Distribution of neurosecretory cell groups in the brain of 
aes L. caesar larva. ty main cerebral trachea i 
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however, these cells have reverted to the state found 
in the diapause larva, presumably the resting state. 

Group 5. These small, almost spherical cells, about 
12-5y in diameter, lie lateral to and behind group 4. 
The nucleus is about the same size as in the other 
neurosecretory cells, 8u in diameter, and there is 
therefore relatively little cytoplasm. The cytoplasm 
stains like that of group 4, except that a stronger 
uniform positive periodic acid — Schiff reaction is 
obtained. The cytoplasm is uniformly and strongly 
sudanophil, whereas in other groups sudanophil 
material is irregularly distributed. Accumulation 
and discharge are, in this group, synchronous with 
these activities in group 4. 

Group 6. There are two cells of irregular outline, 
about 17-54 x 20u in size, which lie against the 
medulla at the rear of the brain close to the insertion 
of the main cerebral trachea. In the diapause brain 
they possess granules like those in group 1 but stain- 
ing a lighter colour with paraldehyde-fuchsin and | 
in much lower concentration. They are not differen- 
tiated by the other staining procedures. 





in the pre-pupation phase. ; 
Thus there are six groups of neurosecretory cells 
in the brain of L. caesar larva. It seems probable 
that the neurosecretory material demonstrable in the 
corpus cardiacum of a diapause larva originates ino- 
cells of group 3. If, as Hinton’ suggests, ‘a diapause- 


hormone’ exists, then this group is the likeliest source, ©. 


Only groups 4 and 5 are totally devoid of a neuro- 
secretory product during diapause and at pupation, 
while at the time of activation of the thoracic glands 
they are discharging such a product. It can. there- 
fore be postulated that these two groups only are 
responsible for the promotion of thoracic gland 
activity. 





ALASTAIR FRASER 
Zoology Department, 

University, Glasgow, W.2. Nov. 7. 
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3 Gomori, G., Amer. J. Clin. Path., 20, 665 (1950). 
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A Detrimental Effect of Seminal Plasma 
on the Fertilizing Capacity of Sperm 


RaBeBrr sperm only develop a capacity to fertilize 
after spending about six hours in the uterus or 
Fallopian tube. This has been shown by transferring 
sperm from the epididymis, an ejaculum, or the 
uterus to the Fallopian tube. The following experi- 
ment shows that fertilizing capacity developed in the 
uterus is lost when sperm is treated with seminal 
plasma, but can be recovered after a further period 
in the female tract. 

‘Capacitated’ sperm were obtained from rabbits 
that had either been mated normally or inseminated 
with epididymal sperm. The uteri were each flushed 
with 5 ml. saline, and washings from one doe were 
combined and divided into two equal portions. 
Seminal plasma (from centrifuged. fresh ejaculates) 
was added to one. portion and both were then centri > 
fuged at 3,200 rev./min. for 30 min. ; the supernatant... 
fluid was discarded. Sperm treated with undiluted 
plasma were suspended in .0-5 mil. plasma after 
centrifugation of the uterine washings. 

Sperm were deposited into the tubes of does treated 
with gonadotrophin either.12 or 4 hr. earlier (that is, 





With 
paraldehyde-fuchsin staining they are also detectable 
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Table 1. DETRIMENTAL EFFECT oF SEMINAL PLASMA ON THE FaRvinizine CAPACITY OF RABBIT UTERINE SPERM 


No. of uterine 
sperm deposited 
(range) 


No. of 
rabbits 


Concentration of different 
plasma 


Total | Fertilized | Fertilizat.on 


Left tube, experimental 


Fertilized | Fertilization 
{per cent) 








Rabbit 
Undiluted 
20 per cent 


» 
n 7 


” 


4+ 3° 73,000-275,000 
19,000-220,000 
52,000-208,000 
15,000-139,000 

8,000-255,000 


12,000-55,000 
29,000-55,000 


8 
8 
+3 
6 
6 
6 


6 or 10 per cont deposited 


6 hr, before ovulation 55,000-303,000 











* Received uterine sperm obtained by insemination of epididymal sperm 


2 hr. after, or 6 hr. before, the expected time of ovula- - harmful to fertilized ova, because bull, rabbit and 


tion). Each doe received sperm treated with seminal 
plasma in the left tube and the control capacitated 
sperm in the right tube. If sperm samples showed no 
motility they were not used. The number of sperm 
inseminated was estimated from hemocytometer 
counts. One day later, ova were recovered, mounted 
in toto on @ slide, fixed and stained*. The results are 
presented in Table 1. 

The following points are noteworthy: (1) Cap- 
acitated sperm treated for 30 min. with rabbit 
seminal plasma at 10 or 20 per cent concentration 
seem to have fertilized three ova; but this may be 
due to accident, since 5 per cent plasma destroyed 
fertility and 2 per cent caused significant loss of 
fertilizing capacity. (2) Seminal plasma of the bull 
(2 per cent) damaged fertilizing capacity more than 
did 6 per cent human plasma ; rabbit plasma appears 
to be of intermediate potency. (3) Though sperm 
treated with 5 or 10 per cent rabbit plasma were 
very poorly fertile if inseminated after ovulation, 
they were quite fertile when inseminated 6 hr. before 
ovulation—that is, fertilizing capacity lost on treat- 
ment with seminal plasma can be restored in the 
Fallopian tube if the treated sperm stay there for 
6 br. (4) The motility of sperm treated with seminal 
plasma, was, as a rule, poorer than that of untreated 
samples. (5) The numbers of sperms deposited into 
individual tubes varied and (within a group) the 
proportion of ova fertilized may be related to the 
number of sperm; however, between the left and 
right tubes (treated and control sperm) a higher 
proportion of ova fertilized in the right tube is not 
correlated with a higher number of sperm deposited 
there. (6) Unfertilized ova often had sperm on the 
zona pellucida (55 per cent exposed to untreated 
sperm, and 86 per cent of ova when the sperm had 
been treated with plasma). There were more sperm 
on the zone of eggs that had been fertilized (11-2 
versus 5-1 with treated sperm; 10-3 versus 2:8 for 
controls). It seems that though a relatively large 
number of sperm in the vicinity of the egg increases 
the chance of fertilization, failure of fertilization by 
treated sperm is due not to lack of numbers but to 
incapacity of the sperm to penetrate the zona. 

Rabbit seminal plasma, in 25 per cent concentration 
in serum, is harmful to fertilized ova’. But in view 
of the low concentration of plasma placed in the 
tubes, and the normal appearance of the ova re- 
covered, the possibility seems to be excluded that 
the seminal plasma acted by rendering the tubal ova 
unfertilizable. However, the substance affecting 
capacitated sperm may be similar to that which is 
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human seminal plasmas have similar relative potencies 
in each case. 

Capacitation app2ars not to be a simple process of 
elimination by the female tract of adherent seminal 
plasma ; for epididymal sperm has to be capacitated!. 
Previous contact w-th seminal plasma has no relation 
to its subsequent détrimental effect after capacitation, 
since capacitated epididymal sperm were incap- 
acitated by seminel plasma (see Table 1). Seminal 
plasma as a medinm for artificial insemination is 
beneficial to both motility and fertility4. Yet after 
capacitation in the female tract seminal plasma is 
detrimental both to motility and fertilizing capacity. 
It seems that the metabolism of sperm is much altered 
by contact with the uterine lumen. 

This work has bæn aided by grants from the Josiah 
Macy Jr. Foundation and the Population Council. 
Thanks are due to Miss D. M. Hunt for assistance. 

M. ©. CHANG 
Worcester Foundation for Experimental Biology, 
Shrewsbury, Mass. Oct. 10. 
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Lipolytic Effect of the Injection of 
Adrenaline on Fat Depots 


Far is mobilizec from the fat depots under various 
conditions; but tae form in which it is delivered to 
the blood is not known. Investigations have shown 
that both neutral Zat (Carlson, L. A., and Wadström, 
L. B., unpublished work) and unesterified fatty acids? 
are increased in tke serum during starvation in man. 

Recent investigations made by Dole? and Gordon 
and Cherkes® have shown. that injection of adrenaline 
causes an increase in the content of unesterified 
fatty acids in the serum. Evidence for an intimate 
relation between injection of adrenaline and mobiliza- 
tion of depot fat has been given by several authors‘. 

These findings might indicate that the depot fat 
is at least partly mobilized as unesterified fatty acids. 
If this assumptior. is correct, a lipolysis of the stored. 
neutral fat in the depot probably occurs. It is known. 
from lipolytic systems, for example, pancreatic 
lipase acting upon fat emulsions® and clearing factor 
upon chylomicrores (Carlson, L. A., and Wadström, 
L. B., unpublished work), that the concentration of 
lower glycerides is increased during the lipolytic 
process. 
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80 min 


o 20 


Fig. 1. Percentage composition of glycerides from fat depot 
before and after injection of adrenaline. @ ——@, Triglycerides ; 
x——x di- and mono-glycorides 


Some experiments have been carried out in this 
laboratory ın order to ascertain if the neutral 
fat 1s hydrolysed in the depots after injection of 
adrenaline. The results of one of these experiments 
are given in Fig. 1. A male rabbit (3,500 gm.) was 
given 0-01 mgm. adrenaline mtravenously, Sub- 
cutaneous fat from the pubic region was taken before 
and 20 min. and 90 min. after the injection. Tri-, 
di- and mono-glycerides were determmed by the 
method of Borgstrém‘. 

The percentage composition of the depot glycerides 
1s given in Fig. 1. The increase of the lower glycerides 
found in this experiment indicates that injection of 
adrenaline activates a lipolysis of the depot neutral 
fat. Essentially similar results have been obtained 
in other experiments. 

Lars B. Wapstr6m 

King Gustaf V Research Institute and 

Department of Surgery, 

Karolinska Sjukhuset, 

Stockholm 60. 
Nov. 9. 
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Inhibition of Fibrinolysis in vivo by 
feeding Cholesterol 


WE have produced!, by the technique of Grossi, 
Clhiffton and Cannamela’, a clot in the marginal vein 
of the ear of rabbits and found that these clots 
lysed in 8-39 hr., the mean being 20 hr. with a 
standard deviation of 8 hr. A biopsy specimen of 
the vein was taken 48 hr. after production of the 
thrombosis, and on histological examination in every 
case the vein appeared normal. Extending these 
observations, we have found (unpublished) that the 
lysis was due to the production of fibrinolysin. locally 
in the vem, and that it still oceurred even when the 
thrombosed segment of vein was ligatured above and 
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below the thrombus and all visible veins draining 
mto it occluded by cautery. We have shown that 
the lysis of such clots can be prevented by the 
administration of corticotropm!?. 

Greig? has reported the mhibition in humans of 
spontaneous fibrinolytic activity of the plasma by a 
fatty meal. As pointed out by Fearnley‘, this 
spontaneous fibrinolytic activity is of a very low order. 
We would emphasize, too, that there is no evidence 
that the spontaneous fibrmolytic activity in vitro of 
the, plasma, of a specimen of venous blood represents 
the fibrinolytic activity which may arise ın vivo. 
For example, in the rabbit, while clotted whole blood 
is being rapidly lysed in the marginal vein of the ear, 
no spontaneous fibrinolytic activity can be demon- 
strated by the low-temperature technique® in the 
plasma of blood removed from another vein. An 
investigation of the effect of feeding cholesterol on 


- the lysis of clots experimentally produced in vivo 


would be free from both these criticisms. 

Twenty-one adult white rabbits were fed cholesterol 
in doses of 1 gm. per kgm. of body-weight daily. On 
the tenth day a clot was produced in the marginal 
vem of one ear by the technique of Grossi, Cliffton 
and Cannamela*. The thrombosed segment of tho 
vein was observed at intervals by transillumindtion, ° 
and the time taken for a free flow of blood to be 
established through the segment was recorded. A 
biopsy of the segment of vein was taken ten days 
after production of the thrombosis. In 30 per cent 
of the animals a free flow was established within the 
range encountered in control animals, On histological 
examination the veins were normal. In the remain- 
ing 70 per cent, free flow was established in 72-122 hr., 
the mean being 86 + 7 hr. On histological examina- 
tion the veins were abnormal. The thrombus in each 
case had become organized and this had resulted in 
variable and irregular thickening of the intima. In 
the interstices of the granulation tissue ‘foam’ cells 
were present in varying numbers. 

These observations establish that the feedmg of 
cholesterol to rabbits inhibits the fibrinolytic activity 
normally induced by the production of a clot in the 
marginal vein of the ear. 

There are two major and apparently conflicting 
hypotheses concerning the etiology of atherosclerosis. 
Among others, Keys? emphasizes the importance of 
dietary fats, whereas Duguid’, whose observations 
have been confirmed by others®, holds that the initial 
phase of development of atherosclerosis is the 
occurrence of mural thrombi. Greig’ suggested that 
@ common ground between these two hypotheses 


‘might be: found in the mfluence of lipemia on 


fibrmolytic activity. Our observations support this 
suggestion. 

H. C. Kwaan 

A. J. S. MOoFADZESAN 
University Department of Medicine, 

Queen Mary Hospital, 
Hong Kong. 
Oct. 31. 
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Effect of Ethisterone, 8-Œstradiol and 
Progesterone on the Phagocytic Activity 
of the Reticulo-Endothelial System 


THE reticulo-endothelial cells are known to form 
an important part of the defence mechanism of the 
body against ınfection. At the site of acute infections, 
neutrophil leucocytes attack the invading organisms 
while the reticulo-endothelial macrophages phago- 
cytose the dead bacteria and dead tissue cells. 
In chronic infections such as tuberculosis, the 
phagocytic activity of the macrophages forms the 
main lme of defence against the invading organisms. 
Further, there is much circumstantial evidence in 
both acute and chronic infections to show that the 
reticulo-endothelial cells raise the humoral resistance 
of the patient by the production of antibodies. It 
has already been demonstrated that the phagocytic 
activity of the reticulo-endothelial system is stimu- 
lated by cestrogens!; that cortisone’, testosterone, 
androstene-3B-17a-diol® depress the phagocytic 
activity ; and that deoxycorticosteronet has no 
appreciable effect. 

The present communication deals with the effects 
of ethisterone, 6-cestradiol and progesterone. Forty- 
three male gumea pigs were used. The reticulo- 
endothehal macrophages were studied by giving all 
the animals one daily injection of trypan blue 
subcutaneously for the last six days prior to being 
killed by chloroform. The dosage of the dye was 
calculated on the basis of 0-8 ml. of a 1 per 
cent solution in distilled water per 100 gm. body- 
weight. Seven of the animals were given dye only 
and were used as controls. The hormone treatment 
given to the remaining thirty-six animals is shown 
in Table 1. 


Table 1 HORMONE TREATMENT GIVEN TO THIRTY-SIX ANIMALS 


Dally dose ai 
intra- 
muscularly treatment 


2 weeks 


Hormone used 





Ethisterone (Organon) dis- 
solved in ethyl oleate 


Ethisterone (Organon) dis- 4 weeks 


solved in ethyl oleate 





P-Œstradiol (Organon) dis- 2 weeks 


solved in ethyl oleate 


8-Cistradiol (Organon) dis-’ 
solved in ethyl oleate 


4 weeks 


2 weeks 


Progesterone (Organon) dis- 
solved in ethyl oleate 


Progesterone (Organon) dis- 3 weeks 


solved in ethyl oleate 





Specimens were taken from the spleən, liver and 
lymph nodes and fixed in Heidenhain’s Susa fluid. 
Sections were cut at 10u thick and stained with weak 
eosin, dilute carbol fuchsin or alum carmine. The 
activity of the reticulo-endothelial system in the 
organs studied was assessed by the number of dye- 
bearing cells and the intensity of the vital staining. 

In the animals which received ethisterone and 
§-cestradiol, a moderate number of dye granules was 
present in the macrophages of the spleen, liver and 
lymph nodes and the vital staining appearances 
closely resembled those in the control animals. In 
the six.animals which received 3 mgm. of progesterone 
daily for three weeks the vital staining appearances 
were similar to those of the controls. In the group 
which received 5 mgm. of progesterone daily for 
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two weeks, four showed vital staining appearances 
similar to the controls, while the remaining two 
animals showed reduced activity of the macrophages. 

The results, therefore, suggest that, in the male 
guinea pig, ethisterore, B-cestradiol and progesterone 
have little or no effect on the activity of the reticulo- 
endothelial system aad in this respect differ greatly 
from the cestrogens. 

The substances usəd in these investigations were 
provided by Dr. Tindall, of Organon Laboratories, 
Ltd., to whom we offer our grateful thanks. 

T. Nicon 
R. 5. SNELL 
Department of Anatomy, 
King’s Collegs, 

London, W.C.2. Nov. 9 
1 Mico, ae Helmy, I. D., and Abou-Zikry, A., Brit. J. Surg., 40, 166 
2 Nicol, T., and Snell, R. S. Nature, 174, 654 (1954); 177, 430 (1956). 


3 Snell, R. S., and Nicol, T., Nature [178, 1405 (1956) ]. 
1 Nicol, T., and Snell, R. Sẹ Nature, 176, 995 (1955). 


Isolation of Nigerose from Floridean 
Starch 


Ir 1s generally sgreed that the iodine-stainng 
polysaccharide isolased from many red algae is a 
glucan of the amylopectin type in which the cham- 
forming links are «-1:4 and the branch links, 
a-l : 6-glucosidic. The floridean starch from Dilsea 
edulis appears to difer, in finer details of structure, 
from one sample to another. This difference turns 
mainly on the presence or the absence of a third type 
of link, namely, tha 1: 3-glucosidic linkage’. The 
majority of invest_gations favour the view that 
1: 3-glucosidic linkages are in fact not present in 
Dilsea starch?, We therefore think it desirable to 
record some observations made in the course of a 
comprehensive linkage analysis of floridean starch 
which establish that a small proportion of 1 : 3-links 
is an integral part af the starch structure and, more- 
over, that these links have the «-configuration. 

Floridean starch was extracted from Dilsea edule 
by the method of Barry et al! and was purified by 
precipitation with -odine’ and by use of cetyl bri- 
methyl ammonium bromide (‘Cetavlon’) to precipitate 
a galactan sulphate impurity’. The starch (92-5 per 
cent polyglucose) had [a]}§ + 187° (water) and blue 
value, 0:065. The starch (12-5 gm.) was hydrolysed 
by 0:33.N sulphuric acid (1-25 litres) at 100° 
to the stage of an apparent conversion into glucose 
of 63-4 per cent 2-15 hr.). After being cooled, 
neutralized and concentrated, the hydrolysate was 
chromatographed an a column of charcoal—‘Celite’s, 
Glucose was the orly monosaccharide obtained, but 
the disaccharides were readily separated into two 
fractions, the firs; consisting almost entirely of 
isomaltose: (289 mgm.), characterized as its B-octa- 
acetate (melting point 142-3°; [x]8 + 96-9° in 
chloroform). The second disaccharide fraction was 
mainly maltose but contained a small amount of 
another disaccharice,.which was separated from the 
maltose by taking advantage of its greater electro- 
phoretic mobility in borate buffers. The amorphous 
solid obtained (34:6 mgm.) migrated as a single 
substance during Doth paper chromatography and 
electrophoresis and had mobilities in each system 
identical with those of authentic nigerose. It showed 
[«}}$ + 136-9° (water) and its #-octa-acetate had 
melting point and mixed melting point 147-48° and 
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[x] + 86-6° (chloroform), The trisaccharide frac- 
tions contained malsotriose and panose (characterized 
as panitol dodeca-acetate (melting point, 147-8°; 
[x]; + 119° in chloroform). In addition, a mixture 
of trisaccharides was obtained which, on partial 
hydrolysis, yielded maltose, ¢somaltose ‘and nigerose 
among the products. The yield of nigerose (34°6 mgm.) 
is much greater than would be expected from acid 
reversion, control experiments having shown that an 
equivalent weight of glucose, heated under the same 
conditions, gives rise to less than 2 mgm. of nigerose’. 

These experiments indicate that a small proportion 
of «-1 : 3-linkages exists in floridean starch in addition 
to the linkages expected of an amylopectin. It should 
be noted that a small proportion of «-1: 3-linkages 
i also been detected ın waxy-maize amylopectin’, 


a STANLEY PEAT 
J. R. TORVEY 
J. M6n Evans 
University College of North Wales, 
Bangor. Nov. 21. 
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Separations of Carbohydrates on Charcoal 
Columns in the Presence of Molybdate 


Tux elution of certain carbohydrates from charcoal— 
‘Celite’ columns by aqueous ethanol is accelerated 
when the column is impregnated with, and the eluent 
contains, borate ions in an alkaline environment}, 
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Molybdate/Mannitol (mols.) (curve A) 


1 2 3 4 5 8 
l i I 1 i i 





1 i I i 1 i 


0 2 4 8 8 

pH (curves B and C) 

Fig. 1, Relationship between molar ratio MoO, : mannitol and 
[ajn at pH 2 1 (curve 4). Effect of pH on the{a]p of 15 per cent 
peg mannitol posers containing molybdate (molar ratios 
0,H,,0, = 3°18:1 (curve B) and 0°75:1 {curve C)) 
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Only those carbohydrates which form strong com- 
plexes with borate ions are appreciably affected in 
this manner. A wider applicability of this technique 
for fractionating carbohydrate mixtures would ensue 
if complexing agents other than borate ions could be 
employed in neutral and acidic media. It is known? 
that chromate, molybdate and tungstate ions react 


. With polyalcohols and cause changes in their specific 


rotations. The influence of pH on the specific rota- 
tions of aqueous solutions of mannitol which sep- 
arately contain these ions has been investigated. By 
far the greatest change in the specific rotation occurs 
in the presence of molybdate ions, and it is a maximum 
at pH less than about 2:5 (Fig. 1). A maximum 
of two molybdate ions may complex with each 
mannitol molecule (Fig. 1) (cf. ref. 2). 

For comparison with previous results with borate- 
impregnated columns! a mixture of maltose and 
melibiose was eluted from a charcoal—‘Celite’ column 
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Fig. 2. Behaviour of the maltose series of oligosaccharides on a Le ete column. A, 


control ; 
acidified to pH 3-0. Column B was impregna’ 


B, column impregnated with molybdate. 
ted by washing it with the molyb 


Eluent contained 2-5 pa cent sodium molybdate 


te solution unti no further 


molybdate was absorbed. Molybdate coun bo. be removed from the eluate which contained the saccharides by 
passage down (1) a aie he ot column after neutralization to pH 7, or (2) a mixed bed of ‘Zeokarb 
” (H+ form) and ‘Amberlite IR-4B’ (OH- form) 
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impregnated with molybdate. The eluent comprised 
an aqueous molybdate solution of-constant molarity 
but of increasing ethanol content. While the melibiose 
was largely unaffected by the presence of molybdate 
the elution of maltose was accelerated. The reverse 
effect -occurs with the borate-impregnated columns, 
which suggests that borate and molybdate ions com- 
plex across different positions and could therefore be 
used in separations of different pairs of sugars. This 
aspect. is being examined. ; 

The separation of the maltose series of oligo- 
saccharides is also accelerated and improved in the 
presence of molybdate (Fig. 2), so that the higher 
members become available more readily. The use 
of molybdate for this purpose is analogous to that 
of borate in the case of the dsomaltose series of 
oligosaccharides!. Preliminary experiments indicate 
that carbohydrates can be absorbed also on an ion- 
exchange resin (‘Deacidite FF’) in the molybdate 
form. This is of interest since it is known! that 
methods involving charcoal and anion exchange 
resins for the separation of borate complexes of 
carbohydrates are largely complementary. 

During the course of this work, Frahn and Mills? 
reported briefly studies of the paper-ionophoresis of 
hexitols and saccharides in tungstate and molybdate 
solutions and Whelan (personal communication) has 
developed a similar method independently. 

We are indebted to Prof. M. Stacey for his interest. 
One of us (R. B. W.) thanks the British Rayon 
Research Association for the award of & scholarship. 

; S. A. BARKER 
E. J. BOURNE* 
A. B. FOSTER 
Chemistry Department, R. B. WARD 
The University, 
Edgbaston, Birmingham 15. 
Nov. 7. 


* Present address: Royal Holloway College (University of London), 
Englefield Green, Surrey. 
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Molecular Weight of Deoxyribonucleic 
Acids from Various Sources 


A GREAT amount of research work concerning the 
study of the molecular characteristics of a deoxyribo- 
nucleic acid from various sources has been carried 
out in the past few years. Generally, cell nuclei, 
bacteria or phages are treated by a proper method 
the result of which is to obtain the deoxyribonucleic 
acid particles in a suitable solution. It is then possible 
to precipitate the acid from this solution, to stretch 
fibres of it, and study its X-ray diagram. Further- 
more, One can determine the molecular weight and 
radius of gyration of the particles in solution through 
light-scattering measurements. 

The essential question which is raised is to know 
to what extent the particles in solution are similar 
to the molecules in situ. 

Here we are considering only the case of the mole- 
cular weight. From the whole mass of data obtained 
so far in several laboratories as well as in ours, and 
which are put together in Table 1, a few conclusions 
can be drawn. ` 

In some cases, apparently identical methods of 
extraction applied to the same hving tissue yield 
deoxyribonucleic acid of different molecular weights ; 
in other cases different methods lead to the same 
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Table 1 


Author 


B. Bunce 
R. Butler 
Vendrely 
Vendrely 


Doty 
Schwander 
G. Brown 
Schwander 
Vendrely 
Vendrely 
Vendrely 
Vendrely 
Schwander 
Vendrely 
Varn 
Rowen 
Varin 





AS 





6 
6 
2 
8 
8 
3 
6 
8 
1 
7 
~8 
4 
5 


R. Butler 


Vendrely 
Vendrely 
Vendrely 
Vendrely 
Vendrely 


Vendrely 
Vendrely 


an ww wteco$e w| 


Brown 





molecular weight. Eut the point which seems to us 
most significant is that the molecular weights are not 
distributed randomly. 

Effectively, Table 1 shows that, among 28 results 
of experiments, 14, that is, 50 per cent, give a mass 
situated between 5°38 x 10° and 7°7 x 104, ‘and 9, 
that is, 33 per cent, 2 mass situated between 11-5 x 
10° and 16-5 x 10°, that is to say, approximately 
double the former value. (The precision of light- 
scattering determinstions of molecular weights is 
about + 15 per cent.) 

A second point, hkewise, seems to us worth notice : 
particles of the same weight are obtained in deoxy- 
ribonucleic acid prepared from extremely different 
living organisms : for the molecular weight 6-5 x 10°, 
calf thymus, trout sperm, Esch. colt; for the mole- 
cular weight 13 x 10°, calf thymus, fowl erythrocyte, 
avian tubercle bacilli It thus seems possible to draw 
some interesting conclusions from these observations. 

If deoxyribonucleic acid particles contained in the 
solution are constitused either by the original mole- 
cules of the acid (which molecules would have under- 
gone a possible denaturation but no degradation dur- 
ing the extraction), or by aggregates of a small 
number (a few units) of such molecules, then we are 
compelled to conclude that all the living species (or 
at least the species quoted here) contain particles of 
deoxyribonucleic acid of the same weight (in the 
Therefore 
there would be no correlation between this molecular 
weight and the differentiation of the species. 

Let us recall here shat it has been shown that the 
amount of deoxyribcnucleic acid per cell nucleus is 
nearly the same for whole classes of animal species 
(fishes, 1-8 x 10; birds, 2-2 x 10-*; mammals, 
5-6 x 10-*)%*, If the acid molecules are of uniform 
weight this means that the number of deoxyribo- 
nucleic acid molecules per cell nucleus is the same 
within each of these species. This number should be 
larger in highly organized species. 

One can also assume that the deoxyribonucleic acid. 
particles contained :n the solution are aggregates 
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- maximum in ethanol below 220 mp and the 
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formed by & great number of original molecules, the 
weight of which is much smaller than 6-5 x 10°, and 


these aggregates should have definite and identical 
weight, whatever the extraction method used. Then 


- it would be possible that these small molecules 


do not have the same weight within each species. 
CH. SaDRON 
J. POUYET 

3 R. VENDRELY 
Centre de Recherches sur les Macromolécules, 
6 rue Boussingault, 
Strasbourg. 
Nov. 19. 
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Structure of Stercobilin 


OF the three urobilinoid pigments excreted by man 
(i-urobilin, d-urobilin and stercobilin), only -urobilin 
has a structure established by degradation and 
synthesis!. The structure of ¢-urobilin is as 
shown in (I), except that the end rings, in 
common with all so-called hydroxypyrroles, 
are probably lactam in nature*. The other two 
pigments are formally derived from ¢-urobilin 
by dehydrogenation and tetrahydrogenation 
respectively”. 

The structure of stercobilin has been in- 
vestigated in this Department and we now 
report the isolation of a degradation fragment 
derived from the end rings in this pigment. 
From stercobilin, by treatment with dilute 
chromic acid solution, we have obtained a 
neutral- and an acid-fraction. The latter consists 
mainly of hematinimide and a crystalline dicarb- 
oxylic acid the complete identification of which 
requires further study. The neutral fraction has 
an infra-red absorption curve similar to that of 
synthetic trans-methylethylsuccinimide (main 
charactéristics,in chloroform: 1,780 s, 1,726 cs, 
1,458 m, 1,382 m, 1,347 s, 1,286 m, 1,172 8,cm.~1) 
and behaves identically on paper chromato- 
graphy. Both the synthetic imide and the 
natural product have an ultra-violet absorption 
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curve in each case shows an inflexion at 248 mu HO 


(E(1 cm., 1 per cent) = 6-2 and 5-5 respect- 
ively). Cis-methylethylsuccinimide appears to 
be even more labile than the ««’-dimethyl 
analogue investigated by Linstead‘, and our 
attempts to obtain this isomer have resulted 
in the production of impure trans-compound ; 
this has an infra-red spectrum indistinguishable 
from that of the pure trans-substance, so that, 
we are at present unable to demonstrate with 
certainty the orientation of alkyl groups in our: 
oxidation product. 

The IXe«-order of side-chains shown in the 
three possible structures for stercobilin is 
assumed from the fact that treatment of the 
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pigment with Sipha acid produces a glaucobilin 
identical with glaucobilin [X« prepared in an unam- 
biguous way’. The oxidation of stercobilinogen (the 
colourless dihydro derivative) has provided pure hæm- 
atinimide in about 95 per cent of the yield theoretic- 
ally possible if only one of the rings bearing propionic 
acid groups weré' truly pyrrolic. It is difficult to isolate 
this product in high yield, even from mesoporphyrin. 
The yield obtained from stercobilinogen is therefore 
indicative of the-probable’ presence of two such pyr- 
rolic rings. Consistent with this view is the fact that 
methylethylmaleimide is not obtained by oxidation 
of stercobilin ; yet the pigment resembles ¢-urobilin 
in showing the-absorption maximum characteristic 
of dipyrryl methenes (about 450 my. in dioxane)*. Since 
hematinimide is stable under the conditions of our 
oxidation experiments, we conclude that our neutral 
product origmated from the end rings of the ster- 
cobilin ; these are therefore established with some 
certainty as the positions of extra hydrogenation. 
The production of methylethylsuccinimide supports 
the lactam structure (IV), suggested by Birch? as 
most consistent with the stability of stercobilin, 


rather than structures (II) or (IIL), in which the 


presence of the olefinic double bond would cause the 
rings to be destroyed on oxidation. Our yields of 
the imide are low (maximum about 27 per cent) and 
a further indication of ring destruction is the utiliza- 
tion by stercobilin of about 38 equivalents of oxida- 
tion per molecule, 5 atoms of carbon undergoing com- 
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plete oxidation to carbon dioxide. It is possible that 
there is an equilibrium between the four formally 
prototropic systems (‘3 carbon’ C=C—C—H, ‘keto- 
eno? C==-C—O—H, ‘immo-enamine’ C==C—N—H 
and ‘amido-imido)) O=C—-N—H) discernible in the 
end rings of the structures (II), (III), (1V). In'this 
event, the structure of stercobilim might vary accord- 
ing to its chemical environment, and it is perhaps 
significant that Fischer’ effected a higher degree of 
hydrogenation in acid- than in alkaline-solution. We 
have not, however, detected the production of any 
ketonic fractions such as would be expected from 
structures like (II) and (IT) and, apart from the 
invariable presence of a small, non-mobile fraction, 
stercobilin behaves as an individual on paper 
chromatography and in counter-current distribution. 

We wish to thank Messrs. S. G. E. Stevens and 
T. H. E. Watts of Menley and James, Ltd, and 


Prof. A. J. Birch, for carrying out infra-red exam- 
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Fluoroarterenol ; a Fluorine Isostere of 
Norepinephrine 

In an investigation of the enzymatic methylation 
of norepinephrine, certain of the isosteres of ths 
neurohormone, designed as antagonists of this 
system, have been synthesized. This communication 
deals with D,u-3,4-dihydroxy-(«-fluoromethyl)benzyl- 
alcohol, fluoroarterenol, its synthesis and biological 
properties. 


POC! 


HO 


3,4-Dihydroxyphenacylfluoride was prepared as 
follows. To 40 gm. of catechol in 150 ml. of benzene 
was added 25 gm. of phosphorus oxychloride and 
. 25 gm. of fluoroacetyl chloride!. The reaction mixture 
was refluxed overnight- After the solvent was 
removed under reduced pressure, the residue was 
dissolved in boiling water, treated with charcoal and 
filtered; on cooling, the product crystallized out. 
This material was recrystallized from water. Yield, 
20 gm.; melting point, 185° uncorr. ; calculated for 
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O,H,0,F: C, 56-47; H, 4:26; F, 11-18; found: 
C, 56-11; H, 4:12; F, 11-90 per cent. : 

D,L- 3,4-Dihydrory - (a - fluoromethyl)benzylalcohol 
was prepared from this fluoride. 10 gm. of 3,4-d1- 
hydroxyphenacyl fluoride was suspended in 75 ml. 
of water, and a drop of concentrated sodium hydroxide 
was added. To this solution was added slowly 3-3 gm. 
of potassium borchydride with vigorous stirrmg. 
The temperature of the reaction mixture was main- 
tained at 50°C. The reaction was completed in 
half an hour and dlute hydrochloric acid was added 
to pH 3-6. The wazer was stripped off under reduced 
pressure and the residue was treated with warm 
peroxide-free ethyl esther to extract the product from 
the potassium chloride and boric acid which resulted 
in the reaction. The extract was stripped free of 
ether under reduced pressure and the crude product 
was recrystallized “rom a mixture of ethyl acetate/ 
chloroform. Yield 8-7 gm.; melting point, 107° 
110°C. (dec.) uncorr.; calculated for C,H,O,F : 
C, 55-81; H, 5-2; F, 11:05; found:. C, 65-17; 
H, 5:25; F, 11-73 per cent. 

The mean arterial dog blood pressure was de- 
termined with a mercury manometer connected 
to the cannulatec femoral artery of an animal 
anesthetized with nembutal. While both l-epine- 
phrine and t-norepinephrine bitartrate produced 
the expected. pressor amine effect, fluoroarterenol 
in concentrations as high as 0:1 mgm./kgm. pro- 
duced no change in the blood pressure of the 
dog. When, however, the animal was treated with 
the adrenolytic agent ‘Dibenamme’ (20 mgm./kgm.); 
fluoroarterenol (0-1 mgm./kgm.) produced a marked 
depressor effect similar to that produced by epine- 
phrine (0:001 mgm./kgm.) and in contrast to nor- 
epmephrine (which produced the pressor effect in this 
preparation). 

The effect of fluoroarterenol on the rabbit intestine 
was determined using the method described by Burn?. 
The isolated intestine from a freshly killed rabbit 
was placed in a 10-ml. chamber attached to a hooked 
hypodermic needle (which functioned also as an 
inlet for oxygen gas), and suspended from a writing 
lever. The preparation was permitted to relax m 
Ringer—Locke solution maintained at 35° ©. All test 
material was added to the chamber at this tempere- 
ture and dilutions made with Ringer—Locke solution. 
After exch test addition to the bath, the 
preparazion was washed three times with 
Ringer-Locke solution. 

With 0-1 mgm./e.c. fluoroarterenol, 
marked relaxation of the isolated intestine, 
comparable to the effect produced by 0-002 
mgm./e c. of epinephrine or 0-004 mgm./ 
c.c, of Enorepinephrine, was observed. 

The non-pregnant rat uterus was 
‘employed to mvestigate the effect of - 
flucroarterenol on the contractions pro- 
duced with acetylcholine. The uterus 
from a freshly killed rat was suspended 
in a chamber as described above. The 
Ringer-Locke solusion used was prepared accord- 
ing to Burn?. The bath was aerated with a stream 
of oxygen, and its temperature was maintained at 
30°C. The volume was 10 ml. : 

Contraction of the uterus was obtained by the 
addition of 0-25 y/e.c. of acetylcholine, The test 
material was introduced mto the bath and 30 sec. 
later acetylcholine was added. Both l-epinephrine 
(0-05 y/c.c.) and l-norepinephrine bitartrate (5-0 y/c.c.) 
showed the expected suppression of the acetylcholine- 
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induced contraction of the rat uterus. In contrast, 
fluoroarterenol in concentrations of 0-05 mgm./c.c. 
did not suppress the contractions in this preparation. 
However, at this concentration fluoroarterenol almost 
completely prevented the effect of norepinephrine 
and epinephrine on the rat uterus. Simultaneously 
introducing both fluoroarterenol (0-05 mgm./c.c.) and 
l-epinephrine (0-05 y/e.c.) or l-norepmephrine bi- 
tartrate (5-0 y/c.c.) into the bath permitted an 
almost maximal acetylcholine-induced contraction of 
the rat uterus. 

Based mamly on the work of Gaddum® and 
Blaschko*, the idea has-been advanced that some 
adrenergic effects of derivatives of §-phenylethyl- 
amine are due to the inhibition of amine oxidase by 
these substances. Presumably, then, the inhibitors 
showed adrenergic effects due to their sparing action 
on the oxidative deammation of epinephrine. Since 
this may also account for the above physiological 
effects of fluoroarterenol, this substance was examined 
for its effect on liver amine oxidase. 

The enzyme preparation employed was prepared 

‘as described by Blaschko, Richter and Schlossmann‘ 
using guinea pig liver as the source. The substrate 
was l-epinephrine, With this system, concentrations 
of fluoroarterenol as high as 100 uM/3 ml. (5:6 x 
10-2 M) did not inhibit the oxidation of epinephrine. 

These results indicate’ that the fluorine isostere of 
norepinephrine has pharmacological activity which 
cannot be accounted for on the basis of its interference 
with amine oxidase inactivation of epinephrine. The 
isostere had no observable effect on the highly specific 
rat uterus preparation, but its competition with the 
epinephrine and norepinephrine activity suggests 
that it can associate with the specific receptors with 
which the pressor amines normally react. The effect 
of fluoroarterenol on the ‘Dibenamine’ dog prepara- 
tion and on the rabbit intestine preparation appéars 
to be a direct action, but evidence presented here is 
equivocal. 

I wish to thank Dr. Harold Epley, of Winthrop 
Stearns, Inc., for a sample of crystalline norepine- 
phrine bitartrate, and Miss Mary K. Devlin for her 
-assistance with amine oxidase determinations. 

This investigation was supported by U.S. Public 
Health Service Research Grant H-2676. 

J. H. FELLMAN 
Division of Neurology, 
University of Oregon Medical School, 
Portland 1, Oregon. 
Nov. 6. 
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X-Ray Diffraction Patterns and Alpha— 
Beta Transformation of a Protein 
extracted from the Human Epidermis 


RECENTLY, & fibrous protein has been extracted 
by one of us from the cellular portion of the human 
epidermis with 75 per cent lithium bromide. The 
first observable microscopic change in the extracted 
epidermis was a disruption of tonofibrils and inter- 
cellular bridges ; coincidentally, the protein appeared 
as an amorphous mass within the Malpighian layer 
and between the granular and horny layers*. When 
. treated with 60 per cent acetone and 4 per cent acetic 
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acıd, the protein formed a gel. This gel could be 
dried as a film on silicone-coated glass. The present 
communication reports the results of an X-ray 
investigation of this substance. 

X-ray diffraction diagrams of strips of the film 
were prepared with the beam perpendicular to the 
long axis of the strips and either parallel or per- 
pendicular to the film surface, at æ sample distance 
of 40 mm. 

The two diagrams are identical, and show a strong, 
rather broad diffraction rng of about 6-15 A. and 
an extremely faint indication of a smaller ring of 
about 9-5 A. interplanar spacing. Intensive diffraction 
is present at small angle, near the primary beam 
(Fig. 1,¢). The diagram shows no evidence of orienta- 
tion, and from the “diffuse character of the diffraction 
rings, it appears that the material is present in a low 
degree of crystallinity. 

However, after immersion in cold water, the protem 
film became highly elastic and could be oriented by 
the extension method’. Strips of the protein 2-3 mm. 
wide were fixed in a clamp, immersed in cold water 
for 10 min. and stretched 200 per cent of their 
original lengths. The strips were held in the extended 
state for 1 hr. and allowed to contract in cold water 
for about 4 hr. until they reached constant length. 
At this time, 50 per cent contraction had occurred. 
The film had also become birefringent. 

In parallel mount, the diagram (fig. 1,b) of these 
strips consists of a diffuse outer scattering zone, at 
the inner edge of which a sharp ring of about 4-6 A. 
spacing can be seen with indications of higher in- 
tensities near the meridian. Close to-the inside of 
this ring and fusing into‘it (forming a doublet) is a 
second, less distinct ring at about 4:7 A. Intense 
equatorial arcs of about 9-5 A. are present, extending 
„at lower intensity through the meridian. The diagram 
‘is similar to that of ‘regenerated a-keratin’-’ in 
the incompletely oriented state. With perpendicular 
mount, the same diffractions are principally present, 
but all evidence of orientation is absent. The inner- 
most arcs are replaced by one continuous central disk. 
The different features of the diagrams in parallel and 
perpendicular mount indicate that the long axis of 
the molecules must have preferent orientation parallel 

- to the surface of the film and random orientation in 
other planes, similar to that found with epidermal 
keratins‘. 

For further comparison of the protein with keratin, 
its super-contraction and «-f transformation were 
investigated. Thermal contraction studies were 
carried out in the following manner. Strips of the 
protein film of known lengths were immersed for 
2 min. in water at temperatures varying by 10 deg. ©. 
from 30°C. to 100°C. The strips were then dried 
and the final length noted. Contraction began at 
50°C. and at 90°C. 20 per cent contraction had 
oceurred. 

The «-ß transformation was studied by preparing 
samples according to Rudall’s method for ‘epidermin’?. 
Protein strips were oriented by 200 per cent extension, 
maintained for 1 hr., followed by relaxation to con- 
stant length. The strips -were then immersed in 
saturated ammonium sulphate at 90°C. for 2 min., 
removed and extended 90 per cent. They were then 
fixed in 10 per cent formalin for 48 hr. and finally 
washed, 

The X-ray patterns (Fig. 1,c) of these samples are 
the same in parallel and perpendicular mount. They 
consist of two sharp interferences, an outer ring of 
spacing 4-65 A, and an inner one of 5-2A. The 
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_ latter interference is mainly concentrated around the 

_ meridian. An innermost diffuse diffraction ring of 

about 9-5 A. spacing is again present and forms high- 

_ intensity arcs at the equator. These interferences are 

| typical for æ- and -keratin, The 4-65 A. interference 
corresponds to the equatorial interference and ‘back- 

_ bone spacing’ of @-keratin; the 5-2 A. interference 

corresponds to the meridian interference of «-keratin. 

The total diagram is typical for a keratin in the 

course of a- transformation. (Outside these main 

interferences, indications of unexplained, meridian 

yan Sparta of 4°15 A, were observed in some of 
.) 

The similarity of the X-ray diagram of the oriented 
sample to that of regenerated a-keratin, the «2 
transformation upon stretching under suitable con- 
ditions, and the super-contraction experiments sup- 
port the earlier theory that we are working with a 

= keratinous protein. This protein is probably an 

-unconsolidated (incompletely cross-linked) precursor 
of keratin, and may be related to ‘epidermin’* and 
‘a-keratose’*, 

This work was supported by the National Institutes 
of Health, United States Public Health Service 

= Grant No. G-4257. 
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An 8-Volt Cold-Cathode Mercury Arc 
my emitting Microwaves 


_ Iv a normal vacuum are is struck between a liquid 
- mercury cathode and a vertical thin tungsten wire 
anode a most unusual discharge may be obtained. 
_ The anode wire must be of such a diameter as to 
hy mpomne eee ee pie tom sche tage its 
lower (unsupported) end must then be lowered slowly 
|: re | the cathode pool. The tip of the hot wire 
makes a dimple in the liquid surface and the are 
immediately transfers to within this dimple, the 
evolution of vapour from the cathode spot giving 
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in saturated ammonium sulphate at 90° C. for 2 min, 

rise to sufficient Lydrostatic pressure to prevent 
metallic contact fram anode to cathode. a 

By careful adjustment of the depth of penetration 

of the anode wire below the free mercury surface, and — 
of its temperature (altered by varying the are current) 
the length of the arc may be made extremely small— 
probably less than 10 microns. With the 0:3 mr 
diameter anode wire used in these i 






A one-microfarad condenser also placed across the 
are greatly assists m the smooth running of the are 

as well as preventing the emission of radio-frequency $ 
noise. 

When the ‘dimple-arc’ is running under conditions 

of minimum length it has two notable properties. 
First, the arc is a ccpious emitter of microwave noise. 
A rough estimate of the power received by a crystul 
detector mounted m waveguide placed close to the 
dimple and seers a broad band of radiation — 
centred on 36 /s. (corresponding to a wave- 
length of 8 mm.) indicated about 0-5 microwatt.” 
By placing the arc in a crude form of coaxial line 
resonator approximately a hundred times this or 
was obtained in a band about 200 Mc./s. wide centred 

on 3 Ge./s. It appears that the origin of the micro- 
waves is not the small plasma region between anode 
wire and cathode spot, for increasing the length of 
this materially reduces the emission. Rather, it must 
arise from inherent instability of the cathode electron 
emission process itself. The huge current density at 
the cathode spot? would (for ares of 10y or less) give 
rise to a plasma density between anode wire and 
cathode spot so great as to possess metallic conduction 
properties at any frequency below that corresponding 

to sub-millimetre radiation, thereby enabling the 
anode wire to receive microwave impulses or fluctua- 
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tions arising in the cathode-fall region of the spot. te 
are > 


Secondly, the potential difference across the 
is remarkably low. When microwave emission is at 
its greatest, a d.c. meter placed from anode to cathode 
reads between 6-( and 7-5 volts; but the anode 
potential then has the considerable high-frequency 
component in adcition so that the true potential 
difference is somewhat uncertain. However, when 
the are-length is increased sufficiently for the high- _ 
frequency output to be reduced to a small fraction 
of its maximum, but is not increased to the extreme 
extent that the cashode spot flies out of the dimple, 
then the potentia. difference lies between 7-8 and 
8-0 volts. Since she length of the arc is still very 
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` small this potential difference must be almost entirely 
that of the cathode fall and thus the generally accepted 
figure of approximately 10 volts? may be too high. 
ig connexion it is of interest to note that in 
9 Gaudenzi’, searching for a rectifier of very low 
“Woltage drop, ran a mercury are with a red-hot 
_ tungsten sheet anode dipping below the normal 
surface of the liquid cathode. Using peak currents 
of between 50 and 230 amperes he obtained arc 
lengths of the order of 1 millimetre and a mean overall 

potential difference of 9-0 volts. 
This Communication is published by permission of 

the Director of the Laboratory. 

K. D. FROOME 
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Teddington, Middlesex. Nov. 14. 
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Fundamental Absorption Edge of Diamond 


TuE existence of two types of diamond was 
suggested in 1934 by Robertson, Fox and Martin}. 
‘he distinction between these types is based, among 
ther differences, on the location of the absorption 


ype IL diamond this limit is extended 
In diamond investigations the term 
‘absorption cut-off’ has been used very frequently 
and conclusions have been drawn without taking the 
shickness of the specimens used for experiment into 
count. The seriousness of this omission is evident 
i this communication, where some of the results 
of absorption measurements on thin diamond. plates 
= are: given, 
oe Attempts to polish diamond down to a thickness 
“of the order of 0-1 mm. met with no success, in that 
invariably the diamond crystal shattered when it 
reached a certain thickness. In cleaving a diamond 
‘A), we were fortunate in obtaining a step-like thin 
ond flake having steps of thicknesses 0:038 
“yom, and 0-127 mm. respectively and giving good 
transmission at 4000 A. In another attempt, plates 
of. 0-406: mm. and 1-70 mm. were split off. Thin 
plates of yet another diamond (8), having thicknesses 
Of 0-457 mm., 0-216 mm., and 0-058 mm., were also 
<o - experimented on. 
o o Light-absorption measurements on these plates 
< were: made at room temperature on an adapted 
model DU Beckman spectrophotometer. The trans- 
mission of the plates was measured as the ratio of 

_. the intensities with and without the specimens inserted 

in the beam emergent from the monochromator. The 
instrument has a tolerance of 1 A. at 2200 A., and 
4A. at 4200 A. Measurements were made up to 
_4200-A., where the transmission approaches its limit. 
> Transmission versus wave-length plots for the 
|o various- plates of diamond are given in Fig. 1. 

- Itis evident that it is incorrect to assign a type 
designation. to. any. diamond by merely locating its 
absorption. ‘cut-off. Thus diamond (B), having a 
thickness of 0-457 mm., has a cut-off at about 2700 A., 
whereas the same diamond of thickness 0-058 mm. 
_ exhibits a cut-off only at 2220 A, In the first case, 
the diamond would be classified as a weak type I, 
whereas in the second it is definitely type IT if cut-off 
is @mployed as criterion. The same observation 
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applies to diamond (4). The thickest plate actually 
showed the typical type I fluorescence band? at 
4150 A. , ne 
In Fig. 2 normalized absorption coefficients are. 
plotted as a function of the wave-length. These were 
calculated by using the following relationships : 


(1—r)*? exp( —ut) 
1—r? exp( —2ut) 


_ n=l}? 
~ (+IP 


where T is the observed transmission, ¢ the thickness - 
of the specimen, r the fraction of light reflected.at: 
diamond-air interfaces, p the coefficient of absorption | 
and n the refractive index of diamond, which varies 
with wave-length. For converting transmission into 
absorption. coefficient values, an interpolation method 
as described by Clark, Ditchburn and Dyer was used*, 
From Fig. 2 it is evident that diamonds (A) and. 
(B) exhibit a secondary absorption edge at about. 
3320 A., which identifies? them as being type I. 
When the specimens become sufficiently thin, the >| 
fundamental absorption edge compatible with type 
IL diamonds makes its appearance at approximately | 
2220 A. The secondary absorption is superimposed ._ 
on the fundamental absorption, Whether the broad < 
secondary bands are due to minor elements or lattice 
defects, or both, is still undecided, An effort will bè 
made to resolve these bands by measurements at. 
lower temperatures, 


T = and r 
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The above observations seem to provide evidence 
that the type IL absorption edge is the normal 
fundamental one for diamond, and suggest that 
type IL diamonds contain fewer imperfections than 
type I, whatever these may be. The same conclusion 
was arrived at by Clark et al.3, who advanced evidence 
that type II diamonds Have fewer crystal defects 
than type I diamonds. They defined the fundamental 
absorption edge characteristic of type IT diamonds 
as that energy Ep at which there is first observed a 
change of slope of the absorption spectrum due to 
fundamental absorption. Hy was found to be 
5-40 + 0-03 eV., which corresponds to a wave- 
length of 2296 + 10 A. 

In our experiments the fundamental absorption 
edge is taken as that energy where the absorption 
coefficient reaches a value of 1,000 em.-. In this 
way a value of 5:59 + 0°3 eV. was arrived at for 
both diamonds (A) and (B). This is somewhat higher 
than the value of Clark et al. but lower than the 
figure of 6-05 eV. quoted by Herman‘, who made a 
theoretical calculation of the separation between the 
valency band and the conduction band of diamond. 

Measurements on type I (a and b) are also being 
carried out. The results will be published elsewhere. 

We wish to thank Mr. R. Daem for his assistance 
in producing the diamond plates, and Mr. D. M. V. 
Manson for carrying out most of the absorption 
measurements. 

Note added in proof. Somewhat similar results were 
obtained from wedge-shaped diamonds (thinnest 
portion 0-12 mm.) by K. G. Ramathan (Proc. Ind. 
Acad. Sci., A, 24, 187; 1946). 

J. F. H. CUSTERS 
F. A. RAAL 
Diarnond Research Laboratory, 
Johannesburg. Nov. 1. 
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Photometry with Multiplier Photocells 


METHODS used for obviating the effects of variation 
of sensitivity over the photocathode of a multiplier 
photocell (of the ring-dynode type) generally involve 
loss of sensitivity’, This loss may be avoided by 
the uso of a rotatable mirror, so as always to direct 
the measured light to the same cathode region®, or of 
a scalloped grating which diffuses the cathode illum- 
ination’. From the work to be described it is con- 
cluded that the required smoothing of cathode 
response can also be obtained very simply by ex- 
ploiting the diffraction at a sufficiently small hole 
placed before the photo-cathode. 

It is clear from Huygens’s principle that the 
spherical wave issuing from a sufficiently small aper- 
ture will be mdependent of the angle of mcidence 
(except for cosme law variation) and of the con- 
vergence of the incident wave. Thus a photometer 
consisting of a multiplier cell, and a small aperture 
at a suitable distance before it, will always measure 
a fixed proportion of the issuing wave and will, 
therefore, give readings proportional to the intensity 
of the incident ‘light, after correction, if necessary, 
for cosine law effects. Fig. 1 shows a photometer P 
of this type and the experimental arrangement for 
finding the required’ size of aperture. A compact 
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M 
Fig. 1. erimentel arrangement for observing variation of 
cathode Bs aes 


ensitiv:ty. S, Source; A, aperture; P, photo- 
A thode ; M, wire mesh É 


meter ; 

source at S consisting of a V-shaped filament of 
maximum. width spproximately 3 mm. was moved 
to S’ so that the light passing through the aperture A 
would luminate Cifferent parts of the length of the 
cathode C as long as A was’ sufficiently large for 
geometrical image formation to occur, and variations 
of output would take place, especially when the 
image on the cathode crossed one of the screenmg 
wires M. With tha mean normal distance from A to 
O of 12-7 mm. and with AS equal to 635 mm. the 
cathode patch was 0-06 mm. in width (for A large), 
and curve A of Fig. 2 shows the variation of cell 
output obtained under these conditions with an 
aperture of diametar 5p. 

There are two d:stinct regions of maximum photo- 
meter sensitivity with a departure from the mean 
of about 30 per cent and a spacing consistent with 
the separation of che screening wires. There is also 
a gradual decrease in sensitivity of about 10 per cent 
per mm. towards >ne end (the top) of the cathode. 
In the experiment, the semi-field angle 0 was made 
to correspond witk the conditions used in the photo- 
metric testing of an f/8 lens, that is, tan 9 = 1/16, 
and it was arranged that all the geometrical image ` 
should always fall on the cathode. The aperture was 
mounted on a backing plate in a solid brass support, 
internally blackened, to prevent extraneous illumina- 
tion of the cathoce. The results were obtained with 
Ill volts between. each dynode stage and a signal- 
to-noise ratio of approximately 20 to 1. They agree” 
in general form wth the findings of previous worki, 

Curve C of Fig. 2 shows the effect of extending 
the source without change of aperture. As would 
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Fig. 2. Effect of scanning aperture size on variation of photo- 
sensitivity across eathode 
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be expected, the local effects due to the screening 
wires have disappeared ; but since the discrete patch 
of cathode illummation still moves over the cathode, 
_ there is a steady change of response. The effect of 
using an aperture which is sufficiently small to give 
rise to a nearly spherical wave is shown by curve B, 
which was obtained with an aperture (supplied by 
the Smethurst High Light Co.) of apparent diameter 
2u. In this case not only have the local shading 
effects been. eliminated, but also the overall systematic 
variation of response does not occur. To obtain this 
.result it was necessary to bring the source nearer 
the aperture, greater brilliance being impracticable 
and increased dynode voltage being undesirable ; 
but the relationship between the significant dimen- 
sions was not altered greatly (the cathode patch 
would have been 0:35 mm. x 0-09 mm.” by geo- 
metrical theory, which would be quite small enough 
to lead to detectable effects). It is therefore clear 
that the use of a sufficiently small aperture can pro- 
vide a suitable basis for accurate photometry. In 
curve B some variation of response remains, but after 
correcting for inverse square law variation (0:4 per 
cent) and cosme law variation (0-2 per cent) the 
response of the photometer is constant to within 
+ l per cent. On repetition of the experiment, but 
with the source displaced so as to tend to move the 
image across the cathode, the same result was 
obtained. 

The results are of importance in deriving spatial 
frequency responses from direct measurements of the 
intensity distributions in ‘point’ images formed by 
lenses under test. If the photometer aperture is 
large, a real image of the last surface of the lens 
under test will be formed by pin-hole camera action 
on the cathode and, on scanning the point image, 
the cathode patch will move (and otherwise change 
in the presence of zonal aberrations), as P. D. Carman 
has pointed out to me. Taking the inclusion of the 
first Fresnel zone as the criterion for the pin-hole 
camera effect, the aperture should then have a 
-diameter of approximately 160u, for A = 0-5p and 
AO = 12-7 mm. This is much larger than the value 
of 5u at which some vestige of geometrical image 
formation has been found to remain; though clearly 
the image on the cathode must then have been quite 
diffuse. When the aperture is reduced to a size which 
includes only (1/80)? of the first Fresnel zone, or the 
diameter is 4 wave-lengths in the photometer 
described here, no noticeable pin-hole camera effect 
remains and a reliable, simple photometer is obtained. 

: J. M. NAISH 

Royal Aircraft Establishment, 

Farnborough, Hants. 
A Nov. 9. 
2 Baunderson. Caldecourt and Peterson, J. Opt. Soc. Amer., 85, 681 
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‘Kessler and Wolfe, J. Opt. Soc. Amer., 37, 133 (1947). 


The General Theory of Relativity and 
Newton’s Law of Gravitation 


Iv is generally believed that the general theory of 
relativity is a theory of gravitation which treats only 
the case for which the Newtonian attraction between 
particles m,, Ma at a distance d apart is ym m,/d*, 
where y is a constant, and that the case when y is 
replaced by a variable quantity y’ is beyond the 


< ~ scope of the theory. I do not believe that this is the 
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ease, and in the following argument I endeavour to 
show that the general theory of relativity can, in fact, 
treat the case when y’ is a slowly varying function of 
the time, of the type found in Dirac’s cosmology. 

Newton’s law of gravitation can be derived in two 
eases from the theory of relativity: (1) for weak 
static fields of matter at rest; (2) for the field of a 
homogeneous pressure-free distribution of expanding 
matter. These cases are usually treated rather 
differently : in (1) a system of ‘local’ co-ordinates is 
chosen so as to make space-time quasi-Minkowskian, 
and the analogue of Poisson’s equation is found from 
the relativistic equations; and in (2) the equations 
of motion of matter are derived for a system of ‘cosmic’ 
co-ordinates which are then found to have their exact 
analogue in Newtonian theory®. Hither case can be 
used to determine the value of the Einstein constant 
x = Sry/c*. Usually (1) is used for this purpose, 
but it would seem to be preferable to define x by (2) 
and to derive the local field by joining & centrally 
symmetric field on to the field of the expanding uni- 
verse. I have found that when this is done, the 
‘local’ distance is the same as ‘cosmic’ distance, and 
‘local’ time is approximately the same as ‘cosmic’ 
time. One can therefore say that the general theory 
of relativity exhibits Newton’s law of gravitation 
with constant y in ‘cosmic’ co-ordinates. 

If one now replaces ‘cosmic’ distance p by a new 
distance r = Ap (‘atomic distance), where > 18 a 
slowly varying function of the time, one finds that 
the relativistic equations have the Newtonian form 
for the previous cases (1) and (2), when y 1s replaced 
by y’, a slowly varying function of the time. If one 
then introduces the condition that y’ shall have the 
same value for (1) and (2), in order to ensure that the 
law of gravitation is universal, it is found that y’ 
varies inversely as the epoch, in agreement with the 
result found in Dirac’s cosmology. 

Thus the general theory of relativity may be said 
to exhibit Newton’s law of gravitation in two different 
forms. In one form ‘cosmic’ distance corresponds 
to Newtonian distance and y is a universal constant ; 
in the other form, ‘atomic’ distance corresponds to 
Newtonian distance and y is replaced by y’, which 
varies inversely as the epoch. 

: C. GILBERT 

Department of Mathematics, gos 

King’s College, , 
Newcastle upon Tyne. 
Oct. 19. 
1 Dirac, P. A. M., Proc. Roy. Soc., A, 165, 199 (1938). 


ety W, E., and Milne, E. A., Quart. J. Math (Oxford), 6, 78 


Carbonatites in Kivu 


Tw 19521 one of us described specimens of syenitic 
and carbonate rocks collected in northern Kivu, near 
the south-western termination of the Lake Edward 
Rift, by Borgniez, in 19382. The junior author has 
recently had the opportunity of revisiting the locality 
and has established the carbonatitic nature of the 
carbonate rocks. 

This carbonatite plug extends a little more than 
a mile in the Lueshe Valley and is intrusive in pelitic 
schists of the Urundi—Ruzizi series, striking regionally 
N. 50° W. (magnetic), These schists of garnet or 
cyanite grade show @ rather mild type of meta- 
morphism? which has scarcely destroyed their 
sedimentary characteristics. They include, imme- 
diately west of the carbonatite, a metamorphosed 
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limestone lens (quite distinct from the carbonatite) 
and sheridanite schists. 

The carbonatite is surrounded by a ring of a 
nepheline-free cancrinite-calcite-syenite which we 
propose to designate by the name of ‘busorite’. 

The carbonatite itself is either an saegyrine- 
carbonatite (ringite) or a biotite carbonatite (sdvite). 
These rocks form a plug one mile wide and occur 
also as dikes in the surrounding busorite or in the 
metesomatized Urundi schists. The strike of the 
surrounding schists suggests a diapiric pressure effect 
of the carbonatite plug. 

The extent to which the busorite is eruptive or 
fenitic is not yet clear, but other metasomatic effects 
are noteworthy, especially in the Urundi schists which 
are locally transformed in what one of us! termed 
sodic-amphibohtes, that is, fine-gramed granoblastic 
rocks composed of alkali-feldspars, aegyrine and an 
alkalic-amphibole. 

The pecuhar character of this metasomatic aureole 
seems to be due to ‘the fact that the carbonatite is 
not intrusive into a granitic basement as is the case 
at Fen, Alnö and the many Central and South 
African examples, but in meta-sediments. 

Genetically, the carbonatite is related either to the 
limestone lens, or to the potassic province of the 
Virunga volcanoes (Northern Kivu Province). The 
first hypothesis being quantitatively somewhat 
inadequate, the second seems to be more probable. 


P. DE BÉTHUNE 
Institut Géologique, 
Université dọ Louvain. 
A. MEYER 
Service Géologique du Congo Belge 
et du Ruanda Urundi, 
Goma. 


‘do Asegun, P., Mém, Inst. géol. Univ. Louvan, 16, 228 and 269 


1 Borgniez, G., Bull. Assoc. Ing. Mons, No. 6 (1944). 
3 de Beime, P., Acad. Roy. Belgique, Bull, Cl. Seci., (5), 35, 1078 


Size and Abundance of Phenocrysts in 
Lavas of Terrestrial and Geosynclinal 
Environments 


A STRIKING difference is noticeable in New Zealand 
in the number and abundance of phenocrysts in 
basaltic and andesitic lavas erupted in different 
environments. 

Most flows erupted on land or in shallow seas 
and on geosynclinal shelves contain numerous and 
abundant phenocrysts of either feldspar or ferro- 
megnesian silicates or both. Except perhaps for the 
colour of a rock, they are usually the most noticeable 
feature in a hand specimen. In the deeper waters of 
geosynclines lavas with noticeable phenocrysts are 
rare or absent. 

There are, several examples in New Zealand of 
thick assemblages of flows erupted on land and in 
adjacent shallow seas since the Miocene, and they 
are all characterized by many large phenocrysts. 

Flows at several horizons among Cretaceous sedi- 
ments deposited in deep marine basins (small geo- 
synclines) are dominantly even-grained, and aphyric 
or microphenoccrystic. 

The degree of development of phenocrysts in flows 
in the major upper Paleozoic and lower Mesozoic 
geosyncline! of New Zealand is closely related to 
whether the flows occur at the margin, or at the knee- 
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bend, or near the axis of the geosyncline. On the 
shelf, west of the knee-bend, several thousands of 
feet of lavas, pillow lavas and tuffs in Brook Street 
Formation were erapted mainly in a shallow-water 
marine environment. Nearly all the flows contain 
idiomorphic phenocrysts of basaltic augite (oxidized 
diopsidic augite) fraquently more than a quarter of 
an inch in length and making up 20 per cent of the 
rock by volume. Consequently, Brook Street lavas 
have such a striking and characteristic appearance 
that samples of tham can be recognized readily in 
river gravels and rock collections. Farther east, in 
the deeper waters near the knee-bend of the geo- 
syncline, thick assemblages of lavas were erupted on 
both limbs of the Marginal Syncline! as part of the 
Upper Te Anau Group of Carboniferous or Lower 
Permian age. The west limb of this syncline is gener- 
ally hidden beneatk younger beds ; but it is exposed 
intermittently for several tens of miles along the 
strike at the south end of the South Island, where 
the lavas contain fewer and smaller phenocrysts than 
the Brook Street Iavas. In the east limb of the 
Marginal Syncline, which is exposed at both ends of 
the South Island, argite phenocrysts, in the occasional 
flows that contam them, are even fewer and smeller, 
being often scarcely larger than the crystals of augite 
in the ground-mase. Beyond the Marginal Syncline, 
in the axial ranges of both North and South Islands, 
among the extremely thick graded sediments east of 
the knee-bend in the geosyncline, there are lavas at 
several horizons, They are aphyric and so even- 
grained that they can be mistaken in the field for 
fine-grained greywecke if they do not show pillow- 
structure or if they are not associated with red and 
green coloured siliceous and calcareous sediments. 

Large phenocrysts will form in a magma as ıb 
moves towards the surface if the temperature falls 
and if there is sucficient time for growth. These 
conditions must occur to the greatest extent where 
the movement of magma is towards a terrestrial 
surface, to & lesser extent where it is towards a 
geosynclinal shelf surface, and to a negligible extent. 
where it is towards a surface in the deeper parts of 
a geosynclinal troagh. Presumably, the distance 
travelled by magmas moving to the floors of a geo- 
synclinal trough near its axis is insufficient to allow 
time for the growth of large phenocrysts. 


H. J. HARRINGTON 
Geological Survey, 
P.O. Box 8002, 7 
Wellington, C.L, 
New Zealand. 
Nov., 9. 


1 Wellman, H, W., Sympcium sur les Séries de Gondwana, Nineteenth 
Internat. Geol. Cong-ess,*Algiers, 13 (1952). 


Erpocotyle abbreviata (Olsson, 1876) Price, 
1942, a Monogenetic Trematode New to 
B-itish Waters 


Erpocotyle abbreviata (Olsson, 1876) Price, 1942 
(=Sgqualonchocotyle abbreviata, Cerfontaine, 1899), is 
@ parasite found or. the gills of Squalus acanthias L. 
(the spur dog). Full details of the taxonomy of the 
species and genus are given in Dawes!-? and Sproston’. 
The trematode was first recorded by Olsson from the 
Skagerrak. Cerfontaine recorded it from Roscoff, and 
Sproston found one specimen on each of two male 
spur dogs from the same locality. The latter author 
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refers to Layman, who - obtained 
specimens from the Pacific Coast 
of the U.S.S.R. Brinkmann* re- 
corded the species from Byfjord 
(Bergen) in Norway, where he found. 
two infected fish out of six exam- 
ined. Until recently, it has not been 
found in British waters, although its 
occurrence at Roscoff and in Nor- 
wegian waters suggests that it may 
not be uncommon around our 
shores. 

In June 1953, three specimens of 
E. abbreviata were obtained from 
the gills of a male spur dog which 
was trawled from the Irish Sea in 
a depth of 30-35 fathoms on muddy 
sand about five miles north-west 
of Bradda Head, Isle of Man. 
More recently, in September 1956, 
ten large (77-98 cm.) female spur 
dogs caught by herring ring-net 
boats off the Isle of Man (precise ‘ 
locality unknown) were examined, and four of them 
found to harbour Æ. abbreviate. 

Some of the trematodes were attached. to the gill 
filaments, and others to the wall of the gill chamber ; 
but as the fish were not examined for some time 
(24-36 hr.) after they were caught, it is possible that 
the parasites may have moved from their original 
positions. ; A 

The lengths of six of the specimens obtained in 
September 1956 varied between 4-5 and 6 mm., 
measured when they were fully relaxed. in chloretone. 
This is rather smaller than Cerfontaine’s specimens 
(7-8 mm.), but about the same size as those described 
by Olsson (4-6 mm.) and Brinkmann (3-9-6-7 mm.). 

A full description will be published later. 

I wish to thank Dr. B. Dawes, of King’s College, 
London, who examined two of the specimens found 
‘in 1953 and agreed with my identification. 


D. J. SLINN 
Marine Biological Station, 
Port Erin. 
Nov. 14. 


1 Dawes, B., “The Trematoda” (Cambridge, 1946). 

12 Dawes, B., “The Trematoda of the British Fishes” (Ray Soc., 1947). 
4 Sproston, N. G., Trans. Zool. Soc. Lond., 25, 185 (1946). 

4 Brinkmann, A., Naturvitensk. Rekke, Univ. Bergen, No. 1, 1 (1952). 


Tricotyly in the Tomato 


HAasKELL! found that the proportion of tomato 
seedlings with divided or extra cotyledons varied 
from truss to truss on the variety Clucas-99. Seeds 
‘from the first and fourth trusses included a higher 
proportion than-the second and third. 

This variation between trusses could have been 
caused by the position of the truss on the plant, as 
Haskell suggested, or by temporal variations in the 
causal factor which might be associated with the 
stage of growth of the plant, or with variations in the 
environment. Successive trusses on tomatoes norm- 
ally have a few fruits developing together. By sowing 
seeds from individual fruits, it should be possible to 
distinguish true truss- or position-effects from time- 
effects with which they may be confounded. 

Some plants of the variety Harbinger were grown 
for this purpose. All were from one selfed fruit, and 
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*p was calculated from the totals for each plant separately. ` 


of the 175 seedlings grown, five had divided cotyle- 
dons. In 1955 fruits were harvested from four plants, 
of which two were dicotyledons, whereas two had 
divided cotyledons. From the fruits of the first five 
trusses on the main stem of these plants 4,223 seed- 
lings were grown, of which 4,204 were dicotyledons. 
There were no significant differences in the frequency 
of tricotylédons from different plants, trusses or 
fruits. 

In 1956 six plants were grown. Two were grown 
from cuttings of one of the plants used in 1955, and 
the others were from the original batch of seed. 
From three of these plants laterals were removed as 
they appeared ; the others were not pruned. A much 
higher yield of viable seed was obtained this year, and 
of the 24,437 seeds germinated, 115 were tricotyledons. 
Their distribution is given in Table 1. 

As can be seen, different plants had different fre- 
quencies of tricotyledons. This difference remains 
unexplained. Pruning apparently had no effect on 
their frequency. Tricotyledons were rare on plants 
H9/1, H9/2, H13 and H14. So far ds could be do- 
tected, tricotyledons occurred at random in seeds 
from different fruits or trusses of each of these plants. 

Among fifty-five fruits of H11, four had more than 
two tricotyledons, H12 had 92 fruits, and six con- 
tained more than two tricotyledons. The numbers 
of tricotyledons and dicotyledons grown from these 
fruits, and the probabilities that these numbers of 
tricotyledons would occur in these fruits if they were 
distributed at random within each plant, are given 
in Table 2. 

Some fruits contained a significantly higher propor- 
tion of tricotyledons than others. The proportion of 
fruits bearing tricotyledons did not vary significantly 
from truss to truss on these plants. Tricotyledons 
are apparently not always distributed on tomatoes 
as they were on the plants of Clucan-99 which 
Haskell observed. ` 

It would seem from these results that some factor, 
which varied from time to time and from plant to 
plant, caused the production of the tricotyledons. 


T. P. PALMER 


Crop Research Division, 
Department of Scientific and Industrial Research, 
Christchurch, New Zealand. 


+ Haskell, G., Nature, 173, 311 (1954). 
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FORTHCOMING: EVENTS 


(Meetings marked with an asterisk * are open to the public) ` $ 


Monday, February 4 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 
S.W.7), at 5 p.m m.—Mr. B. W. Sparks, Col. G. A. Biddle and Mr. R. A. 
Hamilton: “Surveying Aneroids : Uses and Limitations”. 

INSTITUTION OF ELECTRICAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Informal evening on “The Importance of Research in Hearn and 
Seeing to the Future of Telecommunication Engineering”. by 
Dr. E. C. Cherry 

SOCIETY oF en (at the Geological Society, Burlington 
House, Piccadilly, London, W.1), at 5 30 pm —Mr. E. T Le Jeune : 
Presidential Address. 

UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 6.80 p.m.—Prof. S. J. Davies: “The Unde luate and Post- 
graduate Education of Engineers in European Countries”.* 

UNIVERSITY OF LONDON (at the Institute of Education, Malet 
Street, London, W.C.1), at 5.80 p.m.—Major-General Cyril "Loyd : 
“The Impact of Technical Studies”.* 

SOOTY oF CHEMICAL INDUSTRY (joint meeting of the LONDON 

SECTION, and the PLASTIOS AND POLYMER GROVE, at 14 Bel 
Sguaro, London, 8.W.1), at 6.30 p.m.—Prof G. N. Natta (Mil 
otactic Polymers”. 


Tuesday, February 5 


UNIVERSITY COLLEGE, LONDON (in the Anatomy Theatre, Gower 
Street, London, W.C 1), at 1.15 pm —Dr A.J Arkell: “The Oldest 
Stone Building in the World”.* + 

CEMENT AND CONORETE ASSOCIATION (at the Institution of Civil 
Engineers, Great George Street, London, 8.W.1), at 5.80 p.m.—Mr. 
Y. Guyon: ‘‘Large-span Prestressed Concrete Bridges Constructed 
by the. Freyssinet System”. 

INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society, 
Burlington House Piccadilly London, W.1), a 0 p.m.—Mr, 
H. R. C. Pratt and others : “Yiquid-Liquid 1 PE 


Wednesday, February 6 


INSTITUTION OF NAVAL Peete’ Apis meeting with the 
INSTITUTE OY MARINE ENG Weir Hall, Institution Ri 
Naval Architects, 10 Upper or, Belg a wits London, S-W.1), 
0 a.m.—Symposium on “Th ducation and Training of 
Aohitects and Marine ai a 

ROYAL SOCIETY OF ARTS (at John Adam Street, London, W.C.2) 
at 2.30 p.m.—Prof. I. C. F. Statham: “Mining Education a 
Training” (Cadman Memorial Lecture). 

GEOLOGICAL SOCIETY OF LONDON (at Bunington $ Howse, Piccadiliy, 
London, "9 at 5 p m.—Prof. T. N. George and Dr. D. a H. apen 
“The Carboniferous rocks of the ‘Donegal 
Johnson : 
Cambrian Thrust Movements at Coulin, Wester Ross”. 

INSTITUTE OF PETROLEUM (at 26 Portland Place, London, W.1), 
at 5.30 p.m.—Dr. J. T. Tyson: “Patents in the Petroleum Industry". 

INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION Discussion 
CMROLE (at Savoy Place, London, W.C.2), at 6 p.m.—Discussion on 
Cone Place of Liberal Studies in Sandwich and other Technological 

ourses™ 

UNIVERSITY oF LONDON (at the Dist tate of Archæology, Inner 
Circle, Regent’s Park, London, N.W.1), at 630 p.m.—Dr. H. 
Plenderleith : “Preservation of Metals”,* (First of six lectures on 
“The Scientifie Laboratory in the Service of Art and Archæology”. 
Further lectures on February 18, 20, 27, March 6 and 1; 

BRITSE PSYCHOLOGICAL SOCIETY, SOCIAL Psyonoroay Rra 
{at Birkbeck College, Malet Street, London, WOD 
Annual Meeting. Dr. ©. N. Coffey (University of C onia): P The 
Group as a Focus of Psychological Study”. 


sA 


ynelme”; Dr. M. R, 


Thursday, February 7 


LINNEAN SOOIETY OF LONDON f Burlington House Piccadilly, 
London, W.1), at 5 pm.—Dr. Victor B. Scheffer: “The Fur-seal 
Islands of Alaska” ; of. R. Vaz Ferreira: “The Seal Islands of 
Uruguay”. 

UNIVERSITY OF LONDON (in the Physiology Theatre, University 
College, Gower Street, London, W.C.1), at 5.15 > P. m.—Prof. F. Bergel : 

“Chemical Aspects of Psychopharmacology”.* 

INSTITUT OF REFRIGERATION (at the Junior Institution of 
Engineers, Pepys House 14 Rochester Row, Westminster, London, 
8.W.1), at 5.30 p.m.—Dr: Ella M. Barnes: “Antibiotics for the 
Preservation of Perishable Foods”; Dr. R. 8 Hannan: “A Discussion 
ot the Possibilities of Using Ionizing Radiaticpns for Preserving Foods”. 

INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the 
INSTITUTIONS OF CIVIL AND MECHANICAL ENGINEERS, at Savoy Place, 
London, W.C.2), at 5.80 p.m.—Sir Ifor Evans : “The Place of Eng- 
ineering in University Education” (Third Graham Clark Lecture). 

UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Pireos London, W.C.1), at 
5.80 p m.—Dr. H. M. Sinclair: “Vitamins in Nutrition”.* {Ninth 
of fifteen lectures of “The Selentific Basis of Medicine”, organized by 
the British Postgraduate Medical Federation.) 

INSTITUTE OF METALS, LONDON LOCAL SECTION (at 17 Belgrave 
sS pare, D pondon, S.W.1), at 6.30 p.m.—Mr. Bengt Kjellgren : 
“Berylit 
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mai. 
“The Tectonic Phenomena Associated ‘ith the Post- 


Friday, February 8 


ROYAL re agri Soomry (at Burlington House, Plocadilly, 
London, W.1), at 4.3 —Anniv ry Meeting—*Probabihty 
Theory in Astronomy” » Grosidential Ad Address): followed by the 
Annual General Meeting. 

UNIVERSITY oF Lonpon (in the Beveridge H Hall, Senate House, 
London, W.C.1), at 6 p.m.—Sir Mortimer eeler: “The Virtue 
of Intolerance” (Birkbeck College Foundation Oration). 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 De m Fhe Claude Gibb F.R.S.: “The Story of the Turbine, Steam 
an as”? 


Sacurday, February 9 


L BRITISH P8YOHOLOGIOŁI SOOTY (in the Gistavo Bigs Theatre, 
London, C), at 2.30 p m~ 
Prof. D. Bindra (MoGill Tniversity) : ntt Psyc ological Research 
at McGill University”. 
Lonpon County Counom (at the Horniman Museum, London 
Road, Forest Hill, London, 8. E. 23), at 3.30 p.m t =Dr, Gwynne Vevers: 
“Animal Life in the Arctic”. 


APPOINTMENTS VACANT 


APPLICATIONS are inv ted for the following appointments on or 
before the dates mentioned : 

Foop CHEmist (with a first- or second-class honours degree or 
equivalent in biochemistry or chemistry, and experience in food 
research) at the Wantage Radiation Laboratory, a, study the chemical 
changes brought about in foodstuffs by irradiation—The Establish- 
ment Officer, Atomic Energy Research Establishment, Harwell, 
Didcot, Berks, quoting Eef. 690/2 (February 1). 

GRADUATE TO ASSIST IN THE ELECTRON MICROSCOPY SEOTION of 
the Cavendish Laboratory on work m X-ray microscopy and related 
aspects of electron are The Secretary to the ent of 
Physics, Cavendish Laboratory, Free School Lane, Cambridge (Feb- 


ruary 9). 
THOTURER (medical oz non-medical graduate) IN MEDICAL STAT- 
istics—The Registrar, Tae University, Manchester 18 (February 9). 
RESHARCH ASSISTANT 30 the Head of the Department of Botany- 
The Beoretary; Birkbeck College, Malet Street, London, W.C.1 


(February 13 
TUTORIAL STUDENT graduate) IN IN MECHANICAL ENGINEERING- 
The ertrar, King. sC lege, Strand, London, W.C.2 (February 14). 
e Secretary, The Queen’s University. 
Bamas (February 15). 
UNIVERSITY 


LEOTURER IN ZooLoez— 
DEMONSTRATOR or UNIVERSITY ASSISTANT LECTURER 
IN THE DEPARTMENT OF GEoGRAPHY—The Secretary of the Appoint- 
ments Committee, Department of Geography, The University, 
ing. Place, Cambridge (L'ebruary 16). 
ECTURER IN APPLIED MATHEMATICS ; and an ASSISTANT LECTURER 


CHEIST (METALLURGST) (with an honours degree in metallurgy 
or Associateship of the Institution of Metallurgists, or e ivalenb 
qualifications) with the Hinistry of Su ply, at Test House, Harefield, 


Middlesex, to be in charge of a me 
att metallic materials used in the construct 
allo’ 


LECTURER IN GEOLOGY at kerere College mary i College 
of East Africa)—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C 1 (February 22). 

Heap (with high qualifications in chemist: ry and experience in 
both teaching and reseerch) OF THE DEPARTMENT OF CHREMISTRY— 
The Principal, Chelsea Enlytechnic, London, 8.W.3 (February 23). 

LECTURER IN THE INSTITUTE OF EpuoaTIon—The Registrar, 
University College, Leicester (February 27). 

LECTURER IN THE DEPARTMENT OF APPLIED MATHEMATIOS-—The 
Registrar, The University, Liverpool (February 28). 

READER or SENIOR FSLLOW; and a SENIOR RESBAROR FELLOW 
or RESEARCH FELLOW, IN THE DEPARTMENT OF THEORETICAL PHYSICS, 
Research School of Physical Sciences, Australian National University 
—The Secretary, Assocletion of Universities ot the Britich Common- 
wealth, 836 Gordon Square, London, W.C.1 (Australia, February 28). 

IMPERIAL CHEMICAL IRDUSTRIES ERAS FELLOWS IN PHYSIOS, 


CHEMISTRY, ENGINEERING, METALLURGY and PHARMACOLOGY or any 


related subject—The Registrar, The University, Liverpool (March 1). 
LECTURRR' 


LECTURER IN ZOOLOGY ; and a LECTURER or SENIOR 
IN Botany at Rhodes University, Grahamstown, South Africa-—The 
Secretary, Association o7 Universities of the British Commonwealth,’ 
36 Gordon Square, London, W.C.1 (South Africa, March 1). 
LECTURER (with a d honours degree in 
and experience of teaching both subjects in a ac’ col) IN EDUCATION— 
The Registrar, The University, Liverpool (March 1). 

TUTORIAL FELLOW or STUDENT IN GEOGRAPHY—The Seoretary, 
Redford College (University of London), Regent’s Park, London, 
LECTURER IN ORGANIC CHEMISTRY at the University of Sydney, 
Australia—The Secretarr, Association of Universities of the British 
Commonwealth, ,86 Gcrdon Square, London, W.C.1 (Australia, 


2). 

IMPERIAL CHEMICAL INDUSTRIES FELLOWS (2) at Durham or New- 
castle, for research in Chemistry, Physics and allied cera hs g, Including 
the biological applicaticn of chemistry—The Ri 
Office, 46 North Bailey, Durham (March 4). 

SENIOR LEOTURER or LECTURER IN HAEMATOLOGY ; and a LECTURER 
in MORBID ANATOMY, at Univeralty College, Ibadan, Nigeria—The 
Secretary, Senate Committee on Çolicyes Overseas in Special Relation, 
Senate House, London, “¥.C.1 (March 4) 


Own- - 


ysics or chemistry” 


Registrar, University p 


2 


2 
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READER IN MECHANICAL ENGINEERING at Quicon Mary College— 
The Academic Registrar, University of London, Senate House, London, 
W.C.1 (March 7). 

LECTURER IN MORAL AND POLITICAL PHILOSOPHY at the University 
‘of Sydney, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 86 Gordon Square, London, W.C.1 
(Australia, March 8). 

HEAD OF THE DEPARTMENT OF SOIL MJOROBIOLOGY—The Secre- 
tary, Rothamsted Experimental Station, Harpenden, Herts (March 14). 

LEOTURER IN EDUCATION at the University of Malaya, Singapore 
-The Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, W.C.1 (March 15). 

A@ronowdst, and a Sois }emnsr or Puysicist, at the Rubber 
Research Institute of Malaya, Kuala Lumpur, Federation of Malaya, 
to work on soil problems—The Secretary, London Advisory Committee 
for Rubber Research (Ceylon and Malaya), Imperial Institute, London, 
8.W.7 (March 30). 

LEOTURER IN THE DEPARTMENT OF PSYCHOLOGY, Auckland Univer- 
sity College (University of New Zealand)—The Secretary, Associa- 
tion of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (New Zealand, March 31). 

ASSISTANT EXPERIMENTAL OFFICER (CHEMIST or SICAL CHEMIST) 
AT THE FOOD INVESTIGATION Low TEMPERATURE RESEAROH STATION 
(D.S.I.R.), Cambridge, to assist in studying the chemistry and bio- 
chemistry of spollage in egas—The Ministry of Labour and National 
Service, Technical and Scientific Register (K), 26 King Street, London, 
8.W.1, quoting F.14/7A. 

ASSISTANT (Grade Le TBAOK Puysios—The Principal, Technical 
College, Queen Street South, Huddersfield. 
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for duties which include routine radiotherapy physics and clinical 
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Hospital, London, W.C.2. 

CHAIR OF ENGINEERING MATHEMATICS in the Department of Mathe- 
matics—Prof. R. L. Jeffrey, ‘Queen’s University, Kingston, Ontario. 

HEAD (with a good honours degree and experience) oF THE GEO- 
GRAPHY DEPARTMENT—~The Head Mistress, Roedean School, Brighton. 

MASTER TO TEACH ZOOLOGY AND BOTANY to scholarship level, and 
GENERAL SOIENOR to ordinary level; and a MASTER TO TEACH 

THEMATIOS to scholarship jevel—The Headmaster, Bridlington 
School, Bridlington. . 


t 
Paysioist (with a first- or second-class honours degree in physics) 


IN THE AND GEOLOGIOAL DEPARTMENT, Government of Kenya, 
for geological survey work with special reference to spectrographical 
and X-ray determination of minerals—The Director of Recruitment, 
Colonial Office, London, 8.W.1, quoting BCD.99/7/02. 

PLANT SUPERVISOR (with experience of biochemical proce) IN 
THE DEPARTMENT OF CHEMICAL ENGINEERING, for nt already 
established under the auspices of the Medical Research Council, for 
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moters—The Secretary, University College, Gower Street, London, 
W.C.1, quoting Chem.Eng./5. $ 

PLANT PATHOLOGISTS (under 40, with a first- or second-class honours 
degree in agriculture or botany, and at least two years experience of 
seed testing sndor seed-borne diseases of Crops) IN THE DEPARTMENT OF 
AGRICULTURE, Tanganyika, to initiate a seed testing service, carry out’ 
* research into seed-borne diseases, and prepare legislation relating to 
-seed production and export—The Director of Recruitment, Colonial 
Office, London, S.W.1, quoting BCD.63/8/08. 
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University, Sheffield 10, 
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REPRESENTATION OF ‘SCIENCE AND TECHNOLOGY: IN | GOVERNMENT 


‘ROM the point of view of science and technology 
in Britain, the most interesting of the changes 
in the Government formed by Mr. Harold Macmillan 
is the change in status of the Ministry of Fuel and 
Power. Under the title of Minister of Power, Sir 
Percy Mills, a former chairman of the National 
Research Development Corporation, who has been 
raised to the peerage, succeeds Mr. Aubrey Jones 
and has been grven a seat in the Cabinet. The Pay- 
master-General, Mr. R. Maudling, will answer for the 
Ministry in the House of Commons, and the new 
Minister will be responsible for Government policy in 
relation to power resources generally. Besides 
assuming the existing functions of the Ministry of 
Fuel and Power for coal, gas, electricity and oil, he 
will be responsible for extending the use of nuclear 
energy as a source of industrial power, though the 
Lord President of the Council will retain responsibility 
fer nuclear research. The Minister of Power will also 
take over from the President of the Board of Trade 
responsibilities for iron and steel. 
Lord Mills’s entry into the Cabinet will un- 
doubtedly be welcomed in scientific and industrial 
circles. He will be responsible for a field in which 
decisions should turn mainly on technical rather than 
political considerations, and with his wide industrial 
and technical experience, he should strengthen the 
scientific representation at the highest level, while 
-his experience with Government departments durmg 
the past twelve years may well avert the failure 
which in British political life has often attended this 
device to bring in an outsider of special ability to 
handle some vitally important task where great 
energy is required. That nuclear power may be thus 
characterized is not disputed, and Lord Mills may be 
expected to make without fresh delay the statement 
regarding the nuclear power programme which his 
predecessor promised after the Christmas recess. It 
may be taken for granted that Mr. Aubrey Jones, 
who becomes Minister of Supply, has completed the 
first phase and that, so far as Lord Mills is con- 
cerned, his major task will be to balance the require- 
ments of the programme against those of other claim- 
ants on the limited capital resources of the country. 
The implications of Lord Mills’s appointment, 
however, go deeper and are better discussed after 
noting the other changes of direct scientific interest. 
Sir David Eccles leaves the Ministry of Education 
before the implementation of the plans he has 
announced for the expansion of technical and tech- 
, nological education has more than begun ; bub Lord 
Hailsham’s recent speech in the House of Lords 
debate on automation is evidence that the pro- 
gramme is left in good hands and the confusion 
between technical and technological education may 
well be clarified. The Minister of Transport and 
Civil Aviation enters the Cabinet, and the announce- 
ment referring to this change and to the functions of 
the Minister of Power stated that these developments 
reflect “the importance attached to the expansion 


and T E A of the basic materials and services 
which are vital to the efficiency of British industry”. 
Mr. ©. I. Orr-Ewing, Parliamentary Under-Secretary 
to the Air Ministry, is the only member of the 
Government specifieally qualified in science. 

Before considerinz the merits or demerits of some 
training in science on the part of those holding high 
political office, the Dosition in regard to the respons- 
ibility for scientific matters should be noted. Lord 
Salisbury, as Lord President of the Council, retains 
his responsibilties for the main supervision of the 
scientific research efort of Britain. The Agricultural 
and Medical Research Councils, as well as the 
Advisory Council‘om Scientific Policy, are responsible 
to him, as is also the Atomic Energy Authority ; 
though it would appear that responsibility for the 
development of nuclear power, so far as that 
Authority is concerned, is now to be shared with the 
Minister of Power. Despite these responsibilities, 
however, there is so far no evidence that the Lord 
President 1s being provided with an appropriate 


departmental staff, and while the Paymaster-General. 


will also answer questions relating to nuclear energy 
within the responsibility of the Lord President, the 
Parliamentary Secretary to the Ministry of Works 
continues to be the Lord President’s spokesman m the 
House of Commons generally. Until at least the Lord 
President is provided with his own direct spokesman in 
the House of Commons in the form of a Parliamentary 
Secretary, the realiży of the Government’s apprecia- 
tion of the importance of science in national hfe will 
remain suspect. The argument for a direct spokes- 


man of science in the House of Commons is on all . , 


fours with that wkich demands that the Chancellor ~ 


of the Exchequer skould be in the House of Commons, 

Possibly the need might be met temporarily if Mr, 
Maudling were made spokesman for the Lord Presi- 
dent as well as for the Minister of Power. Mr. 
Maudling, it is true, has no seat in the Cabinet; but 
he has Ministerial status himself. Nevertheless, the 
objection would sill remain that neither for the 
Lord President nor for the Minister of Power can he 
deal with Parliamentary questions, or explain and 
expound policy wish the authority of inside know- 
ledge. So far as the Minister of Power is concerned, the 
device may well forestall criticism and objections in the 
House of Commons; but it does not meet the much 


more fundamental objection regarding the interprete- _ 


tion of scientific or sechnical policy to Parliament. 
The importance of this task of interpretation and 
exposition—when nsither Parliament, the Government 
nor the Civil gservarts responsible for elaborating and 
working out the details of the policy for which the 
Government is responsible have in general the under- 
standing of scientiic and technical factors—is very 
far from being generally recognized. It is much more 
vital than the qtestion whether the scientist or 
technologist shoulc be found in the Cabinet. If a 
scientist possesses with his professional knowledge 
and skill the administrative and political gifts and 
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ambition, his scientific or. technical training should 
certainly be no bar. What matters is that, collectively 
and individually, Ministers should be capable of under- 
standing and assessing the value and significance of 
the scientific and technical factors in any problem on 
which they are called upon to formulate policy. 

For all the lead that Lord Haldane gave to the 
belief that a scientific pomt of view could be of value 
in determining high policy, it is very far from being 
accepted to-day. It becomes, however, a matter 
of increasing public importance with every fresh 
development, such, for example, as the nuclear energy 
programme, if Britain’s resources are to be wisely 
used and economic policy soundly based. Until the 
educational system ensures that school-leavers gener- 
ally—and not solely the graduates in science and 
technology—have some understanding of what 
science is and how ıt works, and have learnt at least 
how and where to seok for information on scientific 


and technical problems with which they may be. 


confronted, it matters greatly that Ministers carrying 
such great scientific and technical responsibilities 
es Lord Salisbury and Lord Mills should have 
within their Ministries those competent to speak to 
the House of Commons with inside knowledge and 
full scientific and technical understanding. 

That is not to urge that a scientist or technologist 
as such should be appointed to particular Ministries. 
Other gifts are far more important than scientific 
and technical knowledge, though, some scientific and 
technical knowledge may well in future become an 
essential qualification. Lord Mulls’s appointment does, 
however, raise afresh the problem of the place of the 
expert in Government, and how to recruit to high 
political office men possessing the requisite technical 
knowledge, administrative gifts and energy when 
their party political interests are slight. With the 
abolition of university representation, the independent 
member has disappeared from Parliament, and it is 
at least an open question whether the device adopted 
of bringing Lord Mills into the Government is a 
precedent ¢hat should be followed, except on very 
rare occasions. 

Without, however, a general improvement in public 
education, we may well be forced in the meantime to 
rely on such devices if the problem of the relation 
of knowledge and power is to be solved. Indeed, 
Prof. H. Finer remarks in a contribution to the 
symposium ‘‘Science and Government” in the Novem. 
ber 1956 issue of the Bulletin of the Atomic Scientists 
Association that Britain seems to have established an 
intelligent balance between the sovereign Parliament 
and the expert. That balance depends, however, on 
conditions which Prof. Finer indicates, and which 
are dynamic and changing, rather than static. If, 
for example, political parties cease to be responsibly 
minded, or to discipline their own members from the 
point of view of the public good as well as of party 
advantage, the balance may well be upset, quite as 
much as if Ministers or permanent officials become 
incapable of unravelling complex technical issues. 

Prof. Finer, moreover, paid this tribute in com- 
parison with the position in the United States, of 
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which he was quite as critical as D. K. Price in his 
recent book, “Government and Science”. Generally, 
indeed, Prof. Finer’s criticism follows the same lines 
as that of Mr. Price; nor do the conclusions he 
formulates bear closely on British conditions, except 
in so far as he touches on considerations which may 
arise out of the necessity for security regulations. 


- His contribution is one of two in the fifth part of the 


symposium on “Science and the Affairs of Man” 
commenced in the Bulletin last April m celebration 
of its tenth anniversary year. 

The first contribution, by Mr. Walter Elliot, which 
draws largely on Sir Henry Tizard’s Haldane Memorial 
Lecture, is more relevant, and Mr. Elliot endorses 
Sir Henry Tizard’s verdict as to the lack of under- 
standing of science which results from the fact that 
practically all Ministers and members of the adminis- 
trative class of the Civil Service have had no scientific 
education. Mr. Elliot recogmzes that we are far from 
solving the problem of the relation between science 
and government, and he gives whole-hearted support 
not merely to Sir Henry Tizard’s remarks about 
encouraging the transfer to the administrative class 
of scientists with the requisite administrative abilty 
and the formation of æ central scientific staff, but 
also to the importance of educating the many in an 
understanding of the scientific outlook. 

It has been apparent over recent years that neither 
the Defence Research Policy Committee nor the 
Advisory Council on Scientific Policy is exerting the 
influence that was hoped. The changes in the 
Government suggest that the time is ripe for a much 
deeper inquiry to seo how Lord Haldane’s ideas could 
be developed and some more effective arrangements 
made, both for the integration of the findings of . 
science into public policy as required, and for securing 
adequate support for scientific work without external 
control. It is not so much that there is lack of 
sympathy, but a failure to understand the full 
implications, and particularly the need for accessory 
means and conditions if the full advantage of 
scientific and technical work is to be reaped. The 
failure to provide authoritative spokesmen for 
scientific ministries in the House of Commons or to 
implement, for example, the recommendations of the 
Advisory Council on Scientific Policy regarding the 
Science Centre and scientific libraries, indicates the 
lack of understanding and vision at the highest level 
which continues to handicap Britain’s scientific and 
technical efforts. The Government might well note 
the remark of Mr. A. W. Tuke in his recent chairman’s 
address to Barclays Bank when paying tribute to the 
Calder Hall achievement, that we must be prepared 
to pay our scientists properly and stop robbing them 
of all incentive by excessive taxation of ther incomes. 
Such considerations are important; but they are 
ancillary to the task to which the changes in the 
Government primarily point, namely, fresh thinking 
about the adequacy of the structure of government, 
especially at Cabinet level, and the fundamental need 
of securing an efficient relation between knowledge 
and power, between the expert and the Minister and 
administration in the task of government. 
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THE LOGIC OF UNCERTAIN 
INFERENCE 


Statistical Methods and Scientific Inference 
By Sir Ronald A. Fisher. Pp. viii+175. (Edmburgh 
and London: Oliver and Boyd, Ltd., 1956.) 16s. net. 


s HOSE who are not accustomed to original 

enquiry,” wrote Francis Galton, “entertain a 
hatred and a horror of statistics.” The implied sug- 
gestion that original inquiry necessitates statistics per- 
haps went a httle further than he intended—though,, 
to be sure, Galton seems to have had httle use for 
anything that could not be expressed quantitatively. 
Certainly, however, it takes us further than many 
would be prepared to follow, even to-day. At the 
same time, there can be few who, having experienced 
the power of statistical treatment, would deny the 
value of the discipline ıt imposes not only on experi- 
ment, but also on the procedures and arguments by 
which experience is put to use in advancing scientific 
understanding. It faces us, ın fact, with the need for 
making up our minds quite precisely about what we 
are doing, and how far we can go, when we seek to 
argue from the particular to the general. This lesson 
is hammered well home m Sir Ronald Fisher’s latest 
book, 

In his foreword, Fisher traces the development of 
the two great movements in statistics, towards the 
refining of methods used in the examination of data 
and towards the study of experimental design, and 
points out that from both have emerged, almost as 
by-products, specifically logical concepts which are 
essential to the formation of opinions applicable to 
the real world. These now call for exposition and 
consolidation in their own right. After a chapter on 
early attempts to give-a rational account of the 
process of scientific mference, which deals at soma 
length with Bayes’s theorem and its limitations and 
with the concept of probability, he goes on to develop 
the notion of two levels of logical status lying between 
certain knowledge and total lack of it, related to, 
and springing from, the fiducial argument and mathe- 
matical likelihood, respectively. The fourth chapter 
deals with tests of significance, especially in relation 
to their differences from acceptance decisions. Then 
follows a discussion of probability and likelihood, 
and the book concludes with a consideration of th 
principles and criteria of estimation. : 

The emphasis throughout is on the problems of 
the scientist seeking to gain an understanding of 
natural phenomena from his observations and 
experiments. This ıs well exemplified by the dis- 
cussion of tests of significance in relation to acceptance 
theory. At first glance, it might be expected that the 
level of significance, set in a test of any single body 
of data, should be reflected by the frequency which 
repetition of the experimental or observational pro- 
cedure would be expected to produce results calling 
for the rejection of the null hypothesis when true. 
This is not, however, the case, as can be shown by 
consideration of the 2 x 2 contingency table. If 
significance is tested using the marginal totals as 
actually observed, the level of probability can be 
higher than that expected from repetition of the 
experiment, where the marginal totals may vary. 
The latter acceptance procedure might thus appear 
to offer a more powerful test of the hypothesis of 
independence. It achieves the lower probability, 
however, by admitting into the calculation sets of 
prospective observations having marginal totals 
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incapable of providing any real test of the hypo- 
thesis, instead of confining itself to weighing the 
chances of critical observations in relation to those 
sets which alone afford & real test. Thus, as Fisher 
shows, the apparent value of the procedure is illusory, 
and he goes on to Doint out later that “as a matter 
of principle, the mfrequency with which, in par- 
ticular circumstances, decisive evidence is obtained, 
should not be conftsed with the force, or cogency, of 
such evidence” ; and particularly, we might perhaps 
add, should not be allowed to encourage unjustifiable 
weight to be placed on the significance of the evidence 
just because it is not readily obtainable. 

This is but one example of many that could have 
been chosen to illustrate the book’s approach. A 
certain amount of mathematics is necessarily used ; . 
but the points at issue are always logical points, and 
the examples are chosen to illustrate the logical 
issues rather than sheir mathematical development. 
The objection to tne indiscriminate use of Bayes’s 
theorem is not thas it is never applicable, but that 
logically its use makes certain demands of the 
situation—demands which are by no means always 
met. Similarly, the fiducial argument is poasible only 
when certain requrements are fulfilled: in other 
situations the best we can achieve are conclusions 
having a different bgical status, not always express- 
ible in terms of probability but rather by mathe- 
matical likelihood. In this connexion, Fisher points 
out that if we igncre mathematical likelihood as a 
measure of rationa. belief it ‘would seem to leave 
[us] without valid resource in respect of a great many 
subjects in which rational inference is possible”, 
adding, “‘the fact shat stronger inferences may bo 
desired, and are cərtainly possible in other cases, 
seems to be no resson for not attuning our minds 
towards understanding the information actually 
available’—a sentiment which surely must appeal to 
any expermental scientist. 

“Statistical Methods and Statistical Inference” 
will not, one suspecss, be easy reading even for many 
of the statisticians st whom, no doubt, it is primarily 
aimed. The less mathematically minded will find the 
going still harder. But persistence will be amply 
repaid by the deeper appreciation which is to be 
gained of those indactive processes which all experi- 
mental science must use, and which Fisher himself 
has done so much to analyse, clarify and expose for 
our better understanding. K. MATHER 


RESEARC4 IN MECHANICS 


Surveys in Mechanics 

A Collection of Suzveys of the present position of 
Research in some Lranches of Mechanics, written in 
Commemoration of the 70th Birthday of Geoffrey: 
Ingram Taylor. Edited by G. K. Batchelor and 
R. M. Davies. (Cambridge Monographs on Mechanics 
and Applied Mathematics.) Pp. vi+475+-16 plates. 
(Cambridge: At tke University Press, 1956.) 50s. 
net. 


T must have been a labour of love for the col- 
laborators in the present volume to prepare these 
tributes in commemoration of the seventieth birth- 
day of Sir Geoffrey Taylor, and it was indeed a happy 
thought that every article in this volume should be 
æ survey of the pzesent position in some field of 
mechanies in which ‘G. I. T? has himself been 
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active at some time during the past fifty years. 
There is an all too short biographical note by Sir 
Richard Southwell and then the reader plunges into 
a number of extraordinarily interesting accounts of 
most varied fields of mathematical physics. There 
are papers on plasticity, on dislocations, on heat 
waves, rotating fluids, on drops and bubbles, on wave 
generation by wind, on sound waves, turbulent 
diffusion, atmospheric turbulence and the mechanics 
of sailing ships and yachts. Each one of these articles 
is in itself a little masterpiece of condensation and 
accuracy, and personal predilections must count for 
a great deal in the selection of any particular articles 
for special mention. To the present reviewer two 
articles seem especially remarkable—the magisterial 
vaccount by Lighthill of viscosity effects in sound 
waves of finite amplitude and the concluding article 
by K. S. M. Davidson on the mechanics of sailing 
ships and yachts. 

Lighthill’s article of some hundred pages is 
especially valuable as giving a complete account of 
what is at present known about this difficult and 
important subject, and for the admirably clear and 
lucid summary which'it provides of the physical 
mechanism of viscosity and other diffusion effects in 
gases. 

Ken Davidson’s article provides a fine example of 
the application of hydrodynamical principles to 
practical problems of sailing. There is a fine salty 
flavour in this all too brief article, which ranges easily 
over a great diversity of sailormen and ships from 
Columbus to Nelson, and from the catamaran to the 
clipper and the modern high-speed yacht. 

; G. TEMPLE 


NUCLEAR POWER 


Calder Hall 

The Story of Britain’s First Atomic Power Station. 
By Kenneth Jay. Pp. vii+88+16 plates. (London: 
Methuen and Co., Ltd., 1956.) 5s. net. 


Nuclear Energy in Industry 
By J. G. Crowther. Pp. viii+168. 
George Newnes, Ltd., 1956.) 17s. 6d. net. 


O-DAY as power from Calder Hall begins to 

flow into the National Grid, all of us here 
know that we are present at the making of history,” 
said the Queen at the opening of the Calder Hall 
Nuclear Power Station on October 17, 19586. “Calder 
Hall’, written by the author of ‘‘Britain’s Atomic 
Factories”, describes the chain of thoughts and events 
that led up to this historic occasion. It traces from 
the early gropings and flashes of inspiration, the 
systematic study on paper and in the laboratory of 
the feasibility of various proposals, the emergence of 
an engmeering design, and finally the construction 
with its concomitant development and research. The 
last chapter discusses the possibilities for the future 
of this type of plant and its place in the Government's 
ten-year programme for industrial atomic energy. 
The lucid exposition and fine illustrations are such 
that any intelligent layman can follow the arguments 
and appreciate the difficulties that have had to be 
overcome. Despite the excellence of Mr. Jay’s 
book the reviewer feels that the subject is worthy 
of a more epic and less impersonal treatment, 
paying due tribute not only to the handful of brilliant 
engineers that conceived the project but also to the 
many hundreds of others who worked so single- 
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mindedly to complete the plant on time and so 
establish this date in history. 

In “Nuclear Energy in Industry” Mr. J. G. Crowther 
sets himself the wider task of examining the impact 
upon industry of developments in the nuclear 
engineering field. After an introductory chapter on 
the world’s energy requirements and resources, there 
follows a chapter which attempts to explain just what 
nuclear energy is and how a nuclear chain reaction 
may be achieved. Further chapters describe various 
kinds of nuclear reactors and show how electrical 
power may be obtained from them. The concluding 
chapters are devoted to the application of radio- 
isotopes in industry, prospecting for uranium and 
thorium-bearing ores, the processing of these ores 
and the new metallurgical techniques that have been 
developed for the production of nuclear fuels and 
reactor components. 

The major difficulty in a book of this kind is the 
linguistic barrier between the specialist and the 
non-specialist. It is essential that each new term or 
concept introduced should be adequately defined or 
explained. In this respect the book reviewed. fails; 
for example, on p. 15 the definition of energy given is 
really that of power, on p. 26 the author speaks of a 
flux in terms of neutrons crossing each centimetre of 
core where square centimetre 1s correct, and on p. 31 
he refers to a rating of “1,000 kilowatts of fissile fuel”. 
Further criticism may also be made of the vast 
number of dimensions given in the chapter on 
reactors. Does the reader really want to know that - 
there are 1,849 channels in BEPO or that the separa- 
tion of the fuel elements in a ‘swimming pool reactor” 
is 0-117 in. ? If the reader is prepared to obtain his 
grounding in the fundamentals of the subject from 
other sources, the book is a mine of information, 
containing as it does a hundred illustrations or 
figures, most of which can only be found in the 
16-volume ‘‘Proceedings of the Geneva Conference on 
the Peaceful Uses of Atomic Energy”. 


W. K. MANSFIELD 


ANALYTICAL TRANSFORMATIONS 


Proprietà locali e globali di varietà e di trasfor- 
mazioni differenziabili 

By Prof. Beniamino Segre. Pp. 237. (Rome: 

Istituto Matematico dell’Università, 1956.) 2,400 lire. 


URING the past generation three widely different 
geometrical disciplines—algebraic geometry, dif- 
ferential geometry and topology—have undergone a 
process of interpenetration which has revealed un- 
suspected affinities between them and has accelerated 
progress in all three. The chief beneficiary so far has 
been algebraic geometry ; to-day various results in 
this subject are most readily established by analytical 
or topological methods, while some of the deeper 
theorems can at present be proved only by pooling 
all available resources. 

The present work, which is divided into six chap- 
ters, is based on lectures recently given by Prof. B. 
Segre in Rome and Pavia, and deals with a wide 
variety of overlapping topics. In general, the point 
of departure is the differentiable or, more restrictedly, 
the analytic manifold; the author shows how, by 


_ proceeding in various directions, it is both possible 


and profitable to link differential geometry on one 
hand with topology and on the other with algebraic 
geometry, in particular projective geometry. For 


no, a554 February 9, 1957 


example, given an analytic point transformation 
between two manifolds, this may in general be 
approximated by æ linear transformation, the pro- 
jective invariants of which yield topological in- 
variants. An important special case, one of the main 
themes of the book, is concerned with transformations 
of a manifold which possess a united point. 

A second link with projective geometry is provided 
by the observation, due to C. Segre, that two curves 
with the same osculating space at a point possess a 
projective invariant which may be expressed as a 
cross-ratio. The author extends this notion to mani- 
folds of any dimension, with special reference to the 
projective differential geometry of surfaces. 

So far, the discussion has been mainly local, dealing 
with properties in the neighbourhood of a point. The 
next stage treats of differential properties in the 
large ; beginning with an analytic curve on which is 
given an analytic correspondence, the author shows 
how this may be related to function theory by using 
the concept of residues, and thus obtains an inter- 
esting complement to the classical correspondence 
formula for an algebraic curve. He next derives a 
geometrical characterization of Abelian integrals 
attached to such a curve. These ideas are then con- 
nected with the equations, due to Jacobi and Reiss 
respectively, relating the differential elements of 
algebraic plane curves: In the last chapter the 
methods are extended to manifolds of higher 
dimension. 

Nearly all this subject-matter now appears for the 
first time in book form; much of it is from the 
author’s own researches and some has been specially 
written for the occasion. There are some useful 
historical notes to each chapter and more than one 
hundred references are given. The baok, which is in 
cyclostyled typescript, is eminently legible, and 
fascinates by the continual interplay of apparently 
unrelated theories. Bound up with it is a brief 
account (in 44 pages) of some lectures on differential 
geometry by Prof. E. Cech. L. ROTH 


ANATOMY OF: A TECTIBRANCH 
GASTROPOD 


The Anatomy and Histology of Cylichna (Gastro- 
poda Tectibranchia) 

By Henning Lemche. (Spolia Zoologica Musci 

Hauniensis, 16. Skrifter udgivet af Universitetets 

Zoologiske Museum, København, 16.) Pp. 278+ 

46 plates. (København : E. Munksgaard, 1956.) 50 

kronor. ' 


HWE section of Tectibranch Gastropods, some- 

times called the Cephalaspidea, because of the 
shield-like flattening of the head tentacles, has 
received relatively little attention from the zoologist, 
probably as there are only few and small species in 
a handful of families, often restricted in geographical 
range. A monograph on the arctic species of the genus 
Oylichna, a member of the Scaphandridae, is there- 
fore welcome. Dr. H. Lemche found, while engaged on 
the opisthobranch fauna of Iceland and Greenland, 
that not only were the species of Cylichna difficult 
to distinguish, but also the anatomy of the genus 
was “almost completely unknown’. In this work, 
- assisted financially by the Carlsberg Foundation, the 
author describes fully the anatomy and histology of 
Cylichna cylindracea Pennant 1777, comparing it 
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with C. alba Brown 1827, C. occulta Mighels 1841 and 
its subspecies devwsistriata (Leche 1878), and O. 
magna Lemche 1941. The material used was obtained 
from the Kattegat, the Gullmarfjord on the Swedish 
west coast, and fram the East Greenland Exxpedition’s 
collections by Dr. G. Thorson during 1931-34. 

The smail size of the specimens is mdicated by 
the shell measurements, which vary from 6:4 mm. 
long and 2-5 mm broad in the smallest species to 
17 mm. long and 7:5 mm. broad in the largest. 

Cylichna lives m the Venus community on fine 
sand at a depth of 30-50 metres in the Kattegat 
and Skagerrak, burrowing into the substratum. 
All attempts to watch it feedmg were unsuccessful, 
and most preserved specimens have an empty crop, 
but Dr. Lemche found a few specimens with food in 
the gut, and he irfers that they feed by ciliary and 
shovelling action on microplankton, probably on 
small testaceous rhizopods. A ciliary current, 
assisted by mucous secretion, is also employed for 
moving the sand particles in burrowing, passmg the 
grains over the cephalic shield, along the shell 
opening to the posterior, or beneath the foot and 
along the under side of the shell, the mucus pre- 
venting the sand from entering the pallial cavity. 
Thus, while burrowing, the animal is enclosed in a 
mucous cylinder. A funnel-shaped groove on each 
side of the head shield directs water over the pig- 
mented organ of Hancock into the pallial cavity, 
whence it is forced out through the cloacal siphon on - 
the right side. This is illustrated diagrammatically 
in Figs. 336-339 on Plate 37. 

The columellar muscle is of interest in that, after 
leaving the umbilical region of the shell, it becomes 
U-shaped in the neck, then forms @ hollow cylinder 
in the head, with dorso-lateral, lateral, ventro-lateral 
and medial portions. This Lemche interprets as 
corresponding to the dermo-muscular tube of 
Annelids. The sinistral portions of the columellar 
muscle are those directly concerned with attachment 
to the columella of the coiled shell and with with- 
drawal of the hesd into the shell, but the dextral 
portions are related to the upper side of the visceral 
sac, where in Prossbranchs the operculum would lie. 
In Prosobranchs the main portion of the columellar 
muscle is related to the shell and the operculum, 
whereas in Cylichna it runs forward to the head in 
the position of the retractor muscle of the velum of 
the larva. Lemcize concludes that the columellar 
muscles in prosobranchs and opisthobranchs are not 
homologous. But is this conclusion warranted ? He 
had probably not had the opportunity of reading 


-D. R. Crofts’s paser (Proc. Zool. Soc. Lond., 105 ; 


1955) on muscle morphogenesis in Haliotis and other 
prosobranchs when this was written. Miss Crofts 
traced the development of the pre-torsional larval 
muscles through torsion and the post-metamorphosis 
stage, and only an embryonic study could confirm 
the supposition that the muscles in Cylichna, and~ 
presumably in other opisthobranchs, are not homo- 
logous with those in prosobranchs, however plausible 
appears the condition in the adult, i 
Measurement of the gonad in numerous specimens 
shows that Cylichna is & perennial species, that it is 
probably two years old when spawning begins and 
that it lives three years at least. The first spawning 
occurs in June, eperm production after spawning 
being resumed in August. Young animals in their 
first year are purely, but not functionally, male. 
Then egg product:on begins while sperm formation 
ceases temporarily; the gonoduct being full of sperm. 
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It ıs not clear what activates the sperm. Cross- 
fertilization occurs, by the introduction of foragn 
sperm into a ciliated fertilization chamber, and, as 
usual ın hermaphrodite molluscs, waste eggs and 
sperms are destroyed by phagocytosis. The fertile 
egg is enveloped in albumen inside its shell, then the 
winding gland adds gelatinous’ material and fixes the 
egg in position in an egg string held together by 
mucus from the nidamental and oviducal glands. 
The spawn after extrusion has not been found, but 
Retusa, an allied genus, has lumpy egg masses. 
Lemche says that Oylichna exhibits ‘simultaneous 
functional hermaphroditism without functional 
protandry’’. 

The work is excellently produced and is illustrated 
by forty-six plates, with 361 figures; thirty-six 
plates are m half-tone, the remainder line blocks. 
In Plates 1-3 it is convenient having figures of the 
four species side by side for comparison. Plate 5 of 
the nervous system is not good; the figures 51-59 
are too small, the outlines of the ganglia too faint 
and the wide-spaced guide lines to the reference 
letters are trymg to the eye, so that one has to 
trace the figures to understand them. Fortunately, 
a clear coloured sketch of the nervous system in a 
line drawing is given on Plates 45 and 46, to which 
the reader should refer. Both these drawings are 
reconstructions from serial sections. 

It would have been helpful if a diagnosis of each 
of the four species had been summarized, or a key to 
them provided. N. B. EALES 


CATALYSIS 


Catalysis ; 

Edited by Prof. Paul H. Emmett. Vol. 4: Hydro- 
carbon Synthesis, Hydrogenation and Cyclization. 
Pp. vi+570. (New York: Reinhold Publishing 
Corporation; London: Chapman and Hall, Ltd., 
1956.) 100s. net. 


Catalytic: Reactions 

By V. I. Komarewski, C. H. Riesz and F. L. Morritz. 
Photochemical Reactions. By C. R. Masson, W. 
Albert Noyes, Jr., and V. Boekelheide. Electrolyiic 
Reactions. By Sherlock Swann, Jr. (Technique of 
Organic Chemistry, Vol. 2.) Second completely 
revised and augmented edition. Pp. x+543. (New 
York: Interscience Publishers, Inc.; London: 
Interscience Publishers, Ltd., 1956.) 11.50 dollars. 


OL. 4 of “Catalysis” contains, as its main 

feature, a series of four chapters, by R. B. 
Anderson and by L. J. E. Hofer, on various aspects 
of the Fischer-Tropsch hydrocarbon synthesis, in 
which long-chain aliphatic hydrocarbons are built up 
by the polymerizing hydrogenation of carbon 
monoxide. The reaction involved has considerable 
fundamental interest: first, from the point of view 
of the theory of the growth of the hydrocarbon 
cham; and secondly, on account of the complex 
catalysts used, from considerations of catalyst pro- 
motion. Too little is known, even now, of the 
mechanism of promoter action, although an appreci- 
able recent contribution to this subject was made in 
Vol. 3 in a monograph by a group of chemists from 
the Dutch Staatsmijnen; and multi-component 
catalysts still have largely to be found empirically. 
The general treatment of the Fischer-Tropsch 
reaction in the present volume constitutes a reason- 
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ably comprehensive and -well-documented review of 
the development of this industrially important pro- 
cess; and the interesting variation, known: as 
isosynthesis, by means of which branched-chain, in 
place of normal, hydrocarbons are produced by 
varying the catalyst and by working at high pressures 
is also discussed in a chapter by E. M. Cohn. 

The remaining sections, by M. Greyson, S. W. 
Weller and H. Steiner, are rather short and cover, 
respectively, the methanation of the carbon monoxide 
content of fuel gases, the liquid-phase hydrogenation 
of coal-oil pastes and, in a preliminary way, cycliza- 
tion. Of these, the chapter on destructive hydro- 
genation in particular might well have been longer 
in order to provide a more adequate survey of 
berginization as an alternative to the Fischer- 
Tropsch synthetic approach to artificial hydrocarbon 
oils. This, however, is a minor criticism; and the, 
volume under review certainly maintains the general 
high standard of the previous volumes in what will 
without doubt take its place as a major standard 
work on catalysis. 

The second of the above books is part of a new 
edition of a well-known practical text-book dealing 
with laboratory techniques. There is a refreshing 
clarity in the monograph on the scope and experi- 
mental technique of the application of catalysis ın 
organic chemistry which constitutes almost three- 
quarters of the volume; the contributors—V. I. 
Komarewski, C. H. Riesz and F. L. Morritz—are to 
be congratulated not only on their selection of good 
standard methods of catalyst preparation but also on 
their omission of much that is less material. In this, 
it is very evident that the selection has been based 
on practical experience, rather than on a survey of 
the now very large mass of available literature. This 
applies also to the review of apparatus for carrying 
out various types of catalytic reactions, high-pressure 
hydrogenation being treated in special detail. The 
article on photochemical reactions, by C. R. Masson, 
V. Boekelheide and W. A. Noyes, discusses the types 
of organic syntheses and other reactions which can 
usefully be carried out by the absorption of light 
quanta, and reviews light sources and the general 
working methods involved. The final chapter, by S. 
Swann, covers electrolytic processes. 

This issue of a second and enlarged edition of an 
already well-received text-book is an indication of the 
demand for works of this type. E. B. Maxrep 


MUSEUM TECHNIQUES 


The Conservation of Antiquities and Works of Art 
Treatment, Repair, and Restoration. By Dr. H. J. 
Plenderleith. Pp. xvi+373+655 plates. (London: 
Oxford University Press, 1956.) 63s. net. - 


LTHOUGH ‘conservation’ is traditionally quoted 

as the second function of a museum, those in 
charge of these institutions are often hard pressed to 
discover details of the correct methods to be adopted. 
Two books by the present author, “The Preservation 
of Antiquities” and “The Conservation of Prints, 
Drawings and Manuscripts”, have been out of print 
for several years, and though very useful to curators, 
were scarcely sufficiently detailed in respect of the 
methods advised. The museum profession, therefore, 
is delighted that Dr. H. J. Plenderleith, of the Research _ 
Laboratory of the British Museum, with the practical 
experience of more than thirty years, has made the 
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opportunity to place at the disposal of his colleagues 
his unrivalled knowledge of the solution of so many 
conservation problems. It ıs little wonder, and 
indeed the Museums Association is honoured, that 
the book 1s now one of the official handbooks of that 
body. 

The book opens with a stimulating chapter on the 
influence of environment and rightly stresses the fact 
that so often an object when subjected to new con- 
ditions of temperature and humidity suffers rapid 
and perhaps irretrievable damage. Dr. Plenderleith 
gives some useful facts concerning museum climate, 
and the limits of atmospheric conditions are defined 
as lying between 50 per cent and 65 per cent relative 
humidity at temperatures ranging from 60° to 75° F., 
that is, those to suit the comfort of visitors. Dr. 
Plenderle:th then proceeds to deal with the various 
organic materials composing museum objects. These 
include animal and skin products, papyrus, parch- 
ment, paper, prints, drawings, manuscripts, textiles, 
wood, bone, ivory and easel paintings. In each case 
sufficient details are given for the reader to acquire 
a knowledge of the chemical and physical properties 
of the material. Methods of preservation are then 
discussed in detail, though the warning note is often 
sounded concerning the amateur craftsman who 
attempts to carry out a process without realizing the 
implications of each step. The next section of the 
book opens with @ general introduction to metal 
objects and then discusses gold, electrum, silver, 
copper and its alloys, lead, tin, pewter, iron and steel 
on somewhat similar lines as the previous section 
dealt with organic materials. A final section on stone, 
ceramics and glass concludes this part of the book. 

In each section there is a wealth of illustrative 
examples, and as Dr. Plenderleith has dealt with 
some of the most important archxological excavations 
during the past thirty years he is never in want for 
the appropriate object either for a description m the 
text or @ half-tone or line ulustration. Among other 
sources these are taken from the material found m 
Ur of the Chaldees, the Sutton Hoo ship burial, the 
Mildenhall treasure and the Walbrook Mithreum. 
The final-part of the book includes thirteen appendixes 
of useful constants, strength of solutions, dangerous 
chemicals and other facts constantly needed by the 
museum conservator. 

The well-known and meticulous work of Dr. 
Plenderleith forms a unique combination of scientific 
knowledge and a specialized form of craftsmansh:p 
umted with a scholarly and intense devotion to the 
objects themselves. Throughout, he has tried to 
ımbue the reader with his own rigid discipline and at 
the same time to warn him that certam complicated 
techniques are for the expert only, though it is 
important that those in charge of part of the national 
heritage should be familiar with the underlying 
principles of conservation. That the book can be 
recommended to all museum. curators, librarians and 
archivists ıs an understatement, for no responsible 
individual in any of these professions dare work 
without this text-book constantly at hand. It is the 
most comprehensive work of 1ts kind in any language, 
for it not only details in compact form old and well- 
established methods of treatment, repair and restora- 
tion, but also many new methods are here published 
for the first time. Our congratulations to Dr. Plender- 
leith are coupled with sincere thanks for such a 
monumental work which the publishers have been 
able to produce at a fairly reasonable price. 

F. S. WALLIS 
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THE BRITISH AND FRENCH CIVIL 
~= SERVICES 


The Civil Service in Britain and France 
Edited by Prof. Viliam A. Robson. Pp. vii +191. 
(London: The Hcgarth Press, 1956.) 21s. net. 


N issumg m more permanent form nine essays 
which originally appeared m a special number of 
The Political Quarterly of October-December 1954, 
which commemorazed the centenary of the Trevelyan- 
Northcote reforms, opportunity has been taken not 
merely to revise ct expand some of the essays but 
also to include fiva new ones. One of these, by the 
Right Hon. A. Creech Jones on the Colonial Service, 
rectifies an outstanding omission m the origmal col- 
lection, and gives a clear and balanced account of 
both the work anc. problems of the Service, together 
with a number of constructive suggestions. Two 
further essays, that by Sir Thomas Padmore on 
“Civil Service Establishments and the Treasury” and 
that by Mr. Douglas Houghton on “Whitley Councils 
in the Civil Servize’, supplement Su John Wood’s 
essay on Treasury control of public expenditure. 
They outlme the way Treasury control of the numbers 
and grading of Civil servants and of their conditions 
of service ıs exerc.sed, and the manner in which the 
Whitley Councils have m practice succeeded, over 
the past thirty years or so, both in keeping the peace 
between the official and the staff sides of the Service, 
and in making some three-quarters of a million people 
happy in ther work. In neither account is the 
difficulty of keeping a balance between central con- 
trol and departmentalhsm minimized, but they 
indicate that in this respect the British Civil Service 
on the whole has been notably successful. 

In the fourth of the new essays, that by Prof. André 
Bertrand on “The Recruitment and Trainmg of 
Higher Civil Servants in the United Kingdom and 
France’, ıb ıs suggested. that whereas the French 
system requires to originate new techniques in 
recruitment to give more weight to the evaluation of 
the candidates es a whole with an emphasis on 
qualities other than the purely mtellectual, we in 
Britain require tc strike a new balance between a 
liberal education and the social services. Prof. 
Bertrand also beleves that we should set up some 
form of professional traming school for the young 
Crvil servant. In the fifth essay, on “Bureaucracy 
and Democracy”, Prof. W. A. Robson, while cor- 
recting some of the false notions of bureaucracy 
frequently fostered by those not anxious to help an 
improvement in tke technique of government, argues 
that, of the spirit of democracy is to permeate the 
administrative process, the Civil Service must be 
completely integrated in the community. While in 
recruiting the administrative class the chief emphasis 
should be placed on administrative ability and high 
intellectual capacicy, a strong effort should be made 
to ensure that naither this class nor the Foreign 
Service ıs too much dominated by those drawn from. 
one section of the community. Prof. Robson again 
urges the umportanace of an effective and continuous 
system of communication between government 
departments and those sections of the public they 
serve or control and, lastly, he suggests that we 
should encourage widespread participation in the 
administrative process by those who are neither 
professional politizians nor Civil servants. For its 
constructive suggestions no less than for the pene- 
trating discussion of some of the root problems in 
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modern government, this collection of essays well 
merits this. more permanent form of presentation. 
They contain much to interest the scientist, although 
the place of the scientific or technical expert in 
government 1s discussed only in general terms by 
Mr. H. R. C. Greaves in his essay on the structure 
of the Civil Service. R. BRIGHTMAN 


THE TABULATION OF 
MATHEMATICAL FUNCTIONS 


Tables of the Function arc sin z 


By the Staff of the Computation Laboratory. . 


(Annals of the Computation Laboratory of Harvard 
University, Vol. 40.) Pp. xxxviii+586. (Cambridge, 
Mass.: Harvard University Press; London: Oxford 
University Press, 1956.) 100s. net. 


Spheroidal Wave Functions including Tables of 

Separation Constants and Coefficients 
By J. A. Stratton, P. M. Morse, L. J. Chu, J. D. C. 
Little and F. J. Corbaté. (Technology Press Books 
in Science and Engineering.) Pp. xiii + 613. 
(Cambridge, Mass.: ‘Technology Press of the Massa- 
chusetts Institute of Technology ; New York: John 
Wiley and Sons, Inc.; London: Chapman and Hall, 
Ltd., 1956.) 100s. net. 


HESE two books of tables illustrate an inter- 
esting contrast in the problems presented in 
tabulating a mathematical function, and in the 


methods of dealing with these problems. Both were ` 


computed on automatic computers, both come from 
Cambridge, Massachusetts, and both are substantial, 
but with this, resemblance practically ceases. 

The first provides ® definitive table of a standard 
mathematical function f(z) = sin- z or arc sin z over 
the complex plane of z = x + ty. By symmetries of 
the function, only positive values of x and y need be 
considered as tabular arguments. There 1s, however, 
a singularity at z = 1. The tables give six-decimal 
values of real and imaginary parts of f (z) for intervals 
in and y which are small near z = 1; in fact, 
3a = dy = 0-002, while x and y extend over the 
intervals 0-916 <2 <1-090, 0<y <0-140, re- 
spectively. The intervals are successively increased 
to a = òy = 5, for which values the total extent of 
the table is 0 <v <195 with 125 <y <475, and 
200 <x ~< 475 with Os <y <350. To aid interpolation, 
real and imaginary parts , of hdfjdz and 4h3d?//dz? 
are tabulated; in this h = ðs = dy is the tabular 
interval. The unorthodox use of 3 for k in table 
headings is misleading and requires a word of 
warning ; for example, òf’(z) does not mean a differ- 
ence, but 8 x df(z)/dz. The presentation and 
printing of the tabular material are otherwise excellent. 
An introduction describes the properties of the func- 
tion sin z, and the details of the calculation and 
checking, and of interpolation into the tables. The 
writer has not tested the tables for accuracy, but the 
care taken by the Harvard Computation Laboratory 
and its experience in making mathematical tables 
are’ well known, and accuracy can be expected to be 
high, probably perfect. The tables were prepared on 
the Harvard Mark IV Calculator. 

The second table should, perhaps, be regarded as, 
in a sense, experimental—though a highly developed 
and substantial experiment. The spheroidal wave- 
functions tabulated involve several parameters and 
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depend on theory of relatively recent develop- 
ment. The former consideration rules out anything 
like a really complete tabulation (though an even 
more substantial volume of actual solutions is fore- 
shadowed), and the latter may mean that the best 
form of tabulation has not yet been found. This 
appears to be true even of Mathieu functions, which 
mvolve a parameter fewer. The authors must be 
congratulated on a really substantial attempt to 
make the spheroidal wave-functions readily avail- 
able to workers in this field. Two sets of tables are 
given—for prolate and oblate spheroidal wave- 
functions, respectively. The wave-functions them- 
selves are not tabulated, but are given in the form 
of expansions in series of spherical Bessel functions 
jn + m(&) = (1/26)? Tn+m+1/2(€) in the case of radial 
functions J, which satisfy the differential equation 
that arises from Laplace’s equation by separation of 
variables after transformation to spheroidal co- 
ordinates, namely, 


# [e-o] — (4-8 + oy) J=0 


(prolate) 


or 


gleo] (4-1 FO — ee =o 
(oblate) 


or in series of associated Legendre functions P aan (q) 


in the case of angular functions S, which, satisfy 
the differential equation 


a Low =] + + (4— het — 7) 8 = 0 
(prolate) 


or 





Š [E] — (A*—g'y? — i) S= 0 
(oblate) 


In these, m (an integer) and A. are ‘separation 
constants’. The tables give coefficients in all 
four expansions for m = 0(1)8, 7 = m(1)8, and with 
h or g = 0(0:1)1(0-2)8. Seven-figure values are given 
for coefficients down to about 10- for radial func- 
tions, and down to about 10-18 or 10-20 for some 
angular functions. ‘The separation-constants A are 
not given directly, but can be obtained from seven- 
figure values of t where 


2(b-+1) — 2m*—1 
(20—1) (20-+3) +:] 


The tables were produced on the Massachusetts 
Institute of Technology’s computer, Whirlwind I, and 
have been reproduced quite well, though both format 
(with its too lavish use of space) and typed material 
reproduced are inferior to those of the Harvard 
volume ; they are nevertheless adequate. 

The introductory matter consists‘of a reprint of 
an article by Chu and Stratton from J. Math. Phys., 
20, 259-309 (1941), and a rather too sketchy intro- 
duction to the tables by Little and Corbato. This is a 
valuable pioneer table. -J. ©. P. MILLER 


A =(l+1) +h? 
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Proceedings of the C.E.R.N. Symposium on High 
Energy Accelerators and Pion Physics 

Geneva, 11th-23rd June, 1956. Vol. 1: High Energy 

Accelerators. Pp. xiii+567. Vol. 2: Pion Physics. 

Pp. xii+4438. (Geneva: C.E.R.N., Service d'In- 

formation, 1956.) 40 Swiss francs each volume. 


HE 1956 Symposium of the European Organ- 

ization for Nuclear Research has already been 
reported in Nature (178, 116; 1956). Vol..1 of the 
Proceedings deals with high-energy accelerators, and 
Vol. 2 with some techniques and results of high- 
energy nuclear research. The early publication of 
these large volumes, each containing about eighty 
papers and summaries of the discussion, 1s & note- 
worthy achievement, particularly since the standard 
of production is excellent throughout. Many of the 
papers contain much more detail than could be 
covered in the spoken versions, because authors were 
asked to submit detailed texts before the symposium ; 
these ‘preprints’ greatly aided discussion, and now, 
with corrections where necessary, form the basis of 
the Proceedings. With the inclusion of many papers 
by Soviet authors, Vol. 1 is the most comprehensive 
collection of papers on high-energy accelerators which 
has yet appeared; most of the information was 
previously either unobtainable or buried in a mass 
of project reports of many laboratories, and the 
degree of detail reported in many cases far exceeds 
what can be accepted nowadays in the journals. 
Consequently, Vol. 1 will be most valuable to accel- 
erator specialists. Vol. 2 is not so all-embracing, by 
design of the organizers; save for an important 
contribution on anti-proton physics, it is restricted 
to the lower energy ranges. Moreover, the preparation 
of lengthy ‘preprints’ is less readily applicable to 
nuclear research than to studies of accelerators or 
techniques. Nevertheless, the same high quality of 
material and presentation is apparent, and at 40 
Swiss francs per volume- the Proceedings are a 
bargain. It is a matter for satisfaction that this 
highly successful symposium was organized by a 
young international institute, ses up by the co- 
operative efforts of twelve nations. 

T. G. Proxavanon 


Atomic Structure and the Strength of Metals _ 
An Account for the Nonscientist of Recent Researches 
aimed at understanding why Metals have their 
Characteristic Strength and Ductiltty. By Prof. N. F. 
Mott. (The Page-Barbour Lectures for 1956 at the 
University of Virginia.) Pp. vi- 64 +13 plates. 
(London and New York: Pergamon Press, Ltd., 1956.) 
lds. net; 2.75 dollars. 


HE accepted way to write a popular book on 
science is to describe things obviously wonderful : 
stellar nebule, atomic nuclei, living cells, and the 
like. But this does not properly reflect the scientific 
attitude—the urge to understand the working of all 
things, large or small, near or far, domestic or cosmic. 
In this little book Prof. N. F. Mott has attempted to 
convey to the non-scientist some feeling for this 
scientific attitude by arousing his interest in all the 
intriguing, difficult and surprising questions that have 
to be faced when one really tries to’ explain such a 
. familiar process as the bending and breaking of a 
piece of metal. Writing with great clarity and sim- 
plicity, he first discusses the crystal structures of 
metals, to understand how atoms are packed together, 
and then shows that the only way to understand how 


these atoms slip past each other, or pull apart, is to 
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think of the crystal as a kind of ‘space’ in which 
there exists various kinds of ‘particles’—dislocations, 
vacancies, impuriiy atoms—with properties as in- 
tricate and fascirating as those of ordinary space. 
The understanding of these particles not only leads 


.. t0 the explanatior of the strength of metals; it also 


enables one to solve a whole range of other problems, 
from the mechaniem of crystal growth to the develop- 
ment of the photographic image. 

Anyone who 1s & scientist at heart could not fail 
to enjoy this book, irrespective of whether he has 
been trained in science or not. <A. H. COTTRELL 


Man, Culture, and Society 

Edited by Dr. Herry L. Shapiro. Pp. x11+380+13 
plates. (London end New York: Oxford University 
Press, 1956.) 45s. net. 


HIS book comprises sixteen chapters by leading 

experts in arthropology. Most of the authors 
are American, bus three chapters are contributed by 
British and one by a French scholar. It is a pity 
that Dr. Shapiro, of the American Museum of Natural 
History, did not write the whole volume himself or 
at least that he could not have made do with one or 
two colleagues: collective works are dull at the best 
of times and never more so than' when written at an 
elementary level; indeed, some chapters read as 
though they were written to redeem promises and 
few can have given their authors much pleasure to 
compose. 

The topics range from the biological endowment.of 
man—dealt with >y the editor himself ın the opening 
chapter—to his prehistoric past (Chapters 2—4), the 
nature and growta of his culture and’ various aspects 
of his social life, such as language and writing, 
religion, economies and social grouping. .Of the 
archeological chapters, Prof. Cressman’s on “Man 
in the New World’, describing the prehistory and 
achievement of the pre-Columban Indians, will 
probably be read with greatest interest by English 
readers. Prof. H>ebel contributes a clear statement 
of the nature of culture, and there are interesting 
chapters on some of the factors in cultural change. 
Language and writing, subjects too often neglected 
by contemporary British anthropologists, are well 
treated by Prof. Harry Hoijer. Prof. Redfield brings 
the volume to an end with a trenchant essay on 
“How Human Society Works”. The book might 
serve for the. initial year of undergraduate courses in 
anthropology. J. G. D. CLARK 


A Handbook for the Identification of Insects of 
Medical Imporzance ao on 

By Dr. John Smart. With Chaptérs on Fleas by Dr. 

Karl Jordan, anc, on Arachnids by. R. J. Whittick. 

Third edition. Pp. xi+303+13 plates. (London: 

British Museum (Natural History), 1956.) 40s., 


HE third edition of this work was issued in 

March 1956. It differs little from the second 
edition of 1948 being a photo-litho reprint of 
this. Bibliographical references have been brought 
up to date, howsver, and some additions and cor- 
rections made in the text and in an appendix on 
mosquitoes. One regrets the increased cost from 
£1 in 1948 to £2 for the third edition. Nevertheless, 
it still remains a worth-while purchase for those who 
wish or need witain the limits of a single book, well 
illustrated and bound, and of convenient size, 
information on the systematics and distribution of 
arthropods of medical importance. 

D. S. BERTBAM 
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BOSCOVICH AND PARTICLE THEORY 


By L. L. WHYTE 


T a time when the theory of the fundamental 
particles is in need of new methods it is unfor- 
tunate that there is little first-hand knowledge of the 
work of one of the most original of atomists. This 
article seeks to remedy the recent neglect of the role of 
Boscovich (1711 ?-1787) in the history of atomism and 
to correct a misinterpretation which may have a bear- 
ing on current problems. For Boscovich’s method, 
properly understood, displays in its purest form a type 
of atomic theory which has not yet been exploited. 
Boscovich’s doctrine of pomt atomism! was a 
speculative mathematical theory developed at a time 
when few quantitative data, outside gravitation, were 
available. It was derived from the requirement that 
the discontinuity of action by impact must be 
reduced to some kind of continuous action at a 
distance. The theory combines Leibniz’s meta- 
physics (point monads) and Newton’s physics (action 
at a distance, repulsive and attractive). 

Boscovich’s “atoms” (better called primary par- 
ticles, that is, those non-composite permanent par- 
ticles the stable arrangements of which constitute 
atoms, molecules, and solid bodies—our nucleons 
roughly correspond to this) are all identical, being 
simple permanent (quasi-material) mathematical 
points remaining at finite separations so that a finite 
number is present in any physical system. These 
point particles display propensities to approach or 
recede from one another, that is, actions between 
pairs observable as relative accelerations, which vary 
in sign as well as magnitude with their distances. 
Every pair of particles has associated with it a scale- 
fixed field, alternately repulsive and attractive, which 
determines their interactions, single particles posses- 
sing no quantitative properties. One basic expression 
for the interactions is to account for all physical 
properties, for example, gravitation, collisions, cohe- 
sion, sound, rigid and flexible rods, crystals, fluids, 
changes of state, etc. Chemical differences are 
ascribed to the contrasted structures of composite 
systems. 

These Boscovichian point-atoms were well known 
from 1770 onwards and directly or indirectly 
influenced the development of many branches of 
mathematical physics including current particle 
theory. Other features of the theory also proved 
fertile. For example, in 1907 J. J. Thomson? showed 
that under Boscovich’s alternating repulsive and 
attractive field only certain central orbits are stable, 
thus_preparing the way for Bohr’s discrete orbits. 
But around 1920 awareness of Boscovich’s importance 
faded and his work has since been neglected in most 
historical and. other surveys. Moreover, no analysis 
has yet been made of the various features of Bos- 
covich’s method which were original. 
briefly attempted here, both to demonstrate his 
importance and to clarify the points where he differs 
from Newton.. 

In 1788 Boscovich’s method contained at least five 
novel features. For it was the first mathematical 
theory: (1) to employ finite numbers of point 
particles (it substituted a continuous range of density 


for the sharp dualism of matter and empty space, 


This will be - 


setting no upper limit to density, and predicting the 
penetration of bodies by high-speed particles confirmed 
150 years later) ; (2) of kinematic atomism (see below) ; 
(3) eliminating from basic theory the scale-free 
similarity property of the Newtonian law, by sub- 
stituting equilibrium radii determined by a scale-fixed 
field for the finite size of the Newtonian particle, 
Boscovich being the first to employ expressions 
involving natural lengths in basic laws*; (4) seeking 
to derive many effects from a single expression which 
reduces to Newton’s law as r——œ , when certain terms 
vanish; and (5) which was essentially relational, 
indeed almost relativistic‘, giving the first analysis of 
space and time measurements in which the spatial 
and temporal relations of a system are in some degree 
affected by its state of motion relative to all other 
particles in the universe (a century before Mach). 
Moreover, the theory was presented as a hypothetico- 
deductive mathematical scheme “concerned with 
facts not causes”, its validity to be judged by its 
elegance and fertility. 

Boscovich’s theory is best known for (1). (3), (4) 
and (5) are mainly of historical interest. But (2) is 
still important, as here Boscovich has been mis- 
understood, and his method awaits exploitation. 

Boscovich’s commentators, with the exception of 
his translator, J. M. Child, describe his atoms as 
“point centres of force”, without qualification. Thus 
Maxwell, in his influential “Atom” article, says that 
Boscovich’s atoms exert forces on one another, and 
leaves it at that. Not having a theory of dimensions 
at his disposal it was perhaps natural that Maxwell 
failed to observe that Boscovich’s vis and massa did 
not mean what ‘force’ and ‘mass’ meant for Newton 
and all mechanical theories. 

We may classify most physical theories as mechani- 
cal (that is, using three primary dimensional magni- 
tudes: L, T, M), or kinematic (that is, using two 
primary magnitudes only: L, T, and deriving mass- 
ratios from some new space-time geometrical or 
kinematic principle), though some are of mixed type. 
Nearly all atomic theories (including quantum 
mechanics) are mechanical. Einstein’s Special Theory 
(for example, when applied to electrons) is a mixed 
theory, deriving the variation of mass ratios with 
velocity from a kinematic principle. Einstein’s 
General Theory is a kinematic macroscopic theory, 
deriving mass properties from space-time geometry. 
Parts of Eddington’s and of Milne’s speculative 
theories were kinematic. Thus twentieth-century 
physics displays a tendency, as yet only partly 
realized, to eliminate mass and rely on kinematics. 
But Boscovich’s theory is still the only example of a 
pure kinematic atomic theory. 

For Boscovich, though he used the term massa, did 
not employ ‘mass’ as a third primary magnitude. 
Child (see ref. 1, p. xiii) says, “Maxwell, in ascribing 
mass to & Boscovichian point of matter, seems to 
have been obsessed by a prejudice.... The mutual’ 
vires ascribed by Boscovich to his pair of points, are 
really accelerations, thas is tendencies. ... The 


‘Theory of Boscovich differs from that of Newton in 


being purely kinematical”, For Newton ‘mass’ wa 
Cals aa ion 
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the quantity of matter defined as density times 
volume. Boscovich discarded this and substituted 
dimensionless factors which could serve as ‘mass 
ratios’, but were merely the ratio of the numbers 
of point particles ın two systems and could, in 
principle, be determmed by counting. This was 
possible because all the primary particles were 
postulated as identical. The power of this approach 
is evident in the fact that the ‘centre of gravity’ of a 
physical system in internal equilibrrum was determ- 
ined for Boscovich by pure structural geometry, 
without dynamical considerations. 

This kmematic method is easy to understand 
to-day, thanks to the work of Hinstem, Eddington, 
Milne, and others, but it was so original that until 
1922 the significance of Boscovich’s transformation 
of Newtonian mechanics remained unrecognized. 
Indeed, ıb is only now, faced by the obscure mass 
spectrum of the ‘fundamental’ particles, that we can 
appreciate the difference between mechanical and 
kmematie theories, and realize that when the latter 
can be developed they possess a crucial advantage 
over the former. For mechanical theories, by treating 
mass as an independent magnitude, render it intract- 
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able to analysis, whereas in a pure kinematic theory 
all mass ratios mast be treated as secondary factors 
derivable from some structural, geometrical or 
kinematic principle. From this point of view the 
demand for a theory of particle masses may usefully 
be interpreted as the demand for a pure geometrical 
or kinematic part_cle theory. 

Thus a consideration of Boscovich’s atomism in the 
light of twentieth-century physics directs attention 
to the possibility that the future theory of particles 
may have to be based on geometrical-kinematic 
rather than mechanical principles. -~ 


2 Boscovich, Roger Joseph, “Theoria Philosophie Naturalis... (A 
Theory of Natural Philosophy, Reduced to a Single Law of the 
Forces existing in Nature)”. tin-English edition, translation 
by J.M. Child. (Open Court, Chicago, London, 1922.) First Latin. 
edition, Vienna, 1758. Boscovich was born in Ragusa, worked. 
mainly in Italy, aad was prolific m many fields The present 
paper is restricted to his atomism; a broader survey will be 
published elsewhere, 

? Thomson, J. J., “Corguscular Theory of Matter”, 160 (1907). 

* Whyte, L. L., Ann. Si., 10, 20 (1954). 

*Silberstem, L, deced attention to the neglect of Boscovich’s 
“remarkably clear and radical ideas regarding the relativity of 
space, time and mation”. See his “Theory of Relativity’, 2nd 
edit., p. 88 (1924). i 


5 “Encyclopædia Britanica”, 9th edit, (1875). 


WEED CONTROL - 


HE third British Weed Control Conference 

organized by the British Weed Control Council 
met in Blackpool durmg November 6-8, 1956, under 
the presidency of Sir James Scott Watson. More than 
four hundred delegates attended, of whom about 
forty came from overseas,. including a delegation 
from the Soviet Union. : 

The subject-matter ranged over a wide field, from 
educational and usage problems to the mode of 
action of herbicides and the ecology and taxonomy 
of weed plants. In the earlior conferences the main 
need was for a meeting of those engaged in the 
technology of weed control so that the great practical 
developments that had taken place since the Second 
World War could be published and discussed, and 
those conferences were invaluable in serving this 
purpose. Now, however, it is apparent that tho 
subject has reached a size and complexity that can 
scarcely be covered adequately in all its technological 
and scientific aspects in a single conference organized 
along the same lines. Detailed discussions at scientific 
level, for example, would certainly have been out of 
place in the present conference because only a 
minority of the delegates were engaged in any form 
of research. The conference did not adequately 
provide the much-needed opportunity for the research 
worker in this highly speciahzed subject to present 
and discuss his results and techniques. The need for 
specialized meetings to deal with the research aspects 
of the subject, as opposed to the technology of weed 
control, was emphasized by the secretary of the 
Agricultural Research Council, Sir William Slater. 

“Weed Control: a Record of Strikmg Progress” 
was the title of the introductory paper by- Sir Jobn 
Russell; who pomted out that in primitive agricultural 
systems weeds had their uses, providing grazing for 
livestock ; in fact, in neither Greek nor Latin is there 
a-word for ‘weed’. Sir. John paid tribute to -the 
important contribution which industry had made to 
the advancement of agriculture, particularly in the 


field of agriculturel chemicals, and he suggested that 
the efficiency of the new herbicides had -been an 
important factor in the dramatic rise in yield of 
cereals in Great Eritain ın recent years. 

R. E. Slade (Essex) suggested that it was not 
enough to. regard weed-killers solely as means of 
mereasing the yield. They ought, in addition, to 
allow a greater freedom of cropping, enabling those 
crops to be grown which suit the soul, available 
equipment and labour, and changing economic. con- 
ditions, rather than ‘crops that are simply taking 
their turn in a rig-d system of crop rotation. 

As a result of a survey carried out by the statistical 
department at Rochamsted m co-operation with the 
National Agricultural Advisory Service (D. A. Boyd), 
it appears that MCPA is used on about 90 per cent 
of the acreage sprayed for weed control. This con- 
trasts strongly with the position in North America, 
wheré 2: 4-dichlorophenoxyacetic acid (2,4-D) has 
been the predominant herbicide’ used. 

At the invitation of the British Weed Control 
Council, Dr. E. Akerg (Upsala, Sweden)-and Dr. C. 
Frankton (Ottawa, Canada) reviewed. the progress n 
weed control research and development in their own 
countries. Revievs of this type are of particular 
value in the field o? weed control, in which the action 
of herbicides may vary according to local climatic 
and ecological conditions and related plant species 
may differ m their econoniic importance. In Sweden, 
for example, Galiun mollugo is a serious weed, while 
in Britain the only important weed species of this 
genus is G. aparire. The former species has been 
found in’ Sweden to be susceptible to the herbicide 
2:4: 5-trichlorophenoxyacetic acid (2,4,5,-T), al- 
though the latter s resistant, an illustration of the 
specificity of this compound. Dr, Åberg directed 
attention to the phenoxythioacetic acids recently 
discussed ‘by Burstrém et al. These compounds 
appear to be more Dhytotoxic than the corresponding 
phenoxyacetic derivatives at cell-level but ther 
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overall effect is less, and it is suggested that this is due 
to slower translocation or more rapid breakdown. 
Possible differences ın selectivity have yet to be 
mvestigated. 

One of the main interests of Dr. Frankton is the 
taxonomy and ecology of weeds, and he stressed the 
need for cytotaxonomic studies as an aid to the 
correct identification of important species. He quoted 
the example of rosebay willow-herb (Chamaenerion 
angustifolium), which has a somatic chromosome 
number of 72 m Canada, although that of the native 
British species is 36. Both Dr. Frankton and Dr. 
Aberg directed attention to the remarkable fact that 
relatively little is known about the taxonomy, life- 
history and ecology of many of our most important 
weeds. 

The reports on new herbicides were awaited with 
especial interest. H. Gysm and E. Kniisli (Geigy Co., 
Switzerland) discussed the chemistry and herbicidal 
properties of a completely new class of herbicides, 
the triazines. The most promising derivative 1s 
2-chloro-4,6-bis(ethyl-amino)-s-triazine, an extremely 
pbhytotoxic compound. It has a very low solubility, 
making it of particular promise as a persistent total 
herbicide for uncultivated ground. It also has 
selective properties at very low dosages on certain 
crops, for example, maize. Other less active triazine 
compounds have given selective weed control in 
cotton, beans, peas, potatoes and grapes. 

A development of particular wnterest to many 
British farmers was the introduction by G. B. Lush 
and E. L. Leafe (Boots Pure Drug Co.) of 4-chloro- 
2-methyl-phenoxypropionic acid for the control of 
cleavers (Galium aparine). This new herbicide means 
that an important weed, which previously could be 
controlled in cereals only by sulphuric acid or the 
substituted dinitrophenols, DNC and dinoseb, may 
now be killed by a plant growth-regulator which is 
not toxic to mammals and which a farmer can apply 
by a low-volume sprayer. This discovery re-emphas- 
izes the empirical character of chemical weed control. 
For some years it has been known that 4-chloro-2- 
methyl phenoxypropionic acid has growth-regulating 
activity, but as the test plants used have apparently 
excluded cleavers, its potential value has not been 
appreciated until recently. It may well be that a 
re-examination of other rejected compounds on a 
new series of weeds could give equally happy results. 

Outstanding among new experimental techniques 
was the variable dosage spraying equipment by G. S. 
Hartley, R. K. Pfeiffer and R..T. Brunskill (Fisons 
Pest Control, Ltd.), described in Nature, 176, 472 
(1955). This equipment is mounted on a vehicle and 
dilutes the spray in a logarithmic manner as 1¢ travels 
along. Portable small-scale equipment based on a 
similar principle and designed for experimental work 
in the field was demonstrated by J. D. Fryer (Agri- 
cultural Research Council, Oxford). The standard 
of experimental spraying equipment: for herbicide 
research is undoubtedly improving in Britain, 
allowing greater precision of application. One of the 
limiting factors at present is the lack of uniformity 
of commercially available nozzles, individuals of a 
given size and pattern often giving variable per- 
formance both as regards throughput and distribution 
of the spray droplets (K. Holly, Agricultural Research 
Council, Oxford). A-review of nozzle designs was 
given by A. Westerman (G. Bray and Co.), who 
stated that some standardization of nozzle per- 
formance was being considered by the British 
Standards Institution. W. E. Ripper (Fisons Pest 
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Control, Ltd.) discussed an interesting new technique 
making the use of herbicides possible on susceptible 
crops. The seed drill 1s modified so that after 
placing the seed and only partial filling of the drill, a 
band of adsorbent material ıs sprayed before com- 
plete coverage with soil and spraying with weedkiller. 
[In this way it has proved possible to use herbicidal 
concentrations of MCPA in kale and isopropyl-n- 
phenyl carbamate m cereals without crop damage. 

Of particular mterest in the section on dinitro- 
phenols was a consideration of the factors affecting 
the susceptibility of peas to dmitro compounds (O. R. 
Dewey et al., Fisons Pest Control, Ltd.). It was 
demonstrated how damage to the leaf cuticle by 
wind, dust and rain can result in injury to the crop 
following spraying with DNC or dinoseb, due to 
increased retention and penetration of the spray. 
These authors also showed that the presence of 
chemicals such as trichloroacetic acid in the soil in 
which the plants are growing increases the wettability 
and probably the permeability of pea leaves due to 
interference with wax formation and excretion. 
Certain weeds are similarly affected, annual nettle 
(Urtica urens) so much so that pre-treatment with 
trichloroacetic acid at more than 1-0 Ib. per acre 
resulted in this weed being much more susceptible 
to DNC than the crop (peas) in which it was 
growing. 

In his paper on the “Principles of Selective Phyto- 
toxicity”, Prof. G. E. Blackman (Oxford) stressed 
the complexity of the factors which can modify the 
action of weed-killers on plants. He showed how 
retention can. vary with the physical properties of the 
spray and with the type of-plant, and quoted examples 
from the work of the Agricultural Research Council 
Unit at Oxford to illustrate this and also the factors 
affecting penetration, transport and action at cell 
level. The importance of these fundamental aspects 
of weed control was also emphasized by the work of 
R. T. Brunskill (Fisons Pest Control, Lid.), who had 
found that the relationship between surface tension, 
droplet size and retention on pea foliage was by no 
means simple. He showed that varying the droplet 
size alone can profoundly affect the phytotoxicity of 
a given concentration of dinoseb to peas, an observa- 
tion that is borne out by practical experience in the 
field, but which is not as yet the subject: of any 
practical recommendation. 

While Dr. Frankton pointed out that surprisingly 
little interest has been taken in the biology of weeds, 
ıt is a hopeful sign that five papers on weed ecology 
were presented at the conference.. They clearly 
demonstrated the importance of basic studies to the 
weed investigator in helping him to understand the 
plants he is attempting to destroy. The ecology of 
Papaver spp., Rumex spp. and Allium vineale was 
considered, in four research reports, and in the fifth, 
J. L. Harper (Department of Agriculture, Oxford) 
discussed the evolution of weeds with reference to 
the development of resistance to herbicides. He 
quoted the case of Erechtites hieracifolia growing in 
sugar cane plantations in Hawaii, previously very 
susceptible to 2,4-D and now fairly resistant. In this 
connexion, the danger of merely checking weeds, or 
obtaining only a partial control, is obvious. 

Considerable time was devoted to reviewing the 
important problem of wild oats (Avena fatua and 
A. ludoviciana), for which no really satisfactory 
method of control has yet been found. Trichloro- 
acetic acid and zsopropylphenyl carbamate have both 
given useful results when incorporated into the soil 
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- “before sowing peas or brassica crops, but it is clear 
that these herbicides can only be regarded as filling 
a gap until something more effective is found. 
‘Another difficult problem in the damp climate of 
Britain is the control of perennial grasses such as Agro- 
_ -pyron repens and Agrostis gigantea, and it was pleasing 
-= to hear in reports from J. O. Green and T. Evans 
(Grassland Research Institute, Hurley), J. G. Elliott 
(Agricultural Research Council, Oxford) and T. C. 
Breese and P. F. le Broeg (Plant Protection, Ltd.) that 
dichloropropionic acid (dalapon) has given such 
promising results. Unlike trichloroacetic acid, dalapon 
_ is absorbed through the shoot’as well as the root. 
The biological activity and possible value as 
erbicides of the gamma phenoxybutyric acids has 
en much attention during the two years 
g their introduction by R. L. Wain in 1953. 
the results of field investigations with 2-methyl-4- 
hlorophenoxy butyric acid (MCPB) and 2: 4-dichloro- 
jonoxybutyric acid .(2,4-DB) were described in 
seventeen research reports, the majority of which 
dealt with the toxicity of these compounds to crop 
plants. These new herbicides are of particular 
agronomic interest because of their reduced toxicity 
to clovers compared with MCPA and. 2,4-D, allowing 
the safe treatment of -undersown and direct sown 
yps. They are also less toxic to cereals, and reports 
‘several authors, including T. C. Breese (Plant 
tection, Ltd.), J. G. Elliott (Agricultural Research 
neil, Oxford) and K. Carpenter (May and Baker, 
showed that MCPB can be applied to cereals 
out damage at any stage of development between 
emergence and shooting. This should allow treat- 
ent at the time most favourable for weed control, 
entrast to treatment with MCPA or 2,4-D, which 





























































OVEMBER 26, 1956, saw the twenty-first anniv- 
; ersary of the opening in Britain of a Fire Testing 
Station by the Fire Offices’ Committee (the central 
committee of the fire insurance companies), with 
what was then the most up-to-date equipment for 
full-scale testing of the fire-resistance of elements of 
uilding construction, The rapid developments in 
lings during the early years of the century and 
urgent need for precise information about. their 
bable behaviour in fire made the provision of these 
cilities particularly opportune. It was fortunate, 
too, that the Station and its equipment were im- 
nediately made available to the Building Research 
tation of the Department of Scientific and Indus- 
rial Research, The results of the early experimental 
work were embodied in the well-known report on 
“Bire-grading of Buildings’! and were used exten- 
sively -in the revision of the model bylaws of the 
‘Ministry of Housing and Local Government. 

By coincidence, November also saw the tenth 
anniversary of the establishment of the Joint Fire 
Research Organization by the Department of 
‘Scientific and Industrial Research and the Fire 
fices’ Committee, acting as equal partners in 
«= sponsoring the application of science to a national 
< problem: ‘The Fire Testing Station became part of 

tho now establishment. 


_ e Whe present fire research programme is much wider- 
< than that Sa carried out at the Fire Testing ; 
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cannot safely be applied to wheat and barley until 
five or six leaves have developed on the main stem of 
the cereal plant. Unfortunately, the phenoxybutyric 
compounds have proved less toxic to many weeds 
than their corresponding acetic homologues. The 
comparative toxicizy of the more important of these 
compounds to weeds was reported by J. D. Fryer 
and R. J. Chancellor (Agricultural Research Council, 
Oxford), who also outlined some of the difficulties 
that field investigators in this important aspect of 
herbicide evaluation are likely to encounter. Some 
of the factors infuencing the relative toxicity of 
phenoxybutyric and: phenoxyacetic compounds were — 
discussed by K. Holly (Agricultural Research Council, 
Oxford). ‘The criterion of toxicity is one important 
factor ; for example, the relative toxicity of MCPA 
and MCPB to Brassica alba was found to differ 
greatly when assessed by mortality, or by suppression 
of growth. The interval. between treatment and 
assessment can slso influence the acetic/butyric 
toxicity ratio, presumably because of varying rates 
of action. Stage of growth at the time of treatment, 
on the other hand, has not influenced the relative 
toxicity ratio. in elovers, peas and Papaver rhoeas, 


but the resistance of Sinapis alba has been found tò __ : 


increase with age more rapidly to MCPB than to- 
MCPA. Much remains to be learned about 
scientific and practical aspects of the phenoxybutyrie 
compounds ; but their evaluation during the past two 
years has already done much to emphasize the com- 
plexity of herbicide research and the need for team 
work between the academic and applied investigator, 
if new compounds such as these are to be brought as 
quickly as possible into efficient practical use for the 
benefit of crop prodnction. 





FIRE RESEARCH IN GREAT BRITAIN 
By S. H. CLARKE, C.B.E. 


Station, but investigations of the behaviour of 
buildings and thair components in fire are still a 
major activity. In order to keep abreast of some of | 
the problems that are set: by modern developments, 
such as the effect of fire on. prestressed concrete, or ` 
the effect. of fire’ in one compartment. of a large - 
building designed: so that full advantage is taken of 


the strength of every part of the structure, it has : $ 


been necessary to enlarge the floor furnace. The new 
furnace, which is the largest and most up-to-date in 
the world, is illusteated in Fig. 1. It can accommodate 
specimen beams up to 24 ft. in length, and specimen 
floors of any size up to 24 ft. x 12 ft.; it can also 
‘be used for combinations of walls and ficors, orto 
study structures that are continuous across a wall. 

In studying the behaviour of walls and other units. . 
in fire, use has seen made in-recent years of the 
analogy which exists between the flow of heat in a 
single or composite solid slab and the flow of electricity 
through a line consisting of series of resistors and 
capacitors, by bailding an electrical model. This 
model has been used to study the flow of heat in a 
reinforced concrete floor supported by a prestressed 
concrete beam waen the lower surface is exposed. to 
heat from a fire which develops according to a pre- 
determined time-temperature ` relation. Besides 
eliminating the nsed for many a TR Targe-scale 
i i i g to reduce 
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Fig. 1. 


a form in which it can be used by architects and 
engineers for future designs. 

Che carrying out of large-scale fire-resistance tests 
is, of course, both costly and time-consuming. Un- 
fortunately, in the present state of knowledge, it is 
not feasible to use model techniques of the kind that 
are available to the designers of aircraft and ships. 
Investigations are being conducted to provide basic 
information upon which such methods could be 
developed, and a new ‘Burning Building’ is being 
constructed in which it will be possible both to 
extend this research and to carry out experiments in 
which models will be used. The building will be 
150 ft. long x 38 ft. high x 50 ft. wide. It will be 
possible by means of a sliding roof to provide 
adequate venting of the combustion products, and 
fans will make it possible to study the effect of wind 
velocities up to 30 mile/hr. across an experimental 
area of 10 sq. ft. 

The hazard of loss by fire touches so many sides 
of the activities of a nation that it is the concern 
of a number of government departments, and the 
fire research programme is designed to cover the 
work necessary to carry out their statutory duties. 
The field is so wide and varied that operational 
research is necessary. Through the co-operation of 
the Home Office and local authorities, the fire 
brigades provide a report on every fire that they 
attend. Statistics compiled from these reports have 
been developed in such a way that they provide an 
index to the effect of certain types of building con- 
struction on safety from fire, and on the effectiveness 
of fire brigade cover. 

Operational research has enabled some quantitative 
judgment to be made of the extent to which careless- 
ness and ignorance contribute to the outbreak of 
fire; for there can be no doubt that these are the 
major causes. At the same time, there are indications 
that it is unlikely that they can be sufficiently 
reduced by education of the public, and that, 
particularly where valuable commodities are at 
risk, it will be necessary to resort to means of 
climinating the human element by ‘tailor-made’ fire 
protection wili@h may include attention to building 
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Specimen floor being placed in position in furnace 
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design and construction, and auto- 
matic detection and extinction in- 
stallations. Provision is being made 
in new laboratories that are under 
consideration for facilities to carry 
out research and testing in con- 
nexion with all kinds of extinguish- 
ing apparatus. Basic research is 
being undertaken on the mech- 
anism of extinction with a number 
of extinguishing agents ; this work 
is being carried out at the Fire 
Research Station, and supporting 
work is being arranged in various 
universities. 

An important part of the work 
of the Station concerns the initia- 
tion and growth of fire, a field which 
must be closely studied in order to 
understand the causes and rapid 
initial development of many fires. 
Some of this work is undertaken to 
assist the Factory Department of 
the Ministry of Labour and National 
Service to advise on improved pro- 
tection against the hazards of fire 
and explosion with flammable gases, 
vapours or dusts. Work on the latter subject is being 
carried out by the Safety in Mines Research Estab- 
lishment, so that full advantage is taken of expert 
knowledge in this field. Other studies of ignition 
involve the use of a wide range of sources of radiant 
heat capable of producing intensities up to 55 W./em,*. 
Experiments range from the exposure of small sam- 
ples to these high intensities, to the examination of 
assemblies of protective clothing under radiation of 
the intensities possible when fighting severe fires 
(see Fig. 2). 
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Vig. 2. Testing protective clothing assembly under radiant heat 
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As with all the establishments of the Department 
of Scientific and Industrial Research, a large pro- 
portion of the time has to be devoted to answering 
inquiries and carrying out ad hoc investigations 
associated with them, and representatives of the 
Station sit, on some forty-five committees of the 
British Standards Institution and other bodies. 

At the present time the bulk of the work of the 
Station is being carried out in temporary laboratories, 
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which it is hoped to replace by permanent buildings 
in the near future. It may be recalled in this con- 
nexion that it was announced last year that the 
Department-of Scientific and Industrial Research and 
Fire Offices’ Committee had agreed that new buildings 
and equipment skould be provided at a cost of up 
to £365,000. 


1 Ministry of Works Fost-War Bullding Studies No. 20. 
Stationery Office, 1946.) 


(HM. 


OBITUARIES 


Mr. W. N. Edwards 


Wirrep' Norman Epwarps, formerly keeper of 
the Department of Geology in the British Museum 
(Natural History), died suddenly on December 17 at 
the age: of sixty-six. He was the second of three 
brothers, all of whom obtained distinction in a 
branch of natural science: the eldest, Fred, as an 
entomologist ; the youngest, Donald, as an astron- 
omer. Wilfred was educated with his two brothers at 
the Cambridge and County School, which at this time 
produced an outstanding group of naturalists, four of 
the boys, including the two elder Edwards, later 
joining the scientific staff of the British Museum 
(Natural History). Edwards gained a scholarship to 
Christ’s College, and while at Cambridge came under 
the- influence of the late Sir Albert Seward, an 
influence which determined his career as a palæo- 
botanist. 

After graduation, he successfully competed for a 
post on the scientific staff of the British Museum 
(Natural History) and joined the Department of 
Geology in 1913. The rather austere atmosphere 
then prevailing in the Museum seems to have weighed 
heavily on the young man, and he welcomed the 
break afforded by military service in the First World 
War. He served with the R.A.M.C. in the Balkans, 
and his experiences there certainly gave him a taste 
for travel in those parts, which later he fully indulged. 
On returning to the Museum after the War, Edwards, 
who was the first paleobotanist to be appointed to 
the staff, set about putting in order the gigantic but 
hitherto neglected collection of fossil plants, a task 
which he carried out admirably, for it was in 
curatorial rather than in research work that he 
excelled. Indeed, scientific research never seems to 
have been his major interest, although he was the 
author of more than forty publications—most of 
them brief—covering a wide range of palecbotanical 
subjects from all geological periods and notable for 
their painstaking accuracy. In later years more 
general topics, especially the historical side of 
palxontology, engaged his attention and he wrote an 
excellent little book as a guide to a special exhibit 
in the Department on the early history of pale- 
ontology. He was awarded the Lyell Fund by the 
Geological Society in 1933, and the Lyell Medal in 


1955, in which year he was president of Section C . 


(Geology) of the British Association. 

In 1931 Edwards became deputy keeper of the 
Department, and thereafter administrative duties 
claimed much of his time. Late in 1938 he succeeded 
Dr. W.D. Lang as keeper. It was a frustrating time 
in which to succeed to office; instead of being able 


to put into pracsice his plans, especially for the 
development of the exhibition galleries, the whole of 
his attention was absorbed in arranging for the 
evacuation of the principal part of the collections 
and for the protection of: the remainder. That so 
little of importance was lost, in spite of the extensive 


* damage done to tha building, was in no small measure 


due to his untiring efforts. The War ended, Edwards 
threw himself whole-heartedly into the work of 
reconstruction, and some of the most successful new 
exhibits, such as that in the Succession of Life 
Gallery, are due to his inspiration. Further, during 
the last years of his keepership he was responsible for 
the Department’s new series of explanatory booklets 
or guides, which have become ‘best-sellers’, and did 
much to foster the production of a number of scientific 
publications, including the Geological Series of 
the Museum Bulletin. As an editor of scientific 
matter he was outstanding, and any publications for 
which he was responsible were excellent in format 
and quality. 

Although little inclined to committee work, he 
served during the War as secretary of the Geological 
Society, and afterwards as a vice-president. 

Kindly, and to his junior staff even indulgent,. 
Edwards had on occasion a sharp tongue in con- 
troversy. But his criticisms were never pointless, and 
his most caustic humour was usually accepted with 
good grace as the price of worth-while advice. 
Edwards was essentially an individualist, and his 
dislike of the formal and orthodox was shown in 
many ways, not least perhaps in his strong agnos- 
ticism. By nature rather solitary, he admitted few 
to intimate friendship. One of his closest friends was 
the late W. B. Honey, keeper of ceramics at the 
Victoria and Albert Museum. Their association 
reflected, like the :ife-long interest ‘in folk-dancing, 
his strong leaning towards the arts and crafts, in 
which he was given to experimenting in his own 
Department. His satisfaction in the results was often 
proportional to the aurprise of his more conventional 
colleagues. 

Edwards was very much a ‘character’, and his loss 
will be deeply felt for, in spite of his reserve, he was 
held in esteem and affection by his staff. He leaves 
a widow and a son. E. I. WEITE 


Prof. Methodi Popoff 


Ir has been aseertained that Methodi Popoff, 
Bulgaria’s foremost biologist, has died within recent 
years. As a son of a successful physician, he had his 
early training at the University of Sofia. Later, the 
king, Czar Ferdinand, himself an enthiigiastic student 


280. 


of the Lepidoptera, sent him to Munich (about 1904) 
to finish his training in Richard Hertwig’s institute. 
Here he took his doctorate with a thesis on the 
cytology of the prosobranch Paludina. His great 
ability and fine personality secured for him an 
assistantship and later ‘habilitation’ as-Privatdozent 
in the University of Munich, a rare honour for a 
foreigner. During the following years he worked 
mostly on the physiology of growth and reproduction 
in Paramecium, inspired by Hortwig’s ideas on the 
meaning of the nucleo-plasmic ratio. Some of this 
work, published in @ series of elaborate papers, has 
become classic, and essential conclusions have only 
recently been confirmed in cell-physiological work. 
This work was interrupted by the Balkan wars. He 
returned to Bulgaria and became soon the senior 
medical officer in the army and did outstanding work 
for his country in very trying situations. 

After the war Popoff was appointed professor of 
zoology in the University of Sofia. He served also as 
rector of the University and played an important 
part in the scientific life of Bulgaria. His research 
work dealt mainly with problems of the chemical 
stimulation of growth, on which he published ex- 
tensively in’ dn era before the discovery of auxins 
and growth hormones. At this time he was attracted 
to politics as a friend of the young Czar Boris, who 
sent him as ambassador to Berlin after the First 
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World War, a position which he filled until the 
advent of the Nazis. In his modest legation he fixed 
up @ small laboratory and every morning from 4 am. 
until breakfast—he never slept more than four hours 
—he was zoologist and worked on growth problems. 
For the rest of the day he was diplomat, and a very 
good one, due to his quiet but very able personality 
and his unusual charm. His legation became a centre 
of social life, where one could always meet the leaders 
of science and art in addition to the figures of political 
life. He was helped in this role by his German wife 
and by his linguistic ability (German, French, 
English, Turkish, Russian, Greek, Serbian). 

In the early thirties Popoff fell out with the 
changed policies in Bulgaria and was recalled. When 
the King joined the Nazis he broke with him, 
and his courageous stand saved him later when 
Bolshevism took over. Before the Second World 
War he had been given a research institute in Sofia, 
where, with his usual energy, he started work in 
genetics (a few papers on Drosophila were published). 
After the revolution he was allowed to work there 
for some time and was treated rather respectfully. 
Then the iron curtain went down and nothing more 
was heard of him. The few of us left who knew him 
well remember him affectionately as a fine scholar 
and idealist, a man of character and a charming 
friend. RIQHARD GOLDSCHMIDT 


NEWS and VIEWS 


Electrical Research Association : Dr. H. G. Taylor 


THE appointment is announced of Dr. H. G. Taylor 
to the office of director of the British Electrical and 
Allied Industries Research Association ın succession 
to the late Dr. Stanley Whitehead. For the past 
nine years, Dr. Taylor has served as director of 
another research organization, the British Welding 
Research Association. Dr. Taylor graduated in the 
Faculty of Engineering in the University of London 
in 1926, and in the following year was awarded 
the diploma of the Imperial College. Following a 
College apprenticeship with the Metropolitan-Vickers 
Electrical Co., Ltd., he joined the scientific staff 
of the Electrical Research Association, where for 
fully eight years he was engaged in investigations 
concerned largely with problems of safety, earthing, 
and earth currents in electrical systems. For his 
published work in this field the degree of D.Sc. 
(Engineering) was conferred on him by the University 
of London in 1940. During 1938-43 Dr. Taylor 
occupied the post of electrical engineer to the Copper 
Development Association, where he was concerned 
with problems in the application of copper and its 
alloys in the electrical industry. He jomed in 1943 
.the Philips organization, in which he was responsible 
for development work ım industrial electronics and 
in electric welding. As director of the British Welding 
Research Association Dr. Taylor has had a wide 
experience of the administration of a research 
association serving a rapidly developing industry. 
He rejoins the Electrical Research Association at a 
time when that body has entered upon a new phase 
of development in the laboratories recently built at 
Leatherhead. 


British Agricultural and Food Attaché: 
Mr. M. Whalley Taylor, M.B.E. 


Mr. M. Wuautey Taytor, chief poultry advisory 
officer for the West Midland province of the National 
Agricultural Advisory Service, has been appointed 
agricultural and food attaché to H.M. Ambassadors 
at Copenhagen and the Hague. He will also hold a 
watching brief on technical agricultural developments 
and food trade trends in Western Germany. Mr. 
Whalley Taylor is forty-six. He was educated at 
Queen Elizabeth’s Grammar School, Blackburn, and 
at Emmanuel College, Cambridge, where he took a 
B.A.(Agric.) degree in 1932 and an M.A. degree m 
1936. During 1932-40 he farmed on his own account, 
after which he was appointed senior biology master 
at the Royal Grammar School, Clitheroe. During 
1943-46 he was technical adviser and director of the 
experimental research farm for the Poultry Associa- 
tion of Great Britain. In 1946, Mr. Whalley Taylor 
was appointed to the staff of the Ministry of Agri- 
culture and Fisheries as a county poultry advisory 
officer in the National Agricultural Advisory Service. 
He served as deputy agricultural attaché at the 
British Embassy in Washington during 1949-53. 
Durmg this period he was promoted, and, on his 
return to England, was appointed chief poultry 
advisory officer for the West Midland province, in 
which post he has served until his recent appoint- 


‘ment. He was made M.B.E. in 1954. 


The Rockefeller Institute, New York 

Pror. Epwarp’l. Tarom has been appointed a 
member of the Rockefeller Institute, New York. 
Prof. Tatum, who has been professor of biochemistry 


$. 
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and head of the Department at Stanford University 
since 1948, assumed his post at the Rockefeller 
Institute on January 1. His field of research is the 
study of the genetics and metabolism of bacteria, 
yeast and moulds. He is attempting to arrive at a 
clear understanding, at the molecular level, of how 
genes determine the characteristics of living organ- 
isms. He was born in Boulder, Colorado, the son of 
a professor of pharmacology. After receiving the 
A.B., M.S. and Ph.D. degrees from the University of 
Wisconsin, he studied at Utrecht, Holland, as a 
General Education Board Fellow in bacteriological 
chemistry. He was professor of microbiology at 
Yale University during 1945-48. He is a member of 
the National Academy of Sciences, the National 
Science Board of the National Science Foundation 
and a member of the Research Advisory Committees 
both of the National Foundation for Infantile 
Paralysis and the American Cancer Society. He is a 
member of the editorial board of the Journal of 
Biological Chemistry. 


Co-ordination of Government Scientific and Tech- 
nical Research 


Tue leading article in this issue of Nature (p. 275) 
discusses the official representation of science and 
technology in Britain. A related question was put in 
the House of Commons by Dr. B. Stross, regarding 
the co-ordination of technological research in Britain, 
which referred to doubts expressed in scientific 
circles as to the adequacy of the existing organization. 
The Prime Minister replied on January 31, and said 
that an immense complex of research, undertaken by 
Government departments and Government-aided 
research organizations, is co-ordinated through the 
interaction of the research councils, advisory com- 


- mittees and research boards which control or advise 


on research programmes, and by extensive contacts 
between scientists and technologists working on 
related projects. In the civilian field, Government 
scientific -policy comes generally within the respons- 
ibilities of the Lord President of the Council, who is 
advised by the Advisory Council on Scientific Policy. 
The Minister of Defence has similar responsibilities 
in the field of defence. The Atomic Energy Authority 
will remain the responsibility of the Lord President ; 
but the practical development and implementation 
of research done by the Authority: will be the 
responsibility of the Minister of Power. At all times, 
the Prime Minister added, the co-ordination of 
research is being kept under review, and he is pre- 
pared to consider any steps likely to improve the 
situation. 


Higher Technological Education in the U.S.S.R. 


AT a meeting of the Parliamentary and Scientific 
Committee on December 18, a discussion on the 
training and utilization of scientists and technologists 
in the Soviet Union was opened by Mr. W. K. Brasher, 
secretary of the Institution of Electrical Engimeers, 
and Mr. H. E. Dance, of the Ministry of Education, 
to which contributions were made by other members 
of a team which had recently visited the U.S.S.R. 
Mr. Brasher said that their observations and figures 
for graduate technologists given by the Minister of 
Higher Education suggested that extension of a 
curve based on De Witt’s figures would not be fa 
wrong. Allowing for part-time students, the output 
of graduates or diplomates from technical institutes 
in 1956 would be about 60,000, and they were told 
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that it was interded to stabilize the full-time entry 
at a little more than 90,000, with a total part-time 
entry of 150,000 by 1960. The present output in 
relation to population is three times higher than in 
Britain and twice that for the United States, but the 
standards differ. The present output of 142,000 
technicians is an increase of 50 per cent in five years 
and expansion is expected to continue at this rate. 
The optimum retio of technicians to technologists 
is put at about four to one. As regards quality, 
we in Britain are taking some six to twelve months 
longer to produce a man with, however, a much 
broader base to sxit our needs and with a far greater 
practical knowlecge of several engineering principles. 
The team conchried that to meet the needs of the 
two countries the standards are about right. Mr. 
H. E. Dance referred to the respect accorded to 
engineering in F-ussia and to the high proportion 
of women—as much as 50 per cent in most engineer- 
ing faculties. The thirty-three universities were not 
concerned with engineering or technology, which was 
left to the higher technical institutes, of which 
about 180 were 2oncerned with general technology 
and 136 with engineering. Mr. Dance was impressed. 
with the high degree of co-operation between industry 
and the higher 2ducational establishments in the 
Soviet Union. 


Higher Technological Education in the British 

Caribbean 

In reply to a recent question in the House of 
Commons which was circulated in the Official 
Report, the Under-Secretary of State for the Colonies, 
Mr. J. Profumo, said that, after consultation with 
the British Caribbean Governments, a mission had 
been appointed ‘to consider proposed developments 
in the field of higher technical and technological 
education in the British Caribbean in relation to 
present and futurs needs; and in the light of prob- 
able financial resources to make recommendations”. 
The chairman is Mr. G. S. V. Petter, educational 
adviser to the Comptroller for Development and 
Welfare in the West Indies, and the other members 
of the Mission, which is now in the Caribbean, are 
Dr. F. J. Harlow and Prof. J. A. L. Matheson. The 
United Kingdom Government at present contributes 
annually £47,000 to the Imperial College of Tropical 
Agriculture, Trinidad, and is to contribute up to 
£65,000 towards & new student hostel and an animal 
nutrition unit, and further grants are also made for 
research. Besides the services provided for the 
Commonwealth ss a whole, the College provides 
facilities for undargraduate students in agriculture 
which are particu arly valuable to the Caribbean. A 
capital grant of £10,000 has been made for the Sub- 
Department of Chemical Technology in the Univer- 
sity College of the West Indies. The main task of 
the mission is to make recommendations on the 
development of cther facilities for higher technical 
education in the area. The Governments of Bar- 
bados, British Slonduras and Jamaica employ” 
officers from Britain in charge of their institutes of 
technical education and in some of the higher 
teaching posts, amd there is a vacancy in British 

miana for a principal of the technical institute. 


Nuffield Foundation Biological Scholarships and 
--Bursaries 


Tur Nuffield Foundation is continuing to offer 
annually a small number of scholarships and bursaries 
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to selected graduates ın physics, chemistry, mathe- 
matics or engineering who have had no training in a 
biological subject, so that they may receive such 
training in biology as will enable them in due course 
to undertake research and teaching in the biological 
sciences in the United Kingdom. This scheme was 
introduced as an experiment a few years ago in an 
effort to attract into teaching and research in biology 
persons holding a degree in the natural sciences. 
The trustees hope not only to remedy in a small way 
the shortage of biologists, but also to bring to bear 
on biological problems the technical knowledge of 
those trained in the more exact disciplines of the 
natural sciences. The scholarships and bursaries 
are open to persons of erther sex—usually between 
the ages of twenty-two and thirty-five—who hold a 
degree in physics, chemistry, mathematics or engin- 
eering of a university in the United Kingdom. 

The scholarships are the senior awards: they are 
intended for persons who have already undertaken 
somo postgraduate research in the subject in which 
they graduated. The bursaries are intended to enable 
those who have recently graduated to undergo a 
course of trainmg in biological subjects. A full 
honours degree course in biology may be taken. 
Normally the value of a scholarship will be 
£500-£600 a year (plus fees). If a scholar should be 
required to spend part of his period of study abroad 
or to travel to Britain in connexion with his work, 
travelling expenses will also be paid. The value of a 
bursary will be £350 a year (plus fees). Marnage 
and family allowances will also be made. Successful 
applicants will be required to carry out a programme 
of work and training at institutions approved by the 
Foundation. Other work, paid or unpaid, may not 
be undertaken without the permission of the 
Foundation. Applications must be received by 
April 1 annually, on forms obtainable from the 
Director of the Nuffield Foundation, Nuffield Lodge, 
Regent’s Park, London, N.W.1. 


Platinum Metals Review 

In order to provide users of the platinum metals 
with information regarding their properties and 
industrial applications, Messrs. Johnson, Matthey 
and Co., Ltd. (Hatton Garden, London, E.C.1), 
have published the first part of a new quarterly 
journal Platinum Metals Review. The first issue 
contains an account of platinum mining at the 
Rustenburg Platinum Mines in the Transvaal; a 
paper on the use of platmum metals for bursting 
disks in the protection of pressure vessels used for 
chemical processes ; one on electro-deposited rhodium 
in co-axial radiofrequency circuits; and details 
of a thermocouple suitable for high-temperature 
measurements, the elements of which consist of 
platinum alloyed with 5 per cent and 20 per cent of 
rhodium respectively. This couple can be used con- 
tinuously, at temperatures up to about 1,700°C., 
while for a single determination the lmit is set by 
the melting pomt of the 5 per cent alloy, approxi- 
mately 1,825°C. A large number of abstracts and 
three short notes on the creep properties of platinum 
metals and alloys and their use in catalysis and in 
cathodic protection complete an informative publica- 
tion which should be of interest to a wide range of 
readers. 


Mesolithic Culture in Japan 
AN article on “Some Stone Tools of Early 
Hoabinhian Type from Central Japan”, by Dr. John 
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Maringer, appears in Man of January 1957. Itb is 
not so easy to obtain any reliable information on the 
stone industries of Japan. Dr. Maringer’s article, 
therefore, with its full-page illustration, is very 
welcome. The Hoabinhian is the name given to a 
mesolithic culture of south-eastern Asia, and the new 
pre-Jémon stone age industry ın Japan resembles 
those on the mainland of early Hoabinhian date. 
There are many problems of a geological nature as 
regards Japanese pre-Neolithic cultures: it is not 
easy to see, for.example, how contact could have 
occurred with the mainland after the destruction of 
the land bridges that may have existed during early 
and middle pleistocene times. The new finds have 
been made by Mr. T. Aizawa near the city of Isezaki 
in Gumma Prefecture. There are pebble tools, 
hammerstones, cores, flakes and flake tools, blades 
and blade tools. The materials used include grey 
shale, andesite, blackish chert, etc. There was a 
definite stratigraphy noted and the finds come from 
a considerable depth below the surface. Dr. Maringer 
makes a series of comparisons with industries from 
sites around Hoabinh and elsewhere which have 
yielded Hoabinhian industries. 


The Forest Seed Directory ; 


Tas Food and Agriculture Organization has now 
issued the 1956 edition of the Forest Seed Directory 
in Enghsh, French and Itahan (London: H.M.8.0.). 
The introduction of economically productive exotics 
has become part of the forestry business m many 
countries. Since the growth of this branch of forestry 
the difficulties have been, first, to know how to 
obtain the seed required ; secondly, to be assured of 
its authenticity from the area in which it grows at 
its best; and thirdly, to know how the climate of 
this habitat differs from that to which it is to be 
ımported. Much is necessarily still left to the im- 
porter, but the Directory gives him very great 
assistance. The following information was requested 
from all member governments: ‘(1) Seed list of 
species, by scientific names, available for exchange or 
sale by governmental agencies; (2) seed list of 
species, by scientific names, available for exchange 
or sale by all commercial dealers, with their addresses, 


`m the individual, indicating with an asterisk those 


dealers who were willing to supply, on request of the 
purchaser, the Certificates of Quality and Ongin as 
adopted by the Conference of F.A.O. of 1951”. A 
number of governments reported no change. Others 
revised their seed lists and added a list of commercial 
dealers, but only a few added the quality and origin 
certificates. The Directory 1s an excellent handbook 
for all wishing to know about forest tree seeds. It 
wil not in future be issued annually, but only when 
a revision becomes necessary. 


Eclipse of the Sun on October 2, 1959 


A PAPER which provides very useful information 
regarding the total eclipse of the Sun on October 2, 
1959, has been prepared by José M. Torroja and 
published by the Madrid Astronomical Observatory 
(Pub. No. 2, Comisión Nacional de Astronomia : 
“Datos para la Observacion del Eclipse de Sol del 
2 de Octubre de 1959, en las Islas Canarias y Africa 
Occidental Española”). The data are restricted to 
the Canary Islands and Spanish territory m West 
Africa, and five figures and maps show the zone of 
totality and supply all necessary data for observers. 
Tables of meteorological conditions, cloudiness, rain- 
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fall, insolation, temperature, etc., are given for four 
of the islands and also for the meteorological 
observatories at Sidi Ifni and Cabo Jubi in Spanish 
West Africa. Figures and maps show the zones of 
totality for different places, and the four maps 
reproduce, on the scale of 1: 500,000, the zones 
referred to in the text. This publication will be 
invaluable to all who contemplate observing the 
echpse from the places mentioned in the text. 


Standard X-Ray Diffraction Powder Patterns 


Tue sixth in the series of “Standard X-ray Dif- 
fraction Powder Patterns”, prepared by the National 
Bureau of Standards, Washington, D.C., has recently 
been published as Circular 539 (pp. 62; 1956. 40 
cents); in it are presented date for forty-four 
inorganic substances. Twenty-three of the patterns 
are to replace thirty-three already represented in the 
eard file of the American Society of Testing Materials, 
and twenty-one are for compounds not previously 
represented. The card file serves as & system for the 
identification of unknown crystalline materials by 
matching spacing and intensity measurements. A 
comparison is made of all powder diffraction data 
available for each of the substances reported. The 
patterns were made with a Geiger-counter X-ray 
diffractometer, using samples of high purity. The 
d-values were assigned Miller indices determined by 
comparison with calculated interplanar spacings and 
from space group considerations. The densities and 
lattice constants were calculated, and the refractive 
indices were measured whenever possible. The Cir- 
cular includes a cumulative index to Vols. 1-5; but 
further work in the programme’is in progress and 
the index is not therefore necessarily the concluding 
index in the series. 


British Glaciological Society 


TE following officers and Committee of the British 
Glaciological Society have recently been elected : 
President, G. Seligman; Vice-Presidents, W. V. 
Lewis, K. S. Sandford and Sir James Wordie ; Hon. 
Treasurer, G, C. L. Bertram; Secretary, Mrs. H. 
Richardson; Committee members, R. J. Adie, P. D. 
Baird, J. W. Glen, S. E. Hollingworth, J. F. Nye, 
Cc. D. Ovey, B. B. Roberts, Miss M. M. Sweeting, 
C. W. M. Swithinbank and W. H. Ward. 


University College of Rhodesia and Nyasaland 


In the article on “The University College of 
Rhodesia and Nyasaland” in Nature of January 19, 
p. 189, it was stated that nearly half a million pounds 
was collected in East Africa for this project; the 
money was in fact largely provided by various groups 
in Central Africa. This sum is, of course, not adequate 
to finance a new university college. Indeed, the 
estimated capital expenditure for the College is £2 
million (see Nature, 175, 181; 1955), of which 
£1,250,000 has been promised by the British Govern- 
ment from the Colonial Development and Welfare 
Fund. 


Announcements 


A SYMPOSIUM on “Aluminium in Electrical Engin- 
eering” has been arranged by the Aluminium 
Development Association during May 16-17, to be 
held at the Institution of Electrical Engineers, Savoy 
Place, London, W.C.2. Inquiries should be addressed 
to the Aluminium Development Association, 33 
Grosvenor Street, London, W.1. 
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Ar the third annual general messing of the 
Institution of Telecommunication Engineers, which 
is @ professional body of radio, electronics and 
telecommunication engineers in India, Prof. K. 
Sreenivasan was 2lected president, and the following 
were appointed oicers of the Institution: Sri B. V. 
Baliga, Dr. Lal C. Verman, Sri D. D. Lakhanpal, Sri 
B. 8. Rau, Sri & S. Aiyar, Dr. Ram K. Vepa and 
Sri N. V. Gadadhar. 

THE spring mseting of the Institute of Metals, 
organized jointly with the Associazione Italiana di 
Metallurgia, the Société Suisse des Constructeurs de 
Machines and the Schweiz Verband fur die Material- 
prufungen der Technik, will take place during April 
29-May 4. All the scientific sessions will be held in 
London at Church House, Great Smith Street, S.W.1, 
except the May Lecture, which will be given in the 
Royal Institutioc, Albemarle Street, W.1. Details 
can be obtained from the Secretary, Institute of 
Metals, 17 Belgrave Square, London, S.W.1. 


A Puysicat Scciety Conference on Physics of the 
Solid State, organized by Prof. L. F. Bates, will be 
held during April 8-10 in the Physics Department of 
the University cf Nottingham. During the Con- 
ference, Prof. H. C. Urey, of the Enrico Fermi In- 
stitute for Nucleaz Studies, University of Chicago, will 
deliver the Society’s Guthrie Lecture at the Univer- 
sity of Nottingham. The subject of his lecture will 
be “Some Chemical Limitations on Theories for the 
Origin of the Soar System”. Inquiries should be 
addressed to the Physical Society, 1 Lowther Gar- 
dens, Prince Congort Road, London, 8.W.7, marked 
for the attention >f Miss Miles. 


THE Anniversary Meetings of the Chemical Society 
will be held in the University of Cambridge durmg 
April 9-12. Prof: E. L. Hirst will deliver the presi- 
dential address on “Some Aspects of the Chemistry 
of the Fructosams” on April 11 at 11.15 a.m. in 
Lecture Room 4A, Examination Hall, Three sym- 
posia will be held durmg the period of the meetings. 
The sessions, which will run concurrently, will be 
devoted to: (organic) “Phosphoric Esters and 
Related Compounds” ; (physical) “Reactions of Free 
Radicals in the Ges Phase” ; and (inorganic) “Recent 
Aspects of the Inorganic Chemistry of Nitrogen”. 
Further details can be obtained from the Chemical 
Society, Burlingtcn House, London, W.1. 


THE twelfth International Congress on Occupa- 
tional Health has been’ convened by the Permanent 
International Committee on Industrial Medicine,. 
founded in 1906 in Milan. Helsinki has been chosen as 
the place of the Congress, which will be held during 
July 1-6. The Congress has been planned so that 
subjects consider2d of general interest, including 
industrial noise, evaluation of invalidity, industrial 
hygiene and human engineering, will be discussed at 
plenary sessions during the mornings. Other subjects, 
judged to be of irterest only to a limited number of 
members, will be dealt with at afternoon sessions. 
Registration forms (to be returned before April 1) 
and other mformetion may be obtamed from the 
Organizing Committee, Haartmaninkatu 1, Helsinki, 
Finland. 

ERRATUM. In the communication entitled ‘“Man- 
ganese Deficiency in Chlorella under Heterotrophic 
Carbon Nutritior” by Reisner and Thompson 
(Nature, December 29, p. 1473), Table 1, the dry 
weight of manganese-deficient material in line 3 is 
incorrect; for 7-3 read 4-3. 
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EPIDEMIOLOGY OF POTATO BLIGHT 


MOST successful symposium on factors which 
LA. affect the severity of potato blight disease was 
arranged by the British Mycological Society on 
January 5 at the London School of Hygiene and 
Tropical Medicine. Dr. R. V. Harris, chairman of 
the Society’s Plant Pathology Committee, presided 
and introduced six speakers, who together covered a 
wide range of new knowledge about the disease and 
its causal fungus, Phytophthora infestans. 

Dr. N. F. Robertson, of Cambridge, started from 
the widely accepted assumption that blight over- 
winters in the tubers, and that only a proportion of 
such overwintering tubers gives rise to infected 
plants. He then directed attention to a delay in the 
development of stem lesions resulting from inocula- 
sions early in the year. Although such lesions 
appeared within seven to fourteen days of inoculation, 
they did not begin to develop epidemically until some 
forty days later. This lag between the first infection 
and the ‘real’ infection occurred in both greenhouse 
and field experiments. Inoculations on the young 
leaves and near the stem apex were more effective 
than those near the base of the stem. Dr. Robertson 
posed the questions (1) whether the infection which 
causes the main epidemic could arise as dispersion 
from earlier stem lesions, and (2) whether such dis- 
persion could be forecast by survey. There is no 
doubt about the fact of epidemic blight development, 
but Dr. Robertson gave an interesting detailed study 
of the development pattern of an epidemic within a 
particular crop. 

The early phases of potato blight epidemics were 
considered by Dr. J. M. Hirst, of Rothamsted, with the 
view of finding reasons for their relative constancy in 
time. He also presented examples of delayed develop- 
ment of stem lesions, showed that early lesions 
occurred on only 0-1-4 per cent of the emergent plants, 
and sought an explanation of the delayed development 
in a study of the ecoclimate within the crop. Com- 
parisons of such climate with weather conditions in 
a screen at 4 ft. above ground did not indicate large 
differences, but showed that temperatures generally 
rose higher in the crop than in the sereen during 
early growth. The relative humidity did not fall so 
low in the crop newly emerged as it did in the screen, 
but among shghtly older plants the relative humidity 
might be lower. During the epidemic development 
of blight, temperatures were about the same in crop 
as in screen, but the relative humidity was higher m 
the crop. The concentration of spores of P. infestans 
in the air was also considered and found to be less 
than 100 per cubic metre until the blight epidemic 
was well developed. Dr. Hirst envisaged an outbreak 
of blight as resulting from the removal of successive 
barriers: (1) foliage must be above ground; (2) 
fungal infection must arise above ground; and 
(3) there must be conditions (principally of weather) 
suitable for infection to take place. 

Dr. J. Grainger, of the West of Scotland Agricul- 
tural College, advanced an explanation of blight 
phenology based upon new investigations of host- 
plant physiology and known influences of weather 
conditions which affect the parasite. He described 
field experiments and inoculation tests which showed 


that the potato plant is very susceptible indeed to 
attack by Phytophthora infestans in the early stages 
of growth; then follows a period of very low sus- 
ceptibility before the second susceptible epidemic 
stage is reached. The term ‘disease potential’ was, 
however, used for these changes, for ‘susceptible’ and 
‘resistant’ should properly be reserved for the relative 
tolerance of a species or variety for disease. Several 
detailed growth-cycle analyses of all parts of the host 
through its whole cycle of growth showed that the 
rate of growth was most rapid, and the percentage 
of total carbohydrate in the whole plant was low, 
at the time of low disease potential, and vice versa. 
These two factors, the only consistent ones found, 
were combined in the C,/R,; ratio—the weight of 
total carbohydrate in the whole plant (Cp) divided 
by the residual dry weight of the shoot (R). The 
height of this ratio provided a measure of the disease 
potential, being high when it was high, and vice versa. 
Very high values of the ratio in the youngest sprouts 
conferred a hypersensitive disease potential which was 
for a short time capable of eliminating the disease. 
Then the ratio (and disease potential) fell rapidly to 
low values, so that if any blight lesions on the stems 
or leaves had escaped the hypersensitive phase, they 
would not develop until the ratio began to rise again 
(for the time of the summer epidemic). The rate of 
development of a blight epidemic depends largely on 
the height of the Cp/Rs ratio at the time: of its first 
appearance. High-ratio second early crops sustained 
an early attack of blight in 1955, while at the same 
time low-ratio maincrops were not diseased. If crops 
are planted at different times of the year, they have 
different ratio values at the time of the usual blight 
epidemic and are attacked with differing severity 
but always according to the relative ratio value. 
Since dormant tubers have moderate Cp/R, ratio 
and disease potential, the ratio provides an index 
to the host’s disease potential for bhght at all times 
of its complete growth cycle. 

Conditions which affect the parasite assume major 
importance at the start of the main epidemic, and 
Dr. Grainger described the ‘Auchincruive’ self- 
calculating blight forecast recorder. This can be 
calibrated to record the weather specifications of 
either Beaumont or Bourke, and a further develop- 
ment was the ‘Auchan’ blight forecast alarm. Pro- 
tective spraying according to the first valid forecast 
always gives maximum performance in areas where 
protective spraying is economic. Blight appears 
underground on the tubers soon after it occurs on 
the foliage ; it frequently appears first on the under- 
sides and seems to have a close relation with the 
amount of soil moisture. 

Weather conditions which presage blight develop- 
ment have been derived either empirically by survey 
(for example, Beaumont, Bourke), or fundamentally, 
by laboratory studies of the environmental needs of 
the fungus (for example, Crosier). Mr. P. M. Austin 
Bourke, of the Irish Meteorological Service, stated 
this and added a new approach—the use of synoptic 
weather charts in forecasting a disease outbreak. 
‘Blight weather’ ıs provided by an flux of tropical 
maritime air, and this is given by three types of 
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system: (1) a series of wave depressions (in which 
conditions between the depressions provided suit- 
able weather for practical spraying); (2) a quasi- 
stationary front; and (3) a complex ‘puddle’ low 
system. On the other hand, a direct outbreak of 
polar air, with the establishment of a blocking ridge, 
gave weather which was completely unfavourable for 
blight development. Mr. Bourke gave details of six 
sets of conditions in three summer months of 1956, 
when there was good agreement with other methods 
of forecasting blight. The dates are rather important, 
for they were matched by reports from other parts 
of Britain: June 8-12 and 16-21; July 4-8, 13-18 
and 29-30; August 15-19. Particular interest 
attached to the period during July 13-18, which 
initiated the main blight outbreak ın England and 
Wales, and could have been forecast satisfactorily 
either by local specification or by the new synoptic 
method. Mr. Bourke had found his own specification 
of suitable weather conditions to work in Chile, but 
pointed out that different regions would probably 
need different specifications. 

Mr. E. C. Large, of the Plant Pathology Laboratory, 
Harpenden, outlined the results from seven years 
work on blight forecasting by Beaumont rules, with 
comparisons of yield build-up and spraying experi- 
ments. There had been a useful degree of success, 
particularly in 1956. It was possible to recognize 
certain blight years (for example, 1948, 1950, 1953) 
when there were economic gains from protective 
spraying. Other years (for example, 1952) had blight 
so late in the season that there was actually a loss 
in overall yield from protective spraying, mainly 
from direct damage caused by the passage of tractor 
wheels. Protective spraying was not economic in 
northern England because blight caused so little loss 
in yield. Timing the spray about one week before 
blight covered 0-1 per cent of the foliage gave good 
results in a ‘blight year’, but spraying when there 
was more than this amount of disease gave a much 
poorer performance. Tuber blight losses were large 
on some varieties, but 57 per cent of crops had less 
than 1 cwt. of blighted tubers per acre. The average 
loss was about 3-5 cwb. per acre, but this type of 
damage was higher in years when blight was severe 
on. the foliage, and was generally higher in the north 
of England than in the south. 

Potato blight control in North America was 
reviewed by Mr. A. E. Cox, of the Plant Pathology 
Laboratory, Harpenden. The consumption of 
potatoes per person per annum is there less than half 
that in the United Kingdom, and growth of the crop 
is more specialized. Blight presents a serious problem 
in Maine, Prince Edward Island, and the maritime 
provinces of Canada. There is a shorter growing 
season (averaging 120 days in the United States, as 
against 160 in Britain) and many crops are lifted 
while the tops are still green. American growers 
are therefore interested in haulm-killng materials 
(sodium arsenite) and methods (rotary beating). The 
growers are more concerned to control small amounts 
of blight on the tops than we are in Britain. Sprays 
have to be given for the control of insect pests such 
as Colorado beetle, leaf hoppers and flea beetles, so 
that sprays for blight control are incorporated in this 
wider programme. Organic fungicides such as the 
dithiocarbamates are far more widespread than 
copper sprays to counter blight. Potato rows are 
36 in. apart, and tractor wheel guards are used to 
minimize haulm damage. Sprays are almost invari- 
ably at high volume (100 gallons per acre) and are 
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applied to the ugper surface of the foliage ; no drop 
lances are used. : 

Several interesting matters arose from extensive 
discussions whick took place at intervals during the 
symposium. It sppeared that spores of P. infestans 
lose their viability fairly quickly even at relatively 
high humidities close to the leaf surface. Blight can 
develop on fields which have not themselves had 
primary foci of early lesions, and it would scarcely 
be practical to control primary foci in Britain. More 
attention should be paid to the elimination of all 
blighted tubers from stocks of seed, and to the 
destruction of weste growing tubers, on which stem 
lesions were frequent. The C,/R, ratio rose initially 
and later fell in potatoes grown from true seeds, but 
the rise was nct high enough to confer hyper- 
sensitivity, as happens in plants grown from tubers. 


THE SCIENCE MASTERS’ 
ASSOCIATION 


ANNUAL MEETING 


ETWEEN seven and eight hundred science 
masters and guests attended the annual meeting 
of the Association, held in the University of Cam- 
bridge during the first week in January. After an 
introductory illustrated lecture on Cambridge, by 
Mr. G. F. Hickson, members were welcomed to the 
University by Lord Adrian, Master of Trinivy College, 
and the Fellows cf the College, who gave a reception 
in the Great Hall of the College. 

The large examination hall of the University was 
filled to hear the address by the president for this 
year, Sir Alexandsr Todd (professor of organic chem- 
istry, University >f Cambridge). Sir Alexander said 
that the Enghsh educational system needed to be 
changed rapidly to meet the demand for more tech- 
nologists, and qcoted striking figures to show the 
extent to which Britain lags behind the United 
States and Russie. He thought that we still tend to 
maintain a systera which might have sufficed in the 
early days of the industrial revolution, and that if 
this system were adhered to, our economic ruin was 
certain. “Trade,” he said, “now follows the tech- 
nologist and not the flag.” 

Sir Alexander thought that specialization in 
secondary schools might be reduced, so that students 
who wished later to turn to a scientific career might 
not be discouraged by having abandoned. science at 
an early age. He commended the Scottish system, 
of following many subjects up to university standard, 
as being more liksly to produce the required result. 

Prof. N. F. Mott, professor of experimental physics 
in the University >f Cambridge, speaking on “Science 
in the Universitizs and Schools’, also dealt with 
specialization, anc said that university courses includ- 
ing both arts and science subjects are under considera- 
tion at Cambndgs; thus, for example, Part I of a 
Tripos might be taken in an arts subject, and Part IT 
in science subjects. An optional postgraduate course 
is also bemg discussed. Prof. Mott supported Sir 
Alexander Todd’s plea for less specialization in the 
sixth forms of schools, and also advocated more 
school contacts w-th industry. 

An afternoon discussion on “Technical Education 
and the Schools” was introduced by Dr. K. B. 
Hutton, headmaster of Hatfield School, the chair 
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being taken by Mr. W. G. Rhodes, education and 
training officer of Arthur Lee and Sons, Ltd., steel- 
makers, of Sheffield. Dr. Hutton thought that a 
great deal of time was wasted by the retention of 
Latin in the school curriculum; this time might 
more usefully be employed in practical subjects such 
as woodwork, metalwork, and engineering drawing. 
He also thought that German and Russian might 
with advantage be substituted for languages now 
more commonly studied. Dr. J. M. Fletcher, of the 
Chemistry Division of the Atomic Energy Authority, 
thought that a good general grounding in English, 
mathematics and science was of more importance 
than any extensive practical or technical training. 
He said also that the very high standard demanded 
for university entrance scholarships did great harm, 
and he would have liked to see scholarships awarded 
at a level not much above that of the present Ordinary 
level standard. . 

On the last morning another discussion was held, 
on “The Recruitment- and Training of Science 
Teachers”. This was intended more particularly for 
teachers in secondary modern and technical schools, 
and was introduced by Mr. W. H. Palmer, lecturer 
at Homerton College, Cambridge. Mr. Palmer said 
that it is much more important that teachers 
should be enthusiastic than that they should have 
a large amount of factual knowledge. The per- 
centage of science graduates in modern schools 
in 1953 was only 15, compared with 79 in the 
grammar schools, so that it was to the training 
colleges that the modern schools must look for their 
further supply of science teachers. Some training 
colleges, with this end in view, have started third 
year supplementary courses in science, for students 
just qualified or for serving teachers. Mr. E. R. 
Franklin, of Impington Village College, thought that 
all teachers of science should graduate in two or 
three subjects, and that more teachers might be 
obtained if the ‘A’ stream in modern schools were 
encouraged to take five subjects in the General 
Certificate Examination and were then transferred to 
the sixth forms of grammar schools. Mr. ©. D. L. 
Brereton, warden of Bottisham Village College, 
thought that authentic knowledge was most im- 
portant for the teacher. For example, the teacher 
who taught gardening should have had a professional 
training in horticulture, and in urban areas the 
teachers should have had real experience of industry. 
In the ensuing discussion, it was generally agreed 
that the training colleges should teach more than one 
branch of science. 

The other usual activities of the meeting had, 
owing to exigencies of time, to be more tightly 
packed than ever. They included lectures by Profs. 
A. L. Banks and H. J. Emeldéus, Drs. P. Sykes, 
G. C. L. Bertram and R. A. Lyttleton, and by Messrs. 
E. J. H. Corner and M. Ryle. Prof. J. F. Baker, 
together with Mr. C. W. Oatley and Mr. P. de K. 
Dykes, gave an evening lecture in the large lecture 
theatre of the Engineering Laboratory. The Science 
and Religion Group of the Association was addressed 
by the Rev. J. S. Bezzant; dean of St. John’s College, 
and had a gratifying increase in membership. The 
exhibitions’ by publishers, manufacturers and mem- 
bers were this year very adequately housed, and both 
members and exhibitors expressed their appreciation 
of the arrangements made. 

At the annual business meeting, members stood in 
silence in tribute to the memory of Mr. F. L. Swift, 
general secretary of the Association, who died sud- 
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denly a few days before the meeting. It was agreed 
that Dr. H. F. Boulind, former general secretary, 
should be acting secretary until a new appointment 
can be made. 

The next meeting of the Association will be in the 
University of Leeds, during December 31, 1957- 
January 3, 1958. 


SCIENTIFIC MAN-POWER IN THE 
CIVIL SERVICE 


HE ninetieth report of H.M. Civil Service Com- 

missioners, covering the period April 1, 1955, to 
March 31, 1956 (H.M.S.O. 2s. 3d.), refers to greater 
difficulties than before in recruiting, and to maintain a 
sufficient flow of recruits without lowering the 
standard of entry, changes in methods of selection 
were introduced, including the refunding of a 
larger proportion of travelling expenses incurred by 
candidates attending examimations or interviews, 
while from April 1, 1956, arrangements have been 
made to pay up to 30s. a night to candidates who 
are obliged to spend a night away from home to 
attend examinations or interviews. The quality of 
candidates in the open examinations was maintained 
except for the Administrative Class, in which the 
proportion of acceptable candidates was lower than 
usual, and with a fall of nearly 30 per cent in numbers 
as well, only thirty-one of the fifty vacancies could 
be filled. ‘There was also a serious decline in the 
number of applicants for posts in the Senior Branch 
of the Foreign Service and only fourteen candidates 
were declared successful against the eighteen vacancies 
advertised. 

For the Scientific Classes continuous open com- 
petition is still used and the number competing for 
Senior Scientific Officer posts generally offers an 
adequate field for selection. There was a slight 
decline on the previous year in Scientific Officer/ 
Patent Examiner candidates but the quality of the 
Scientific Officer candidates was satisfactory, and 
revised salary scales and conditions of service may 
increase interess in the competition for Patent 
Examiners. The competition for research fellow- 
ships, of which five senior and seven junior were 


‘awarded, attracted a large entry and the standard of 


candidates was high. These fellowships, the senior 
ranging from £950 to £1,150 a year and the junior from 
£600 to £800, enable the holder to carry out funda- 
mental research into specialized aspects of the work of 
several departments. Some 1,800 applications were 
received for about 650 posts in the Experimental 
Officer class, and the Selection Board from 1955 has 
travelled, wherever practicable, to interview at their 
place of work candidates already employed in 
government establishments. 

Difficulty was again experienced in recruitment to 
almost all posts in the engineering and technical 
fields, and while there was no lack of applicants for 
most posts, their general quality was poor. Selection 
of a short list of candidates for interview was often 
difficult and the Commissioners were concerned to 
notice how many candidates fell short of the basic 
technical knowledge implied by the qualifications 
they held. In all competitions for professional posts 
good honours graduates with industrial experience 
outside the Civil Service were extremely rare and, 
unless the situation changes, there may well be, in 
years to come, & serious shortage of first-class men 
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capable of carrying the heavy responsibility of higher 
posts in government departments in the engineermg 
field. From June 1955 recruitment to the Factory 
Inspectorate has been made continuous and as a 
result of this change almost all the accumulated 
vacancies were filled, though there were very few 
suitable candidates with engineering experience. 
Most successful candidates were arts graduates with 
little or none of that experience on the factory floor 
which, though not essential, would increase their 
value. 

Arrangements by which the Commissioners are 
consulted in making acting promotions from the sub- 
professional to the professional classes of the Works 
Group and related classes of officers not eligible 
for open competitions continued to work smoothly ; 
and a rather higher number of vacancies in the 
Executive Class than last year were filled from school 
leavers of 174-19 years without lowering the 
minimum standard, but there were no suitable 
candidates to spare. The universities have welcomed 
the Commission’s decision to invite a number of 
younger members of the Administrative Class to act 
as links between the Civil Service and their former 
universities or colleges, by standing ready to answer 
inquiries and by making- occasional informal visits to 
talk to individuals, and the scheme was put into 
operation in November 1955. 


THE NATIONAL RESEARCH 
COUNCIL OF CANADA 


REPORT FOR 1955-56 


HE thirty-ninth annual report of the National 

Research Council of Canada covers the year 
1955-56 and includes, besides the President’s report 
and the financial statement, the annual report of 
Canadian Patents and Development, Ltd., for the 
year ended March 31, 1956*. An entirely new indus- 
try has been established in Canada, based on the 
Research Council’s patent for oil additives to extend 
the life of lubricating oils, and the Corporation con- 
siders that the agreements promise substantial 
revenues. Development of the Cambron process for 
direct oxidation of ethylene to ethylene oxide pro- 
gresses slowly, but an improved type of reactor is 
being tested which promises more efficient operation 
and lower costs of construction. During the year, 
the National Research Council, which now employs 
a scientific staff of 558, all but six of whom are 
engaged in research, with a technical staff of 753 and 
814 general service and administrative personnel, 
distributed 2-6 million dollars for pure research in 
the universities in 420 grants and 277 scholarships 
and dealt with 7,600 technical inquiries from Canadian 
industries. Of the research grants, 300,000 dollars 
was administered by the Atomic Energy Control 
Board. 

In the Division of Applied Biology, a jacketed cold- 
storage room has been used with advantage to store 
fresh fruit and vegetables, and it has been found that 
the sticky layer on the outside of the cells of some 
helophikhe bacteria is deoxyribonucleic acid, loss of 
which is related to the salt requirements of the 

*Thirty-Ninth Annual Report of the National Research Council of 


Canada, 1955-56. Pp. 50. (N.R.C. No. 3970.) (Ottawa: Queen's 
Printer, 1956.) 
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helophilic bacterie. Studies of rats during their 
acclimatization ta cold showed that though heat 
production in shivering continues at a high level, 
there is a reduction and finally a disappearance of 
shivering, and the possibility of fundamental changes 
in muscle behaviour is being investigated. The 
Atlantic Regional Laboratory at Halifax has investi- 
gated the fermeniation of apple juice, storage of 
potatoes, preservation of cod fillets and made con- 
siderable progress in its study of the chemical com- 
position of pitch formed in pulp and paper mills. 
The Prairie Regicnal Laboratory at Saskatoon has 
almost completed its investigation of the major 
factors affecting the production of glycerol and 
arabitol by honey yeasts in deep tank fermentation 
and has converted starch and other carbohydrates 
to cyclic glycols by hydrogenolysis under mild 
conditions. 

In the Departmant of Applied Chemistry consider- 
able progress has been made in explaining the 
mechanism of formation of the initial products m the 
oxidation of iron end its alloys and in a study of the 
phase diagram of the calcium-silver system. The 
thermal cracking of heavy Canadian cruds petroleum 
has been studied, and the effects of pressures up to 
several thousand atmospheres on the equilibria of 
the system carbon dioxide-benzene-benzoic acid. 
Methods of improving gravitational sedimentation 
have been examired and an inexpensive method of 
preparing water-resistant silica has been developed. 
In the Division of Pure Chemistry, the major interest 
of the Organic Chemistry Section is still the investi- 
gation of alkaloids and much work has been done on 
their biogenesis as well as on their structure. The 
study of the rates of solvolysis of the alkyl benzene- 
sulphonates and methane sulphonates continued, and 
sixty-four steroids have been synthesized and their 
infra-red spectra examined. Deuterated hydrocarbons 
have been synthesized by a new method and much 
information obtaired on the reactions of CF, radicals 
by the photolysis of hexafluoroacetone. The mercury 
photosensitized decomposition of ethylene, propylene 
and the butylenee has been investigated with a fast 
flow system attached to a mass spectrometer and the 
self-diffusion of the chloride ion in alkali chlorides is 
being determined by a new technique, while con- 
siderable progress has been made in investigating 
the semi-conductor properties of single crystals of 
anthracene, and tae sorption of undissociated acids 
has been shown to be a general property of fibres, 
such as wool, silk and nylon, which contain peptide 
bonds. 

The Division oF Applied Physics has successfully 
investigated means for reducing noise in industry, 
giving special attention to the couch noise of news- 
print machines, for which a comprehensive solution 
has been providec. in principle, and the work is now 
being applied to paper mill machinery. It is expected 
that the Canad:an unit of electrical resistance 
will be established on a fundamental basis during 
1956-57. Much attention has been given to problems 
presented by the anomalous drying of newsprint in 
paper mills, and im these vestigations a resistance 
thermometer that is not affected by lead resistance 
has been developed. The newly established Inter- 
ferometry Section evolved several new techniques 
and expects to give more attention to research and 
development in future. A new airborne controlled 
method of aerial iriangulation of high accuracy and 
efficiency has been developed and comprehensive 
work done on the distortion characteristies of cameras 
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used in photogrammetry. Research on the techniques 
of measuring high-intensity gamma-ray sources con- 
tinued and also on the friction of ice. 

The Division of Pure Physics continued to study 
the behaviour of cosmic rays as they penetrate 
matter, and measurements taken in 1954 and 1955 
in two cruises, one to the Arctic and the other to 
the Antarctic, have now shown that the Earth’s 
magnetic field as it affects cosmic rays differs con- 
siderably from that derived from surface geomagnetic 
measurements. Completion of work on the low- 
temperature electrical and thermal conductivity of 
the alkali metals indicates that the fundamental 
theory is seriously inadequate and for thermal con- 
ductivity a new semi-theoretical expression has been 
derrved which accounts well for data over a wide 
range of match. Investigation of the spectra of poly- 
atomic free radicals produced by the flash method of 
photodecomposition continued and the rotational 
Raman spectra of benzene, allene, cyanogen, buta- 
triene, diacetylene and dimethylacetylene have been 
photographed under high resolution and their 
moments of inertia determined. Some work has been 
completed on a rigorous treatment of the central field- 
independent-particle nuclear shell model on the basis 
of the variational principle, and crystal structure 
studies made of the isomorphous dihydrate of lithium, 
sodium and silver dithionates, of acridiene If and of 
some aliphatic dibasic acids and their potassium salts. 

The Division of Medical Research in 1955 awarded 
145 grants-in-aid of research, in addition to seven 
consolidated grants, totalling 652,056 dollars, and of 
these, thirty-one grants were for cardiovascular 
research, to which a proportion of certain con- 
solidated grants is also devoted. A Canadian Heart 
Foundation is now to be established, and the Council, 
on the recommendation of the Advisory Committee 
on Medical Research, is creating a new category of 
medical research associate, six of whom were ex- 
pected to be appointed in 1956. 

The Division of Building Research opened a small 
Atlantic Regional Station in Halifax during the year 
and the Prairie Regional Station at Saskatoon con- 
centrated with laboratory studies of cold-weather 
building problems. The Fire Research Section con- 
tinued its studies of major fires in the Ottawa area, 
field studies of housing problems were made in many 
parts of the country, regional soil temperature 
observations were further extended and the effects 
of frost were studied in connexion with the whole 
problem of winter construction. Much of the work 
of the Division of Mechanical Engineering continues 
to be related to defence, but that for industry is 
increasing. An investigation of the icing of heli- 
copters was undertaken for the Royal Canadian 
Navy and instruments designed and constructed 
during the year have included a flame detector for 
use with ges turbines in flight or on the ground, 
devices and techniques for investigating ‘howling’ 
combustion, a wave profile recorder, preliminary 
designs for air-speed measuring devices for navigating 
helicopters and control systems for a pilot super- 
sonic tunnel, a wave-making machine, and a ship- 
model profiling machine. 

About half the work of the Radio and Electrical 
Engineering Division is on defence projects. In 
preparation for the International Geophysical Year 
an automatic radar system was designed for recording 
the aurora and the prototype tested continuously for 
eight months. Studies are being made of the funda- 
mental electrical and optical properties of dielectric 
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crystals, and a Czochralski-type furnace has been 
built to produce the superpure silicon single crystals 
needed for a study of silicon transistors. Funda- 
mental antenna studies included development of a 
new type of two-dimensional slotted wave-guide 
array, the use of ferrites at microwave frequencies, 
and the performance of a slot in a dielectric-coated 
cylinder. A merchant marine radar of exceptionally 
good short-range definition and long-range per- 
formance has been developed and constructed, but 
the microwave position-fixing system developed for 
inshore survey use required certain modifications. 
An electrical thermometer has been designed which , 
provides continuous indication of the temperature in 
freshwater lakes at various depths, and an investi- 
gation of the explosion hazard of static electricity 
generated by grain handling is almost complete. A 
radio survey in Banff and Yoho National Parks 
indicated that a system operating in the 152-174 
Mc./s. band and consisting of two base stations and 
one automatic repeater station would provide com- . 
munication cover to most of the warden stations 
and continuous coverage along the Trans-Canada 
Highway. The cardiac defibrillator-stimulator and 
electronic device developed for resuscitation of the 
heart from fibrillation is now being manufactured 
under licence and development of blood pressure 
measuring equipment for inclusion in the resuscitator 
continues. 


INDUSTRIAL ACCIDENTS 


HE annual report of the Chief Inspector of 

Factories for 1955* records the lowest accident- 
rate yet achieved, although the number of accidents, 
188,403, was 1-2 per cent greater than m 1954, the 
factory population being 2-5 per cent higher and the 
number of factories with power 0-4 per cent greater 
than in 1954. Since 1953 the accident-rate for women. 
has mcreased, and the Chief Inspector attributes this 
largely to the general rise in the number of women 
employed, of whom many are new to industry. He 
stresses the responsibility of management for special 
care to protect those entermg industry for the first 
time and completely unfamiliar with their environ- 
ment, as well as the importance of proper induction, 
trainmg and supervision for young persons. 

A separate chapter of the report reviews the 
changes in the rubber industry since 1922 in relation 
to the Indiarubber Regulations, 1955, prohibiting 
the use of carbon disulphide in the cold- cure process 
of vulcanizing in proofing cloth with rubber, which 
came into force during the year, and the Chief 
Inspector comments at greater length than usual on 
factory medical and nursing services. An outstanding 
feature of the year was the inception of a survey of 
conditions affecting health in all factories in Halifax, 
and of another survey of such conditions in the 
pottery industry. Another feature was the increased 
attention given to factory design. The Midland 
Regional Board for Industry sponsored some research 
into relative costs and merits of various types 
of factory premises, including the methods and 
costs of construction and the effect of the different 
types on production. 

The increase in mechanization throughout industry 
generally is eliminating much heavy manual and 

* Annual Report of the Chief Inspector of Factories for the year 


rege Pp. 275, (Cmd. 8.) (London: H.M. Stationery Office, 1966.) 
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dirty work formerly undertaken in factories, but the 
new methods of production often bring new hazards 
in more complicated form. Even where full auto- 
mation would scarcely be worth while, firms are 


giving serious thought to some degree of electronic . 


control, but the limit placed on automation by the 
need to extend and improve the training of the 
necessary technicians is generally recognized. The 
development of automatic control equipment will 
tend to increase safety in the heavier industries, but 
the Chief Inspector points out that it may be neces- 
sary, in the interest of safety, to give much more 
thought to electrical circuitry and programming. 
The use of electronic computers to extend our basic 
scientific knowledge in many industrial applications, 
such as fluid flow, heat transfer and electrical 
transients, and to solve problems in these fields, also 
bears on the improvement of industrial safety. The 
greatest single cause of accidents on electric supply 
systems remains the misconduct of work involving 
the handling of, or approach to, conductors, especi- 
ally high-voltage conductors, 

The control of nuclear reactors places a heavy 
responsibility on the engineer for the design and 


maintenance of reliable equipment to supervise, 


-critical and dangerous fission processes. The 
uses of ionizing radiations in industry are now 
well established, and, besides the Conference at 
Geneva on the Peaceful Uses of Atomic Energy, the 
outstanding events of the year in this respect were 
the publication in May of the revised ‘“‘Recom- 
mendations of the International Commission on 
Radiological Protection” and the transfer, at the end 
of the year, of the radiation film badge service from 
the National Physical Laboratory to the Radio- 
logical Protection Service run jointly by the Ministry 
of Health and the Medical Research Council. 

The Chief Inspector believes that the cumulative 
effect on production and working conditions of a 
number of changes in mechanization and automatic 
control in relatively small items ıs probably much 
greater than that of the more obviously impressive 
examples of full automation in the larger plants, and 
he"reiterates that accident prevention schemes, how- 
ever excellent on paper, are doomed to stagnation 
and ultimate failure without a genuine and con- 
tinuing interest by management at the highest 
level. 


THE INTERNATIONAL CIVIL 
AVIATION ORGANIZATION 
STANDARD ATMOSPHERE 


N 1924 the International Commission for Air 
I Navigation devised a standard atmosphere’ to 
be used in the graduation of aircraft pressure alti- 
meters to give approximate readings of height and 
for,the comparison of aircraft performances such as 
attempts at height and speed records necessarily 
made in different atmospheric conditions. This 
standard atmosphere approximated, probably de- 
liberately, to mean conditions over western Europe. 
The specification, briefly, was: acceleration of 
gravity, 980-62 cm./sec.? at all heights; pressure at 
zero height, 1,013-25 mb.; temperature at zero 
height, 288° K.; lapse rate ‘of temperature, 6-5° C./ 
km. to 11 km., and zero above. Graduation with 
this atmosphere gave, in general, much more accurate 
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height readings >n aircraft altimeters than the 


préviously used assumption of temperature 50° F. at 
all heights. No upper limit to the standard atmo- 


‘sphere was prescr_-bed in the specification, but this 


`~ 


was of little importance because it was many years 
after 1924 before aircraft reached heights at which 
its specification was quite unreahstic. In 1954 the 
International Civil Aviation Organization revised the 
International Commission for Air Navigation stan- 
dard? slightly by specifying height in terms of 
geopotential units. The geopotential height H in 
¢.g.8. units at geometric height z is given by 


l 

380-665 f gu 
- 0 

More important than this, the Organization recog- 
nized that the stardard atmosphere could be used as 
a suitable standard reference for the upper air, except 
as regards water vapour, up to an altitude of about 
20 km. in temperaée latitudes. The extension of the 
standard atmosphsre above 20 km. as an approx- 
imation to average conditions at those altitudes 
must, it was statec, await the collection and analysis 
of a considerable number of reliable upper air 
soundings. 

A committee of representatives of a number of 
United States orgenizations, including the Air Force 
Air Research and Development Command, the Air 
Force Geophysics Besearch Directorate, the Ballistics 
Research Laboratory, the National Advisory Com- 
mittee for Aeronautics, the National Bureau of 
Standards, the Naval Research Laboratory and the 
Weather Bureau, has now decided on representation 
of the atmosphere up to 300 km. The data up to 
about 32 km. appear to have been obtained from 
radio-sonde observations and presumably at higher 
levels from & combination of measurements by 
rocket-borne instruments, and inferences from the 
luminescence of meteors, transmission of sound to 
great distances and atmospheric tides. The Com- 
mittee, the address of which is Geophysics Research 
Directorate, 415 Summer Street, Boston 10, Massa- 
chusetts, U.S.A., had recently distributed a sum- 
mary of tne extension in tabular and diagrammatic 
form?. 

The extension links with the International Civil 
Aviation Organization atmosphere at the foot and 
has the constant teraperature, 216-6° K., of the Inter- 
national Civil Aviation Organization lower ‘strato- 
sphere’ to 25 km. Then comes the rise of temperature 
with height associated with the ozone layer, giving 
a temperature between 47 and 53 km. of 282-66° K. 
Above the ‘ozone layer’ temperature falls again with 
height to the cold layer, in which in the real atmo- 
sphere noctilucent clouds are seen, at about 80 km. ; 
the temperature at 75 and 90 km. is 196-86° K. The 
temperature then rises again with height as we ascend 
through the ‘ionosphere’ until at 300 km. it is taken to 
be 1,537-86° K. Ths temperatures in the ‘ozone layer’ 
are 10 deg. C. higher and those in the ‘cold layer’ about 
10 deg. C. lower than the values adopted by the 
United States Rocket Panel in 1952. The specification 
for the levels from 20 to 32 km. has been adopted as 
a United States Standard and the Committee is 
planning to obtain mternational acceptance for it. 
The 32-75 km. region is termed “tentative” and 
the region above 75 km. “speculative”. Besides 
temperature, the summary table gives lapse-rate, 
molecular scale temperature (kinetic temperature x 
ratio of molecular weight of air to molecular weight 
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of air at sea-level), molecular weight, and pressure. 
Detailed tables are now in course of preparation by 
the Geophysics Research Directorate and will be 


available shortly m limited numbers. A final edition ` 


will be printed by the United States Government 
Printing Office and sold in the usual way. 

The new ‘atmosphere’ based on excellent authority 
will undoubtedly be of great value to all concerned 
with the designing for research or military purposes 
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of missiles which can reach the great heights con- 
cerned, and also for calculations on such matters as 
the sca! termg of light in the upper atmosphere. 


1 International Commission for Air Navigation, Paris, Official Bulletin, 
No. 7 (1924). 

2 International Civil Aviation Organization. Manual of 1.0.4.0. 
Standard Atmosphere, Doc. 7488. (Montreal, 1954.) 

a Announcement. Committee on Extension to the Standard Atmo- 
sphere. U.S. Weather Bureau and Geophysics Research Director- 
ate. (Boston, 1956.) 


PHARMACOLOGICALLY ACTIVE LIPID-SOLUBLE ACIDS OF 
NATURAL OCCURRENCE* 


By Dra, W. VOGT 


Med. Forschungsanstalt, Bunsenstrasse [0, Göttingen, Germany 


T is well known that a number of substances with 
intense pharmacological actions exert regulating 
functions in the living organism. The first known 
compounds of this kind were amines and quaternary 
bases like histamme, adrenaline and acetylcholine. 
During recent years another group of substances has 
become fashionable: pharmacologically active poly- 
peptides. They affect smooth muscle activity and 
vascular tone, and are significant ın inflammation 
and other pathologicel reactions. Both amines and 
peptides are related to the protems. The amimes are 
derivatives of amino-acids, and the polypeptides are 
split-products of proteins. 

There is yet another group of active substances 
which are entirely different chemically, namely, lipid- 
soluble acids. Some of them are certainly related to 
lipids, others may or may not be. Usually the lipids 
are regarded as sources of energy and as structural 
elements in the body; but in the past few years 
evidence has accumulated that not only are they 
involved in specific biochemical reactions such as 
blood clotting, but also that some of them exert 
pharmacological effects which may have physiological 
or pathological significance. 


‘Darmstoff’ 


I came across one of these compounds when working 
on isoldted intestinal preparations. It is an old 
observation of Weiland! that if bath fluid, in which 
isolated segments of intestine have been suspended 
for some time, is tested on another segment of 
intestine, the latter will react either with a rise in 
tone or an increase in its spontaneous contractions. 
Le Heux? concluded that this activity was due to 
choline which had diffused from the intestinal 
segment into the bath fluid. The effect of the bath 
fluid like that of choline was abolished by atropine, 
and choline was identified in the bath fluid. How- 
ever, another smooth-muscle stimulating substance 
diffuses into the bath fiuid in addition to cholme, 
because when tested on an atropinized segment, 
which is insensitive to choline, the fluid still has a 
stimulating effect®. This substance, which contracts 
the atropinized intestine, I called ‘Darmstoff’. The 
first samples of “Darmstoff’ were obtained from such 
bath fluids in amounts of the order of micrograms. 


* Lecture given at the National Institute for Medical Research, 
Mill Hill, London, N.W.7, on October 10. 
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Later, ‘Darmstoff’ was prepared from intestinal tissue 
itself and extracts from horse or ox intestine gave 
sufficient material to study 1ts properties‘. 

In paper electrophoresis experiments at pH 7-6, 
‘Darmstoff’ moved towards the anode, that is, ıb 
behaved like an acid. In the free-acid state ‘Darm- 
stoff’ was found to be easily soluble in alcohols, 
ether and ketones, but only slightly soluble in water. 
On the other hand, it formed water-soluble salts with 
alkali or alkaline earths. The acidic nature of 
‘Darmstoff’ was further evident from its behaviour 
in lquid-hgqiid distribution. When distributed 
between water and ether at alkaline pH the gut- 
stimulatmg action was found in the water phase, 
but when the same distribution was carried out in 
an acidified system, the effect was found in the ether 
phase. This is the typical behaviour of a lipid-soluble 
acid, and by this behaviour ‘Darmsioff’? can be 
distinguished and separated from amines and pep- 
tides. The stability of “‘Darmstoff’ was found to be 
rather unusual. When boiled in N sodium hydroxide 
for 10 min., no appreciable loss of activity occurred, 
but when boiled in N/10 hydrochloric acid for the 
same time, there was considerable inactivation. 

This was almost all we knew about the chemistry 
of ‘Darmstoff? when I came to Great Britain in 
October 1955. Shortly afterwards, I was asked to 
give a lecture about ‘Darmstoff’? in Aberdeen and, 
during the discussion, Prof. W. O. Kermack and Dr. 
C. Long remarked on the unusual fact that ‘Darmstoff’ 
‘was more resistant to alkali than to acid. They sug- 
gested that this might indicate that ‘Darmstoff’ con- 
tains acetal groups. Acetals, the structure of which 
is as follows: 


R, 
o 
H R,OH H 
C-R,+H,0 = -+ O=C—R, 
OH 
o 
Z 
R, 


are formed by combination of an aldehyde with two 
alcoholic groups and are easily split into their 
components by acid but not by alkali. 

In order to find out whether ‘Darmstoff’ contained 
acetal groups, I tested its reaction with fuchsin— 
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rg 1. Chromatograms of ‘Darmstoff’. Left strip stained with 
iff reagent for aldehydes; right strip stained for phosphate. 
(From Vogt, rÈ s. 1957) s 


sulphurous acid. This acid, or Schiff reagent, gives 
a purple colour with aldehydes. The reaction was 
carried out on paper chromatograms of ‘Darmstoft’, 
using a methylethylketone-diethylamine mixture, 
saturated with water. After drying, the paper was 
at first incubated with acetic acid in order to hydro- 
lyse any acetals and liberate the aldehyde component, 
and then the chromatogram was treated with the 
Schiff reagent. Such a chromatogram is shown in 
Fig. 1. A positive reaction was obtained in two 
spots; the upper one was sometimes rather weak. 
These spots appeared within a few minutes after 
contact with the reagent, provided that hydrolysis 
with acetic acid as described had been carried out 
: iously. If this was omitted, it took several 

before the colour appeared. This strongly 
suggests that the reacting aldehyde groups were 
originally bound as acetals and had been liberated 
by hydrolysis during the preceding incubation in 
acetic acid, but that without this treatment they 
were slowly liberated by the acidity of the Schiff 
reagent itself. 

Resistance to alkali together with sensitivity to 
acid is characteristic also of some phosphoric esters. 
As seen in the right-hand ‘Darmstoff’ chromatogram 
of Fig. 1 which had been stained with the phosphate 
reagent of Hanes and Isherwood*, the areas which 
gave a positive aldehyde reaction contained phosphate 
as well. When such chromatograms, instead of being 
stained, were cut into transverse sections and each 
section was eluted and the eluate then assayed on 
the isolated rabbit duodenum, it was found that 
only the eluate from the area which corresponded to 
the lower of the two phosphate and aldehyde con- 
taining spots exerted gut-stimulating activity. In 
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other words, it is the ‘Darmstoff’ itself which contains 
phosphate and aldehyde. 

The finding that ‘Darmstoff’ is acidic in nature, 
lipid-soluble and contains phosphate and acetal 
groups, suggestec an acetalphosphatidic acid; that 
means ‘Darmstoff would be a derivative of an acetal- 
phosphatide (plasnalogen), which lacks a base. The 
general structure of acetalphosphatide as suggested 
by Feulgen’ is given in formula (a) : 


H,—C 


O—C—R, 


ll 
H 
a4 
H, bo-cH, 0H, -N(cH,),.01 
OE 


(°) 
» Acetal bospiaia l 
an aer: ac d at aroios, iep 


The nucleus consists of «-glycerophosphate. The 
phosphate is esterified with a hydroxyl-containing 
base—choline or ethanolamine. The two hydroxy] 
groups of the glycerol which are not bound to the 
phosphate are linked with a long-chain fatty alde- 
hyde, giving a cyclic acetal. This compound is 
neutral because the basic group of the choline matches 
the one acidic groap of the phosphate which is left 
free. The two otner acidic groups of the tribasic 
phosphate are esterified. When the basic group, 
that is, the choline is split off, the residuum contains 
two free acidic greups but no basic group, so that 
the resulting compound, shown in formula b, is an 
acid. a 

If “Darmstoff’ were to have this general structure, 
cleavage of the acotal linkage should result in free 
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fatty. aldehyde and a-glycerophosphat 
after mild acidic hydrolysis at 37° C., | 






acetic acid + traces of mercuric chloride, which acts 


‘as catalyst for acetal cleavage, a free lipid-solubl 


aldehyde and glycerophosphate could be demonstrated 2 
by -paper chromatography. These . experiments — 


showed, however, that not all the phosphate: in. 
-*‘Darmstoft’. extract. was converted to glycerophos- 
phate. but. that some of the phospholipid of the 
-extract was resistant to mild acidic hydrolysis. - Thus, 


‘Darmstoff’ extract. contained, . besides “acetalphos-. 


phatidie acid, other acidic phospholipids. 

If the activity of “Darmstoff’ were dependent on 
the acetalphosphatidie: acid. the cleavage of this 
‘substance. should render the: acidic © “Darmstolf’ 
< hydro e pharmacologically inactive. - However, 
when te the isolated rabbit gut, the hydroly- 
iow ‘loss of only 50. per cent of activity. 
remaining smooth-muscle stimulating activity 
not result from the split products, glycerophos- 











phate or aldehyde ; these were inactive. When the - 


< distribution of activity was studied on paper chroma- 
~gograms of ‘Darmstoff’ hydrolysate, the activity was 







tivity is dependent. on. acetal- 
About the nature of the phos- 


be that originally the acetalphosphatidic acid was a 
semiacetal having still one fatty acid. 

If the conclusion is correct that ‘Darmstoff’, or at 
least. part of it, is an acetalphosphatidic acid, then 
chemically prepared acetalphosphatidic acid should 
exert a gut-stimulating effect. Therefore, I prepared 
some acetalphosphatidie acid by alkaline hydrolysis 
of a preparation of acetalphosphatide obtained from 
Prof: Klenk and then tested the hydrolysate on the 
isolated rabbit intestine suspended in a 15-ml. bath. 
It contracted the gut in a dose of 0-5 ugm. This 
corresponds to the order of activity of the purest 
samples of ‘Darmstoff’ I have obtained. The active 
principle of the hydrolysate was certainly the acetal- 
phosphatidic acid. Like natural ‘Darmstoff’, it was 
acidic in nature, soluble in organic solvents, and on 
paper chromatograms it occupied the same position 
as ‘Darmstoff’; this area gave positive aldehyde 
and phosphate reactions. These findings confirm the 






- went into the water layer, but at acidic pH 


N ATUR E = February 9, 1957 Vou. 179 


niclusion that ‘Darmstoff’ consists in part of 
acetalphosphatidic acid. ah 

"Since the different. phosphatidic acids are similar 
their physicochemical properties, their pharma- 





‘cologieal activities will probably depend mainly on _ 


free acidic groups and lipid solubility. Differences in 
the fatty moiety may be of secondary importance 
and probably numerous acidic phospholipids: exert- 
similar effects. ~ 


Slow Reacting Substance produced by Cobra Venom : l 


in Egg Yolk 


Feldberg, Holden and Kellaway? bad found that... 
on incubation. of egg yolk with cobra: venom a °” 
substance is formed which. stimulates. the isolated 
guinea pig ileum. ‘The contraction produced by. the 
envenomed egg yolk  procesds remarkably slowly. 
hence the active principle was termed slow reacting 
substance. Its typical slow action. on the isolated 
guinea pig ileum preparation is shown in Fig. 2, and 
is compared with the quick contractions produeed by ` 
histamine. For the past year I have been working 
on this substance and it turned out to be a lipi 
soluble acid. It was known that the slow reacting 
substance was soluble in acetone and. in ether.. 
found that it is also soluble in butanol, benzene and 
light petroleum. “So. again it..was a lipid-solubl 
compound... Since all pharmacologically active lipi 
soluble substances of natural occurrence so far known 
are acidic in nature, I decided to find out whether thi 
held for the slow reacting substance as well. Ethe 
or alcohol extracts of envenomed egg yolk wer 
distributed between water and ether. If. this wai 
done at alkaline pH, the slow: reactin: 







































ether. Thus, the slow reacting substance behave 
like a lipid-soluble acid. Next it seemed reasonable to 
assume that the slow reacting substance was a fett 

acid derived from the. lecithin’ of egg yolk because 
cobra venom. contains an enzyme, phospholipase A, 
which liberates one fatty acid from lecithin. By this’. 
reaction the hemolytic lysolecithin and a free fatty... 


acid are obtained ; in the case of egg lecithin it is- 


always an unsaturated fatty acid. The following > 
findings prove that the slow reacting substance is. 
indeed an unsaturated fatty -acid derived from 
lecithin. First, the slow reacting substance behave 

like an unsaturated fatty acid, in that it formed a 
lead salt which was soluble in ether. Secondly, the. 
slow reacting substance was obtained not only by the 
action of cobra venom on egg yolk, but also under 
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Fig. 2, Contractions of isolated guinea pig ieum preparation to 
slow reacting substance (at white spot) and to histamine (other 
contractions) 
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conditions when no other reaction but splitting of 
lecithin could have occurred. Thus, I used pure 
lecithin as substrate instead of egg yolk and incubated 
it with cobra venom in ether instead of water solution. 
The only enzymatic reaction which still occurs in this 
medium is the action of the phospholipase A of the 
venom, as has been shown by Hanahan'*. When the 
fatty acids of this incubate were isolated, they 
acted like the slow reacting substance. Fimally, the 
slow reacting substance was prepared by chemical 
hydrolysis of lecithin with sodium hydroxide™. 
Having shown that the slow reacting substance is 
an unsaturated fatty. acid derived from lecithin, it 
remains to find out the nature of this smooth muscle 
stimulating unsaturated fatty acid. Egg lecithin is 
not uniform but differs in its fatty acid constituents, 
the main constituents being oleic and linoleic acids. 
Oleic acid is ineffective and therefore not identi¢al 
with the slow reacting substance. Linoleic acid has 
a weak stimulating effect on the guinea. pig ileum and 
some of the slow reacting substance activity may be 
due to this acid. The effect, however, is too weak 
to account for the whole slow reacting substance 
activity obtained from egg lecithin, which seems to 
be the effect of several unsaturated fatty acids. 
There are two other unsaturated fatty acids known 
to have gut-stimulating properties, but we do not 


know if they occur in egg lecithin. The one is the: 


cis-vaccenic acid which was found by Laser? in blood 
and which is gut stimulating, and the other is the 
so-called G-acid, a cis-A3 : 4-octadecenoic acid, which 
Gabr™ found in the @-globulin fraction of human 
plasma. ~ 

We do not know whether the slow reacting sub- 
stance exerts a physiological function. The fact 
that it is formed by the action of venom on egg yolk 
does not provide:any evidence for assuming such a 
function. However, when considering a possible 
physiological role of the slow reacting substance we 
have to realize that whenever cobra venom is brought 
in contact with either plasma or organs of at least 
all the mammals so far examined, a slow reacting 
smooth niuscle stimulating substance is formed". 
It seems reasonable to assume that it is also an 
unsaturated fatty acid formed by the action of the 
venom on. tissue lecithin. Since lecithin-splitting 
enzymes are not confined to venoms but occur 
rather widely in tissues, the release of pharma- 
cologically active unsaturated fatty acids may be of 
significance for pathological and even physiological 
phenomena. 2 i 


Other Lipid-soluble Acids with Muscle-stimulating 
_ Properties 


‘Darmstoff’ and the slow reacting substance are 
not the only known acidic lipid-soluble substances 
with smooth muscle stimulating properties. ‘Darm- 
stoff’ represents acidic phospholipids and the slow 
reacting substance unsaturated fatty acids. The 
chemistry of the other known lipid-soluble acids has 
not yet been sufficiently studied to allow their 
classification into one of these two groups. 

Prostaglandin. This lipid-soluble acid was the first 
substance of acidic nature shown to have smooth 
muscle stimulating properties. It was found to con- 
tract the intestine and uterus of various species and 
to produce a fall in arterial blood pressure. Its 
presence was observed independently by Von Euler?® 
and by Goldblatt!* in prostate glands. The name 
was given by Von Euler. The acidic nature of 
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prostaglandin was shown by electrophoresis!’. It is - 
soluble in organic solvents but unlike fatty acids and 
phosphatidic acide the free acid prostaglandin is 
easily soluble in water and can only to a small 
extent be extracted from aqueous solution by ether. 
Thus prostaglandm shows the peculiar feature, that 
although it is fairzy lipid-soluble it is rather hydro- 
hilic. 

R Vesiglandin. Vhen Von Euler looked for the 
presence of prostaglandin in other tissues he found 
in the vesicular glands of monkeys a substance 
resembling prostsglandin ın many .respects but 
differing from it by- havmg a relatively stronger 
hypotensive action and weaker smooth muscle 
stimulating effect To this substance he gave the 
name ‘Vesiglandix’?’. : 

Slow reaching sursiance A. Kellaway and Trethewie 
injected antigen .egg albumin) mto perfused sensi- 
tized guinea pig lungs and examined the venous 
effluent for smoosh muscle contracting substances. 
They found that the antigen liberated both histamine 
and a slow reacting substance!*, This substance has 
been investigated by Brocklehurst, who called it slow 
reacting substancs A in order to distinguish it from 
other slow react-ng substances’. He showed by 
electrophoresis that it behaved like an acid®*. Like 
prostaglandin, it is easily soluble in water even in the 
free-acid state and only slightly extractable with 
organic solvents from aqueous solution. Unlike 
prostaglandm, hewever, slow reacting substance A 
causes no fall in arterial blood pressure and has no 
effect on isolated uterus preparations. A substance 
with the same properties was found in perfusates of 
human asthmatic lung after injection of the antigen 
to which the lung was sensitive. Brocklehurst 
suggests that slcw reacting substance A may well 
contribute to the symptoms of asthma and anaphyl- 
axis, because he found that it contracts isolated 
bronchial musele’, 

Irin. Extracts of rabbit iris contain a smooth 
muscle stimulatucg substance, which was called irin*'. 
Trin causes a :ong-lasting atropine-resistant con- 
striction of pupil.ary muscle in vivo and n vitro. By 
electrophoresis ard liquid-liquid distribution Ambache 
showed that it ic again a lipid-soluble acid**. Irin is 
released into the aqueous humour after stimulation 
of the trigemina nerve, and Ambache assumes that 
it is the transmitter for the atropine-resistant meiosis 
which occurs cn antidromic stimulation of the 
trigeminal nerve. ’ 

Fraction X. Fraction X is æ smooth muscle 
stimulating subssance which I found besides ‘Darm- 
stoff’ in extracts of intestinal tissue’. Like “Darm- 
stoff’ it is acidic and lipid-soluble, but it separates 
from ‘Darmsto&’ in countercurrent distribution. 
Unlike ‘Darmstcff’ it has a pronounced hypotensive 
effect. No detailed investigations have yet been 
carried out. 

Trin and fraction X behave in distribution between 
water and ether or water and chloroform similarly to 
‘Darmstoff’ and fatty acids, That is, in the free-acid 
state they`go into the organic phase. They may be 
related to .acidi2 phospholipids or fatty acids. On 
the other hand, prostaglandin, ‘Vesiglandin’, the slow 
reacting substance and slow reacting substance A 
are even as free acids so water-soluble that their 
greater part steys in the water phase after distri- 
bution. r ae 

Finally, we have to add to this list a smooth 
muscle , stimulating substance recently found by 
Ambache and West®? in extracts of-rabbit skin. 
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This compound is soluble in 95 per cent acetone and 
moves to the anode in electrophoresis at pH 8-8. 

All the substances discussed have in common 
the power to stimulate smooth muscles. There 1s no 
smooth muscle inhibiting substance known in this 
group. The fact that some of them produce a fall 
in arterial blood pressure does not contradict this 
statement, because this fall seems to be due to 
contraction of the pulmonary arteries. This has 
been shown, for example, for prostaglandin by Von 
Euler. The contractions these substances produce 
on isolated smooth muscle preparations all develop 
slowly and none is inhibited by atropine or anti- 
histaminics. 

Only a few suggestions have yet been made about 
the physiological significance of the acidic lipid- 
soluble substances. I suggested: that ‘Darmstoff’ may 
play a part in intestinal motility®** and Ambache 
supposes that irin is a humoral transmitter of anti- 
dromic stimulation of the trigeminal nerve. But 
these substances may be involved in many other 
physiological functions. At present we only know 
that they occur in the body, ‘and as Dalé said in 
1933 in his third Dohme Lecture, “the discovery in 
artificial extract from an organ or tissue of a sub- 
stance which on artificial injection produces a 
pharmacodynamic effect provides only a first item of 
presumptive evidence in support of a theory that the 
action of this substance plays a part in normal 
physiology. Much more evidence is required before 
we can attribute clearly defined functions to such a 
substances, 


Possible Role of Lipid-soluble Acids, particularly 
Phosphatidic Acids, as Carriers of Negative Charges 
in the Cell Membrane 


I would like now to consider a biophysical aspect, 
which may link these substances, particularly the 
acidic phospholipids, to the problem of cell excit- 
ability in general. This aspect opens so many 
attractive vistas that it is difficult not to discuss it, 
although such a discussion must, at present, of 
necessity- be highly speculative. The considerations 
are based on the facts that phosphatides occur in 
cell membranes, that acidic phospholipids have 
excitatory action, and on the assumption that 
negatively charged substances are required in cell 
membranes for their function. 

A. basic condition for cell excitability of nerves and 
muscles is a proper distribution of ions inside and 
outside the cell, which is assumed to be regulated by 
charged groups in the cell membrane (“fixed charge 
membrane”, see Teorell?*), According to this 
assumption cations cross the membrane by interaction 
with anionic groups fixed in the membrane matrix. 
Carboxyl groups of proteins and polyphosphates have 
been discussed as carriers of these negative charges, 
but recently Folch has directed attention to acidic 
phospholipids as anionic membrane constituents*?. 

There are not only differences in distribution of 
cations and anions between the inside and outside of 
a cell, but also among cations themselves. There is 
much more potassium inside the cell than outside 
and the reverse is true for sodium, although the cell 
membrane is permeable to sodium. Therefore, an 
active transport mechanism has been postulated 
which continuously carries the sodium out of the 
cell against the chemical and electrical gradient. 
This is the so-called sodium pump. Again, acidic 
groups in the membrane have been made responsible 
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for the carrier function. These carriers must combine 
specifically with sodium and not with potassium, or 
to a much lesser degree. The process has been 
pictured as follows. The sodium carrier, which is 
supposed to be a lipid-soluble anion, is formed 
inside the membrane, where it combines with sodium. 
This complex then crosses the membrane and at the 
outside the sodium is delivered, possibly because the 
carrier is destroyed or altered in such a way as to 
loge excess negative charge. The following two 
facts suggest that acidic phospholipids have a 
stronger affinity for sodium than for potassium. 
(1) According to Teunissen and Bungenberg de Jong® 
lecithin, which probably contained acidic phospolipids, 
forms coacervates with sodium more readily than 
with potassium. (2) Polyphosphates have a stronger 
affinity for sodium than for potassium®’ and their 
acidic groups are the same as those of phosphatidic 
acids. The assumption that phosphatidic acids may 
be responsible for the carrier function would enable 
us to form an idea of how the formation and destruc- 
tion of the carrier could be brought about. By 
splitting off the choline from a lecithin molecule at 
the inside of the cell membrane the phosphatidic acid 
would be formed and become available to combine 
with sodium. The complex would then diffuse to 
the outside: Here re-esterification would occur and 
this would entail blockage of the net negative charge 
and the liberation of the sodium. ; 

The general ion flux and active transport so far 
discussed are resting conditions, which must be 
fulfilled for the cell to be excitable. Excitation itself 
is again caused by cation movements, this time going 
in the opposite direction, that is, with the concen- 
tration gradient. Sodium moves in and potassium 
out. Here again, the negatively charged membrane con- , 
stituents are assumed to be involved? and thus phos- 
phatidic acids may be involved in excitation as well. 
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IDENTIFICATION OF ANTHOCYANIDINS, LEUCO-ANTHOCYANINS 
AND 2:3-DIHYDROFLAVONOLS IN PLANT TISSUES 


By Dr. DAVID G. ROUX 


Leather Industries Research Institute, Rhodes University Grahamstown 


To widespread distribution m plant tissues 
of leuco-anthocyanms yielding cyanidin (II, 
R = OH) and delphinidin (I, R = OH) was demon- 
strated by Bate-Smith}, using paper chromatography 
for the identification of the anthocyanidins formed. 
In those tissues examined from among a large 
number of plant species, Bate-Smith found that 
Jeuco-compounds yielding cyanidm, and +o a lesser 
extent delphinidin, predominate, while other patterns 
of hydroxylation were almost conspicuously absent. 
Pelargonidm (III, R = OH) has, for example, thus 
far been obtained only from the hot hydrochloric 
acid treatment of the reduction product of acetylated 
aromadendrin (2: 3-dihydrokwmpferol) by Hillis*. 

The anthocyanidin, 3:7: 8:3’: 4’-pentahydroxy- 
flavylium chloride, generated from the naturally 
occurring flavanoe-3 : 4-diol, melacacidin (from the 
heartwood of Acacia melanoxylon), by King and 
Bottomley’, differs from those above in that in nucleus 
A the 8- in place of the 5-position is hydroxylated. 

A number of plants also contain flavonoid struc- 
tures in which the 7-position only is hydroxylated in 
nucleus A; for example, robinetin, 2: 3-dihydro- 
robinetin, fisetin, fustin, butin, butein, liquir:tigenin 
and 7: 4/-dihydroxyflavonol. Some of these are 
present in very minor proportion in the two econ- 
omucally most important vegetable tanning materials, 
namely, black wattle or ‘mimosa’ extract from the 
bark of Acacia mollissima, and quebracho extract 





Table 1 





Re in solvent system 
90 per cent formic Water/acetic acid] 
aci 


d/3 N hydro- cone. hydrochloric 
chloric acid (1 1) acid (10°30:8) 





Delphinidin 
Cyanidin 
Pelargonidin 
Robinetinidin 
Fisetinidin 
8:7- 4-Tri- 
hydroxyflavy!- 
ium chloride 
8:7.8:3%:4- 
Pentahydroxy- 
flavylium chlor- 
ide 











derived from the heartwood of Schinopsis lorenizii. 
The polyphenolic fractions of both give resorcinol in 
high yield from alkali fusions’. From this it is 
evident that chromatographic identification of antho- 
cyanidins corresponding to (I), (II) and (ITI), but 
with the 5-position unhydroxylated, is of importance. 

Synthetic robinetinidin chloride or 3:7 : 3’: 4’: 5’- 
pentahydroxyflavylium chloride (I, R = H)’, syn- 
thetic fisetimidin chloride or 3:7: 3’: 4’-tetra- 
hydroxyflavylium chloride (II, R = H)", and syn- 
thetic 3:7: 4’-trihydroxyflavylium chloride (LIT, 
R =H)’, together with delphinidin, cyanidin and | 
pelargonidin, were examined by means of paper 
chromatography, and the spots obtained also exam- 
ined in the specsrophotometer directly on the paper, 
by the method f Bradfield and Flood®. Chromato- 
grams were run in a constant-temperature room at 
21° C. (Table 1.. 

The ‘Forestal solvent’ mainly used by Bate-Smith! 
(water/acetic ac:d/cone. hydrochloric acid, 10: 30:3 
viv) was unsat.sfactory for differentiating between 
pelargonidin (Ay = 0-71) and fisetinidin chlorides 
(Ry = 0-73). Their absorption maxima are close 
together (530 and 525 my, respectively) and their 
appearance on paper chromatograms very similar. 
A new solvent mixture consisting of 90 per cent 
formic acid and 3 N hydrochloric acid (1:1 v/v) 
differentiated these most effectively (Rr = 0-33 and 
0-43, respectively) and gave good resolution of other 
constituents. £:7: 4’-Trihydroxyflavylium chloride 
remained at tbe origin in this solvent system, but 
moved with the solvent front in the ‘Forestal solvent’. 
Robinetinidin chloride is again better separated from, 
cyanidin and pslargonidin chlorides in the ‘Forestal 
solvent? (Rp = 0-57, 0-50 and 0-71, respectively) 
than in the new formic/3 N hydrochloric acid mixture 
(Rp = 0-26, 0-22 and 0-33, respectively). 

3:7: 8: 3’: 4’-Pentahydroxyflavylium chloride 
generated from Acacia melanoxylon showed similar 
Ry to robinetnidin in both solvent systems (see 
Table 1), but differs from the latter in its absorption 
maximum, and may further be distinguished by the 
abnormally large shift in its absorption maximum in 
the presence of 0-2 per cent aluminium chloride in an 
ethanolic solution of hydrochloric acid**, a method 


‘due to Geissmen, Jorgenson and Harborne", 


` Anthocyanidins unhydroxylated in the 5-position 
have been generated by Freudenberg and Roux’! from 
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: 3-dihydrorobmetin (found in Robinia pseud- 
eer by ıts easy quantitative hydrogenation with 
platinum oxide in methanol solution to give 
7:3/; 4’; 5’-tetrahydroxyflavane-3 : 4-diol, followed 
by hydrochloric acid/propanol treatment! of the 
product under pressure to yield robmetinidin chloride 
(I, R = H). Fustin (2: 3-dihydrofisetin) from Rhus 
succedanea'* undergoes the same conversions, finally 
yielding fisetinidim chloride (II, R = H). The syn- 
thetic flavane-3 : 4-diols obtained in “both instances 
by the reduction of the corresponding 2 : 3-dihydro- 
flavonols are crystalline, in contrast to that occurring 
naturally, for example, melacacidin®, and that 
obtained by the reduction of taxifolin (2 : 3-dihydro- 
quercetin) with sodium borohydride, both of which 
are non-crystalline. 

Sodium borohydride usually gives side-reactions 
during reduction of dihydroflavonols in aqueous and 
ethanolic solutions, but nevertheless affords an easy 
direct method of rapidly establishing the probable 
presence of 2: 3-dihydroflavonols in polyphenolic 
mixtures, in the absence of leuco-anthocyanins of 
similar hydroxylation pattern. Thus the methanolic 
extract of the heartwood of Grevillea robusta contains 
no leuco-compound, but when preceded by a 5-min. 


reduction with sodium borohydride in aqueous . 


medium,, robinetinidin chloride results from treat- 
ment with hydrochloric acid. 

Quebracho extract (‘ordinary’-unsulphited) affords 
two anthocyanidins from hydrochloric acid/propanol 
treatment under pressure. The predominant one 1s 
easily observed as a light red spot on paper chromato- 
grams, having an absorption maximum (523 my) and 
Ry values (0:43 in formic acid/hydrochloric acid and 
0:73 in water/acetic acid/hydrochloric acid). Com- 
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parison of these values with those of fisetinidin in 
Table 1 (Amax, = 525 mp and Ep = 0-43 and 0-73, 
respectively) indicates that a leuco-anthocyanin or 
leuco-anthocyanidin yielding fisetinidin is present in 
the heartwood of Schinopsis lorentzii. Similarly, the 
heartwood of the black wattle tree (Acacia mollissima) 
contains a monomeric leuco-anthocyan(id)in which 
yields fisetinidin chloride on treatment with hydro- 
chloric acid!*, 

Thanks are due to Miss G., V. Britten and Mr. 
D. G. Comins, of the Botanical Survey, Union 
Department of Agriculture, Albany Museum, 
Grahamstown, for their assistance in the identi- 
fication of plant materiel, and to Mr. B. Gowie, 
Gowie’s Nurseries, Grahamstown, for procuring the 
wood of Rhus succedanea. 
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NEW OBSERVATIONS WITH ACRIDINE ORANGE AND 
© PRIMULIN AS VITAL FLUOROCHROMES 


Induced Fluorescence with Acridine Orange 
in Nematode Embryology 


CRIDINE orange was used as & vital fluoro- 
chrome by Strugger! for demonstrating living 
trypanosomes in the blood. He found that the 
trypanosomes fiuoresced green, but made no mention 
of any polychromatic fluorescence by which intra- 
cellular structures can be differentiated. However, 
Wagner? has described differential fluorescence in 
Trypanosoma brucei using this dye. De Bruyn et al.’ 
have shown that diaminoacridme compounds have 
an affinity in vivo for intranuclear deoxyribonucleo- 
proteins. They claim that these compounds reveal 
the presence of ribonucleoproteins in the nucleoli but 
not in the cytoplasm. Armstrong’ has recently 
demonstrated that, under controlled conditions of 
pH and concentration, acridine orange differentiates 
between deoxy- and ribonucleic acids in fixed tissues. 
He found that, with ultra-violet excitation, deoxy- 
ribonucleic acid fiuoresced greenish-yellow, whereas 
ribonucleic acid showed up red. 

While examining suspensions of living cells treated 
with acridine orange (Colour Index No. 788), we have 
found that, apart from nuclear structures fluorescing 
a bright green, certain cytoplasmic organelle appear 
red. Also, in actively dividing cells the cytoplasm 
fluoresces red. This occurs over a limited range of 
concentration of the dye. It is not possible, however, 


to specify exactly the range of concentration which 
wil give differentiation with maximum colour con- 
trast. We have used values ranging from 1/10,000 
to 1/30,000, depending on the material used and the 
number of cells present. When the concentration of 
dye is very much below that required for good colour 
differentiation, the nucleus and cytoplasm fluoresce 
a weak olive green. In some cases red granules are 
just visible in the cytoplasm. As the concentration 
18 increased, the fluorescence of the cytoplasm changes 
to & bright green, with that of the nuclear structures 
slightly more intense than the cytoplasm. With 
concentrations greater than those giving colour 
differentiation, the nuclear structures change from 
green, through orange, to red, and the cytoplasm 
takes on a red fluorescence, the intensity of which 
increases with the concentration until the whole cell 
appears red. 

Oogonia, oocytes and early embryos of Litomo- 
soides carinii were obtained by puncturing the 
genital tract of the adult female at the appropriate 
position and allowing the cells to flow out into a 
glucose-saline medium, at pH 7-3. Each sample was 
then taken up into a micropipette and mixed with 
an equal volume of the dye, such that the final 
concentration of acridine orange was within the 
optimum range for differentiation. 

Although the oogonia are very small cells, their 
unclear structures can be resolved with a high-power 
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objective, and exhibit a strong apple-green fluor- 
esconco, The cytoplasm fiuoresces a faint reddish 
colour and contains bright red granules. Iw the 
growth. zone of the ovary, the nucleoli take on @ red 
fluorescence, whereas the other nuclear structures 
remain green. With larger oocytes the red fluor- 
escence of the cytoplasm increases in intensity and 
many of the proliferating cytoplasmic granules 
fluoresce a strong red colour. In the fully developed 
oocytes, the appearances are the same except that 
the nucleoli fluoresce green. 

In the one- and two-cell stages the colours of the 
cytoplasm, cytoplasmic granules and nuclear struc- 
tures are similar to those of the fully developed 
oocyte. In the four-cell stage, however, the red 
fluorescence of the two smaller cells is stronger than 
the other two. With successively later stages of 
cleavage, the red fluorescence of the cytoplasm is 
gradually reduced in intensity. The nuclear struc- 
tures continue to exhibit a strong green fluorescence 
and the red fluorescence of the cytoplasmic inclusions 
stands out more and more clearly agaimst the 
diminishing intensity of the red cytoplasm. In the 
multicell stages the outer edges of many cells in 
contact with the perivitelline fluid fluoresce strongly 
red, in contrast to the weaker fluorescence of the 
remainder of the cytoplasm; relatively large inter- 
cellular bodies, fluorescing a bright red, are present 
in these stages. Eventually the red fluorescence of 
the cytoplasm disappears until only the nuclei 
exhibit their characteristic green colour and a few 
cytoplasmic granules appear red.. In certain parts of 
the microfilaria, an intercellular substance exhibits a 
strong red fluorescence. This substance may originate 
from the red intercellular bodies of the multicell 
stages. The distribution of red fluorescence in the 
cytoplasm of the cells studied corresponds closely to 
the absorption picture obtained by ultra-violet 
micrography (2749 A.). 

Similar studies are being carried out on Dirofilaria 
immitis, D. repens and Nippostrongylus muris. We 
have observed mitosis from metaphase to telophase 
occurring in a living ovum of N. muris, after differ- 
ential staining with acridine orange, indicating that 
this is & true vital stain, Similar studies on spermato- 
genesis in these nematodes are in progress and it is 
already evident that treatment with acridine orange 
offers a quick and simple method of making chromo- 
some counts. These results will be reported more 
fully on the completion of this study. 

Thanks are due to Mr. J. T. Hopper for his tech- 
nical assistance. 

J. SMILES 
ANGELA E. R. TAYLOR 
National Institute for Medical Research, 
Mill Hill, N.W.7. Oct. 10. 
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Induced Fluorescence in Mammalian 
| Gametes with Acridine Orange 


Previous workers*-* have shown that mammalian 
spermatozoa fluoresce green or red in ultra-violet 
light after supra-vital treatment with acridine 
orange, but make no mention of polychromatic 
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fluorescence in individual cells. We find, however, 
that fresh living spermatozoa of æ number of mam- 
malian species, wen treated with a suitable concen- 
tration of acridine orange (Q. T. Gurr) and examined 
under a conventional light microscope with ultra- 
violet dark-ground illumination, display the following 
colours: nucleus. bright apple green; acrosome, 
bright red where z6 extends beyond the nucleus and 
yellowish-green or yellow where it overlaps the 
nucleus; tail, a lighter green than the nucleus. 
Differential fluorescence of the acrosome is shown 
particularly well with spermatozoa of rodents, in 
which this structure is large, and we have obtained 
striking results with spermatozoa of the guinea pig, 
hamster, rat, mouse, cotton rat, field vole and gerbil. 
Similar differentistion, though less pronounced, is 
seen in spermatozoa of the rabbit and bull, in which 
the acrosome is smaller ; but it has not been detected 
in spermatozoa of man, trout, sea urchin or honey 
bee. Human spərmatozoa fluoresce either green, 
yellowish-green or red; actively motile spermatozoa 
of each colour may be seen simultaneously, andi we ` 
are therefore unable to support Van Duijn’s con- 
clusion? that only dead spermatozoa fluoresce red. 
In the non-mammalian species examined, the 
spermatozoon nucleus fluoresced bright green and 
other structures were barely distinguishable. 

In order to obtein maximum colour differentiation 
we have varied the concentration of dye, for different 
kinds and concentzations of spermatozoa, from about 
one part in 10,000 to one in 50,000. Within this 
range, and at suiteble pH, spermatozoa remain active 
for a considerable time. With less dye there is no 
red fluorescence and spermatozoa fluoresce green or 
blue. At greater concentrations the dye is highly 
toxic and all spermatozoa fluoresce orange-red. 
Within the range pH 5-2-8-2, the differential fluor- 
escence is relatively independent of hydrogen-ion 
concentration, but is shown best at the more alkaline 
levels. It is, however, evidently dependent upon the 
integrity of the aerosome, for an increasing number 
of spermatozoa fail to show red. fluorescence in this 
structure during storage in vitro or in the female 
genital tract. In the spermatozoa of some species 
this loss of fluoreszence is followed by detachment of 
the acrosome from the head. We believe, therefore, 
that loss of potential red fluorescence in the acrosome 
may be associated with functional impairment of the 
spermatozoon, although it does not necessarily 
indicate the deatk of the cell. 

We have also used induced fluorescence with 
acridine orange to study mammalian spermatogenesis 
and fertilization. In smears of fresh rodent testes, 
nuclei fluoresce Lright green, the cytoplasm faint 
green and developing acrosomes and many cellular 
inclusions bright rsd. Differentiation of the develop- 
ing acrosome corresponds closely to that obtained 
with the periodie acid — Schiff reaction’. We also 
find that the developing acrosome shows marked 
absorption of ultra-violet light at a wave-length of 
2749 A. In rat and mouse eggs the zona pellucida 
fluoresces faint blue, the cytoplasm contains many 
red inclusions, tke maturation spindles appear as 
non-fluorescent areas in the cytoplasm, the pronuclei 
remain poorly differentiated and the chromosomes 
show very distinctly as bright green images. 

It is evident from our observations that structures 
associated with a high concentration of deoxyribo- 
nucleic acid fluoresce bright green by the technique 
used. The possibility that red fluorescence indicates 
the presence of ribonucleic acid’ is being investigated. 
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We are indebted to Mr. M. R. Young and Mr. 
J. T. Hopper for skilled technical assistance. 
Marovus W. H. Bisnop 
J. SMES 
National Institute for Medical Research, 
Mill Hill, London, N.W.7. 
~ Oct. 10. 
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Differentiation between Living and Dead 
Spermatozoa by Fluorescence Microscopy 


CONTRARY to the observations of Stockinger! and 
of ourselves (see previous communication), Van 
Duijn? has reported that living human spermatozoa 
can be distinguished from dead ones by the colour 
of their fluorescence after treatment with acridine 
orange. Recently, however, we have been able to con- 
firm Van Duijn’s casual comment that a similar tech- 
nique with primulin can be employed for this purpose. 

In our experiments; primulin (B.D.H.) has been 
added to suspensions of spermatozoa at pH 7-2-8-2, 
to give a dye concentration of about one part in 
30,000. For the best results the’ actual dye concen- 
tration should be adjusted for each sample so that 
optimal differentiation and minimum background 
fluorescence are obtained. When this is done, and 
the sample examined with ultra-violet dark-ground 
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illumination, dead spermatozoa fluoresce light blue 
(not yellowish-green as reported by Van Duijn) and 
living ones remain invisible. All spermatozoa, living 
and dead, can be readily seen as dark-ground images 
when a neutral filter 1s substituted for the ultra- 
violet filter (Wratten 184) normally employed. 
Alternatively, with a broad-band ultra-violet filter 
(Chance OX7) in place of the Wratten 184, dead 
spermatozoa can be viewed as blue fluorescent images 
and lving~ spermatozoa as red diffraction dark- 
ground images. A further effect is obtained by using 
a mixture of approximately equal amounts of primulin 
and rhodamin 6@ (B.D.H.). With these dyes, and 
ultra-violet illumination, dead spermatozoa fluoresce 
light blue and living ones bright yellow. With 
rhodamin alone, both living and dead spermatozoa 
fluoresce yellow; and in living cells, but apparently 
not in dead ones, two granules at "the base of the 
head are clearly differentiated. 

Our preliminary observations indicate that induced 
fluorescence with primulin may be used for distinguish- 
ing living from. dead spermatozoa in the rat, mouse, 
guinea pig, hamster, field vole, cotton rat, ferret, 
boar, bull and man. We have, however, been unable 
to get satisfactory results with spermatozoa of the 
rabbit and sea-urchin. 

Marcus W. H. BIsgor 
J. SMILES 
National Institute for Medical Research, 
Mill Ball, London, N.W.7. . 
Oct. 10. 
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BIOLOGICAL ROLE OF POTASSIUM-40 
By Pror. A. P. VINOGRADOV 


Vernadsky Institute of Geochemistry and Analytica! Chemistry, Academy of Sciences, Moscow 


HE detection and control of intranuclear energy 

have instigated numerous investigations into the 
action of nuclear radiation upon organisms. The 
radiations used for experimental or therapeutic 
purposes, as a rule, are derived from radioisotopes 
which seldom occur in organisms, for example, 
phosphorus-32, sodium-24, etc. Moreover, owing to 
the relatively high doses of nuclear radiations which 
are usually applied, their action upon the tissues has 
a- destructive effect. 

“Meanwhile, in tissues and organs of all organisms, 
both plants and animals, normally a number of 
radioactive elements are present, producing in 
general a weak «-, B- or y-radiation. Among these 
elements first of all should be mentioned potassium- 
40; then come carbon-14, hydrogen-3, rubidium -87, 
samarium-147, uranium-238, uranium-235, thorium- 
232, and so on. According to the number of atoms 
decaying, potassium-40 occupies the first place in 
orgenisms. It may be pointed out that man during 
the whole of his life obtains from cosmic radiation 
less than 1 r., whereas from potassium-40 radiation 
he obtains about 10 r. 

Potassium, Leing isolated from different sources— 
natural salts, rocks, tissues of organisms, etc.—has 
practically always a similar isotopic composition. 
Therefore, organisms absorbing potassium do not 


change their isotopic composition. In Nature, no 
noticeable fractionation of potassium isotopes occurs. 
The biological role of potassium is not clear. It is 
thought that potassium participates in carbohydrate 
and albumin metabolism of plants. 

The biological function of potassium is often con- 
nected with the radioactivity of potassium-40. 
However, experimentally, nothing has been dis- 
covered about this. I have carried out a direct 
experiment concerning the question whether potas- 
sium-40, being present in a constant ratio to ordinary 
(natural) potassium, has any significance in the life 
of an organism or whether it is of no importance, 
Aspergillus niger was the organism used. It has the 
advantage that its whole life-cycle can be observed 
within @ short period. 

The great sensitivity of Aspergillus niger to potas- 
sium is well known. The culture medium consisted 
of : 


NH.NO, 3-0 gm. per litre of water 
NH,H,PO, 0-500 5 ” » 
MgSO, 0-300 ” ” ” 
Zn80,.7H,O 0 005 ” ” » 
FeSO,.7H,0 0-030 ” ” s 
O,.3H, 6 030 n ” s 
CuCl,.2H; ae Tan ” ” ” 
CoN aa- 0 0002 0 ” 
EON 4H,0 00010 » oh 


eee 50-00 s ” ” 
KCI (see. tho experiments) 


= a ae 
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Table 1 
Experimental series -1 2 3 4 5 6 7 8 - 9 
Potas- Potas- : 
sium-40 stum-39 ` Ordinary 
Ordinary Potas- in radio- | Ordinary Potas- in radio- | Ordinary | Without | potassium 
potassium | sium-40 active j| potassium | sium-39 active | potassium | potassium | (without 
equi- equi- Aspergu- 
librium Aibrium lus niger) 
Potasstum chloride content per -less than 
litre of the culture medium 0-3000 0-8000 0:0030 0-3000 | ‘18 0000 | 18 0000 0 0001 0 3000 
Amount (ın cm.) of 0-01 N g f y 
sodium hydroxide required 
to neutralize acid of the 
nutritive solution (50 cm.?). . 
Average of 20 experiments 20 04 24-25 37 83 40-64 18-71 30:38 22 86 17-66 13-30 
Saccharose consumption (gm.) 
Average of 20 experiments 2-440 2-450 0 276 0 300 2-455 2 435 2-455 0:270 0 
Weight of the dry mycelium 
, (gm.). Average of 20 experi- 
ments 1-0286 1:0575 0:0327 0:0522 1 0471 1 0501 1 0507 0 0074 0 






All reagents were specially freed from all foreign 
contamınants and repeatedly cheeked by spectral 
analysis. This was important, because Aspergillus 
niger is very sensitive to the slightest changes of 
concentration, in particular, of micro-elements and 
potassium. 

We used potassium enriched in potassium-40 and 


` potassium impoverished in potassium-40 of the fol- 


lowing isotopic composition (per cent) : 


"K 0K “K 
Ordinary potassium 93:3 0:0119 67 
Potassium-40 76 36 1:34 22 30 
Potassium-89 99 92 0 0002 0 073 


The potassium-40 content was verified also by the 
mass-spectrometric method and by measuring it 
according to the B- and y-activity in comparison to 
samples of ordinary potassium. All the samples of 
ordinary (reagent) potassium-40 and potassium-39 
were brought to spectral purity by repeated recrystal- 
lization from an alcohol-water medium, saturated 
with hydrochloric acid. It was thought that the 
introduction of potassium chloride samples would 
not change the content of any traces of micro- 
elements in this nutritive solution. _ 

Aspergillus niger was cultivated in conical quartz 
flasks of volume 200 cm.*. Each flask contained 
50 cm.? of the nutritive solution prepared with doubly 
distilled water. Each flask was closed with a cotton- 
wool stopper and sterilized. 

For sowing with Aspergillus niger a suspension of- 
spores was prepared. About a thousand spores were 
introduced into each flask. The experiment was 
carried out in nine parallel sets, each consisting of 
twenty flasks containing Aspergillus niger in a 
medium of different potassium-40 composition. The 
area of the fungal growth was 65 cm.°. All the 
experiments were conducted simultaneously in a 
thermostated room at a temperature of 33°C. + 1°C. 
The nine sets of flasks contained the following: (1) 
0:3000 gm. potassium chloride with ordinary potas- 
sium; (2) 0:3000 gm. potassium-40 chloride; (3) 
potassium-40 in radioactive equilibrium ; (4) ordinary 
potassium in amounts similar to (3); (5) potassium-. 
39, 0-3000 gm. as potassium chloride ; (6) potassium- 
39 in radioactive equilibrium (18-000 gm. of potas- 
sium chloride); (7) ordinary potassium in similar 
amounts; (8) no- potassium (according to spectral 
determinations, less than 1 x 10-* per cent of 
potassium remained in the nutritive solution); (9) 
identical with (1) but without Aspergillus niger (see 
Table 1). 

The experiment began on July 12 and ended four 
days later. 





For brevity, the daily morphological observations 
are omitted. But direct observations of the character 
of the Aspergillus niger growth on media with 
different concentrations and different isotopic com- 
position of potassicm permit a preliminary conclusion 
concerning the absence of any action of potassium-40 
radioactivity upon Aspergillus niger. The acid 
(oxalic) formed, thə quantity of saccharose consumed. 
by the fungus (according to Bertrand) and the weight 
of the dry mycelium (at 80° C.) were determined 
(see Table 1). 

The results in Table 1 show that the growth of 
Aspergillus niger ir sets-1, 2 and 5, containing similar 
amounts of potassiam but differing greatly in isotopic 
composition and ‘potassium-40 content, was pro- 
ceeding similarly; in spite of the fact that the 
potassium-40 content in set 2 was 6,700 times that 
in set 5, the gemeral potassium content was the 
same. Set 3, cortaining radioactive potassium in 
equilibrium with ordinary potassium, was com- 
pletely unlike set 1, but the development of the 
fungus was similar to set 4, containing the same 
amounts in grams of ordinary potassium as set 3 
(0:003 gm. of potassium chloride). In set 6, with 
potassium-39 in radioactive equilibrium, the fungal 
growth was proceeding in a very characteristic way 
with accelerated spore formation, etc., exactly as in 
the sets containing ordinary potassium at the same 
concentration as in set 6 (18-000 gm. of potassium 
chloride). 

These and other results show that there is no 
doubt that the Aspergillus niger growth was pro- 
ceeding in propation to the concentration of 
potassrum in the 2ulture medium, regardless of its 
isotopic compositim. The range of the potassium-40 
content was in extreme cases (sets 2 and 5) 6,700 
times. Thus potassium-40 radioactivity played no 
part in the growta of Aspergillus niger; only the 
chemical properties of potassium and its concen- 
tration were of imdortance. 

This conclusion must probably also be extended to 
other organisms, cr at least to both the lower and 
higher plants. From this it seems to follow that 
plants, during the process of phylogenesis, did not 
use natural radiosctivity in their vital processes ; 
for potassium-40 radioactivity is not respon- 
sible for any oz their biological reactions or 
processes. Maybe animal organisms, possessing & 
neuromuscular tissue, containing most of the potas- 
sium, react differently to potassium-40 radioactivity. 
This may be decided by experiments on the perfusion 


‘of solutions contsining potassium-40' through the 


isolated heart of an animal which we are carrying out. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Significance of Oligosaccharide 
Intermediates in Dextran Synthesis 


THe recent isolation! of O-a-p-glucopyranosyl- 
(1>6)-O-«-p-glucépyranosyl-(1->2) 8-p-fructofurano- 
side (I) from a complex mixture of oligosaccharides 
produced by the action of a cell-free extract of 
Aspergillus niger ‘152? on a sucrose-maltose mixture 
prompted us to examine its role in dextran synthesis, 
since the first step in the synthesis of dextran could 
be: 

Glu-(12)-Fru + Glu-(1~+2)-Fru ——> 
(Sucrose) (Sucrose) 
Glu-(1-+6)-Glu-(1 aoe + Fru 
(Fructose) 

It was observed that POAN prepared 
from Betacoccus arabinosaceous (Birmingham strain) 
had no action on (I) alone; but if the enzyme 
(0-5 c.c.) was incubated with a mixture of (1) (5 mgm.) 
and sucrose (10 mgm.) at 25° and pH 5, both these 
components rapidly disappeared. Paper chromato- 
graphic analysis showed the appearance of fructose 
and a series of oligosaccharides, which had Ry values 
less than the trisaccharide (I) in a solvent containing 
butanol, ethanol, water and ammonia (40 : 12: 20: 1) 
and which gave positive reactions with naphtha- 
resorcinol’, 

Using fructose production (after 22 hr. at pH 5) 
as a criterion, the’ conversion of sucrose (300 mgm.) 
by dextransucrase was much greater in the presence 
of trisaccharide (I) (50 mgm.; fructose production 
increased 95 per cent) than with sucrose alone. In 
the presence of added maltose (50 mgm. ; 100 mgm.) 
the increases in fructose production were 146 and 
248 per cent respectively. 

The digest containing the products from the 
trisaccharide (I)—sucrose mixture was adjusted to 
pH. 7, heated at 60° for 15 min., cooled and freeze- 
dried. The mixture was dissolved m water (10 per 
cent w/v), streaked across sheets of Whatman No. 1 
paper and irrigated with the above solvent for four 
days. After being dried, the strips containing the 
suspected : tetra-, penta- and hexa-saccharide were 
eluted severally with water and each extract freeze- 
dried. The tetrasaccharide (29 mgm.) had Reaieose 
0-21 (cf. trisaccharide (I), 0:40) in the above solvent 
mixture and showed an almost constant rotation 
after hydrolysis with 0-1N hydrochloric acid at 
100° for 4 min. The partial hydrolysate contained 
components which had the same mobilities as iso- 
maltotriose and fructose. The pentasaccharide and 
hexasaccharide had Ratucose 0-12 and 0-07, respectively, 
and on partial hydrolysis as above gave rise to com- 
ponents which had the same mobilities as ¢somalto- 
tetraose and isomaltopentaose, respectively, together 
with fructose in each case. 

In the region 1,027-715 cm.-4, trisaccharide (I) 
showed infra-red absorption peaks at 978(s), 919(s), 
870(m), 852(m), 835(m), 803(vw), 769(m) cem.-1. The 
infra-red spectra of the tetra- and penta-saccharide 
showed the expected similarity to that of trisaccharide 
(Z) with decreased absorption at 870 and 852 cm.— as 
the proportion of the fructose moiety became less. 
It is therefore concluded that dextransucrase acting 
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on sucrose can use trisaccharide (I) as a receptor, but 
not as a substrate, to synthesize a homologous series 
of oligosaccharides by the addition of «-1: 6-linked 
glucose residues to the glucose end of trisaccharide (I), 
thus : 


Glu-(1->2)-Fru + Glu-(1-6)-Glu-(1 peck Fru ——> 


(Sucrose) 
-Glu-(1 eh Gilu-(1 naar Glu- a —2)-Fru 
Tetrasaccharidi 
+ Fructose 


Several points of interest emerge from the above 
observations. Simce trisaccharide (I) is not a sub- 
strate for dextransucrase, in contrast to sucrose, it 
is probable that higher homologues of (I) also cannot 
function as substrates. If this is so, then unbranched 
dextrans must be built up by successive transfers of 
single glucose units, and transfers of preformed 
chains are not involved. Moreover, any fructose- 
terminated oligosaccharide formed from an acceptor 
molecule such as sucrose or trisaccharide (I) would 
eventually lead to a dextran molecule carrying a 
terminal fructose residue‘ (cf. inulin and levan). The 
fact that oligosaccharides do- not accumulate when 
dextransucrase acts on sucrose alone may be due 
either to the operation of a single-chain mechanism? 
or to @ multi-chain mechanism in which a slow initial 
synthesis of trisaccharide (I) is followed by a rapid 
polymerization to dextran. Since oligosaccharides are 
now shown to be formed from sucrose and trisacchar- 
ide (I), when present together in comparable amounts, 
it is likely that the multi-chain mechanism is opera- 
tive. The results obtained with mixtures of sucrose 
and other acceptors (for example, methyl-o-p- 
glucoside) point to the same conclusion’, 

We wish to thank the Colonial Products Research 
Council and the W. Roos’s Fund for the award of 
scholarships to two of us (R. W. B. and O. T.). 

R. W. Barzy 
S. A. BARKER 
E. J. BOURNE* 


M. Stacey 
O. THEANDER 
Chemistry Department, 
University of Birmingham. 
Nov. 29. 


* Present address : Chemistry Department, Royal Holloway College, 
Englefield Green, Surrey. 
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_ Optical Activity of Homologous Series 


Tae optical activity of asymmetric molecules has 
frequently been used as a criterion of purity and 
also @ means of identification of naturally occurring 
chemical compounds. In this laboratory we are 
particularly interested in the anteiso series of fatty 
acids found in natural fats!?. These optically active 
fatty acids were recently synthesized in a high state 
of purity by Milburn’ and Truter? and the optical 
rotations of this homologous series are therefore 
available to test Tschugaeff’s rule+. According to 
this the specific rotations of members of a homologous 
series are inversely proportional to the molecular 
weights within certain limits, and the molecular 
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Fig. 1. Plot of 1/[0]} 
a$$, specific rotation at 20° C.; M, molecular weight; M, mole- 
D 
cular weight of the first member of the series 


eats: (M—M)) 


rotations are constant within wide limits, that 15, 
the molecular rotations are independent of the mole- 
cular weights. 

1t seems, however, that the specific rotations should 
be imversely proportional to the distance of the 
functional group from the asymmetric carbon. atom, 
that is, inversely proportional to the difference m 
molecular weight between the homologue concerned 
and the lowest member of the series. In the case of 
anteiso acids this is 2-methylbutyric acid. 

The hypothesis can be tested by plotting Milburn 


and Truter’s* values of IF against the difference 
D 


[a 
in molecular weight between the homologue and 
2-methylbutyric acid (Fig. 1). 

When the straight line obtained in Fig. 1 is extra- 





polated to zero, the intercept, that is, , is 0-56. 


1 
[e] 
[a] of (+)-2-methylbutyric acid is thus -+ 17-9° 


(Marckwald® found -+ 16-67°). 
expressed by the equation : 


The relationship is 





ł 


> cn (Onat COOH (3,3) 


eux) conn(cH,), 4 
Ena TONN (Hadad (7,8) 








Fig. 2. Plot of against 24 = M, 
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where Ka is a constant and [«,]{ is the specific 


= (M — M)Ka + 


rotation of the first member of the series. 
A similar equazion should apply to the molecular 
rotation, defined as [M] = [a], x M, namely, 


`l M — at 1 
= K + 
[at] ) “MT ME 


where [M,]}, is the molecular rotation of the first 
member of the series. That this is indeed the case 
is shown in Fig. 2 ` 

Since Ky does not equal 0, Tschugaeff’s contention 
that the moleculer rotation is independent of the 
molecular weight cannot be true, although in some 
cases Ky may aoproximate to 0. 

A series of cerbinols of the type C,H,.(CHa)n. 
CHOH.CH, described by Pickard and Kenyon? pro- 
vides further evidence (Figs. 1 and 2) and also shows 
that Ky may be negative. Finally, the diamides of 
malic acid?.® may serve as an example (Figs. 1 and 2). 
These have a negetive rotation, but Km is positive. 

Tschugaeff observed that the lower members of a 
homologous series do not always adhere to his rule and 
deviations from the above relationships have also 
been found in a number of cases. In some cases, 
however, only the second homologue deviates to 
a considerable extent. This may be attributed 
partly to experimental error. Nevertheless it is hoped 
that the above relationship will be helpful in the 
purification and identification of optically active 
members of homologous series. 

T. GERSON 
Fats Besearch Laboratory, 
Department of Scientific and Industrial Research, 
Wellington, New Zealand. 
x Nov. 8. 
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Amperometric Titration of Dodecy! 
Pyridinium Bromide with Sodium Dodecyl 
Sulphate 


Recentiy, one of us (R. T., unpublished work) 
found that dodecyl pyridinium bromide gives a 
polarographic reduction wave in 0-1M sodium 
hydroxide solution containing 0-2mM polyoxy- 
ethylene lauryl ether as a maximum suppressor, the 
diffusion current measured at — 1-325 V. vs. the 
saturated calomel electrode being proportional to the 
concentration of dodecyl pyridinium bromide in the 
range of 0-06-22 mM. The combination of this 
finding and the well-known fact that the reaction 
between cationic and anionic detergents often yields 
a very insoluble precipitate in aqueous solutions 
suggested to us the amperometric titration of dodecyl 
pyridinium bromie with one of the anionic detergents ` 
or vice versa: We consider the method proposed 
here to be much sampler and more accurate than thios 
previously reported?. 
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# 
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0 0-5 10 145 s 20 
Volume of 0-01 M sodium dodecyl sulphate (mi.) 
Fig. 1. Titration curve of the solution of 0:0006 M dodecyl 


pyridinium bromide with 0 01 Mf sodium dodecyl sulphate in 
0'1 M sodium hydroxide —- 0-2 mM polyoxyethylene lauryl ether 


Solutions of dodecyl pyridinium bromide of con- 
centration 0-1 mM-1-0 mM were titrated ampero- 
metrically at the potential of —1:325 V. v. saturated 
calomel electrode with a 2 mM or ‘10 mM sodium 
dodecyl sulphate solution in 0-1 M sodium hydroxide 
— 0-2 mM polyoxyethylene lauryl ether, using a 
dropping mercury electrode as indicator electrode. 
In each titration, 20 ml of the solution containing 
dodecyl pyridinium bromide was run into & titration 
cell, and the dissolved oxygen removed by passing 
purified nitrogen through the solution. Durmg the 
titration, the current was measured nearly 6 min. 
after each addition of the titration agent, because 
the current tended to decrease gradually and to 
reach the equilibrium value. This effect was observed 
more clearly in the vicinity of the equivalence point 
of the titration and seems to be due to the slowness 
of the velocity of reaction between dodecyl pyrid- 
mium bromide and sodium dodecyl sulphate at low 
concentrations. 

All titration curves obtained under the conditions 
mentioned above were of typical L-type (Fig. 1), 
from which the equivalence points were definitely 
determined. The accuracy of the determination was 
found to be + 0-005 mM in terms of the standard 
deviation in the concentration range of 0-1-1-0mM 
of dodecyl pyridinium bromide. 

When a relatively large excess of sodium dodecyl 
sulphate was added to the dodecyl pyridinium bromide 
solution, the precipitate formed at first began to 
dissolve and at the same time small polarographic 
waves appeared at the potentials of — 0-9 and 
— 1-2 V. v. the saturated calomel electrode. This 
phenomenon, however, did not interfere with the 
actual titration process. The titration curves gave 

_very sharp end-points because of the extremely low 
solubility of the reaction product, and it was un- 
necessary to continue the titration to such a large 
excess of sodium dodecyl sulphate (see Fig. 1). 

The amperometric titration of dodecyl pyridinium 
bromide with sodium dodecyl sulphate is accurate 
and rapid and has a great advantage and potentiality 
over other methods previously reported, especially 
at low concentrations of the detergents. Further 
study along these lines will undoubtedly widen the 
applicability of the amperometric titration to the 
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accurate determination of other cationic and anionic 
detergents. 

We should like to thank the members of the Nezu 
Chemical Laboratory, Tokyo, for providing very 
pure samples of detergents. 

NOBUYUKI TANAKA 
i REITA TAMAMUSHI 
Department of Chemistry, 
Faculty of Science, 
Tohoku University, 
Sendai. 
1 House, R., and Darragh, J. L., Anal. Chem., 28, 1492 (1954). Ino, T., 
J. Ohem. Soc. Japan (Pure Chemistry Section), 76, 220 


et al, 
C1958}. Moore, W. A., and Kolbeson, R. A., Anal. Chem., 28, 161 
(19§6). Musha, S., ef al., Japan Analyst, 5, 476 (1956). 


Differentiation between Myrosulphatase 
and the Arylsulphatases 


THe presence in the seeds of certain Cruciferae of 
myrosulphatase, an enzyme capable of liberating 
sulphuric acid from potassium myronate (sinigrin), 
was first observed by Neuberg and Wagner’. After- 
wards Neuberg and Wagner? claimed to have de- 
tected a similar enzyme in certain horse and rabbit 
tissues. These authors observed only slight hydro- 
lysis of phenyl sulphate by horse liver suspensions 
and no hydrolysis of potassium myronate by mush- 
room arylsulphatase, and hence concluded that 
myrosulphatase and arylsulphatase were distinct 
enzymes. However, it has recently become clear? 
that there are present in Nature two types of aryl- 
sulphatase, one of which shows little affinity and 
activity towards phenyl-, p-acetylphenyl- and p-nitro- 
phenyl sulphate but considerable affinity and activity 
towards 2-hydroxy-5-nitrophenyl sulphate (nitro- 
catechol sulphate). At least two enzymes of this 
type are now known to occur in mammalian tissues*-°, 
and it was of interest to determine whether they 
could have been responsible for the myrosulphatase 
activity observed by Neuberg and Wagner*. We 
have . therefore compared the activities towards 
potassium myronate and nitrocatechol sulphate of 
various mammalian liver preparations and of the 
myrosulphatase-rich seeds of black and white 
mustard (Sinapis niger and S. alba). 

Fresh horse- and rabbit-liver suspensions were 
found to liberate approximately 2,000 ugm. sulphate/ 
hr./gm. tissue from 0-01 M nitrocatechol sulphate at 
38° m the presence of 0-5 M acetate buffer, pH 6-0. 
On the other hand, using a wide variety of experi- 
mental conditions, no myrosulphatase activity could 
be detected in these tissues or in acetone-dried 
preparations of human, rabbit and rat livers. Further- 
more, although black and white mustard seeds were 
both found to be very active towards potassium 
mayronate (S. niger, for example, liberating approx- 
imately 40,000 ugm. sulphate/hr./gm. from potassium 
myronate in the presence of 0-2 M acetate, pH 5-0), 
their activity towards nitrocatechol sulphate was 
negligible. Under optimal conditions and after 
dialysing to remove possible inhibitory ions, a partially 
purified extract of the seeds of S. niger liberated only 
40 ugm. sulphate/hr./gm. dry weight from nitro- 
catechol sulphate. No arylsulphatase activity towards 
either nitrocatechol sulphate or p-nitrophenyl sulphate 
could be detected in S. alba. It seems clear, there- 
fore, that myrosulphatase is a distinct enzyme. 

It should be pointed out that the failure to detect 
myrosulphatase in mammalian tissues during the 
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present experiments does not necessarily invalidate 
the results of Neuberg and Wagner*. The myro- 
sulphatase activity of horse liver claimed by these 
workers corresponded to a liberation of only 38 ugm. 
sulphate/hr./gm. tissue, and before myrosulphatase 
activity of this order can be confirmed, longer incuba- 
tion periods and more concentrated tissue suspen- 
sions than were used in the present work would 
be necessary. Unfortunately, we were unable to do 
this, since, using the benzidine micro-method’ for 

enzymically liberated sulphate, complete 
recoveries of added inorganic sulphate could not be 
achieved under such conditions. 

The observation of arylsulphatase activity in the 
seeds of S. niger is of some interest, since no previous 
reports on the existence of arylsulphatase in higher 
plants appear to have been made. Kinetic and 
inhibition studies, which will be reported elsewhere, 
indicate that this arylsulphatase is of the type which 

is particularly active towards nitrocatechol sulphate. 

One of us (H. B.) is grateful to the Medical Research 
Council for a research assistantship. 


H. Baum 
K. 5. DODGSON 
Department of Biochemistry, 
Physiology Institute, 
Newport Road of sta 
Cardiff atara 
Nov. 4. 
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Solanine and Related Alkaloids 


In an investigation on the relation between solanine 
-content of potato tubers and their resistance to fungal 
infection, crude extracts of solanine were examined 
a modification of Curry 
The solvent was prepared 


_ chromatographically, 
and Powell's method?. 
_ a8 described ; but after separation the organic phase 
- was shaken up in the separating funnel and sufficient 
n-butyl alcohol added to remove any cloudiness. This 
mixture was not only used for development but also 


placed in the bottom of the tank instead of the 

atape phase. Poor results were obtained if the paper 

was equilibrated over the aqueous phase before 

= oi page that good separation de- 

the ability of the paper to absorb some 

aie from the developing solvent. Ry values varied 

from one run to another, so that it was necessary to 

run known compounds for comparison. The position 

of the alkaloids was detected with a modified 
orff’s reagent. 

A typical chromatogram obtained by this method 
is shown in Fig. 1. In all potato tissues examined, 
solanine was found to be accompanied by about an 
equal amount of a substance with very similar 
properties but which had an Rp value (0-37) higher 
than solanine (0-23) though less than the first 
glycoside (0-42) obtained by partial hydrolysis of 
solanine. Small quantities of this substance were 
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obtal ed by RAW hydrolysis i Boato As $) mista 
a potato—A, solanine, %, anas {rnd solane 


isolated by separation on cellulose columns and its 
properties found to agree with those of «-chaconine, 
first recorded in she potato by Kuhn and Löw’, two 
moles of rhamnose and one of glucose being obtained 
by hydrolysis from each mole of glycoside. 
Samples of crude ‘solanine’ from other sources were 
using the method described, and were 
found in gaaei to differ from the sample from 
potato (Table 1). These deviations were small but 
sufficient to suggest that a detailed investigation of 
these substances might yield interesting results. 


Table 1. Rr VALUES (REFERRED TO SOLANINE) FOR ‘SOLANINE’ 
DIFFERENT SOURCES FOR Danses (i, TOMATINE 


demissum (demissine) 
ium (omatine) 


The effect of sodium ions in increasing the toxicit: 
of solanine to spores of Fusarium caeruleum* 3 
found to be nulliñed in the presence of calcium ions. 
The concentration of caleium ions required was very 


Table 2. CALCIUM ION CONCENTRATION REQ 
TO 50 
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low, though roughly proportional to- that. of- the 
sodium ions present (Table 2). . 

This work will be reported in full elsewhere. 

oS R. K. MeKer 

Potato Storage Investigation, 

Agricultural Research Council, 

c/o University of Nottingham, 

School of Agriculture, 
Sutton Bonington, 
Loughborough. 
Nov. 16. 


* Curry, A, $., and Powell, H., Nature, 178, 1143 (1954). 
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+ Kuhn, R., and Low, L, Angew. Chem., 68, 639 (1954). 

‘MeKee, R. K., Ann, App. Biol., 48, 147 (1955). 


Stimulation of Non-Specific Immunity by the 
‘Lipid A’ Component of Bacterial Lipopoly- 
saccharide 


A TEMPORARY increase in resistance to infection 
by certain bacteria has been shown to follow the 
intravenous injection of minute amounts of lipopoly- 
© gaecharides isolated from heterologous Gram-negative 
organisms! ; 0:5 pgm. of most lipopolysaccharide 


SUS preparations is an effective dose for a 20-gm, mouse. 


- Increased resistance has also been observed following 
the intravenous injection of other colloidal or par- 
~sieulate materials, such as native dextran? or ‘Zymo- 
gan’?, although only when used in much larger doses, 
"for example, 5-25 mgm. Furthermore, even with 

` his thousand-fold difference in effective dose, the 
“increase in resistance is less than that following 
bacterial. lipopolysaccharide. 

We have attempted: to determine the component 
‘of lipopolysaccharide which is responsible for this 
high activity in modifying immunity, and have been 
guided by the extensive chemical investigations of 

Westphal and Liideritz‘. These authors have shown 

that mild acid hydrolysis of lipopolysaccharide leads 

‘to depolymerization of the macromolecule with the 

separation of insoluble lipoid material (lipid A), 

leaving degraded polysaccharide in solution. Our 
_ present investigations have shown that whereas the 


“latter is- quite- unable to stimulate non-specific 


` immunity, the isolated lipid A is still active when 
given in: microgram amounts. 

~The lipid A used in these experiments was isolated 
from: Escherichia coli (strain. 2380) lipopolysaccharide 
by the method of Westphal and Luderitz*, It was 
separated from degraded polysaccharide by repeated 
centrifuging and washing in distilled water. The 
final dried product comprised approximately 10 per 
cent by weight of the original material. In view of 
the insolubility of lipid A in water, various attempts 
were made to prepare stable suspensions suitable for 
intravenous administration and two alternative pro- 
eedures have been found satisfactory. One method 
consisted of dispersing the lipid with ‘Aerosol OT” ; 
“inthe other, the lipid was dissolved in chloroform, 
to which was added hot ethanol and boiling distilled 
water, the organic solvents being afterwards evap- 
“grated. at 100°. Weare indebted to Dr. Nina Chou- 
proun for suggesting this latter procedure. Lipid A 
preparations contained less than 0-1 per cent lipo- 
polysaccharide as assessed by a hamagglutination— 
inhibition test", and produced no obvious toxic signs 
in mice injected with up to 700 ugm. 
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Table 1. THE EFFECT OF LIPID 4 GIVEN INTRAVENOUSLY 48 HR, 
BEFORE AN INTRAPERITONEAL CHALLENGE WITH Eseh. coli IN MICE 





Material injected intravenously. 


No. of organiazma in challenge 
48 hr. before challenge 

















10* 10° 108 a 
50 ugm. lipid 4 1/10* — — A 
10 agm. lipid A = 3/16 ~ 
50 agm. lipid A + 35 ugm. 
‘Aerosol OT" — — 2/10 
| 35 ugm. ‘Aerosol OF" alone las — 8/10 
Nil 6/10 8/10 9/10 


| 
i a 
i i ra d 





* Number of deaths/number of animals injzeted 


To examine lipid A for protective activity, mice: / 
were injected intravenously with various doses con: 
tained in not more than 0:1 ml. After 24-48 br,- 
the animals were challenged intraperitoneally with 
either a natural pathogen (Salmonella typhimurium 
strain S$2/446) or with Esch. colt (strain 145) ad=: 
ministered in 1-75 per cent hog mucin (Wilson, | 
1701)*. Increased resistance to Esch. coli infection 
has been demonstrated repeatedly following. the 
injection of lipid A suspensions, either with or with- 
out ‘Aerosol OF". Three typical experiments ar 
shown in Table 1. A significant response has been 
obtained with as little as 8 ugm. lipid A, but not 
with 2 ugm. Increasing the dose of lipid A beyond 
50 ugm. has not improved the degree of protection, 
which has always been less than that obtained with 
the parent Hpopolysaccharide. Conversely, with 
Salm. typhimurium infections, lipid A has appeared 
to be somewhat more effective than lipopolysacch.: 
aride. In these experiments no great improvement in 
numbers of survivors was seen; but prolongation 
the mean survival period was observed. Table 
shows two representative experiments in which th 
differences in mean survival ‘times are significant a 
the 1-5 per cent and 4-5 per cent levels respectively. 
These two values when considered together are 
highly significant (P < 0-1 per cent). ii 

These results indicate that lipid A is about one- 
tenth as active as lipopolysaccharide on an equal 
weight basis or one-hundredth as active in terms of 
lipid content. Westphal and Lüderitz have.suggested* 
that lipid A is the component responsible for the 
pyrogenicity of lipopolysaccharide, although the .. 
separation by hydrolysis and dispersion of the lipid. __ 
on casein involved a fifty-fold loss in pyrogenic 
activity. The superiority of the intact lipopoly- 
saccharide over lipid A in these phenomena is possibly 
due to effective dispersion of lipid throughout the © 
macromolecule. ` pig 

Lipid A is readily taken up by the reticulo-endo- < 
thelial system, as are many other lipids when” | 
injected intravenously. Furthermore, it produces a.: 
rapid activation of this group of cells, demonstrable: 































Table 2. THB Ergot OF LIPID A GIVEN INTRAVENOUSLY 24-48 HR.” a 
BEFORE INJECTING Salm. typhimurium (100 ORGANISMS) INTRA+ | 
PERITONEALLY IN MICE i 





























































l . No. of : Mean time | 

| Lipid A injected | animals Periods of survival to death |}. 

| intravenously |in group (days) (days) 
50 ugm., 24 hr. 15 & 9, 9, 11, 11, 11, 13, ++ ee ; 
before challenge 17, 26, 26, 8, S, 8, 8,8 PESO 
Nil 15 , 4, b, 5, b, 6, 6, 7, TH po 

S 10, 13, 17, S, S, 8 E 

60 agm., 48 hr. 10 4, 5, 6, 17, 30, 19 
before challenge > 35, 37, 5, 8, S 
Nil 10 85. 


, 5, 6, 7, 8 
9, 11, 12, 14, S 


S = survived more than 42 days 
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= both bistotagioally and by the rate of uptake of 
. phosphorus-32 - labelled lipopolysaccharide® in vivo. 
These. changes, which will be described more fully 
_ elsewhere, probably determine in large part the 
ion of non-specific immunity. ` 
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-Formylglutamate as one of the Inter- 
mediates of Histidine Metabolism 


RE bave been many: studies!~* on the meta- 
af histidine. According to the theory now 
| generally, the anaerobic metabolic pathway 
amino-acid to glutamic acid is-as follows: 
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Pyridine~butanol (2:1) 





oe & one May @) 


Fig. 1. Separation of. the Re Q- 35 substance by. continuous. 
ascending: paper partigion chromatography. (1) Formyl-z-giutamic 
id 3. (2) bie R? 0:35 substance; © Frealutamie acid 


These Produts ound: as intermediates were exam- 
ined by paper parition chromatography to ascertain 
whether or not they can yield the sequence of reaction 
products with live: homogenate. First, urocanie acid 
was incubated. w-th mouse liver homogenate and 
treated in the sam» manner as described for histidine ; © 
the products were formylglutamic acid and glutamic > 


acid and an unkncwn diazo-positive substance having i ; 


Rp 0-59 in n-butanol/acetic acid/water Has e 
Then formylglutaraic acid was incubated in nearly tho 
same manner as described above, and it was found 





that it can be easily degraded | in. formic acid and | 


glutamic acid. 


HONS HON, OC—N 
N y | ‘wy COOH COOH COOH: 
on! | cH i : 
Cen mae BLN H=NH HC—NH—CHO AC Ne 
H ; 
> CH -> 2 o> CH, > re -> oe 
i i | ] 
cH oH, om, œ, oH, : 
COOH COOH COOH COOH COOH 
(I1) (IIE) (IV) (¥) AVE) 























tinct intermediate products, only ‘urocanic 
3,3 and formamidinoglutaric acid (IV)? have 
r been isolated and identified. We have examined 
bolic sequence by isolation and identifica- 
the individual intermediates by paper partition 
matography, 
irst, histidine was incubated with mouse liver 
ogonate in phosphate buffer of pH 8:0 at 38°C., 
ntervals of 6 hr- an aliquot was taken out 
reaction mixture, which, after being de- 
ed, was. developed on “Tayo filter paper 
with n- -butanol/acetic acid/water (4:1:2) 
ng method)... Two spots were detected at 
and 0:59, with diazo reagent giving red 
Th ubstanco of Re 0-753 was shown 
: , as these two substances had 
values in several solvent systems. The 
f Ry 0:59 could not be identified. At 
5 another spot was detected with ninhydrin, 
g @ violet coloration. This substance was 
ted into two spots (Fig. 1) by developing with 
-butanol (2 : 1) and n-butanol/ethanol (4 : 1) 
ntinuous: ascending method, one of which 
same Ry values as those of formyl- 
ie acid in several solvent systems (Table 1), 
icating their identity. Another spot was 





to be glutamic acid, giving the same Rp value 
I Solvent t ayntoms as those o a synth tie 









Following: the procedure’ üsd by Borek et al. in a 


the isolation of formamidinoglutaric acid, we `in-- 


cubated histidine with cat liver homogenate for 
24 hr. at 38°C, After the reaction mixture had been 
deproteinized, the reaction product was purified by ` 
precipitating twice with mercuric acetate and adsorb- 








i ae 1 ok es 

; Ë 
____  (Sompooma `: a uI E n A Vey 

| Separated substance substance 0-08 “0-05 0-29] 0-85 
Formy!-L-gintamic said) 0-09 0: 36 0-05 OBO 0°36. | 








i. Amyil dekolte acid t > saturated with water, 
Il. Acetic acid/isovropanol (3 
m. Pyridine/n-butenol (2: rie Teni 
IV. Phenol/10 per «ent ela hydroxide (401). pear 
V. n-Butanol/acet& acid/water. (45722). i 











Table. 2 ; 
; we = 7 
Compound *nalysis: Rr value | 
nitrogen (% I wm mv Yv 
Substance 
isolated 8 —74*/ 008 0:36 006 029 0-36 
Formylglutamic i i 
acid 813 ~78* apa 9°86 0-05 929 0-38 | 
ee: 
I- peano erhaaol (4:1 
Hu Gjisooropanol ( B: i: 3 
m. Pyridine n-buteno. 
iv, 2 nolio 3 per sent a hydroxide (4:1). 
Vi n-Bu djwater (4: 


aceto ach 
>g per cent. solution ink N "hydreehiore acid. 
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glutamic acid by elementary analysis, paper partition 
chromatography and polarimetry (Table 2). 
MAKOTO MATSUDA 
KATASHI MAKINO 
Department of Biochemistry, 
Jikei Medical School, 
Tokyo. 
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Cytopathogenicity of Rinderpest Virus in 
Tissue Culture 


Takematsu and Morimoto! have reported cultiva- 
tion of lapinized rinderpest virus in roller-tube 
cultures of rabbit lymph node, spleen and bone 
“marrow; but details are not available to us, and it is 
not: known if cytopathological effects were observed. 
In this laboratory, we have found that the Kabete ‘O’ 
strain of virulent rinderpest virus multiplies in mono- 
layers of bovine embryonic kidney cells and produces 
characteristic cytological changes. In addition, 
kidney-passaged virus destroys bovine fibroblasts 
. grown from embryonic skin-muscle ‘tissue and 

prepubertal testis. 
Cell monolayers in Carrel flasks, flat bottles or 
Petri dishes were prepared from all tissues, using 
< standard trypsinization procedures*, Skin-muscle and 
testis fragments were also embedded in a chicken- 
“plasma clot in stationary tubes. The media used 
included either lactalbumin hydrolysate (0-5 per 
gent) or bovine amniotic fluid (90 per cent) as basic 
constituents, fluid changes being carried out every 
~ threeor four days. Fixed and stained coverslip 
preparations’? of infected and healthy monolayers 
‘were examined frequently during several passages. 
oo The initial inoculwa was a 10 per cent infected 
: bovine ‘spleen suspension, equivalent to approx- 
imately 10° [D50-virus per ml. The next three passages 
: were made on well-established monolayers, using fluids 
` harvested three or söven days after inoculation of the 
` gultures. In later passages, the virus and 5 per cent 
` suspensions of trypsinized cells were incubated together 
. for 30. min at 35°C., diluted tenfold with medium 
“and dispensed into the final vessels. The procedure 
did ‘not. interfere with the temporary formation of 
`a complete cell sheet and the virus induced earlier 
and: more extensive cytopathological changes. 
Seven passages in kidney cells were carried out ; 
“preliminary titrations in cattle, of fluids withdrawn 
at intervals, indicated. that maximal titres of 104 
2 D50/ml. were attained after six to seven days in- 
. eubation, representing at the sixth passage a 10-15 
“i dilutien of the original inoculum. Minimal cyto- 
“pathological changes were evident in a first tissue- 
culture passage at three days when stained prepara- 
tions were examined. At the seventh passage, 
ehanges were evident at three to four days in un- 
stained. cultures and the monolayer was destroyed 
by. the twelfth day: Undiluted, seven-day fluids 
from the fourth to seventh. kidney passages were 
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eytopathogenic for fibroblasts after two to four days. 
The identity of the eytopathological agent was 
established by its infectivity for rinderpest-susceptible 


‘cattle and by the neutralization of the effect by sera 


from rinderpest-immune cattle, goats, hamsters and 
rabbits. Fluids from cultures inoculated with non=: 
cytopathogenic serum—virus mixtures did not infect 
cattle susceptible to rinderpest. i 

In both kidney epithelium and fibroblast cultures 
the cytopathological changes began focally and seemed ; 
to extend primarily by contiguity from cell to cell: 
With dilute inocula, plaque-like lesions, 1-3 mm. in: 
diameter, developed; but secondary plaques were 
few or absent, even without a plasma or agar overlay. 
Kidney cells and fibroblasts showed rounding or 
irregular shrinkage, increased refractility and detach- 
ment from the glass ; such cells, stained with Giemsa, 
were often deeply basophilic and showed irregular. 
fragmentation. Numerous syncytial aggregates were. 
also formed, these containing up to about two. 
hundred nuclei, with masses of deeply eosinophilic. 
granules in the cytoplasm, They later contracted 
and finally became detached into the fluid. Nuclear l 
changes, particularly in small syncytia, included t oh 
marked clumping of chromatin, especially on +t 
nuclear membrane, accompanied by the appearance 
of numerous, intensely eosinophilic granules or the” 
development of homogeneous type B inclusions with 
a clear halot. The multinucleate formations were. 
similar to those recently observed® in lesions of 
stratified squamous epithelia of rinderpest-infected 
cattle. The in vitro eytopathological changes suggest 
7 rinderpest. virus should be classified with Enders! 

Group IIIb, which includes monkey kidney agent 
measles and presumably mumps‘. 

These and further studies will be published in” 
greater detail elsewhere. 









<. W. PLOWRIGHT 
R. D. FERRIS 
East African Veterinary Research Organization, 
Muguga, Kenya. 
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Specific Precipitin Reactions with the 
Viruses of Foot-and-Mouth Disease and 
Vesicular Stomatitis 


PREOIPITIN reactions in gels, described as early as 
1905 by Bechhold', have been used by Oudin’, 
Ouchterlony” and others to demonstrate the presence 
of several components in antigens previously thought 
to be homogeneous. The work of Oudin and Ouchter-, 
lony has created new interest in this type of reaction, 
and their techniques have been applied recently to: 
the study of the viruses of influenza‘, the pox group? 
and foot-and-mouth disease®. The results of this work 
indicate the value of the gel diffusion techniques for- 
identifying virus types and for the study of the num 
ber of antigens in. virus preparations. 

We have confirmed Bedon’s observation® with the- 
three types (O; A and C). of the virus ‘of foot-and- 
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Fig. 1. Reaction of 
seven known types o 
S.A.T.3 and Asia 1) arranged clockwise with A in top cup 


Fig. 2. Reaction of cattle vesicular fluid (S.A.7'.2) in centre cup with guinea pig anti- 
sera containing antibodies to 5.4.7.1 (cups 3 and 4), 8.4.7.2 {cups 2 e 
h cup 1 at top 


S.A.7.3 (cups 1 and 6). The cups are numbered clockwise wit 


mouth disease which he used and have extended it 
to include the other four immunological types 
(S.A.7.1, 2 and 3 and Asia 1). The reaction is for 
all practical purposes type-specific (Figs. 1 and 2), 
although slight cross-reaction with heterotypic anti- 
sera has been observed in a few isolated instances. 
When cross-reaction occurs, the precipitin line is just 
discernible after four to five days, whereas the 
specific reaction can be clearly seen after one to two 
days. 

The reaction is also type-specific for the virus of 
vesicular stomatitis (“Indiana and “New Jersey” 
immunological types). As there is no cross-reaction 
between these and the various types of the virus of 
foot-and-mouth disease, the agar diffusion method 
can be added to those already available for the 
differentiation of the two viruses (Fig. 3). 

The concentration of the preparations is an 
important factor in determining whether or not 
precipitation occurs, Whereas infective fluids (for 
example, guinea pig or cattle vesicular fluid or virus 
grown in culture) of titre 107—10* 1D50/ml. give a 
strong reaction, a tenfold dilution is often sufficient 
to prevent formation of a precipitin line. Suitable con- 
centration of virus extracts with lower titres, for 
example by precipitation with half-saturated am- 





Fig. 8. Reactton of vesicular stomatitis virus (Indiana) in centre 

cup with guinea pig antisera containing antibodies to two types 

of vesicular stomatitis virus (New Jersey, cup 2, and Indiana, cup 

3) and four types of foot-and-mouth disease virus (S.A.7'.3, 

cup 1; O, cup 4; A, cup 56; C, cup 6). The cups are numbered 
asin Fig. 2 
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inea pig vesicular fluid (C) in centre cup with antisera to all 
the virus of foot-and-mouth disease (A, O, C, S.A.7.1, S.A.T.2, 
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monium sulphate at 4° C., has enabled us 
to obtain precipitin lines with virus ex- 
tracts which did not show a reaction at 
their original strength. In general, type- 
specific Lyper-immune guinea pig sera have 
been used as the source of antibody, but 
lines have been obtained with sera taken 
from cor.valescent cattle. 

Our results differ from those of Bodon 
in one important respect, namely, that 
two lines are usually obtained when any of 
the virus types reacts with its homotypic 
antiserum. The lines on the plates are 
about 1 mm. apart, whereas the separa- 
tion in she tubes is greater (see Fig. 4). 
Although it is well established that prep- 
arations of the virus of foot-and-mouth 
disease zontain two distinct particles*-*, 
the question as to whether each line 
is due to a different antigen must await 
further experiments in view of Jennings’s’® 
observation that one antigen may produce two 
lines. It is hoped that application of the immuno- 
electrophoretic technique of Grabar and Williams" 
will throw light on this question. The relation 
between the antigenic mass and the appearance of 
a precipitin line is also being examined. 


5) and 





Fig.{4. Reaction in tubes of guinea pig vesicular fluid (0) against 
homotypic guinea pig antiserum. The two precipitin lines are 
more clearly separaced than on the plates (Figs, 1 and 2) 


In our experiments we have used both the double- 
diffusion method in tubes (Fig. 4) first described by 
Oakley and Fulthozpe'? in 1953 and the Ouchterlony* 
plate technique adapted to a micro-scale. The plate 
technique, which we have found to be more con- 
venient, is described below. A 1:5 per cent solution 
of washed agar in.@-1 M barbitone buffer (pH 8-2) or 
physiological saline, with 1: 10,000 merthiolate as 
preservative, is pcured to a depth of 3 mm. into a 
Petri dish. After the agar has set, holes 2 mm. in 
diameter and 8-10 mm. apart are cut with a Pasteur 
pipette and the agar cylinders removed by suction. 
The antigen and antiserum are then added to the 
appropriate holes and the plate held at 25°C. It 
was found that 20-30 ul. of infective vesicular fluid 
and the same volume of homotypic antiserum, each 
added as two or three aliquots of 10 yl., was sufficient 
to give faint lines overnight and distinct lines in 
48 hr, 

Our attention has been directed recently to 
observations by Moosbrugger, Spuhler and Meyer 
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cused the technique for the titration of antibody in 
the sera of cattle convalescent from infection with 
foot-and-mouth disease. 

We wish to thank our cölleagues; particularly Dr. 
J. B: Brooksby, for supplies of materials. 


F. Brown 
JOAN CRICK 


Research Institute (Animal Virus Diseases), 
Pirbright, Surrey. 
Nov. 10. 
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__ S:Hydroxytryptamine in Acute 
Inflammation 


sued In the course of examining inflammatory exudate 
» for substances capable of acting as mediators of 
_ increased capillary permeability it was found that 
¿< in pleural exudates collected from rats within an 
hour of intrapleural injection of 0-1 ml. turpentine 
there were significant amounts of 5-hydroxytrypt- 
amine, Since then, similar exudate collected 30 min. 
after injury has been found to contain 1-3 ugm. 
5-hydroxytryptamine/ml. One hour after injection 
this value has fallen to 0-2 ugm./ml. or less. 30-min. 
exudates contain. less than 0-5 ugm. of histamine. 
4 5-Hydroxytryptamine is generally known as a 
vagg-constrictor ; ; but in view of the above finding it 
=o was tested for its effect.on capillary permeability in 
the rat. Using the intravenous trypan blue technique 





| it was found that in concentrations of 100 ygm./ml. 






r more 5-hydroxytryptamine constricted vessels 


2 but that it caused marked increase in capillary perme- 





ability between 10 and 1 ygm./ml. Thus in the rat 
5e hydroxytryptamine is about 100 times more 


potent in this respect and on a weight basis than 


histamine. In addition, Rowley and Benditt® 

‘observed that œdema followed the injection of 

5-hydroxytryptamine (1 ugm./ml.) into the paws of 

: rats. ‘These authors have suggested that liberation of 
5-hydroxytryptamine may be the cause of cedema 

following injection of egg-white into rats, and that 

mast cells might be the source of the 5-hydroxy- 
tryptamine so released. 

. During experiments to be published elsewhere it 
was observed that the precursor of permeability- 
increasing globulins in plasma could be activated by 
incubation with isolated, washed mitochondria. It 
was therefore decided to test a similar system for 
the development of. 5-hydroxytryptamine activity. 

< Platelet-free exudate collected 24 hr. after intra- 
© pleural injection of turpentine is free of 5-hydroxy- 
tryptamine activity. 2 ml. of such resolving exudate 
was incubated for 30.min. at 37° with the washed 

i mitochondria, isolated by differential omit! 

; from öne poir, of Tat lungs, 
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T a result of this procedure the exudate acquired 
5-hydroxytryptamine-like activity to the average 
extent of 1 ygm./ml. Saline similarly incubated with. 
mitochondria failed to develop 5-hydroxytryptamine © 
activity. { 
The 5-hydroxytryptamine-like activity in theo‘ 
incubated exudate was assayed on a piece of isolated i= 
guinea pig ileum suspended in oxygenated Tyrode 
solution. It was unaffected by the addition of 
mepyramine maleate (1 ugm./ml.) to the bath, and 
was abolished by the similar addition of 0-1 ugm. 
lysergic acid. The effect was also abolished by adding’ 
large amounts of 5-hydroxytryptamine to the bath 
prior to testing the exudate. - 
Resolving pleural exudate from rats contains an 
inhibitor of capillary permeability! similar to that 
described in guinea pig sèrum by Miles and Wilhelm 
This inhibitor suppresses the action of permeabilit: 
inereasing globulins on blood vessels but is ineffective 
against peptides and histamine. However, it almost 
completely abolishes the action of 5-hydroxytrypt- 
amine on capillary permeability but fails to influen 
the effect of it on guinea pig ileurn. 
The action of low concentrations of “Bhydeoxy 
tryptamine on capillary permeability, its presence in 
adequate amounts in early inflammatory exudate, its). 
liberation by interaction of plasma, platelets and cell 
constituents and its inhibition by a relatively specific 
depressant. of capillary permeability in the blood all 
suggest that 5- hydroxytryptamine may help to 
mediate vascular changes in the earliest phases: of 
inflammation, Its presence in exudates may | 
indicate that. itis partly responsible for the pain 
inflammation, as 5-hydroxytryptamine causes pi 
low concentrations’, 
Finally, it is of some interest that a similar in vit 
system, a rough approximation to the condition ol 
tissue injury, should lead simultaneously to blood 
clotting, activation of a globulin system controlling 
capillary permeability. and to release of 5-hydroxy- 
tryptamine. : 
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Egg Yolk-Coagulating Enzyme in the 
Semen and Cowper’s Gland of the Goat 


GLYCINE egg yolk and egg yolk citrate, prepared iD 
by mixing equal volumes of 4 per cent glycine and egg” 
yolk and 3-6 per cent sodium citrate and egg yolk, were 
used in an attempt to extend the volume of ejaculated 
goat semen and to preserve the motility and fertility. 
of the spermatozoa. With semen diluted twenty times 
it was found that most of the initially motile sperm-: 
atozoa remained so for three days in both the diluents. 
at 3°C.; thereafter the number of live sperm and 
degree of motility: declined precipitously. Extinction 
of spermatozoal life in glycine egg yolk was always _ 
preceded by coagulation of the diluent. The following — 
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< observations show that this coagulation is due to the 
“presence of an enzyme in goat semen. The enzyme 
ig present in plasma and requires activation by 
=: ealetum;-hence absence or delay of coagulation of 
i oo medinm containing citrate. Further, when sperm- 
| watozoa arè freed from this enzyme, by washing with 
normal saline, viability is greatly improved. 
(1) Washed spermatozoa remain vigorously motile 
r 6 and 9 days in egg yolk citrate and glycine egg 
olk; respectively at 3°C., whereas when neat 
emen was used the life of sperms was 3 days only. 
Vhereas extinction of the spermatozoal life was pre- 
eded by complete coagulation or curdling of glycine 
eg yolk, no such physical change took place either 
the other diluent egg yolk citrate or. in control 
; containing glycine egg yolk only. With ‘sperm 
lasma’ complete coagulation of glycine egg yolk 
place within 2 days at 3°C. and in about 
when incubated: at 37°C. Coagulation, how- 
‘id not take place at 3° C. when such plasma 
was added to glycine egg yolk after being treated 
for 2 min. in a boiling water-bath. 
Later it was found that coagulation also took place 
when, instead of glycine egg yolk, a mixture of equal 
volumes of water and egg yolk is used, In all sub- 
quent experiments egg yolk and water mixed in 
he proportion of 4: 1 was used.as the substrate. 
| Since seminal plasma is made up of the secretions 
the seminal vesicle, prostate and Cowper’s gland, 
bvious that the source of this enzyme must be 
f these glands. These organs were dissected 
amediately after slaughter of adult goats and were 
extracted with cold distilled water by triturating 
hem separately in mortars with sand; for every 
of the material 10 ml. of water was used. 
xtracted material was then centrifuged for 
















































When 0-5 ml. of the supernatant was added 
|, of substrate it was found that coagulation 
; yolk took place only with Cowper's gland 

and not with the extracts of the other two 
‘The time required for coagulation varied 
een 24 and 30-hr, at 3°C. and between 2 and 
at 37°C. Aliquots of Cowper’s gland extract 
en used after being kept in a boiling water-bath 
2 min. was always ineffective in bringing about 
wulation. Extracts: preserved in a refrigerator with 
drop of chloroform in them have been found to 
| the coagulating activity in full for more than 
reeks. The extract has been found to be incapable 
inging about coagulation of either egg white, 
ture of egg white and egg yolk, or milk. Egg 
erefore appears to be the specific substrate 
oagulating enzyme. Extracts made out. of 
wper’s gland obtained from castrated goats 
ispicuous in not possessing any coagulating 
r. It appears, therefore, that the elaboration 
egg yolk-coagulating enzyme in Cowper’s 
lpendent on the male hormone testosterone. 
tulating effect is also absent in extracts made 
wper’s gland obtained from an adult ram. The 
uired for Seagulation of egg yolk, either by 
asma or rs gland extract, is pro- 
en citrate or oxalate is added to the medium. 
gations to. study the various characteristics 


enzyme. are in progress. 
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- Sensitivity of the Mouse Mamma to 
Urinary Mammotrophin 


Ir has recently bsen shown that mammosrophic 
hormones are present in the urine of an appreciable 
number of pre- and post-menopausal women’. These 
hormones are capabie of stimulating growth in the 
mammary glands of weanling male mice. It has been 
found, however, that different strains of mice react 
unequally to the same known. stimulus and some fail 
to respond at all. 

Many strains of laboratory mice, including the well- 
known A, C57 BL, C,H, DBA, BALB and LAB 
Grey, have been investigated. for mammary sensit- 
ivity. Ten male weanlings were. used- from. each 
strain; they were injected twice daily for five days 
with a human urine proved to be active in a reacting 
strain of mouse. Oa the sixth day the animals were 
killed and skinned. The pelts were fixed and after- 
wards stained. The anterior six glands were dissected 
off, cleared and mounted. 

Reacting glands. are characterized by bulbous 
swellings (called ‘clubs’) at the: ends of the ducts. 
The average number of clubs per gland is determined 
for all the glands in a given strain of mouse. This 
‘club count’ is considered to be a measure of the degree. 
of the reaction. No. urine was considered ‘active’. 
unless on injection i stimulated our standard reactive 


mouse and produced an average club count of 3: 5 per T 


gland or more. 

Contrary to expectation, it was found that the 
ability to react to mammotrophins i is an uncommon 
property among mize. So. far, only one inbred strain. 
(A,G@) and one non-inbred strain (5.4.5. 3) have been - 
found to possess is to a significant degree. A full 
account of this work is in course. of Preparation or 
publication elsewhere. 

These striking variations in mammary reac 
are of great practizal significance, as the es 
of mammotrophic potency of the urine is becoming 
an important pre-operative test in cases. of hur 
breast. cancer treated by hypophysectomy. 

STRETTON Youna 

Imperial Cancer Research Fund, o o0 ooo 0 
-Royal College of Surgeons, 

Lincoln’s Ian Fields, 

London, W.C.2. 
Nov. 25. : 
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Reversibility of Fluorescence by Annealing F 


Some time ago, Ewles et al! found that a large 
number of. colourless inorganic: solids. show, on 
excitation by lighs of wave-length shorter than 330 
mu, @ bluish flcorescence (and phosphorescence) 
when wetted by distilled water. von 

While studying she fluorescence of various minerals, 

I found that a bluish-greenish fluorescence shown 
by many of them. when excited by ultra-violet light ` 
of wave-length 363 my is also due to adsorbed water. 
The fluorescence does. nob appear after the samples- 
have been strong:y heated for a. short time, but it: 
returns when they are either kept for months exposed 


to the air or when they are wetted. Rather sur- 


prisingly, the fluerescence is also regenerated when 


"the strongly heated samples are heated again to a 





less degree, an effect which can be referred to ag. 


a ‘fluprësgeneo, reversible by. annealing’. 












an 


‘This effect takea ikke only when the second 
a heating i is performed in an open receptacle, not when 
the samples are heated in sealed tubes; it does, 

“however, occur when pellets of wetted asbestos are 
‘included in the tubes, thus showing that the 
jucrescence is due to water. 

-The effect is shown by all feldspars with greenish 

“fluorescence that I could examine, by wollastonite 

from Monte Baldo and, especially strikingly, by a 

bluish anhydrite from Bleiberg, Carinthia, the 

bluish-greenish fluorescence of which turns to yellow 
after strong heating and back to green again on 
renewed heating. 

A detailed account was presented to the Austrian 
Academy of Sciences on June 14. The reversible 
fluorescence hag recently also been found in a 
number of zeolites, especially in desmine from Iceland, 
and. some chemicals of varying degree of purity : 
sulphates of the alkali and alkaline earth elements, 
carbonates of the same, oxides of the alkaline earth 
elernents; not, however, in sodium and potassium 
chlorides and calcium fluoride and nitrates. In no 
case was phosphorescence observed. 

What happens. is evidently this: on strongly 
heating the samples, all water is driven out, fluor- 
escence is absent. During cooling in open air, water 
vapour condenses on the surface without giving rise 
to fluorescence. When, however, a certain energy 
of activation is supplied by renewed heating, the 
water. molecules are bound more strongly to the 

surface. (active sites? impurities ?) than by mere 

surface adsorption, and this state, intermediate 
between surface adsorption and water of crystalliza- 

» tion, is fluorescent. 
coo With a wider variation of experimental conditions 
~ (degree and duration of heating, wave-length of 
excitation) the effect will perhaps be found to be 

still more widely distributed. A quantitative study 

of the reversible fluorescence might throw some light 

-on the adsorption of vapours on solid surfaces and 
OR. the structure of the latter. 
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‘Electron Diffraction Investigation and 
_ Magnetic Measurements on Nickel (Hl) : 
Bisacetylacetone | 


Sou -niekel (II) eomplexes are paramagnetic, 
“whereas others ‘are diamagnetic. These complexes 
are classified-as tetrahedral or planar on the basis of 
magnetic measurements “with the aid of Pauling’s 
heory* relating the geometric configuration of 
; gands, various arrangements of electrons in orbitals, 

and the resulting magnetic moments. Nickel (II) 
bisacetylacetone is known to be paramagnetic?, and 
- for this sole reason is believed to be an example of a 
_tetra-co-ordinated complex having a tetrahedral 

structure. A more direct method of investigation 
=o has recently been undertaken by Bullen®, who, using 
oo eBay: diffraction, showed that there are three nickel 

atoms in an asymmetric unit, the three atoms: being 





on very nearly collinear. He argues that with trinuclear 


a foe $ the a of octahedral co-ordination 
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Fig. 1. The visual intensity curve (a), the theoretical intensity 

curve (b), and the radial distribution curve (e¢). The atomic dis... 

tances of the best model are indicated by the abscissa of theo 

vertical lines, the heights LA Mire are drawn in proportion to 
hiiri 





of the nickel atoms must be taken into account, andi: 
that it is not simply a choice between tetrahedral: 
and square co-ordination. We considered it desirable 
to elucidate the structure of a free molecule of this». 
compound, and have undertaken its investigation by. 
electron diffraction. 

The apparatus used was that already reported 
by one of us and. collaborators’. The sample w 
vaporized at about 170°C. The diffraction ‘camera 
had an r-sector. The visual observation of diffraction 
patterns was made up to g = 70. 

The radial distribution function obtained from a 
the experimental intensity curve is shown in Fig. I 
a four prominent peaks at 1-90, 2-84, 3-20 and 

4-25 A. were assigned to Ni-—-O}, NiO, Ni-—C? and 
NiO distances, respectively ; here oxygen and: 
carbon atoms are numbered by superscripts as in, 
O—CUCH, }-—C?H—C3(C*H,)—-O*, Each of these. 
peaks is an isolated peak and/or corresponds to an- 
atomie distance involving a great scattering power, | 
and therefore gives a reliable: value for the respectivo e 
separation, we 

In order to calculate the thecrstisal’ intensity, the 3 
following assumptions were made: In the first place, 
the central nickel atom and the heavy atoms of each. 
acetylacetone molecule lie on a plane and the ligand 
molecule is symmetrical across a plane perpendicular. 
to the molecular plane. Secondly, C--H distances 
were assumed to be equal to 1-08 A., the contribu: . 
tions from other distances involving a hydrogen: 
atom being disregarded. With these assumptions. — 
and the four distances. mentioned, the complete _ 
molecular configuration can be determined provided. 
that three additional parameters are known for. 
planar and perpendicular models in which the two 
molecular planes of ligands are coplanar and per- | 
An angle, 
and two distances, C—C? and C?—C4, 
were chosen for the three parameters. Tha theoretical 
intensity curves were calculated for about sixty 
models having molecular parameters varying in tho K 
following ranges: Z ONIO? = 84-1109, Ch—-C? s= 
1-32-1-57 A, Ct =.1-51-1-54A. The two diss: 
tances, Ni—C? and Ni--C*, were also varied to a. 













-certain extent, since the peaks assigned to them are a 
“not so pronounced as those Aue to the, Ni--O* and 
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. NE a digtances, and for the perpendicular model 
the distances between atoms belonging to different 
ligands might possibly affect the shapes of the peaks 
in question. 

It was found that no perpendicular models, in- 
cluding that having the tetrahedral arrangement of 
-Oxygen atoms, gave a theoretical intensity curve in 

"agreement with the observed one. On the other hand, 
_ coplanar model having the four oxygen atoms 
ocated. ‘approximately at the corners of a square 
roduce. the experimental results, the values 
‘ tructural parameters being as follows: 
203 iQ? = 94 +. 4°, CLO? = 1-37 40-05 A., C—O! = 
-1-30 + 0-06 A., CL—Ct = 1-51-1 "54A. (The planar 
onfiguration of this nickel complex was reported at 
-a meeting of the Chemical Society of Japan held in 
- November 1952. ) The theoretical intensity curve for 
the est model is compared with the experimental 
urve in Fig. 1. 
Apparently, the present conclusion contradicts 
uling’s presumption of tetrahedral configuration. 
< ‘Since, however, the magnetic measurement was made 
at ordinary temperature, whereas the sample under 
__ investigation was heated in the electron diffraction 
experiment, it, was thought worth while to investigate 
the: possible change of the magnetic moment. with 
temporature. Therefore, susceptibility measurements 
re made: by use of a Gouy magnetic balance’ over 
nperature range 19°-200° C. Allowing for the 
1otism of the chelated groups and assuming 
lidity of the Curie law, the magnetic moment 
the nickel of this complex in the solid state was 
found to be independent. of temperature and equal 
3:15-3:22 Bohr magnetons, corresponding to two 
ired, electrons in the nickel atom. A possible 
ative explanation is afforded by the experiment 
an, since a nickel atom in octahedral complex 
lay paramagnetism. 
‘studies were made of X-ray powder photo- 
The nickel complex was recrystallized several 
from alcohol and was sublimed in vacuo to 
green anhydrous nickel bisacetylacetone.. On 
1g at about 170° C., the greon colour was slightly 
with yellow. These two samples differing in 
showed different Debye-Scherrer. patterns, 
uy ggesting that a change was taking place in 
the crystal structure. Comparison. of the Debye- 
sherrer : photographs with the crystal data of Bullen 
that his sample: was the high- -temperature 
ation of the complex used in our investigation. 
zh‘ the structure of a free molecule of this 
mpound is determined, more comprehensive study 
ama before one can make a choice between 
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Use of Ferrous Sulphate Solutions for 
X-Ray Dosimetry 


Tue absolute yield of ferric ions produced on 
irradiation with cobalt-60 y-rays and fast electrons 
of aerated solutions, 1-10 mM in ferrous ion and 
0-1-2 N in sulphure acid, has been measured by 
various methods anc. a ‘G-value’ of 15-6 + 0-4 ferric 
ions per 100 eV. absorbed is now. well established}. 
Less information is available on the yield of this 
system with X-rays of 250 keV. and lower energy, 
which are common-y used. in studies in radiation 
chemistry. Ionization methods of measurement of 
the energy absorbed from such radiation. have limited 
accuracy, owing to the difficulty of correcting for 
the photoelectric adsorption in the sulphur atoms 
present, to uncertamties in the parameters used in 
computing dose, aad because of geometrical con- 
siderations. To mmimize photoelectric absorption, 
it is obvious that tae sulphuric acid content of the 
system should be as low as possible ; ; but the use of 
solutions less than 0:1 N in sulphuric acid is not 


recommended, this being the lower limit of the 
range of independenze of yield on acid concentration®. — 
It is possible that, in the future, calorimetric or ` 


other more direct: methods will be devised for- | 


measurement’ of anergy absorbed; meanwhile, 


additional relevant information can be derived from = i 


a study of the relative yields. of the products of 
irradiation, assuming a knowledge of the mechanism 
of the reaction, which is now well established. For 
example, we have measured the ratio of the yield of 
molecular hydrogen to that of ferric ion in solutions 


initially saturated with oxygen, with three types of 
(i) cobadt-60 y-rays, (ii) unfiltered radia- 


radiation : 
tion from a Siemens 250-kV.. constant-potenti 
therapy unit, (ili) unfiltered radiation from a Ph 
50-kV. contact therapy unit, 


The hydrogen and ferric ion yields were omand os 


in the same solution in every case. The ‘Pyrex’ 


reaction vessels cor.tained 10-14 ¢.c. of solution and: 
were fitted with break seals for removal of the gaseous. 


products. They ‘were pre-irradiated with about 
100,000 rads of cobalt-60 


4 mM in ferrous ions and 0-8 N in sulphuric acid, 
they were sealed quickly with a minimum gas space. 
The irradiation produced 2-5-2-8 mM (l. of ferric ion, 


together with 10-15 uM/l. of hydrogen; afterwards, 
the dissolved gases were removed. by refluxing the 
solution under a trap. containing powdered. solid. 
carbon dioxide, anc. transferred with a Toepler pump. 
to a gas manifold, of known total internal volume, — 
fitted with a McLeod gauge. In this the hydrogen: 


was analysed by combustion on platinum with the 
excess oxygen. which was always present, and the 
resulting water vapour was condensed in a ‘dry 
ice’ — acetone mixture. 


precise adjustment of the mercury-level.... ‘The 
accuracy of each reading was estimated at -+ 0-25 mm. 
and with the miniraum observed pressure decrease of 
60 mm. the maximum resulting error was + 0-8 per 
cent. Estimated ancertainties in the calibration of 
the gas manifold were + 0-5 per cent; and the total 
estimated error in the hydrogen measurement was 
thus + 1-3 per cent, 

After removal ef hydrogen, the contents of the 


-reaction vessel, with several rinsings, were transferred 
-to a volumetrie flesk and diluted to a concentration 
"suitable “for analysis by absorption measurements? 









y-radiation ‘before use. 
After filling with am oxo satarited solution about: 





A mechanically operated — 
piston was fitted to the McLeod gauge reservoir for: 
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swith’ a Ucn spectre phovonister a at 304 mu. The 


‘results, which show the anticipated increase of the — 


hydrogen—ferric ion ratio with mereasing ion density 
of the ‘radiation, are given in Table 1 


Table 1. Ratio of HYDROGEN AND FERRIC ION YIELDS IN OXYGENATED 
SOLUTIONS 


Type of radiation Pee bat he 
Cobalt-60 prays 0258 + 00008 
250-kV. X-rays 0305 + 0-0009 


50-k¥. peak x. “rays 90327 £ 0-0014 


-It is known that the hydrogen yield under constant 
irradiation increases slightly as the system becomes 
depleted of oxygen®, but conditions were maintained 
constant throughout the measurements, so that no 
significant error was introduced on this account. It 
was estimated that the increase in hydrogen yield 
over a complete irradiation was of the order of 2 per 
cent under the experimental conditions. 

Following the generally accepted mechanism for 
this oxidation in aerated solution, we have: 


H,O + aH, + 6H,0O, + cH + dOH 


For this overall decomposition of the water, the 
stoichiometry demands that : 


Gao = 2Gu, + Gu = 24,0, + Gos (1) 


Of these products, hydrogen is inert, one molecule 
of hydrogen peroxide oxidizes two ferrous ions, one 
hydroxy] radical one ferrous ion, and one hydrogen 
atom, after conversion to HO, by dissolved oxygen, 
three. The yield of ferric ions is thus: 


Gror < = 26,0, + Gon + 3GH 
= 269, + 4GH 
= 4G3,0 ~ 6GH,, from™(1) above 


result, writing @y,/@Gye+ = R, we have: 


: z R From this 
i 4G-a,0/(1 + 6R) 


Gye = 


s In order to compute the appropriate yields of ferric 
ion from the results in Table 1, information is there- 
_ fore. necessary concerning G0 as a function of 
radiation quality. This is a less sensitive function of 
-ion density than is the ferric ion yield, varying only 
from 4:5 0-1 for cobalt-60 y-rays to 3-5 +. 0-1 for 
a the -radiations from the "B(m,&)' Li process, and 
information as to its behaviour over this wide region 

of ion density is now. available (Barr and Schuler, 
rookhaven. National Laboratory, New York, private 
communication). From this it may be predicted that 
the value of G-m,o appropriate to 250-kV. X-rays 
will be 4-4 + 0-2, the corresponding quantity for 














| 50-kV. peak X-rays being = -2 40:2. Using these 
- figures, we derive: 
“kV. X- 14-9 40-8 
ee ay LAR Don 14-04 08 





"The yields of hydrogen. are thus 0:45 s 0-02 and 
0-46 + 0-02 molecules per: 100. eV. for the two types 


being 0-40 + 0-01. With electrons of initial energy 
an than 40° keV., the yield of ferric ions may be 


“must therefore be specific- to the irradiation. con- 
ditions, particularly to the degree of filtration of the 
primary beam. 


We would. like to: record our gratitude to the- 


A _Badiothorapy Department of the Western General 
: Edinb = for allowing us to use Ate 
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f radiation respectively; that with cobalt-60.y-rays 


pected to be a sensitive function of this energy, ` 
: ani il the integral yield obtained with soft X-radiation. 


_ electrophoretic mobility at pH 8- = g =r >J: >K >A) 
3. while the a bet li 
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irradiations, and to the Edinburgh Royal Infirairy 

for the loan of its Philips 50-kV. contact therapy 

anit. 
Marcarer H. Back 
N. MILLER 

Department of Natural Philosophy, 

The University, 
Edinburgh 8. Nov. 13. 


1 Miller, “Actions Chimiques et Biologiques des Radiations”, 2me. série 5 
(Masson et Cle, Paris, 1956). E 


2? Dewhurst, Trans, Farad. Soc., 49, 1174 (1953). 
è Schwarz, J. Amer. Chem. Soe. 77, 4960 (1955). 


Optical Properties of ‘Cellophane’ 


In Nature of November 10, p. 1072, Dr. E. : 
Fahy and Prof. M. A. MacConaill discussed. this 
subject. 

Some years ago, I investigated the use of ‘Cello- 
phane’ for a device which was to rotate the plane 
of polarization of light and, among the specimens 
examined, I came across a variety which in doubl 
thickness behaved like a quarter-wave retardati 
plate. Subsequent investigation proved that. the 
material was in fact birefringent, and by stacking | 
several thicknesses (interleaved with a highly re- 
fractive oil}, refractive indices of 1-588 and 1°594 
were measured on a Rayner gemmological refrac 
meter. This material, under the proprietary name o! 
‘Styrafoil’, is being manufactured by Messrs. BX 
Plastics, Ltd., in a variety of thicknesses for use as 
an interlayer between electrical transformer windings 

The ‘half-mil’. thickness. consistently causod 
tardation of one-eighth of a wave of sodium lig 
this led me to build a polarization step-wedge of the 
material as an alternative device to the usual quartz 
or selenite wedge used for compensation on the 
polarizing microscope. It was satisfactory for general 
use, and of course much cheaper than the mineral... 
variety. i 

If stacked strips of ‘Styrafoil’ are used for building 
a wedge, they must be cut from the same area of- 
the sheet. This is because while the vibration, direc 
tions of ‘Styrafoil’ are consistently at 90°, there is $ 
tendency for them to twist about 5° per ft. of | 
foil along the length of the roll. This is not of very | 
great consequence, and leads to the Newton colo 
scale not being as brightly. coloured as ib wot 
otherwise be. . ek 

From the foregoing, it would seem that the manu- 
facture of commercial material does involve precise 
control of thickness, and that, in the case of ‘Styrafoil’ 
there seems no question. but ‘that the colour in polar- 
ized light is a thickness and not a surface property. 

8. N. GAYTHORFE 
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FRETA types, T3 Je and Ki i have been fou 
to migrate faster in paper electrophoresis than norm: 






globins can be distinguished by their differences 



























































Table 1,- SOME HÆMATOLOGICAL DATA oF a FAMILY wita Two 
MEMBERS POSSESSING THE ABNORMAL HÆMOGLOBIN J 





Father | Mother 
K K DE, | JK. | AK. | MK. 


Age 33 31 6 4 3 1 
:Hæmoglobin 

z ee <jpercent)) 17-2 13-8 12:1 1i-4 12-7 116 
nnillionsjen, 


: Retio. {per 
nicent) 
WRG. 





65 52 45 4-0 5- 
ii ti 17 2-0 1 
11,300. | 6,400 | 8,100 | 5,500 | 10,300 


0-47 | 0:46- | 0-48- | 0-46- | 0-47~ 
D9 oar 0-40 0 





fon] 
or 


a1 08 0-4 06 0-7 
absent | absent | absent | absent | absent 


At | a [Ata] A 4 | 





hemoglobin A 





ern globin is demonstrable when they are com- 
pared on paper electrophoresis at pH 6-5 *. 

he subject of this report is the first description ofa 
ge of hwmoglobin-J in an Indonesian family. The 
normal | component was found. in a young fernale 
Javanese extraction and her four-year-old daughter. 
‘he husband, a native of the island of Ambon in 
ia, and the three other children were quite 
The clinical and hematological data of the 
| of this family are given in Table 1. Com- 
red with normal values no significant deviations 
re found for the two individuals who are 
terozygous for the abnormal component. 

Paper electrophoretic examinations of the hæmo- 
at different pH’s (Fig. 1) revealed a com- 
of normal hemoglobin and a component with 
retic mobility faster. than normal hemo- 
The best separation was obtained using a 
at pH 7-9 and ionic ‘strength of 0:06. Also 
moving-boundary electrophoresis at pH 6-5 
strength 0-1 the separation into two com- 
| was complete. The proportions were found 
e 65 per cent hemoglobin-A ‘and 35 per cent 
mormal hemoglobin with an electrophoretic mobil- 
bout 2 x 10-5 em.” seet volti. 

Using a spectrophotometric alkali denaturation 
ethod® no alkali-resistant fraction was found. The 
emoglobin. of our case was further studied by cation 
change chromatography on ‘Amberlite IRC-50’ 
g the procedure of Huisman and Prins*. Even 
ı different: buffer solutions varying in pH from 
5 and in sodium ion concentration of 
5 no ) separation into two components could 


ne 
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: log transformation necessitated by the nature of the- 
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Comparative studæs with hemoglobin H (Dr. 
D. A. Rigas; Portland, Ore.), hemoglobin J (Dr. 
D. L. Rucknagel, Tsurham, N.C.), hemoglobin J 
(Dr. H. A. Ttano, Bethesda, Md.) and hemoglobin K 
(Dr. R. Cabannes, Alger) revealed that our abnormal 
hemoglobin was idenzical with hemoglobin-J. 

This investigation nas been supported by a grant 
of the Netherlands Grganization for Pure Research 
(Z.W.0.). We are much indebted to Drs. Rigas, 
Rucknagel, Itano and Cabannes for the comparative 
studies. 





T. H. J. Horsman 
K. NoorpHork 
J. pa COSTA 
Department of Ped-atrics, 
University of Grésingen. 


Nov. 17. 
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Emergence of Larve from Sealed Cysts : 
of the Potato Root Eelworm, Heterodera 
rostochiensis Wollenweber — 


INVESTIGATION of the distribution: of “hatching 
among the eggs contained in the cysts of the po 
root eelworm showed that hatching is not random 
eggs near the cyst wall tend to hatch sooner 
eggs nearer the centre of the egg mass’. 
appeared that the position of eggs in relation. 
of the two natural openings, the neck and vulva, 
was without influenca on the hatching distribution’: 
further work has confirmed this finding, for it has 
now been shown thas sealing either of the openings. 
has no detectable effect on the distribution. More- 
over, emergence frorn cysts with only one effective 
opening appears to take place as rapidly as from 
normal cysts, 

The neck or vulval apertures were sealed with. 
rubber solution or wish 39° C. paraffin wax. Controls 
were made up of cyst# the walls of which were covered 
to a roughly similar extent with either of the two 
sealing materials. A group of untreated cysts was 
also included. The vesults of four hatching exper. 
ments using a single-cyst technique’, each with for 
lots of twenty cysts, are presented in Table 1, geo. 
metric means being used since they give a better idea 
of the population. Analyses of variance, using the 

















data®, gave values for p, the probability, which wore 


Table 1. EMERGENCE OF LAZVÆ FROM SEALED AND UNTREATED Cysts: 
GEOMETRIC MEAN VALUES BASED ON THE EMERGENCE FROM TWENTY 
TADIVIDUAL Cysts 














[ o Experiment 
Treatment — $ i 
1 2 3 4 
Cysts with the neck sealeā 56-5 16-0 6-4 27:2 
Cysts with the vulva sealed 62-1 16-8 8-1 172 
| Control eysts with wall 
part sealed | 51-4 15-6 3-9 18-1 
Untreated centrols ; 63-1 21-4 64 26-5 
Duration of experiment i 
(days after beginning of | 
stimulation) o 16° 9 9 10 
i 



















“) Onions, T, G., Quart. J. Mier. Sei., 





ter A 0: 2 for ‘al tour exper. 
‘e are no differences in emergence 


the treatments—nor was any shown. during the 


course of the experiments. 

Little is known about the period between the 
hatching of a larva from its egg and its emergence 
from one of the two openings. These results show 
that either. of the cyst openings is as effective as 
the other, since there was no difference between 
neck- and vulva-ssaled cysts, and that a single 
opening is perfectly adequate for hatching to occur 
at the ‘normal’ rate. Since during these experiments 


almost a hundred larvæ sometimes emerged from a 


single opening during 24 hr., this latter finding is 


most surprising. Evidently competition to emerge 
among: hatched larve cannot be so great as was 


thought. ; 


moreover, it is clear that larve do not 


- emerge from the cyst as a result of random movement. 


This work was supported by a grant from the 
Agricultural Research Council and was carried out 
in the Department of Zoology, King’s College, 
Newcastle on Tyne, under the supervision of Dr. C. 
Ellenby. 

; T. G. 
Department of Chemistry and Biology, 
Acton ‘Technical College, 
Acton, 
London, W.3. 
Nov. 12. 
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Resistance of the Spiny Boll Worm to 
Endrin in Israel 


IN 1956 very poor control of the spiny boll worm 
(Harias insulana Boisd.) on cotton was obtained in 
the Beith She’an arsa in Israel with endrin, although 
in previous years this compound gave excellent con- 
trol and is still highly effective in other parts of the 
country. No published report has come to our know- 
ledge of endrin resistance of the spiny boll worm. 
owever, it has been claimed that the cotton boll 








weevil has developed resistance to this compound?. 


Larvae of the spiny boll worm were collected from 


cotton bolls from. four localities in the Beith She’an 
‘and adjacent’ areas. 


‘Larve from Sachnin in the 
coastal: plain, a place where unirrigated cotton was 


grown for the first time this year and has been 


treated only once with endrin, as well as larve from 
untreated okra (Hibiscus esculentus) plants served 
for comparison. 
The larvae were exposed in groups of ten to endrin 
— (from acetone solutions; 1  gm./sq.m. ; 
1 day old} in closed Petri dishes. Only results for 


Table. 
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[btotege ve are “reported, since in the’ anitroated 
-control dishes there occurred some mortality in 
earlier stages. However, results with all stages tested 


showed the same trend. Under the test conditions; 
there was no lethal gaseous effect of endrin during | 
18 hr. 

In Table 1, experiments repeated on different days = 
are summarized. After an exposure time of, for.” 
example, 5 hr., larve from four localities in the. 
Beith She’an area were much less affected by endrin 
than those collected from the other sources. The 
observations do not permit of measurement of the. 
exact degree of resistance which has obviously 
developed. me 

We wish to record that E. Rivnay (private coms 
munication), too, has suggested that the spiny boll 
worm may have developed resistance to endrin and 
has found this to be the case for adult moths tested. 
Our thanks are due to A. Ben Shmuel for technical. 
help. K 







K: Re 8. ASCHER 
A: 8S. Tarorr © 
Medical Research Laboratories, 
Medical Corps, 
Israel Defence Forces. Nov. Il. 
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Pulsating Aeration of Microbial Cultures 


Two difficulties are frequently encountered wh 
it is desired to grow pathogenic bacteria with acti 
aeration, namely, foaming and wetting of the exh: 
filter. Chemical or mechanical foam-breaking and 
heating systems can be used to avoid these prob- . 
lems but have many disadvantages. I. have used 
them mainly on large-scale equipment'®. However, 
it was found that a basically different approach had- 
to be used for ordinary laboratory equipment. Since | 
the method which has been developed may have wide. 
applications, it will be described. below. ; 

The basic principle (see Fig. 1) involves the use © 
of only one sterile filter (a), and air is forced back. 
and forth through this. To start the cycle, air is. 
sucked through the filter into the glass growth vessek: 
(g) by a temporary vacuum above the culture. As — 
this causes the glass bead valve (d) to close, the air. 
must pass out into the culture from below. The big. 
bubbles so formed are caught in an inverted beaker (Z) 
which has a small hole drilled in its bottom. From 
this a continuous stream.of small bubbles goes to the” 
surface, where foam collects. Following the pulse of. 
ingoing air, a water-ejector sucks air and foam out of 
the growth vessel through the valve (d). The foam. 
collects in the conical vessel (c), from which the. 
exhaust air goes out through the filter. The next 













MORTALITY OF LAST-STAGE LARVÆ OF THE SPINY BOLL WORM, be aged TO L GM./SQ.M. ENDRIN Deposits, 1 Day OLD, ON PETRI DISHES G 
t, 30 - 31 





% Dead and paralysed larvæ after exposure indicated (hr. y 


ee fo eect 























ioe ey íl 
| | No.of | - 
Source Previous endrin | larve | ; | 

| treatment | tested | 4 es | uje | 3 i 3 3] 4 | m| 

EEEE O RSE a uty | a 

| Beith: ‘She’ an Valley and | | : | | i i f | 

“adjacent area: i f | | | | i | ' i | 
| 0o > Doshen : i Sprayed systematic- | 5 a 5 10 | 23 21 | 25 2383 23 3 35 
poo Gevath [ally for the past | 8 | 1 | 3 ) 6 | 15 | av | a7 | 22 | 25 29 | 32 
Chayat Shmuel ` three years at-about| 24 0 0 i 4 17 i 2l | 21 2} | 21 | 21 | 21 
Beith Hashita po dd-day. intervals H 29 5 0 0: 96 vA 10; F | 17 F72 i 

Other sources : : ; | i | | | i i i real 
| Sachnin ; | Ona spray only 9% | 0 wj g]? | 7 | 72 | 7% | 80 | 84 
| Okra ants uf Untreated i 50 i 20 40 | 64 74 i 36 | 30 B4 l 9 MB 98 

i i : i i : i 


ANG Mortality in controls from all loealities.<.-.- 
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Fig. 1 


ingoing air prevents the filter from getting 
orcos the foam in the conical flask (c) back 


on and sampling of specimens are done by 
hypodermic syringe, the needle of which 
ed through the rubber tubing leading to the 
the growth vessel. When not in use, the 
attachment between the rubber tubing and 
ressel is: immersed in a beaker containing 
t alcohol, All glass nozzles for- rubber 
uld be silicone-coated. or rubber cement 
used to prevent the. culture from entering 
7 spaces, 
ent for introducing air at ‘atmospheric 
sure in alternation can, of course, be 
many ways, but the simple glass 
trated has proved quite adequate. Alter- 
re in the system is provided by the 
water surface, which in turn depends 
la on between a water flow (k) and a siphon 
(Qe. An air-filled flask (4) floats on the 
face and actuates a simple two-way valve, 
g of a rubber stopper (e) attached to a metal 
). The rubber stopper intermittently closes one 
he other of two. glass tubes, one giving access to 
he open air, the other toa vacuum line with a valve 
) which can be loaded to give the desired vacuum. 
It should be pointed out that the culture is under 
-a varying but always slightly negative pressure. This 
helps to keep the filter dry, but more essentially, it 
= reduces. the risk of pathogens escaping through 
possible leaks. The maximum negative pressure used 
has been. in he order of 120 mm. mercury. 
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That the potation, is good j inspite of the neg 
pressure was found in tests where the oxidati 
sulphite was followsd*4.. In duplicate runs car 
out at 20°C. with 1 litre of 0-5 N sodium sulphite 
and only six suction pulses per minute having & 
negative pressure of no more than 120 mm. mereury,: 
it was found that 6 ml. of oxygen were absorbed per 
100 mL solution in the first 15 minutes, 9 in 30, 13 in 
45 and 16 in 60 mmutes. If excessive oxygenation 
is desired the device may be operated at two high- 
pressure levels, but. shis cannot be encouraged in the . 
case of pathogens. 

It is obvious thet the aeration is influenced by 
the capacity of the airline which is common for 
ingoing and outgoing air. This has a very useful 
consequence. By changing the capacity of this line, 
that is, by interposing an empty or semi-empty 
the ‘active aeration’ can be varied between zero. and. 
that maximal for the system. This means that the 
carbon dioxide-reteation can be varied easily without 
alterations in the bubble-stirring. This ism fact 
quite vigorous because of the elongated shape of 
the growth vessel, which makes possible the use of 
high liquid heads. However, the principle is, of 
course, also applicable to other kinds of vessels, and 
it should, for example, be quite easy to- provide 
ordinary fermenters with an ‘internal foam circuit’ Ho 
of the type described. 

Studies on the growth of different pathogens in 
the equipment wil. be published elsewhere, Very; 
high yields of, for example, Haemophilus pertussis 
have been obtained. 





C.-G. HEDEN.. 
Bacteriological Department, 
Karolinska Institutet, 
Stockholm. 

Nov. 17. 
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A Peritrophic Membrane in Calanoid 
_Copepods: 


Forster! has recently examined ‘the peritrophic fn 
membrane in Cardea (Crustacea, Decapoda), He | 
found a membrane in the mid-gut: of all the Caridea . 


examined and was able to show thatit was chitinows, — 


A similar membrane can easily be shown to surround « 
the fecal pellets of calanoid copepods, where it often 
forms a ‘tail’, occesionally of considerable length, at. 
each end of "the pellet: That the pellet is indeed: 
enclosed in a men-brane can easily be demonstrated 
by compressing it carefully under a coverslip on a 
microscope slide. As pressure is applied the pellet: 
first flattens more er less evenly throughout. its length ; 
then the membrane suddenly ruptures at-one point 
only and its contents can be seen streaming through 
the point of rupture. The membranes can also be 
demonstrated by careful heating of a pellet in. a 
concentrated potassium hydroxide solution: the 
alkali dissolves mest of the fecal matter, leaving the 
membrane intact.. No positive results: were obtained 
in tests for chitin butb this may well be because of the 


‘pamali size of the pellets {e. 1-5 x 0-15 mm.) and the 


delicacy of the membrane. 
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A 


(a) 


(b) 


(e) 





Fig. 1 


Before discussing the formation and function of 
the membrane, it is necessary to describe briefly the 
structure and movements of the mid-gut. Histologic- 
ally, the mid-gut is divided into three well-defined 
regions** : (a) an interior part, including the cephalic 
diverticulum, lined by cubical non-vacuolated cells ; 
(b) a glandular region with large columnar vacuolated 
cells, occupying the first two thoracic somites, and 
(c) a posterior region of cubical non-vacuolated 

It is easy to observe movements of the gut of a 
living copepod, and, when it has been feeding actively, 
it is obvious that functionally the mid-gut is divided 
into two parts (Fig. la). In the anterior part the gut 
contents are loose in texture end being churned up 
by vigorous peristaltic movements; the posterior 
half is much less active and its contents are much 
more compact, The division between these two parts 
falls approximately at the end of the second thoracic 
segment, that is, at the posterior end of the glandular 
region of the mid-gut. From time to time the material 
in the posterior part of the mid-gut is passed back- 
wards through the urosome and out of the anus, 
usually in a single, smooth movement. Once the 
pellet has been egested, the food in the anterior part 
of the mid-gut is spread over its whole length by 
three or four vigorous peristaltic waves (Fig. 1b). 
The gut contents are divided again into two parts, 
peristalsis continues in the anterior part while a new 
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fæcal pellet begins to be formed in the posterior part 
(Fig. lc). It seems clear that there is here a clear 
functional division of the mid-gut into an anterior 
‘stomach’ in which the food is mixed with digestive 
juices and a posterior ‘intestine’ which is probably 
mainly absorptive in function. 

If a Calanus is fed on a suspension of congo red 
particles, the membrane surrounding the food in the 
posterior part of the mid-gut is stained a clear red 
and can easily be seen ; no membrane can be detected 
in the anterior part of the mid-gut. Further, if a 
Calanus with a full gut is transected between the two 
masses of food and the two parts crushed, the con- 
tents of the posterior part of the gut can be pushed 
out as a normal fiecal pellet, but the food in the 
anterior part of the gut emerges as a stream of 
incoherent particles. ‘Che membrane appears to be 
formed in situ and to be secreted by the epithelium 
of the posterior half of the mid-gut. In this the 
copepods differ from the Cirripedia* and Caridea', in 
which the membrane lines the whole of the mid-gut, 
and from Daphnia, in which the membrane lining 
the mid-gut is apparently formed by the fore-gut*. 
Dakin? found a ‘rod’ border lining the posterior 
part of the mid-gut of Calanus and similar ‘rod’ 
borders are found under the peritrophic membranes 
of Insecta’. 

The function of the peritrophie membranes of 
Insecta* and Caridea! is stated to be protection of 
the delicate mid-gut epithelium from damago by 
hard or sharp particles in the food. This does not 
seem to be the case in calanoid copepods, in spite of 
the fact that diatoms, which have siliceous frustules, 
form so large a part of their food. The function is 
apparently to contain the fæces in a compact pellet 
and its value to the animal may be that, since tho 
relatively large and dense pellets sink much more 
rapidly than the phytoplankton which forms most 
of their food, the indigestible remains of the food 
are rapidly removed from the water in which the 
animals are feeding and are not ingested over and 
over again with fresh food. 

D. T. Gaunp 


Zoology Department, 
University College of the Gold Coast, 
Achimota, 

Nov. 12. 


: Forster, G. R., J. Mar. Biol. Assoc., 33, 315 (1953). 

* Dakin, W. J., Int. Rev. Hydrobiol., 1, 772 (1908). 

* Lowe, E., Trans. Roy. Soc. Edin., 58, 561 (1935), 

* Darwin, C., Monograph on the Sub-Class Cirripedia, 1, 45 (1851), 
and 2, 36 (1854). 

* Chatton, E., Bull. Soc. Zool. franc., 45, 265 (1920). 

* Wigglesworth, V. B., “Principles of Insect Physiology”, 313 (1951). 


Double Monster Ephyrae of Aurelia 
aurita 


A NORMAL scyphistoma, taken with many others 
from a tank in the aquarium of the Marine Station 
at Millport, produced numerous normal ephyrae and 
two double monsters. 

On April 17, two ephyrae were liberated together 
but could not tear apart. They were joined along 
the oro-aboral axis, the exumbrellar pole of one 
being attached to the aboral pole of the other. The 
contraction of the two bells was synchronous; the 
larvæ could be recognized distinctly as two individuals 
and swam about actively. Two days later the process 
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of regulation was under way ; the animals slid over 
each other, gliding around the polar axis, the original 
polarity was maintained and the two manubria fused 
into one. The fused manubria had eight lips to begin 
with, but their number gradually decreased to four 
lips and eight tufts of gastral filaments. Regulation 
was not complete, since the two larve did not produce 
a single large disk with sixteen lappets, but remained 
open along a radial slit. The lappets were thus 
arranged in a spiral. The direct consequence of this 
was that pulsation was no longer annular end that 
a wave of contraction passed along the margm. Tho 


' margin being spiral, the monster screwed itself con- 


timuously through the water. This specimen had 
seventeen lappets. 

On April 19, a second double monster was produced 
by the same strobila ; 16 was similar to the first, but 
had only fifteen lappets. Self-regulation proceeded 
exactly as m the first specunen. In the same finger- 
bowl normal ephyrae were in the meanwhile produced 
by other scyphistomes that had been taken from the 
same aquarium. 





Fig. 1. Aboral view of double monster ephyra of Aurela aurita 
with seventeen marginal lappets 


I made several attempts to produce double monsters 
experimentally, but they were all unsuccessful, On 
cutting off the distal pair of ephyrae, the twimned 
larva swam together for a few hours then tore apart, 
thereafter leading an independent existence as normal 
larve. Longitudinal cuts, made in the strobila before 
liberation of the larve, did not produce monsters ; 
the experimental ephyrae regulated themselves later 
while swimming independently. The cuts made in 
different directions all had similar results (and all 
larve regulated themselves after liberation). 

A few other abnormal ephyre were produced by 
other scyphistomes, all with a smaller number of 
lappets than normal. I believe the cause of this 
phenomenon may have been the relatively high 
room ternperature, which varied between 15° and 
20°C, 

I have found no record of double monster ephyrae 
in the literature, but scyphistomes with double pedal 
disks were described by Hérouard'. Child? described 
experimental reconstitution of the scyphistome of 
Aurelia aurita and Browne? the variation in the 
number of tentaculocysts (marginal lappets) of the 
ephyrae of this species: they all regulated before 
reaching the adult stage. p 

The two doublo monsters here described died 
suddenly on April 23, when six and four days old 
respectively. e 5 
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This work was done -while holding a Unesco 
fellowship and was partly supported by a grant of 
the National Research Council of Brazil. 


M. VANNUCCI 
Oceanographic Institute, 
P. O. B. 9075, 
S. Paulo. 
Dec. 27. 


1 Hérouard, E., Bull. Soc Zool. Fr., 45, 162 (1920). 


.? Child, 0. M., Phys. Zool, 24, 177 (1951). 


3 Browne, E. T., Quart. J Mcr Sci., 37, 245, table 25 (1895). 


Medial Defects of the Cerebral Arteries 
of Some Mammals 


In 1930, defects were described! in the muscle of 
the media of the cerebral arteries of man. They were 
found in the fork cf bifurcations and lateral branch- 
ings. These defects have been considered by some 
to be the major etiological factor ın the pathogenesis 
of intracranial areurysms which occur so com- 
monly in man and yet are rare m other animals. 
As I have been uneble to find reference in the liters- 
ture to any similer study in other species, an in- 
vestigation was commenced in 1954 to confirm or 
deny their existence in the dog, horse and sheep. 
This communicaticn is prompted by a comment in a 
recent book? suggesting the advisability of such an 
investigation. 

The cerebral arteries of six adult dogs were dis- 
sected for study and, after formalin fixation, serial 
paraffin sections were prepared of 115 major bifurca- 
tions and forks. AM sections were stained by Verhoff’s 
elastic tissue stain, and with good differential counter- 
staining with eosu_ the muscle of the media and the 
fibrous tissue of the adventitia could be clearly 
distingwshed. Of the 115 forks, 85 had a medial 
defect and in another seven defects were only partial. 
There was no sign ficant difference in their incidence 
m each of the six dogs. While only major forks and 
angles were considered primarily, ıt was noticed that 
defects also occurred very commonly in small 
branches as they arise from the large vessels, or as 
they dichotomize. 

On. reviewing the sites of the forks where defects 
existed, it appesred that they tend to occur 
principally at bifurcations forming an acute angle 
or one only slightzy greater than 90°; the wider the 
angle, the smaller and less frequent the medial defect. 
The defects vary in size; sometimes they may be 
100p wide and usually the media ends abruptly on 
either side of tke defect, which is composed of 
collagen and elassic fibrils. 

The brain of an dold horse was dissected, the cerebral 
arteries removed and serial sections of the forks pre- 
pared as described for the dogs. In all, thirty forks 
were examined and all showed complete medial 
defects except one, where there was only partial 
interruption of the muscle. Again, defects were 
frequent in the small vessels but they are not in- 
eluded in the above figures. 

In the major work still in progress, defects similar 
to those occurring in man, dog and horse have been 
seen. quite frequeatly in the sheep. 

The above fincings raise the problem as to why 
cerebral aneurysms are not so common in domestic 
animals as in man, for the histology of the arteries of 
these species is cuite similar. It seems, then, that 
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medial defects are not the sole factor ın the etiology 
of aneurysms of the intracranial arteries. 

A detailed account of this mvestigation and other 
findings related to this work will be published at a 
later date. I wish to thank Mr. T. M. Jones for his 
painstaking technical assistance. 

W. E. STEHBENS 

Department of Pathology, 

University of Sydney, 
Sydney. 
Nov. 8. 


1 Forbus, W. D., Johns Hopkins Hosp. Bull., 47, 239 (1930). 
2 Walton, J. N., “Subarachnoid Hæmorrhage”, 225 (E. and S. Living- 
stone, Ltd., Edinburgh and London, 1958). 


Diseases of Cultivated Mushrooms 


Recent articles and publications dealing with 
diseases of the cultivated mushroom make reference 
to the fungus known under the name of ‘red Geo- 
trichum’ and ‘lipstick mould’. This fungus, which is 
a competitor in the compost with mushroom spawn, 
‘is invariably referred to as Geotrichum sp. 

It seems worth recording that a preliminary 
mvestigation was started on this disease in our 
laboratory in 1949 and the fungus isolated in pure 
culture. Various cultures were forwarded from time 
to time to the Commonwealth Mycological Institute, 
the type culture being retained as Herb. I.M.I. 45638. 
The fungus was identified by Mason and Hughes as 
Sporendonema purpurascens (Bonorden) Mason and 
Hughes comb. nov. (= Coprotri chumpurpurascens 
(Bonorden)! =: Geotrichum purpurascens (Bonorden) 
Sacc.?, 

The reason for removing the fungus from Geo- 
trichum is that, if the practice of identifying 
Geotrichum candidum Link (the type of Geotrichwm) 
with Oospora lactis (Fresen.) Sace. is correct, Bonor- 
den’s fungus is not a Geotrichum. 

The new combination was published by the late 
Prof. F. T. Brooks’. 

= $ F. C. Woop 
W. Darlington and Sons, Ltd., z 
Southcourt Road, 
Worthing. Nov. 17. 


‘«Wandbuch der Allgemeinen Mykologie”, 76 (1851). ` 
3 “Sylloge Fungorum”, 4, 40 11886). ` 
3 “Plant Diseases”, 2nd edib., 382 (1953). 


African Pleistocene Pluvials and 
Pleistocene Glaciations 


Dr. O. Davws’s communication under the above 
heading! is of great interest and calls for comment. 

In Uganda there is good evidence that the Kanjeran 
pluvial (old upper Kamasian) as established by 
Leakey is as distinct from the old Lower Kamasian 
as the latter is from the Kageran. ° 

Factual evidence points to the conclusion that the 
Kagera River, on the border of Uganda and Tangan- 
yika Territory, dried up during the Kamasian— 
Kageran interpluvial ; but there is nothing to show 
that it ever did so before or after that event. Cer- 
tainly it did not during the so-called Kanjeran— 
Gamblian interpluvial; but one cannot be dogmatic 
with regard to the two interpluvials that preceded 
the Kamasian, for two there were, according to the 
Uganda, evidence. 

In addition to the riverine support, we have 
the testimony of a wind-borne deposit containing 
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three boulder-rubble meursions of great disorder. 
They seem clearly to indicate the effect of ‘cloud 
burst’ torrents which appear at intervals in an 
arid environment. More than this, in a small hanging 
valley, tested by a long trench and a 65-ft. deep 
shaft, a succession of talus deposits, separated by 
stoneless material, was discovered, and in this the 
Kamasian—Kanjeran contributions are seen to be from 
three to six times as great as the other two scree 
accumulations which record mterludes, or intra- 
pluvial phases. An important point to notice is 
this: had I not undertaken excavation (exhaustive 


within lmits), and had not the little stream, now ° 


quite dry, produced the gulley (Solomons Gulley, 
I call it), it could truthfully be said that no evidence 
of an interpluvial phase between the old lower and 
upper Kamasian is known in Uganda, but clearly, 
that would not prove its absence. 

Prehistorians (as apart from archzxologists, sensu 
stricto, who have their own technique) will not ex- 
cavate except in a minor way, or to dig caves, and 
until they learn to ‘bung a hole down’, as the old- 
time prospectors say, and even to drive an adit on 
occasion, in a spot which calls for such procedure, 
prehistory will miss a great deal. 

But Davies’s important letter raises two other 
points for consideration : What is admissible evidence 
of a pluvial or an interpluvial phase ? And how is 
one to determine the time factor in mineral addition 
or metasomatic replacement? One investigator, 
observing a thickness of a hundred feet of calcrete, 
let us say, will roundly declare its formation must 
have occupied an extremely long time ; another, more 
chemically minded perhaps, may take an entirely 
different view. 

A well-chosen committee should be appointed to 
investigate what one might call the pluvial problem. 

; E. J. WAYLAND 
C/o P.O. Box 9, 
Entebbe, Uganda. 


1 Nature, 178, 757 (1956). 


Soil Thermometers 


Garvitch and Probine have quoted errors they had 
found for soil thermometers when checking their 
calibration at low temperatures. All their thermo- 
meters were from one manufacturer?. 

We have tested a number of these thermometers, 
from various makers, but with somewhat different 
results. We found that at temperatures of 30°F. 
or below about half our thermometers read too high,' 
but that at 40° F. very few were in error (though one 
of these read 5° F. too high at 40° F.). 

In those thermometers for which the error was 
considerable, the paraffin wax lagging was replaced 
by @ micro-crystalline wax of greater plasticity. On 
re-testing, it was found that the errors had dis- 
appeared. We are indebted to the British Petroleum 
Research Station for advice in the selection of a 
suitable replacement for the paraffin wax. 

J. MacDowarn 

Instrument Division, 

Meteorological Office, 

Air Ministry, 
Headstone Drive, 
Harrow, Middlesex. 
Nov. 16. 
1 Nature, 177, 1245 (1956). = 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk * are open to the public) 


Monday, February II 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE, PHILOSOPHY OF 
? SONON GROUP (in the Joint Staff Common Room, University College, 
l Gower Street, London, W.C 1), at 5.30 p.m.—Prof. C, D. Darlington, 
\ F.R.S.: “Determinism and Uncertainty in Genetics”. 
f ILLUMINATING ENGINEERING Sooty (at the Royal Institution, 
, Albemarle Street, London, W.1), at 6 p.m.—Sir Lawrence Bragg, 
F.R.S.: “Some Experiments on the Interference of Waves” (Fourth 
Trotter-Paterson Memorial Lecture). 
t INSTITUTION oF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
: STUDENT SECTION (at Savoy Place, London, W.C.2), at 6.80 p.1m.— 
' Dr. J, Eccles: “The Visit of the British Electricity Supply Delegation 
to the Soviet Union”. 


Tuesday, February 12 


UNIVERSITY oF Lonpon (in the Anatomy Theatre, University 
College, Gower Street, London, WC.1), at 1.15 p.m.—Mr. W. K. 
Taylor: “Experiments with Machines Capable of Learning’’.* 

INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS (at 6 Bucking- 
ham Gate, London, S.W.1), at 5.30 p.m.—Mr. O. S. L. Frances: 
“Jungle Clearance and Reclamation”. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND RADIO 
SECTIONS (at Savoy Place, London, W.C.2), at 5 30 p m.—Afr. M. E. 
Haine and Mr. M. W. Jervis: “The Ultimate Performance of the 
Single-Trace High-Speed Qscillograph', and “The Design and Per- 
formance of a New Experimental Single Transient Oscillograph with 
Very High Writing-Speed”. 

INSTITUTION OF THE RUBBER INDUSTRY (at the Royal Society of 
Tropical Medicine and Hygiene, 26 Portland Place, London, W.1), 
at 6.30 p.m.—Mr. J. R. Happer: ‘‘Comparison of Different Types of 
Heating in the Rubber Industry”. 7p.m.—Mr. 8. D. Suéton : “Dipped 
Goods Processing and Production”. 


ROYAL SOCIEXY OF MEDICINE, EXPERIMENTAL MEDICINE AND 
THERAPEUTICS SECTION (at 1 Wimpole Street, London, W.1), at 
5.80 ve C. A. Keele: “Chemical Causes of Pain and Itch’ 
(Presidential Address). 


SOOIETY OF CHEMIOAL INDUSTRY, CHEMICAL ENGINEERING GROUP 
‘at 14 Belgrave Square, London, 8 W.1), at 5.80 p m.—Mr. D.E B. 
reensmith: “Some Aspects of British Standards ın Relation to Chem- 

ical Engineering in the Chemical Industry”. 

ROYAL AERONAUTICAL SOOIETY (joint lecture with the HELICOPTER 
ASSOCIATION OF GREAT BRITAIN, at 4 Hamilton Place, London, W.1), 
at 7 p.m.—Mr O. L. L. Fitzwilliams : ‘Vibration Problems Associated. 
with the Helicopter’. 


Wednesday, February 13 


ROYAL Soomty or Arts (at John Adam Street, Adelphi, London, 
W C.2), at 2.30 p.m —Mr. A. Hudson Davies: “The Development 
and Use of Glass Fibres”. 
Evanntos Soorrty (at Manson House, 26 Portland Place, London, 
1), at 5 p.m,—Prof Tage Kemp: “T'he Galton Lecture on Genetic- 
Hygienle Experiences in Denmark in recent Years”.* 


INSTITUTION OF BLEOTRICAL ENGINEERS (at the Central Hall, 
Westminster, London, S W.1), at 6 p.m.—Dr T. E Allibone, F.R.S. : 
“Nuclear Energy in the Service of Man” (Faraday Lecture). 

Soormry oF CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave 
Square, London, S.W 1), at 6.45 p m,——Scientific Papers. 

ROYAL INSTITUTE OF CHEMISTRY (at the Royal Institution, Albe- 
marle Street, London, W.1), at 7 p.m.—Dr. B. P. Ridge: “Chemical 
Fibres and the Community” 


Thursday, February 14 


PHYSICAL SOCIETY, Low TEMPERATURE GROUP (at the Royal 
School of Mines, Prince Consort Road, London, S.W.7), at 4 p.m.— 
Dr. J. M. Lock: “The Magnetic Properties of the Rare Earth Metals 
at Low Temperatures”. 


ROYAL Socrety (at Burlington House, Piccadilly, London, W 1), 
at 4.30 pm,—Miss Honor B. Fell, F R.S.: “The Effect of Excess 
Vitamin A on, Cultures of Embryonic Chicken Skin Explanted at 
Different Stages of Differentiation” ; Miss Margaret L. R. Harkness, 
Mr. R. D. Harkness and Mr. D A. McDonald. “The Collagen and 
Elastin Content of the Arterial Wall in the Dog”. 

LONDON MATHEMATICAL SoorreTy (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at 6 p.m.— 
Dr. ©. H. Dowker: “Some Applications of Topology”. 


INSTITUTION OF ELECTRIOAL ENGINEERS, UTILIZATION 
(at Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. P J. 
*Self-Compensated Alternators”: Mr. D. Mangnall. “The Metal 
Rectifier and Its Tmportance to the Electrical Engineer”; Mr. G. F. 
Stewart: “The Automatic Factory”. 


SECTION 
Bhatt : 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
6.30 p.m.—Dr. W. J. Whelan: “The Synthesis and Degradation of 
Polysaccharides”’.* (Eleventh of fifteen lectures on “The Scientific 
Basis of Medicine’, organized by the British Postgraduate Medical 
Federation.) 

UNIVERSITY OF LONDON (in the Meyerstein Lecture Theatre, West- 
minster Medical School, Horseferry Road, London, S.W 1), at 5.30 p.m. 
—Dr. E. Weston Hurst: “Approaches to the Chemotherapy of Virus 
Diseases".* (Further lecture on February 15 ) 


NATURE ; 


329 


ROYAL ABRONAUTIOAL Soorery (at the Institution of Mechanical 
Engineers, Birdcage Walk, London, 8.W.1), at 6 p.m,—Mr. R. L. 
Lickley and Mr. Peter Twiss: “The Fairey Delta”. 

SOCIETY OF INSTRUMENT TECHNOLOGY, CONTROL SECTION (at 
Manson House, Portland Place, London, W.1), at 6 p.m.—Annual 
General Meeting. ~ Mr. K. G. Crack: “A Servo Speed-Control for & 
Camera Crane”. iati ii Werte 

CHEMICAL Soomry (at the Royal Institution, Albemarle eet, 
London, W.1), at 7 30 eee ©. K.. Ingold, F R.S.: “The Course 
of Polar Reactions in Nor—Polar Conditions”. 


Friday, February 15 


BRITISH PSYCHOLOGICAL SOCIETY, INDUSTRIAL SECTION (in the 
Department of Psychologr, Birkbeck College, Malet Street, London, 
W.C.1), at 12.45 p m.—Annual Meeting. Dr. Alastair Heron : “Psycho- 
logy, Occupation and Age” (Chairman’s Address). 

INSTITUTH OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, Londcn, S W.7), at 6 15 p.m.—Mr. D. O. Fraser: 
“Navigation and Traffic Gontrol Over the North Atlantic”. 

INSTITUTION OF MEOHARICAL ENGINEERS (in conjunction with the 
British Nuclear Energy Conference, at Church House, Westminster, 
London, S W.1), at 6 p.m.—Sir Claude Gibb, F.R S “Some Engineer- 
ing Problems in the Incustrial Development of Nuclear Energy’ 
(Thomas Hawksley Lecture). 

PHYSICAL SOOTY, Acoustics Group (joint meeting with the 
Non-DEsTRUOTIVE GROU? of the INSTITUTE OF PHYSICS, at the 
Institute of Physics, 14 Balgrave Square, London, S.W.1), at 6.30 p.m. 
—Dr. R. W. B. Stephens : “Acoustics in Non-destructive Testing”. 

SOCIETY OF CHEMICAL _NDUSTRY, Fink CHEMICALS GROUP (in the 
Chemistry Lecture Theat, King’s College, Strand, London, W.C.2), 
at 7 p.m.—Reading of Original Papers by Members. 

UNIVERSITY OF LONDON (at the Royal Holloway College, Englefield 
Green, Surrey), at 8.15 p.n —Dr. E. J. H. Corner. ‘‘Botanizing with 
Monkeys”. 

ROYAL INSTITUTION (a3 21 Albemarle Street, London. W.1), at 
9 p.m.—Dr. Margaret Mead: ‘The Study of Social Evolution”. 


Satarday, February 16 


BRITISH INTERPLANETARY Soorery (at the Polytechnic, Regent 
Street, London, W 1), a 6 p.m.—Dr. J. Diederichsen: Chemical 
Demonstration of the Chemical and Physical Properties of Rocket 
Propellants. 


APPOINTMENTS VACANT 


APPLIOATIONS are invised for the following appointments on or 
before the dates mentioned. 

SENIOR LECTURER or LECTURER (with at least a good honours 
degree of a British university and prepared to teach inorganic and/or 
physical chemistry to Part I of the Graduate Membership Examina- 
tion of the Royal Institute of Chemistry) IN CuEMIStTRY—The Principal, 
Stockport College for Further Education, Wellington Road South, 
Stockport (February 16). 

UNIVERSITY DEMONSTEATOR or UNIVERSITY ASSISTANT LEOTURER 
IN THE DEPARTMENT OF AEOGRAPHY—The Secretary of the Appoint- 
ments Committee, Department of Geography, University of Cambridge, 
Downing Place, Cambridge (February 16). n 

LECTURER (preferably interested in the experimental aspects of 
ecology or taxonomy) In BOTANY at St. Salvator’s College—Joint 
Clerk to the University Ccurt, College Gate, St. Andrews (February 18). 

LECTURER IN THE COMPUTING LABORATORY, to advise and instruct 
prospective users of the automatic computer in the Laboratory— 
The Registrar, University of Durham, 1a Kensington Terrace, New- 
castle-upon-Tyne 2 (February 23). 

LECTURERS IN MatumMaTics—The Registrar, King’s College, 
Newcastle-upon-Tyne (February 23) ‘ 

ASSISTANT LECTURER IN PuysicS—The Registrar, University 
College, Leicester (February 28). s 

ASSISTANT LECTURER (vith an honours degree and preferably, with 
postgraduate experience in mycology or microbiology) mv BOTANY ; 
and an ASSISTANT LECTURER (with an honours degree) IN PHYSICS- 
The Secretary, Bedford College (University of London), Regent’s 
Park, London, N.W.1 (February 28) 

CHAIR OF STATISTICS WITHIN THE DEPARTMENT OF PURE MATHE- 
MATICS; and a CHAIR WITHIN THE DEPARTMENT OF CHEMICAL ENG- 
abe aaa Registrar, The University, Birmingham 15 (Feb- 
ruary 

ECTURBR IN PURE MeTHEMATIOS—The Registrar, The University, 
Nottingham (February 23). 7 

LECTURER (with interests in metamorphism or structural geology) 
IN THE DEPARTMENT OF GEOLOGY—The Secretary, The University, 
Edinburgh (February 287 

LEOTURER or ASSISTANT LHOTURER (with qualifications in the field 
of mathematical analysis) IN PURE MarHEaatics—The Registrar, 
The University, Hull (February 28). $ 

LECTURERS (2) IN THE DEPARTMENT OF ORGANIC CHEMISTRY— 
The Registrar, The University, Liverpool (February 28). 

LECTURER or ASSISTANT LECTURER IN APPLIED MATHEMATICS— 
The Secretary, The University, Exeter (March 1). 

LECTURER IN THE DEPARTMENT OF PHYSIOS; and an ASSISTANT 
IN Puysics—Joint Clerk to the University Court, Queen’s College, 
Dundee (March 20). 

IMPERIAL CHEMICAL IDDUSTRIES RESEARCH FELLOWS IX BIOOHEM- 
ISTRY, CHEMISTRY, CHUMOTHERAPY, ENGINEERING, METALLURGY, 
PHARMACOLOGY, PHYSIG, and subjects allied to CHEMISTEY OR 
Puysics—The Academic Registrar, University of London, Senate 
House, London, W.C.1 (April 80). 

TURNER AND NEWALL RESEARCH FELLOW IN ENGINEERING, IN- 
ORGANIO CHEMISTRY, PEYsics, or an allied subject—The Academic 
ree University of London, Senate House, London, W.C1 
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ANALYST (with at least H.N.C in chemistry) IN THE INORGANIC 
SECTION OF THE ANALYTICAL DEPARTMENT, for work which includes 
the complete analysis of coal ashes, slags, boiler deposits and minerals 
-The Assistant Secretary, Ref. D.1, British Coal Utilization Research 
Association, Randalls Road, Leatherhead, Surrey. 

Assistant (analytical chemist with several years experience in 
analytical work) IN THE CLINICAL BIOCHEMISTRY DEPARTMENT— 
The Director of Pathology, Queen Elizabeth Hospital-for Children, 
Hackney Road, London, 8.2. 

ASSISTANT, Grade B (with suitable academic qualifcations), IN 
MATHEMATICS to teach up to final degree standard—The Principal, 
West Ham College of Technology, Romford Road, Stratford, London, 


BIOOHEMIST or CHEMIST, Scientific Officer or Senior Scientific Officer 
grade (preferably with previous experience in protein chemistry or with 
isotopic tracers), to study the protein and protein-like substances of 
leaves, with a view to a more detailed characterization and elucidation 
of metabolic relationships—The Secretary, Rowett Research Institute, 
- Bucksburn, Aberdeenshire. 

CHAIR OF ENGINEERING MATHEMATIOS IN THE DEPARTMENT OF 
MaTHEMATICS—The Professor of Mathematics, Queen’s University, 
Kingston, Ontario, Canada. i 

COMPUTER feed under 40, with a degree in mathematics) In TEB 
LANDS AND SURVEY DEPARTMENT, Government of Tanganyika, for 
the computation of surveys of a geodetic, astronomical or cadastral 
nature, and the keeping of records—The Director of Recruitment, 
Colonial Office, London, §.W.1, quoting BCD.107/8/06. 

Curator (Ph.D. or equivalent, with specialized training in 
palzontology) oF GEOLOGY. for duties which include the classification 
and organization of university collections of fossils, rocks and minerals ; 
with an additional light teaching load and responsibility to carry out 
research work—The Chairman, Department of Geology, Hamilton 
College, McMaster University, Ham‘ lton, Ontario, Canada. 

LABORATORY ASSISTANT (preferably with a pass in any biological 
“subject at advanced level of the general certificate of education) 

IN’ THE BIOLOGY LABORATORY—The Principal, Kingston Technical 
College, Fassett Road, Kingston-on-Thames. 

MATHEMATICIANS, AMRODYNAMIOISTS and AERO-ENGINEERS (with, 
or obtaining, a first- or senond-class honours degree in mathematics 
or engineering, or e uivalent qualifications) at a Ministry of Supply 
Experimental Establishment, for duties which include research and 
investigations into problems of aircraft performance, stability and 
control; application of mathematical techniques to problems relating 
to aerodynamics, structure, navigation, armament, etc. ; and assess- 
ment In connexion with performance estimation of new types of air- 
craft—The Ministry of Labour and National Service, Technical and 
peaeite Register (K), 26. King Street, London, 8.W.1, quoting 


_ PALMONTOLOGIST (with a first- or good second-class honours degree 
in geology, and at least two years postgraduate work in palæontology) 
IN THE GEOLOGICAL SURVEY DEPARTMENT, Government of Cyprus, 
to identify fossils and micro-fauna in order to determine the age of 
sedimentary formations, and to assist in the mapping of fossiliferous 
horizons—The Director of Recruitment, Colonial Office, London, 
8.W.1, quoting BCD.106/17/03. 

Pxysio1st to be concerned with dosimetry and physical investiga- 
tions arising in therapy with X-rays and radioactive sources—The 
Secretary, Institute of Cancer Research, Royal Cancer Hospital, 

am Road, London, 8.W.3. 

PROFESSOR AND HEAD OF THE DEPARTMENT OF CHEMICAL ENGINEER- 
ING—Dean H. ©. Gunning, Faculty of Applied Science, University of 
British Columbia, Vancouver 8, B.C., Canada. 

SENIOR LABORATORY STEWARD IN THE CHEMISTRY AND BIOLOGY 
Peet the Registrar, College of Technology, Park Road, 

ortsmouth, i 

SENIOR LECTURER (with a university degree in engineering or 
physics, and preferably with appropriate industrial or research ex- 
perience) IN REFRIGERATION, at the National College for Heating, 
Ventilating, Refrigeration and Fan Engineering—The Clerk to the 
Governors, Borough Polytechnic, Borough Road, London, S E.1. 

SENIOR LECTURER (with research experience and preferably industrial 
experience) TO TEACH ORGANIC CHEMISTRY to the standard of the B.Sc. 
(Special) Chemistry and A-R.I.C.—The Principal, Technical College, 
Queen Street South, Huddarsfleld. ‘ 

Stary COMPUTER (with an honours degree in mathematics) IN THE 
LANDS AND SURVEY DEPARTMENT, Government of Uganda, for the 
computing of all es of survey; assisting in training of junior 
staff; and to take charge of the Computing Office in the absence of 
the Senior Staff Computer—The Director of Recruitment, Colonial 
Office, London, 8.W.1, quoting BCD.107/9/01. 

THCHNIOAL ABSTRACTOR (with an interest in technical library and 
information work, and preferably with a degree in chemistry, and 
experience ın the preparation of informative abstracts and literature 
surveys) IN THE INTELLIGENCE SECTION—The Intelligence Officer, 
Coal Tar Research Association, Oxford Road, Gomersal, near Leeds. 

Vion PRINCIPAL (with good academic and administrative ability) 
to take responsibility, under the Principal, for the administration o 
the College, and will have a particular interest in the large building 
programme now commencing—The Principal, Technical College, 
Queen Street South, Huddersfteld. 
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TECHNICAL CHANGE AND INDUSTRIAL RELATIONS 


HE smooth introduction and assimilation of 

technical change is of increasing importance-not 
only in Great Britain but also in many other 
countries. Upon it depends the extent to which 
Britain, for example, is able to reap the full benefit 
which the development of nuclear power can offer 
industry, and the advantages which advances in 
automation in various fields or the modernization of 
the transport system, particularly of the railways, 
make possible. This was fully recognized in the 
report on automation which was prepared and pub- 
lished last year by the Department of Scientific and 
Industrial Research. The report does not suggest 
that social resistance is likely to impede progress 
with automation: rather, the shortage of trained 


- managers, engineers and technicians is regarded as 


likely to be the decisive factor determining the rate 
of progress. 

None the less, the paonon of present know- 
ledge of the economic and social aspects of auto- 
mation, compared with our knowledge of the tech- 
nica] possibilities, is strongly emphasized in the 
report; and with the emphasis on the importance of 
education at all levels and the hint that a major 
re-appraisal of university and vocational training in 
Britain may be necessary, some concrete suggestions 
are made for further research on the social and 
economic aspects of technical change. The economic 
and social research programmes sponsored by the 
Department of Scientific and Industrial Research, in 
fact, already include some general research into 
technical innovation, which, while not dealing 
specifically with automation, is designed to increase 
our knowledge of the factors governing the rate of- 
technical innovation. One such study, of the relations 
between technical change and the social structure of 
large steel-works, was undertaken by the Department 
of Social Science of the University of Liverpool with 
the aid of grants both from the Department of 
Scientific and Industriel Research and the European 
Productivity Agency of the Organization for European 
Economic Co-operation. 

The results of this study, by a team under the leader- 
ship of Dr. W. H. Scott, with Mr. J. A. Banks, Dr. 
A. H. Halsey and Mr. T. Lupton as senior members, 
have now been published under the title “Technical 
Change and Industrial Relations’*. Its aim was to 
clarify the factors which influence attitudes to tech- 
nical change in industry by exploring systematically 
the relations between technical organization and 
social structure. It was hoped to throw light on the 
factors which promote or impede technical change 
by assessing how a particular structure influences 
attitudes to a possible or impending change, and, once 
a major change has been effected, by ascertaining 


* Technical Change and Industrial Relations: a Study of the 
Relations between Technical Change and the Social Structure of a 
Large Steel Works. By W. H. Scott, J. A. Banks, A. H. Halsey and 
T. Lupton, (Social Research Series.) "Pp. x+832. ‘Liverpool : Liver- 
pool University Press, 1956.) 17s. 6d. net. 


the consequent chenges in structure and whether those 

in turn had modiced attitudes to change. For this - 
purpose the more important aspects of the social ' 
system of the plant and its associated trade unions 
as a whole were siudied with particular reference to 
the influence of technical organization and change 
on social structurs. 

The outcome of this study is presented with the 
lucidity and restraint that mark Dr. Scott’s other 
books, and like those earlier studies it is concerned. 
not only to promote fundamental knowledge but also 
to make a practical contribution to the solution of 
current practical problems. Quite apart from the 
topicality of its general conclusions, much of it is of 
particular interest to the industrial scientist and to 
the manager, as well as to all concerned with technical 
education and especially with training for manage- 
ment. The book slso throws light on the problem of 
authority in industry which Sir Frederic Hooper 
discussed last year, and the qualities which are 
demanded of management at its various levels. 

Reviewing the historical background and the 
present organization of the firm and the major phases 
of development, as distinct from the minor technical 
innovations which in a modern industrial enterprise 
can be an almost daily occurrence, the study brings 
out the way in which the increase in scale and 
differentiation hae posed two main problems: that 
of increasing the number of workers and that of 
finding, or traininz, people with new types of skill. 
Generally, the former problem has been -solved by 
the growth of a beal community and extension of 
the area of recruitment ; but there was some evidence 
that tradition infiuenced the adaptation of recruit- 
ment policy to changing occupational needs. Tech- 
nical change and expansion, however, tend to reduce 
the relative effect of kinship in both recruitment and 
integration, and tc enhance the importance of formal 
qualifications. 

Next, the impact of technical change on manage- 
ment is described. Here the study shows how the 
necessity of appoirting more managers with technical 
qualifications, mary of whom have had to be recruited 
from outside, has made the occupational structure of 
the management Ipss- homogeneous, and its informal 
structure is probably now more complex and differ- 
entiated. The point of most general interest which 
is brought out in this chapter is the increase in the 
proportion of botk junior and senior managers with 
technical and professional qualifications which has 
resulted from the technical changes examined. No 
great amount of attention appears to have been 
given by this particular firm to the problem of 
ensuring a supply of trained managers, and while 
there has been aa increase in the recruitment of 
graduates, ideally a combination of experience and 
specialized knowledge was desired. 

The recruitment of graduates to a firm which has 
previously employed very few involves some diff- 
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culties, and clearly much more attention must be 
given to the training of such recruits—and indeed of 
all recruits—as industry now increasingly recognizes. 
Closer co-operation with the universities and with 
the technical colleges might well prove of great value 
here, and the study emphasizes in particular the value 
of a long-term policy and scheme for management 
recruitment and training, which in this firm has been 
handled on a rather ad hoc basis. This is perhaps 
more & consequence of the growing complexity of 
management problems to-day than a direct result of 
technical change. Technical change, however, has 
also tended to break up into separate compartments 
the informal structure of management, and certain 
cleavages between sub-groups, based on differences 
of function or personal background, were observed 
which could retard the assimilation and full exploita- 
tion of technical changes if effective integration of 
the structure was not maimtained. 

This appears to point to the value of the pro- 
fessional study of administration and of such courses 
as those which the Administrative Staff College can 
offer. The importance of education is again brought 
out in the analysis of the trade unions and of manage- 
ment~tnion relations. In the first place, this in- 
dicated the importance of the formal structure and the 
traditional values from which that structure is largely 
derived, and which are shared by management and 
the unions in the industry. In general, the formal 
structure and its traditional supports have proved 
adequate to limit potential conflicts arismg from 
changes in the plant, so far as the process workers’ 
unions are concerned. A major change, involving 
the re-allocation of many employees to radically 
different jobs, sometimes with loss of earnings and 
status, was accomplished without any breakdown of 
management—union relations. 

With the craftsmen, however, difficulties arose in 
the absence of an effective formal structure. In the 
view of the craftsmen, an important change in 
occupational structure, involving a considerable 
increase in the size and power of the craft group, was 
not accompanied by an appropriate adjustment in 
thew rewards. There appears to have been the same 
history of stable and mutually satisfactory relations, 
characterized by a wide measure of agreement and a 
willingness to compromise; nor was the right of 
management to make technical changes challenged. 
Indeed, the craftsmen appear to have an even more 
positive attitude to technical change and achieve- 
ment than the process workers. There is no evidence 
that the changes were made any less tactfully, or 
that any less care was observed in consulting the 
unions. The difference brings out the dependence of 
union policies and attitudes and of management— 
union relations upon the attitudes of the employees 
who constitute the membership of the unions. 

Those attitudes clearly will be influenced by the 
past relations between the unions and management, 
and by the extent to which integration of the internal 
shop-steward system into the formal structure has 
been secured. While, however, the craftsmen are 
probably in less danger of redundancy, which the 
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study showed to be the most outstanding consequence 
of technical change liable to cause resistance to 
change ın the minds of employees, they believe that 
their conditions of employment are less favourable 
than those of process workers, and not in keeping 
with the increased importance attached to main- 
tenance work with the advent of more complex 
machinery under technical change and development. 
There is, as the study points out, a certain contra- 
diction in the wishes of the craftsmen. Their desire 
to preserve their traditional craft allegiance and 
status is not entirely consistent with the closer 
association with the industry, 1ts practices and norms 
which marks the process workers. None the less, 
unless the craftsmen’s grievances are solved and 
external and internal negotiating procedure is satis- 
factorily integrated, technical change may be im- 
peded, since its success is likely to depend increasingly 
upon the co-operation and efficiency of the craftsmen. 

While, however, the study in general reveals little | 
evidence of the existence of resistance to technical 
change which cannot be overcome by wise policy 
and good management, at least at this point it 
indicates that there are some practices in the unions 
which will require reconsideration and modification 
if progress is not to be impeded. The whole respons- 
ibility does not lie with management and, without 
enlarging on them, the study shows that restrictive 
and obsolete practices persist which are inconsistent 
with the conditions of to-day and which it is the 
responsibility of the unions to modify. 

The report points to some particular problems 
which require further attention by the firm in 
question ; but its interest is far from being limited 
to the demonstration that an adequate formal 
structure of management, supported by traditional 
values favourable to the maintenance of co-operation, 
can effectively limit the conflicts and problems arising 
from technical change. Without attempting to pre- 
scribe industrial policy, it emphasizes some of the 
principles which should guide an effective approach’ 
to the solution of the industrial problems which 
technical change in general presents. Given a favour- 
able milieu of manegement—union relations, the 
problems common to most technical changes are not 
insoluble. Mostly they arise from the changes in 
occupational structure which technical development 
necessitates, involving not simply a decrease or 
increase in the number of jobs available, but also 
alterations in the proportions of employees of 
different levels and types’ of skill required. 

None the less, the study affords definite evidence 
that most employees are more adaptable than is 
often assumed. More important, it emphasizes the 
necessity of agreed principles governing transfers and 
of adequate provision for those not re-absorbed. 
This, m turn, implies prior and effective consultation 
between management and union representatives ; 
and incidentally it is suggested that transitional 
measures to provide for those who cannot at once 
be found alternative employment should be a joint 
responsibility of industry and the community, since 
both should gain from technical advance. 
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Here, the study is m line with much that has 
already been emphasized in discussions on auto- 
mation, and in one of its rare specific references to 
automation the report suggests that the financial 
measures of the National Insurance Acts catering for 
employment in general may have to be reconsidered 
if developments in automation accelerate redundancy. 
In particular, more attention must be given to the 
effective utilization of older employees. This group 
is likely to suffer most heavily from technical change, 


_ and its satisfactory re-employment is all the more 


z 


‘ important in view of the rising proportion of older 


persons in the population. Foresight and long-term 
planning can clearly ease the problems of re-allocation 
of employees, particularly as developments following 
a technical change may create more jobs. The study 
lends as emphatic support to the comments of the 
Department of Scientific and Industrial Research’s 
report on automation as it does to those who are 
urging the importance of technical education to 
increase the adaptability and flexibility of the tech- 
nician and craftsman. 

There are other problems, too, of longer-term aud 
general interest. If the immediate problems arising 
in the re-allocation of a labour force are settled 
satisfactorily, problems of re-training may well 
remain; and as Mr. J. Wellens emphasized in his 
recent book, “Education and Training in Industry”, 
industry must give increasing attention to trainmg 
within industry. Moreover, as Lord Mills, the new 
Minister of Power, points out in his foreword to 
that book, such training is an important function of 
management, and education in technological matters 
has become an essential qualification for industrial 
management, Weneed many more administrators and 
managers with engineering and scientific backgrounds. 

This is further emphasized ın Dr. Scott’s study, which 
points out that adjustment to a new job is not only 
a question of trainmg ; it also represents the reaction 
of the individual to new conditions in their entirety, 
and these he interprets in terms of his expectations 
and his past experience. The effective adjustment of 
a labour force to a new process, on which the success- 
ful assimilation of a technical change depends, thus 
requires an intimate understanding, on the part of 
the leaders concerned, of the factors involved in the 
pre- and post-change situations. 

Technical change thus not only tends to increase 
the demand for technicians and craftsmen, and for 
adequate means of technical education to meet that 
demand ; it also increases the demand for managers 
imaginatively alive to the human and social issues 
involved, as well as competent to evaluate the tech- 
nical factors. There is indeed welcome emphasis 
here on the need for giving adequate attention to the 
provision of facilities for training craftsmen and tech- 
nicians, including opportunities for part-time study, 
which the Government’s present proposals for the 
expansion of higher technological education largely 
ignore. Provision of real opportunities for promotion 
from the ranks can make some contribution to easing 
the problems of recruitment as well as meeting the 
existing shortage of technicians and technologists. 
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The study does rot, however, merely emphasize the 
need for more attention to the problem of securing 
an increased supply of technologists and competent 
managers and administrators. It points to the 
importance of the question of general education 
which is now being so widely discussed. At least by 
implication, it supports the soundness of Sir Alex- 
ander Fleck’s contention in his Robert Boyle Lecture 
at Oxford last March, that the scientist entering 
business should bring with him at least some con- 
ception of the histcrical development of industry. It 
may be recalled thet in his proposals for the develop- 
ment of the Manchester College of Science and Tech- 
nology, Dr. B. V. Bowden has since stressed the 
value of a study o? the history of science, and more 
particularly the history of technology, and expressed 
the view that courses based on the history of tech- 
nology might take m the College the role traditionally 
cast for the humanities. 

There is evidence in this study of technical change 
that such courses might well make the graduate who 
enters industry better fitted to deal with the problems 
attending technical change, and to appreciate the 
problems which menagement—union relations present 
to-day—the problem which Mary Follett discussed 
in “Dynamic Administration”, which Elton Mayo 
described as the law of the situation and which Sir 
Frederic Hooper has discussed under the title of 
‘authority’. While Dr. Scott’s study reinforces all that 
has been said as to the importance of increasing our 
supply of technolcgists and scientists and trained 
managers to enable Britain to hold her place in the 
world to-day, and ro less of maintaining an adequate 
supply of craftsmen and technicians, adaptable as 
well as competent, above all it emphasizes the 
importance of quatity. From whatever source the 
manager is drawn, he must be, as Su Hugh Beaver 
has said, a citizen, capable not merely of assessing 
the technical and business factors of the enterprise 
for which he is responsible, but: also of judging 
aright the needs ard minds of the staff he controls 
and winnmg their whole-hearted co-operation. The 
universities and the colleges of technology have no 
greater responsibility than that of turning out men 
competent to face fhe technical and scientific issues, 
and also able to handle imaginatively and decisively 
the human and moral issues on which ultimately the 
smooth execution of technical change depends. 


EARLY AM=RICAN SCIENTISTS 


The Pursuit of Science in Revolutionary America, 
1735-1789 ` 

By Prof. Brooke Hindle. Pp. xi+410. (Chapel Hill, 

N.C.: University of North Carolina Press ; London : 

Oxford Universtty Press, 1956. Published for the 

Institute of Early American History and Culture, 

Williamsburg, Virginia.) 60s. net. 


N the period of this volume (1735-89)—and long 
after—the United States formed an outer pert-' 
phery of European culture. They received far more 
than they gave, pariicipated remotely (if not always 
humbly) in the scientific excitements of the age, and 
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were praised not so much for the importance of their 
scientific attainments as for their precocity. Franklin 
was the only American scientist of the Colonial period 
of international stature. Yet even Franklin’s fame 
was in part romantic, and in middle life he was 
almost more European, physically and intellectually, 
than American. He stood above the petty endeavours 
and local squabbles of colonial practitioners and 
enthusiasts with only one possible rival, John Win- 
throp, of Harvard, who had a solid reputation in 
Europe as an astronomer. 

Means and money for building reputations were 


generally lacking, though interest in science was not. | 


When one thinks-of the weight of scientific corre- 
spondence that traversed the Atlantic, of the election 
of American members to the European scientific 
academies, and of the success of the colonists in the 
revolutionary war, it is difficult to recall the narrow- 
ness of life even on the eastern seaboard. The 
colonists made no steel, nor gunpowder; they had 
no skilled glassworkers ; even. the type for their books 
and newspapers was imported. Many attempts by 
the British Government and colonial ‘improvers’ to 
establish new industries, such: as sericulture, or to 
introduce the English: agricultural improvements, 
proved abortive. European scientific books and 
journals were not readily available (though extracts 
were printed in the newspapers) and the main concern 
of the colonial colleges was the training of teachers 
and ministers of religion. Practically all scientific 
apparatus had to be bought in London. There was 
no public astronomical observatory; no mental 
hospital in the whole of north America before 1773. 
New York city still lacked a hospital of any sort at 
the end of the war. Not surprisingly, the best 
American physicians had been trained in Edinburgh. 

Prof. Brooke Hindle has written an able account 
of American scientific activity in this formative time, 


when the will to independence grew triumphant and . 


even scientific assemblies were divided by religious 
and political tensions, As he shows, scientific 
enthusiasm was tinged with patriotic ardour. ““When 
I review the history of the world, and look on the 
progress of Knowledge, Freedom, Arts, and Scienco”, 
wrote William Smith, “I cannot but be strongly per- 
suaded that Heaven has yet glorious purposes to 
serve thro’ America” (pp. 116-7). More truculently, 
Ezra Stiles, of Rhode Island, projected an ‘American 
Anti-European Academy of Sciences’ (p. 120). 
Inevitably, too, in public discussion emphasis was 
laid on the utility of science, though small fruits in 
fact resulted from its encouragement. But if America 
had little to offer in the way of conspicuous scientific 
achievement, other than Franklin’s, the colonists 
had (the author emphasizes) an advantage denied to 
Europeans: they lived in @ new continent. Their 
efforts in collecting new species and natural curiosities 
were not despised in Europe, though most of the 
systematic work was done there. Nor was the 
coloniel share in observing the second transit of 
Venus in 1769 negligible, though again more enthu- 
siasm than scientific exactitude was exhibited. 

What emerges most positively from this book is 
the wide ramification of American scientific interest. 
Admittedly, this was often superficial—Brooke Hindle 
seems to have traced for his period almost every 
plant-hunter, every telescope, every newspaper para- 
graph having a scientific favour. A good deal of his 
book is not far from the parish pump. Nevertheless, 
the size of the American Philosophical Society in 
1769, the sums of money raised to aid the observa- 
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tions of Venus, the output of books and pamphlets, 
and the range of scientific correspondence from 
Georgia to New England are evidence of a wide 
scientific hinterland. In colonial America one can 


1 
l 


seo how middle-class. men, but moderately educated / 
and distant from the main centres of activity, ; 


absorbed science and reacted to it. In Britain and ' 


Europe there were many more such amateurs, but ’ 


they did not dominate the scientific scene, for they , 
were overshadowed by the grandees of birth or 
achievement. In America & certain aspect of the ; 
growth of science, in the West is perhaps more clearly 
apparent than elsewhere. i 
A good deal has been written on science in colonial 
America. In a comprehensive survey Brooke Hindle 
has used this well, with much study of original 


. materials ; “indeed, to one English reader his book 


seems rather too long. Is it really essential to know 
how a screw, fitted to the Library Company’s tele- 
scope, was paid for (p. 153) ? Detail tends to obscure 
the most important features of the narrative, while 
the achievements of the leading figures tend to blend 
in with the careers of the third-rate and insignificant. 
Perhaps this is one result of an emphasis on persons 
and organization ; another is a paucity of discussion 
of scientific ideas. If the complete absénce of the 
names of Voltaire and Diderot (and one incidental 
reference to Hume) may be passed over, the neglect 
of Black and Descartes, for example, and the brevity 
of allusion to Cavendish, Lavoisier and others, seem 
surprising. Once it is realized, however, that this 
book deals with the scientists rather than the science 
of revolutionary America, its virtue of completeness 
is outstanding. It gives a full and usually interesting 
picture of the men who laid the foundations of 
American science, in the society which furnished 
their setting. A. R, HALL 
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THE EARTH AS A PLANET 


The Earth as a Planet 
Edited by Gerard P. Kuiper. 
Vol. 2.) Pp. xvii+751. 
Chicago Press; London: 
Press, 1954.) 94s. net. 


HIS is the second of four volumes planned to 
provide scientists in general with a reliable out- 
line of all the available information—and a guide to. 
its sources—concerning the solar system. The study 
of the Earth, even in its more planetary aspects, calls 
for the co-operation of scientists of almost every 
kind, and the editor is to be congratulated on his 
team of sixteen authors, each of whom has made 
substantial contributions to the subject he has been 
selected to expound. The wide range of subjects 
discussed in this weighty volume is indicated. by the 
following summary of the contents. The number of 
pages in each section is added in brackets. 
‘Dimensions and Rotation”, H. Spencer Jones 
(41); “Dynamics of the Earth-Moon System”, 
Harold Jeffreys (15); “Interior of the Earth”, 
Edward Bullard (81); “Development and Structure 
of the Crust”, J. Tuzo Wilson (79) ; ““Oceanography’’, 
H. U. Sverdrup (43); “Geochemistry of the Crust”, 
Brian Mason (41); “Atmosphere up to 30 km.”, 
H. R. Byers (72); “Biochemistry of the Atmo- 
sphere”, G. E. Hutchinson (63); “Absorption 
Spectrum of the Atmosphere”, Leo Goldberg (57) ; 
“Density, Pressure and Temperature Data above 


(The Soler System— 
(Chicago: University of 
Cambridge University 


, 
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30 km:”, Fred L. Whipple (23) ;, “Emission Spectra 
of Twilight, Night Sky and Aurore”, J. W. Chamber- 
lain and A. B. Meinel (62); “Physics of the Upper 
Atmosphere”, D. R. Bates (68); “Dynamic Effects 
in the High Atmosphere”, M. Nicolet (69); “The 
Earth as seen from outside the Atmosphere”, Clyde 
T. Holhday (13) ;. “Albedo, Colour and Polarization 
of the Earth”,-Andre Danjon (13); subject index 


į 
\ (11); index of definitions (2). f 
> A comparable team of reviewers would ideally be 


required to comment adequately on the vast array - 


} 
\ of data and interpretation here assembled. As it 15, 


~“ this particular reviewer can do scant justice to the 
“contributions devoted to the atmosphere and its 
problems. <A division into two sub-volumes could 
. easily have been achieved, with obvious advantages 
to individual purchasers. The volume is beautifully 
produced and illustrated, but many of its users will 
feel that it is much too heavy to be read with comfort. 
Much of the first half of the book will be of per- 
manent value to geologists, more especially because 
recent and current geophysical discoveries are so 
surprising that they will inevitably lead to a drastic 
revision of former interpretations of the Earth’s 
structure and behaviour. Bullard’s chapter on the 
Earth’s interior is particularly noteworthy in this 
respect. He remarks that “the earth is the only 
planet for which we have gravity or magnetic surveys 
or seismological observations or measurements of 
bodily tides or of heat flow’’, and proceeds to describo 
and discuss these fascinating topics with admirable 
clarity. Wilson then boldly tackles a formidable 
group of crustal problems on a world-wide scale, and 
with a remarkable originality of outlook. His chapter 


is a valiant attempt to synthesize megatectonics. It 


is notable for two leading suggestions: one, based 
on rates of erosion, deposition and vulcanism, that 
continents are growing at the expense of ocean basins ; 
the othér, based on the distribution and dating of 
orogenic belts, that the continents may have been 
growing more or less continuously during geological 
time. Judging by published reactions these far- 
reaching concepts appear to have gained more 
adherents than opponents; however, the next few 
years will probably see a more vigorous outburst of 
criticism, as some parts of the complex of hypotheses 
are admittedly vulnerable. Wilson himself warns the 
reader that the present is a time of changing ideas, 
and stresses the primary importance of the descriptive 
.data. Whatever the outcome, this fresh and invigor- 
ating attack on old problems is greatly to be 
welcomed. 3 

Geochemistry is treated with masterly precision 
by Mason, who discusses each stage in the geo- 
chemical cycle and also gives a brief but well- 
balanced account of current views on the Earth’s 
origin and initial differentiation ; and by Hutchinson, 
who is concerned particularly with life and the 
atmosphere, and such problems as photosynthesis, 
the carbon dioxide balance sheet and the nature of 
the atmosphere in Precambrian times. The rapid 
growth of oceanography has provided Sverdrup with 
much new data since his previous survey of the 
subject and his re-assessments of ocean current 
systems and -heat circulation are especially valuable. 
Byers’s general account of the atmosphere below the 
stratopause is probably unsurpassed as an intro- 
duction to a part of our planet about which fer too 
little of what is already known has yet been realized 
by the non-meteorologist—to say nothing of the 
superstitions about rain and drought which still, like 
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astrology, continue to excite the popular imagination. 
A series of eight lorg-range radar pictures illustrating 
the development af a hurncane over Flonda, and 
showing æ clear circular ‘eye’ surrounded by bands 
of rain-cloud. echoes which move spirally inwards, is 
æ most spectacular demonstration of the” dynamic 
nature of a cyclone. Another impressive set of 
pictures is a magnificent series of rocket photo- 
graphs (ın the chapter by Holliday) which show the 
Earth’s surface and cloud formations over areas of 
more than a million square miles. Other aspects of 
rocket research and. the results achieved are reviewed 
by Whipple. The remaining chapters are mainly 
concerned with the physics, chemistry and dyndmics 
of the upper atmosphere, and although Bates tells us 
frankly that “few of the problems can be regarded 
as satisfactorily solved”, the wonder is that so much 
has already been achieved in the days before the first 
artificial satellites. Nn e . 

The geologist wil probably look for information 
that may have a bearmg on past and present glacia- 
tions, and careful search will certainly prove reward- 


-ing, though he may be disappointed in not finding 


any systematic treatment of this and other topics 
concerned. with tha behaviour of the Earth over 
long periods of time. But it is easy to ask for more, 
and in two sub-volumes more might have been 
practicable. However, two more volumes—on the 
planets and satellites—are still to come, and it is 
understood that the origin of the solar system is to 
be discussed in Vol. 4. The completion of this 
magnificent work is eagerly awaited, and meanwhile 
Prof. Kuiper and his contributors have already 
earned our warmest thanks and congratulations. 
ARTHUR HOLMES 


AN INTRODUCTION TO ANIMAL 
NAVIGATION 


Animal Navigation 

How Animals Find Their Way About. By Dr. J. D. 
Carthy. Pp. 152+18 plates. (London: George 
Allen and Unwin, Lèd., 1956.) 18s. net. » 


HE post-war years have seen much progress in 
several aspects of specialized animal behaviour 
studies in relation +o orientation mechanisms and 
direction finding. A large proportion of this work 
has been limited to s few insects and birds, but in all 
æ wide range of animal groups has been studied 
including bees, butterflies, locusts, fish, birds and 
mammals, The published material is consequently 
scattered in many different scientific periodicals and 
books and for this reason the non-specialist has 
found it difficult to Eeep abreast with the advance of 
knowledge. For some time there has been a need 
for a review or digest of the subject in terms readily 
understandable to the general biologist and layman `’ 
and Dr. J. D. Carthy’s book admirably fills this gap. 
Dr. Carthy’s view is a broad one; he opens with 
@ chapter which puss his subject in perspective by 
relating navigation to the needs of man and animals. 
Succeeding chapters range from accounts on chemical 
sensitivity such as trail-finding, with special reference 
to Dr. Carthy’s own work on ants; the fascinating 
experimental work cn the homing of solitary wasps 
and direction findiag and communication in the 
honey-bee ; tho navigation of birds and the migra- 
tions of butterflies, locusts, fish and mammals. 
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Although there is a great deal of literature on the 
subject of migration, Dr. Carthy only outlines the 
main features for each animal group mentioned and 
rightly discusses in some detail the recent experi- 
mental work carried out on the mechanism of navi- 
gation. This work centres largely on the importance 
of the Sun’s position for direction finding and the 
inereasmg evidence of the receptiveness of the 
arthropod eye to polarized sunlight. Full credit is 
given to the remarkable work of von Frisch on the 
honey-bee and to Kramer and Matthews on birds. 

In his final chapter Dr. Carthy stresses that there 
18 no evidence that we need look further than the 
normal five senses for the mechanism of orientation 
and navigation in anmmals, but that one or more of 
these may be developed to a degree of sensitivity far 
beyond that found in man. The book ıs well udlus- 
trated with diagrams and photographs and the text 
presented in a lucid style which conveys Dr. Carthy’s 
own. enthusiasm for the subject. There is an index 
but the only reference to literature on the subject is 
a mention of four major works for further reading. 


It probably would have been helpful if some reference , 


to the relevant literature had been made at the end 
of each chapter. Eric Durrey 


THE WORLD OF PLANKTON 


The Open Sea—Its Natural History 

The World of Plankton. By Prof. Alister C. Hardy. 
(The New Naturalist: a Survey of British Natural 
History.) Pp. xv +335 +48 plates. (London: William 
Collins, Sons and Co., Ltd., 1956.) 30s. net. 


ONSIDERING the abundance of recent books 

on the seashore, it is surprising that so little has 

been written on the marvellous world of drifting life 

that lies beyond. The gap has now been filled by 

Prof. A. C. Hardy, Linacre professor of zoology in 

the University of Oxford, in one of the most attractive 
of the New Naturalist series. 

To the plankton worker, nothing can be more 
fascinating than to examine a haul of living plankton 
with its myriad forms each busily moving on its own 
concerns. This fascination the author has tried to 
convey to the layman also, and if the reader will 
follow the simple directions in this book he will open 
up for himself a new world and will have here a 
reliable and most readable guide. For the student 
also it can be thoroughly recommended. Although 
not a text-book ım the conventional sense, it is one 
of the best kinds of book to put into the hands of 
any student of marme biology ; it gives him a wide 
view of a great subject yet shows him how much 
there is still to discover. 

Plankton contains representatives of almost every 
animal phylum, some of them spending the whole of 
their lives in rt, others only a short time as larve. 
Its distribution is world-wide and ranges from the 
surface to the ocean depths ; it thus inhabits a great 
variety of environments. The study of plankton is 
bound up with study of water movements, with 
other sciences such as hydrography and biochemistry, 
and raises questions of ecology, adaptation and 
evolution which have not yet been answered. It 
touches economics too, for on the plankton depend 
the fisheries—the pelagic fishemes directly, the 
demersal indirectly. About all this the author has 
written with an enthusiasm which communicates 
itself to the reader on every page. 
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The book opens with an account of the water 
movements around the British Isles and, after 
chapters on the phytoplankton and its seasonal. 
variation, desembes the different forms of zoo- 
plankton. It includes details of the anatomy, habits 
and life-history of the common or important plank- 
tonic animals. In a chapter on pelagic larvæ many , 
forms are described, together with their complicated 
metamorphoses, and there is a discussion of Gar- 
stang’s theory of evolution by pzdomorphosis, 
enlivened by some of Garstang’s verse. 

The account of the vertical migrations of zoo- 
plankton, a subject on which the author has himself 
done much work, summarizes the evidence and puts ' 
forward some interesting hypotheses, but still has to 
leave the cause as the major planktonic puzzle. There 
are chapters on life in deep water, and on light 
production by planktonic organisms. The cephalopods 
have a chapter to themselves, and the book concludes 
with a chapter on plankton and the fisheries. This 
may serve as an introduction to the second volume 
of “The Open Sea’? which, we are promised, will 
appear shortly. 

The author has cast his net widely, and when it 
makes his story more complete does not hesitate to 
include observations on creatures not usually found 
in British waters or even strictly planktonic. He has 
worked on plankton throughout his scientific career 
and his recollections of life on both the old and the 
new R.R.S. Discovery have enriched many pages of 
this book. He has also been responsible for, or closely 
associated with, so many of the recent developments 
in plankton work—plankton indicators and recorders, 
the plankton-herrmg programme, and vertical 
migration studies, to mention only a few—that his 
account has a vividness which 1t could not otherwise 
have. . 

Theswriting 1s simple and direct, enlivened by 
happy metaphors (the planktonic larva as a ‘per- 
ambulator’ for the developing adult is one instance) 
and by reminiscences of his voyages in many oceans. 
The book is well illustrated, mainly by the author’s 
lne drawings and charming watercolours and by 
Dr. D. P. Wilson’s outstanding photographs. 

When a reprinting is called for (and the book will 
certamly be popular), the opportunity should be 
taken to correct the numerous misprints. 

Sema M. MARSHALL 


MARRIAGE IN PRIMITIVE SOCIETY 


Mariage et Equilibre Social dans les Sociétés 
Primitives 

By Pierre Métais. (Université de Paris. Travaux et 

Mémoires de l'Institut d’Ethnologie, Tome 59.) 

Pp. 11+546. (Paris: Institut d’Ethnologie, 1956.) 

4,000 francs; 15 dollars. 


HIS formidable work is concerned with one of 

the classic themes of anthropological theory 
the notion that marriage constitutes part of a con- 
timuing system of prestations between the kin of 
the husband and the kin of the wife. The argument 
is worked out primarily in relation to the Kamo of 
New Caledonia, and comparative generalizations are 
then applied to the Iroquois and the Arunta. The 
choice of these two particular societies gives an 
indication of the somewhat archaic nature of the 
work as @ whole. 
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“The theoretical ideas in the book are derived first 


. from Durkheim and Mauss, and secondly from Rivers 
* and Granet. 


The first half of the book, which is 
concerned exclusively with the Kamo, is based upon 
the author’s ‘own observations as well as those of 
Maurice Leenhardt. This contains numerous ethno- 
graphic facts of great interest, The other two sections 
of the book are based only on second- or third-hand 
sources. On the theoretical side, the author neglects 
completely almost everything that has been written 
since 1939. 

Marriage provides the central theme, but the 
author is also concerned with examining the relation- 
ship between the structural categories of human 
societies on one hand and the categories of 
language and the natural environment on the other. 
In recent years the most significant anthropological 
contributions to this topic are those of Radcliffe- 
Brown and Lévi-Strauss. Dr. Métais gives no 
evidenée of having read any work by Radcliffe-Brown 
published later than 1913; that of Lévi-Strauss is 
not mentioned at all. In the circumstances, a detailed 
discussion of the argument becomes superfluous. On 
the theoretical side the book is not so much wrong 
as out of date. However, the massive and careful 
assemblage of ethnographic detail and the excellent 
series of bibliographies are of real value. Those who 
find stimulus in Radeliffe-Brown’s essay, ‘The 
Sociological Study of Totemism”, published in 1929, 
will find plenty of relevant facts in Dr. Métais’s book. 
It may well be that some careful reader will be able 
to make the theoretical adyance which Dr. Métais 
himself has failed to make. E. R. LEACH 


THE CHESSER REPORT 


The Sexual, Marital and Family Relationships of the 
English Woman 

By Dr. Eustace Chesser, in collaboration with Joan 

Maizels, Dr. Leonard Jones and Brian Emmett. Pp. 

xxxvi+642. (London: Hutchinson’s Medical Pub- 

lications, 1956.) 75s. net. 


ANY of the so-called principles which form the 
basis of learning in disciplines like psychology, 
sociology and, even, education have been arrived at 
by empirical thinking, inspıred guesswork or, boo 
often, repeated utterance of what at one time may 
have appeared to be revealed truth. For this and 
other reasons this monumental survey of the 
emotional attitudes of English women towards 
marriage, the home and family life should be wel- 
comed as an impressive scientific approach to socio- 
logical problems of major importance. 

The study was undertaken with three aims in view. 
First, to discover experiences and attitudes towards 
marriage and sex relationships. Second, to relate the 
connexion between childhood and present experiences 
towards marriage and sex relationships ; and thirdly, 
to discover those factors which are associated with 
feelings of happiness and unhappiness in marriage. 
It was not meant to be simply a classificatory, fact- 
finding inquiry, but was designed to test certain 
hypotheses suggested by sociological and clinical 
findings. ` 

Touching, as they did, on the most intimate details 
of individuals’ private lives, the investigators realized 
that, with all its deficiencies, only the use of a 
questionnaire would be likely to yield information 
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approxiniating most closely to the truth. Consider- 
able care was taken in the preparation of the ques- 
tionnaire so that answers to certain sections could be 
checked and counter-checked for validity by answers 
to other sections. It is a tribute to all the six thousand 
married and singls women. taking part in the inquiry 
and to the way ix which their co-operation had been 
ensured by all tke 1,498 general practitioners from 
many parts of England that there were few dis- . 
crepancies in any of the completed questionnaires. 
With all the lim-tations of the questionnaire tech- 
nique and despite the relatively small sample of 
women who coulc not wholly be chosen at random, 
the survey can fa.rly claim to have uncovered much 
information about the private lives of English women 
which previously had been only suspected and often 
misrepresented. 

The first part ef the inquiry was concerned with 
childhood experiences and, while confirming many 
cherished beliefs, zast doubt on a number of others. 
It 1s not surprising to learn, for example, that the 
quality of parental relationships affected the child- 
hood lives‘of those taking part in the inquiry more 
profoundly than aay other factor. Nor is it surprising 
to learn that the daath of the mother, and particularly 
in infancy, had a markedly adverse effect on child- 
hood happiness. What 1s surprising is that the loss 
of a father seems to have had little effect on child- 
hood happiness. The results of the analysis are also 
interesting in that they do not appear to confirm the 
assumption that ‘only’ children necessarily have a 
happier or less happy childhood than others. Doubt 
is also cast on such a genuinely accepted belief that 
really happy children are to be found in large 
families; ın this inquiry the highest proportion of 
those who felt the-r childhood had been exceptionally 
happy was found. among married women who had 
one to three siblings. In the case of single women, 
the highest proportion with very-happy childhoods 
were ‘only’ childran. 7 

The second field of study deals with sıngle adult 
life, and the third with married life. In both, inter- 
esting and important mformation 1s revealed and 
shows that the sexzal emancipation of English women 
has proceeded much farther than had been suspected. 
This part of the book bears out many of Kinsey’s 
findings in his investigation into the sex life of 
American women. It has greater value, however, in 
being more comprehensive. In the Chesser survey, 
for example, the influence of religion as the chief 
external authority for an explicit code of moral 
behaviour with regard to sex and marriage was 
clearly recognized. and careful inquiries were made 
into parental attitzides towards religion and parental 
religious practice; early religious education and 
church attendance; and present religious observance. 
The strength of the religious influence in the early 
home lives of the informants was then related to 
certain experiences in later life and to attitudes 
towards sex and marriage. The, differing influences 
of certain denon-inational groups are not wholly 
unexpected, and may cause further questions to be 
asked about the role of autocracy in religion. 

The documentazion of the book leaves little to be 
desired, and its value is enhanced by a number of 
appendixes setting out specimen questionnaires, how 
they were distributed and analysed, and the names 
of all the doctors who collaborated in this inquiry. 
It should be of interest to all who are concerned with 
the promotion of better relationships between men, 
women and children. T. H. HAWKINS 
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History of American Technology . 

By Prof. John W. Oliver. Pp. viii+676. 
York: The Ronald Press Company, 1956.) 
dollars. 


E writing what claims to be the first comprehensive 
historical account of American technology and 
mvention, Prof. Oliver undertook a work of encyclo- 
pædie scope. It covers the whole range of American 
science and technology and their effect on the growth 
of American culture at large, and it is not surprising 
that it should be somewhat uneven in merit. On the 
whole, the first two parts are the best—those in which 
Prof. Oliver reviews “Yankee Ingenuity, from James- 
town and Plymouth to the American Revolution” 
and “Laymg the Foundation, from the American 
Revolution to the Civil War’. In the third part, in 
which he treats of the “Rise of the United States as 
a World Power, from the Civil War to 1900”, the 
difficulty of maintaining uniformity of accuracy and 
treatment in detail becomes apparent, and it is even 
more so in ‘the fourth part, on “World Leadership : 
from 1900 to the Present”. 

The blemishes, however, are minor and of detail, 
and such as should have been eliminated had Prof. 
Oliver shown his manuscript to a competent specialist. 
Any well-informed chemist would have been able to 
correct the confusion between pigments and vat 
dyestuffs, between antipyrites and antipyrin, or the 
statement about the preparation of nitric acid and 
ammonia from coal tar. Any rubber technologist 
would have helped him to get his reference to rubber 
a little tighter and more accurate, a textile tech- 
nologist could have assisted in getting his treatment 
of man-made fibres in better balance, while in his 
account of the age of plastics Prof. Oliver is again 
not very happy and might well have been helped to 
reshape misleading sentences. 

None the less, Prof. Oliver has written a notable 
and readable book. He never fails to see the wood 
for the trees, and he can depict succinctly and 
luminously the contribution of science to & par- 
ticular technology. Nor does he overlook the way in 
which science and technology are communicated ; 
some of his most valuable chapters touch on the 
growth of scientific and technical societies and means 
of publication. It is a factual account and not the 
philosophical study that Mumford .essayed on an 
even larger canvas, and for that reason it is a pity 
that the bibliographical notes to the chapters should 
vary so widely in adequacy. R. BRIGHTMAN 
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The Protozoa, Sarcodina 

By Dr. Margaret W. Jepps. Pp. vii+183. (Edin- 
burgh and London: Oliver and Boyd. Ltd., 1956.) 
30s. net. Sa 


RIOR to the publication of this book, students 
requiring information on rhizopods have had to 
refer to the comprehensive volumes of the “Traité de 
Zoologie” and Reichenow’s recent revision of Doflem’s 
“Lehrbuch der Protozoenkunde”’. Dr. Jepps’s book 
is based on a series of lectures given to senior students 
of zoology and provides a general survey suited to 
their needs. The didactic approach commonly found 
in such books is avoided and gaps in the knowledge 
of the morphology, biology and classification of 
rhizopods are indicated. The introductory chapter 
gives a brief review of protozoan morphology .and 
physiology and is followed by a detailed account of 
the class Sarcodina. As the author herself admits, 
the systematics of these organisms are not settled 
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and she adopts a classification into seven orders, 
Amobexa, Foraminifera, Heliozoa, Radiolaria, Rhizo- 
mastigina, Protomyxidie and Mycetozoa. The 
morphology and life-history of representative organ- 
isms in each order are fully described and illustrated, 
followed by a brief account of the taxonomic classi- 
fication in those orders where this has been worked 
out. Ecological aspects of each group are not 
neglected; thus a detailed account is given’ of 
parasitic species in Amebea and Mycetozoa, in- 
cluding the host—parasite relationship. Attention 
should be directed to an ambiguous footnote (p. 87) 
which states that “the originals [of the illustrations 
of Brady’s book on Foraminifera] are preserved in 
the British Museum (Natural History)’. This refers, 
of course, to the original foraminiferan shells. 

The book is supplemented by an extensive biblio- 
graphy. Reference is made to recent publications 
from which it is possible to trace the original litera- 
ture. The text is well illustrated by lme drawings, 
though it is unfortunate that the standard of repro- 
duction is uneven. Although addressed to senior 
students, it will also prove useful to those workers 
requiring a general survey of the Sarcodina. 

R. A. NEAL 


The Physics of Nuclear Reactors 

A Conference arranged by the Institute of Physics in 
London from 3 to 6 July, 1956. (British Journal of 
Applied Physics, Supplement No. 5.) Pp. 1v+112+ 
xvi. (London: Institute of Physics, 1956.) 25s. 


HE British Nuclear Energy Conference set up 
by the four professional engineering institutions 
and the Institute of Physics has undertaken the task 
of disseminating among its members information on 
the developments in the nuclear energy field. In 
pursuance of this policy, symposia on the engineering 
aspects of reactor technology have now been followed 
by the Symposium on the Physics of Nuclear Reactors 
organized by the Institute of Physics. The pro- 
ceedings of this symposium appear as a Supplement 
to the British Journal of Applied Physics. 
In the opening address, Sir John Cockcroft surveys 
the scientific problems in the development of nuclear 


power. These range from the accurate determination , 


of nuclear parameters vital for the design of reactors 
with optimum fuel utilization, to the chemical and 
metallurgical problems of material compatibility. 
J. R. Dietrich, Argonne National Laboratory, United 
States, gives a paper on the physics of advanced 
reactors containing interesting new information on 
the experimental boiling water reactor (EBWR) 
and the fast breeder reactor (ZPR. IT). Two other 
papers on reactor physics by P. W. Mummery and 
L. R. Shepherd follow; the former on experimental 
reactor physics stresses the continued importance of 
integral measurements with the present lack of 
accurate nuclear data, the latter describes the zero 
energy fast breeder reactor, Zephyr. The value of a 
reactor as a research tool in solid state physics is 
brought out by A. H. Cottrell and the contributors to 
the discussion of his paper on the irradiation effects 
on the physical properties of materials. The ancillary 
problems of reactors, such as shielding, control and 
instrumentation, are covered by papers by E. C. 
Laurence, A. J. Salmon and W. Macrae. The con- 
cluding papers are devoted to surveys of the role of 
chemistry and metallurgy in a nuclear energy project 
by R. Spence and L. Rotherham, and to discussion of 
the design of reseafch reactors opened by W. B. 
Lewis and F. W. Fenning. W. K. MANSFELD 
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THE IONOSPHERE* 


By J. A. RATCLIFFE, O.B.E., F.R.S. 
Cavendish Laboratory, Cambridge 


Radio’ Exploration of the Ionosphere 


N the usual method of ionospheric sounding, short 
trains of radio waves are sent vertically upwards 
and received at the ground after reflexion in the 
ionosphere. From the measured time of travel the 
equivalent height (h’), at which the waves would 
have been reflected if they had travelled throughout 
with the free-space velocity, is then calculated. The 
wave-frequency (f) is altered and & record of h’(f) is 
made which shows how h’ depends on f. The actual 
group-velocity of the -short wave-train is, in fact, 
different from the free-space velocity, so that the 
actual height of reflexion is not the same as the 
equivalent height. ` 

If the frequency is increased far enough it is found 
that, at one or more frequencies, the h’(f) curve takes 
a sharp upwards bend, and for frequencies greater 
than this ‘critical’ frequency, the reflexion is either 
from a higher level, or there is no reflexion at all. 
These critical frequencies correspond to the pene- 
tration of layers of electrons in the ionosphere. It is 
possible to distinguish an # layer near 100 km. and 
an F layer near 250-300 km., and sometimes the F 
layer is partially divided into an upper (F2) and a 
lower (F1) layer. 

The critical frequency of a layer is related in a 
simple way to the electron number-density at the 
peak of the layer, so that it is of interest to find how 
it varies with time of day, season of the year, and 
geographical position. 

A theory which supposes that an ionospheric layer 
is formed by the ionizing action of a radiation emitted 
by the Sun leads to the conclusion that there should 
be a simple relation between the peak rate of pro- 
duction of electrons and the angle of incidence of 
the solar radiation. The number-density (N) of 
electrons at any one time depends both on this rate 
of production and also on the mechanism which 
removes the electrons, which might be @ recombina- 
tion process, with a rate proportional to N*, or an 
attachment process, with rate proportional to N. 

Observations of the critical frequencies of the # 
and FI layers at different places, seasons and times 
of day have shown that the simple theory of layer 
formation is approximately correct, and that in those 
layers the process of electron loss is one of recom- 
bination. 

When the critical frequency of the F2 layer ia 
studied, however, its behaviour is quite unlike that 
to be expected on the simple theory. The variation 
over the Earth, through the seasons, and through 
the day, all seem to be anomalous. In the past few 
years attempts have been made to understand these 
anomalies by studying the electron distribution 
throughout the whole of the layer, and not only at 
the peak. This study has involved the whole of the 


~ A“ f) curve. 


Determination of the Electron Distribution 


Tt is clear that the shape of the h’(f) curve depends 
on how the electron density (N) varies with height 


* Based on a series of four lectures given at University College, 
London, on November 6, 13, 20 and 27. 


(h) in the ionosphere, and it is surprising that so 
little effort was made, until recently, to extract 
information about she form of the N(h) curve which 
relates these two quantities. The reasons are prob- 
ably twofold: first, the results are to some extent 
ambiguous if there is a layer with a separate peak 
underlying any othar part of the ionosphere, so that 
there is a ‘dip’ in the N(h) curve; and secondly, the 
deduction of the N(h) curve from the h’(f) curve 
involves the numerizal solution of an integral equation 
which was considered to be unduly tedious. In 
recent years, on ore hand, it has been realized that 
the ambiguity need not be important for first-order 
theories, and, on the other, several workers have 
developed methods for performing the computations 
expeditiously. 

Once the electron distribution was known, it 
became apparent zhat the major anomalies in the 
F2 layer were muca less marked if the total number 
of electrons in the layer was considered, instead of 
the peak electron-density. This fact led to the 
suggestion that tha radiation ionizing the F2 layer 
might behave in. quite a normal manner, but that 
some large-scale vertical movements might redis- 
tribute the electrons; indeed, it became clear that 
when the layer was thicker than normal the peak 
number-density wes smaller, and vice versa. 

A detailed consideration of the electron distribution 
has also shown that the F2 layer is probably not 
caused by a separate ionizing radiation with a peak 
of production near that layer, but by the radiation 
which has its peak of production at the level of the 
F1 layer. This comes about as follows. The electron 
density at any given level depends both on the rate 
of production and. on the rate of loss of electrons ; 
now the rate of production decreases upwards above 
the peak of the F1 layer, but the rate of loss decreases 
even more rapidly so that the resulting electron 
density increases upwards, If that, were all it would 
increase without I:mit, and there would be no peak 
to the F2 layer. I= there is to be a second maximum 
of electron density corresponding’ to the F2 peak, 
then, at greater haights; either the upward increase 
of the loss-coefficient must be less rapid, or some 
other mechanism, such as diffusion, must be 
important. 

Arguments of tnis kind, and the examination of 
the detailed N(h) 2urves, are at present leading to a 
better understanding of the F2 layer, and particularly 
to a realization that the existence of a peak in that 
layer is somewhat fortuitous, so that its anomalous 
behaviour is not surprising. 


Movements in the lonosphere 


A wave reflecte] from the ionosphere is found to 
undergo more or less rapid variations of amplitude 
and phase, usually termed fading. Examination of 
the fading at points on the ground separated by 
about one wave-length has shown that there exists, 
on the ground, ar irregular and constantly changing 
wave-pattern. These facts imply that there are 
changing, and moving, irregularities in the electron 
distribution in tne ionosphere, and it should be 
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possible to use diffraction theory to determine their 
nature. Some progress has been made along these 
lines and in particular the regular horizontal drift 
movements have been measured. They are found to 
vary in the same kind of way at distant places, and 
it is hoped that the observations planned for the 
International Geophysical Year will lead to an 
understanding of their distribution over the Earth. 

It is thus clear that both horizontal and vertical 
movements are important in the ionosphere, and 
attempts have been made to explain their production 
in terms of electrodynamic forces. These probably 
originate in a rather complicated way as follows. 
The gravitational attraction of the Sun, assisted 
perhaps by its heating effect, produces horizontal 
movements of the air at a level somewhere near 
100 km., and as these movements drag the electrons 
with them, through the Earth’s magnetic field, they 
build up electrostatic charges near that level. The 
electric fields of these charges, acting upon the 
electrons in the F region, higher up, again in the 
presence of the Earth’s magnetic field, produce move- 
ments in that region. It is as though a dynamo in 
the E region, driven by the Sun, produces an electric 
field which drives a motor in the F region. It is 
probable that the vertical movements which lead to 
the anomalous behaviour of the F2 layer are caused, 
at any rate partially, by the ‘motor effect’. It has 
not yet become clear whether movements resulting 
from a heating of the F region are also of importance. 

The observable horizontal movements in the Æ 
layer are probably determined by the motion of the 
air in that region, but those in the F region are 
almost certainly caused by the ‘motor-effect’. 


The Ionosphere and the Sun 


The behaviour of the ionosphere during eclipses 
can be used to investigate more fully the nature, and 
the source, of the solar radiation. The timing of the 
ionosphere eclipse shows. that the radiations travel 
with the speed of light and are presumably ultra- 
violet or X-radiations. The precise behaviour during 
an eclipse has been used both to deduce the mag- 
nitudes of the recombination coefficients in the Æ 
and F1 layers, and to investigate the way in which 
emission of the radiations is distributed over the 
solar disk. It is found that when the Sun is quiet 
the emission is somewhat concentrated around the 
equator, and when it is disturbed areas of strong 
radiation are sometimes detectable, coincident with 
optically disturbed regions. - 

The ionizing radiation from the quiet Sun is 
found to vary considerably with the solar cycle, 80 
that it presents a marked contrast to the visible 
radiation, which varies only little. 

Sudden. short-lived disturbances sometimes occur 
in the ionosphere on the sunlit side of the Earth at 
the same time as solar flares observed with the aid 
of spectrohelioscopes. These disturbances, known as 
‘sudden ionosphere disturbances’, correspond to an 
inerease in the electron content of the lowest part of 
the ionosphere where the collisions of electrons with 
neutral molecules are most frequent. Since the 
absorption of a radio wave depends on these collisions, 
there results a sudden decrease of the strength of 
signals. The resulting ‘sudden fade out’ often inter- 
rupts communications over the whole of the sunlit 
part of the Earth. Fortunately, these disturbances 
usually last only for a short time, of the order of 
10-30 min. 
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Another type of disturbance, called an ionosphere 
storm, affects particularly the electrons in the F2 
layer and often causes serious disturbance of com- 
munications, particularly because it can occur by 
day or by night and can last for hours or even days. 
It is probably produced by the arrival of charged 
particles in the polar regions, where they modify the 
current system of the ‘atmospheric dynamo’ in the 
# region, and incidentally produce visible aurore. 
The ‘atmospheric motor’ in the F region is then set 
in motion, so that the electrons there are redis- 
tributed. It is the effects of changes in the F layer 
which are most noticeable in low and medium 
latitudes; at high latitudes the arriving particles 
produce increased numbers of electrons in the low 
ionosphere and there is often strong absorption, 
which in extreme cases can cause @ ‘polar radio 
blackout’. 

It has been established that an ionosphere storm 
frequently follows a large ‘sudden ionosphere dis- 
turbance’ after about 36 hr., as though the solar 
fiare, occurring at the time of the disturbance, 
emitted a stream of particles which took 36 hr. to 
travel from the Sun to the Earth. It is also known 
that ionosphere storms tend to recur after 27 days, 
the time of one'solar rotation. These two facts have 
been used in attempts to forecast the occurrence of 
ionosphere storms, but so far only with partial 
success. 


lonospheric Scatter Propagation 


The two main parts of the radio spectrum, the 
low-frequency and the high-frequency, each came 
into use for communication purposes through a dis- 
covery which, at the time it was made, appeared 
to contradict existing theories. In 1901 Marconi, 
working in the low-frequency part of the spectrum, 
tried to signal across the Atlantic in spite of the fact 
that all existing theories would have discouraged him. 
He succeeded only because there existed the iono- 
sphere, hitherto unknown and unexpected. In 1925 
it was thought that high-frequency waves, in the 
region of 10 Me./s., were of such little commercial 
use that they were allocated to the amateurs for 
experimental purposes. The amateurs promptly 
showed, contrary to expectation, that they could be 
used for communication around the Earth. 

Recently, another region of the radio spectrum, 
the very-high-frequency region, has been opened up 
for long-distance signalling; but this time the use- 
fulness was foretold from knowledge of the iono- 
sphere—it did not come about by chance.. From 
observations of the irregular fading of waves it had 
been concluded, as previously explained, that the 
electrons in the # layer were irregularly distributed. 
It was therefore suggested that if a powerful beam 
of radiation were sent through that region on a 
frequency which would penetrate it, a useful amount 
might be returned to a distant point by a process of 
scattering from the irregularities. This was found to 
be the case and there now exist several of these 
‘ionospheric-seatter’ communication channels working 
on frequencies in the neighbourhood of 50 Mc./s. 
They have the great advantage that they are un- ` 
affected by sudden ionosphere disturbances or iono- 
sphere storms; first, because the high-frequency is 
not appreciably absorbed even under polar blackout 
conditions, and secondly, because the F layer, which 
is so strongly affected by a storm, plays no part in 
their propagation. 
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A GREGARIOUS FACTOR IN THE NATURAL CONDITIONED 
SALIVARY REFLEXES OF SHEEP 


By D. A. DENTON 


Department of Physiology, University of Melbourne, Australia 


ER Z* has pointed out considerable limitations 
, in the knowledge likely to accrue from the 
= Pavlovian type of experiment on conditioned re- 
flexes. Principally, these stemmed from the fact 
that the animal was isolated from stimuli other 
than the one chosen by the experimenter, and 
this restraint impeded the recognition of innate 
patterns of behaviour. Katz*, in emphasizing the 
importance of observing animals at liberty in their 
natural environment, stated that “the more one 
restricts the conditions of response, the more special- 
ized will the animal's behaviour become : finally one 
gets to the point where the animal, so to speak, no 
longer behaves as a complete organism but only as a 
bit of itself. In the Pavlovian ‘conditioned reflex’ 
method the salivary gland of dogs is isolated by a 
surgical operation. The reactions of the gland to 
certain situations can thus be followed exactly. But 
can one still call this a response of the animal? Is 
it not really the reaction of an isolated psycho- 
physical mechanism to which the animal’s body 
happens to be attached ?” While Lorenz’s comments 
on the limitations of the orthodox conditioned reflex 
experimental situation are essentially valid (as are 
Katz’s remarks as they bear on this point), the above 
statement would appear to reflect a misunderstanding 
of the potentialities inherent in the Pavlovian method 
of systematically preparing an animal by aseptic 
surgery so that physiological functions hitherto con- 
cealed from easy access may be easily measured in 
the conscious undisturbed animal. Field observations 
of an animal’s behaviour may reveal a complex motor 
pattern ; but it is not inconceivable that the response 
of the animal in a specific field situation may also 
involve, for example, change of motor and secretory 
activity of viscera*. Though concealed, such changes 
would be nevertheless part of the total response of 
the animal to a natural situation, no less than that 
of the skeletal motor system. 

This article describes three years study of a colony 
of thirty sheep prepared with a new type of per- 
manent parotid fistulat in which it has been contrived 
by a plastic operation that the papilla and terminal 
3 cm. of a parotid duct are enfolded in askin teat, and 
the parotid saliva drips from the dependent point 
(Fig. 1). Hitherto, Scheunert and Trautmann® had 
been unsuccessful in making Pavloy—Glinski fistule 
in sheep, and numerous Russian workers*-** investi- 
gating salivary secretion in ruminants had, because 
of the technical difficulties, resorted to cutting the 
parotid duct in the cheek and transplanting the cut 
end into a stab wound. The disadvantages (duct 
stenosis, etc.) consequent on neglecting Pavlov’s 
principle of preserving the papilla have been described 
by Kvasnitsky*. The new Wright operation permits 
secretion-rate to be unobtrusively recorded without 
the attachment of any apparatus to the animal. 
Thus the important advantage accrues that this 
index of response to distance receptor information 
can be conveniently used when the animal is in the 


company of other sheep. Further, parotid secretion 
in the sheep is centinuous. Whereas in the dog a 
response may be measured by whether or not secretion 
occurs, in the sheep an environmental event may 
cause either increase, decrease or no change of the 
continuous secret.on. Evidence to be presented 
suggests that the direction of change may be related 
to the cortical and affective reaction to the particular 
distance receptor information, and the results reveal 
a visceral component in the animal’s response to the 
social stimulus of other sheep eating. 

While Colin’* denied a psychic effect on secretion 
in raminants even though the animal was very 
hungry, Ellenberger and Hofmeister’ took a con- 
trary view. On the basis of experiments on sheep 
with cannulated ducts, Scheunert, Krzywanek and 
Zimmermann'* agreed with Colin. Kudriavtsey and _ 
Anurov’ found no psychic secretion of parotid saliva 
when the sheep were teased with food. Blokh* found 
that parotid secretion in the bull was continuous ; 
but the submandibular secreted only during eating. 
He demonstrated shat the sight of food or the arrival 
of the usual attendant evoked mandibular secretion, 
and a large decrease in continuous parotid secretion. 
This type of reflex effect on parotid secretion was 





Fig. 1. P.F.16, Merino wether, The sheep has a Wright parotid 
fistula on the left skle, and it also has bilateral carotid loops 
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= ditioned parotid seeretio 
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‘reflexes. 


siye basis was more applicable because 
í : iar aspects of horses’ and ruminants’ 
parotid secre ; 
Our interest in this was aroused by a particular 
observation. “Our colony of sheep. with parotid 
fistulw are kept in a large laboratory. The sheep can 
ily see one another, and during the day members 
artment are frequently moving in and out 
oratory. Several sheep were in metabolism 

‘cages and others were in smaller cages which are on 
heels to facilitate cleaning. A fistula had been made 
her shy horned Merino wether (P.F.11) and 
or four days. after operation, unlike most 
; had taken little food and its fistula secreted 
“very slowly (about 1-3 drops/min.). Another cage 
containing a large, greedy Suffolk sheep (P.F'.9) was 
-o moved next to that of P.F.11, so that the Suffolk 
: sheep could just reach across and eat the fresh green 
< Jucerne which had been for some time in the food 
opin of P.F.11. P.F.11 observed this, and after about 
| ene minute its fistula commenced to secrete rapidly— 
after two or three minutes it ground its teeth and 
then commenced itself to eat. We observed, also, 
that our sheep quite clearly knew certain members 
of the Department and responded vocally to their 
entry into the laboratory, particularly if it were a 
person who usually fed them and he went in the 
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Fig. 2. P.F.7, Suffolk ewe, The effect on parotid secretion- 

rate of the entry of the usual attendant into the laboratory. 

The attendant gave fresh lucerne to sheep No. 3, and left within 

one minute. He re-entered 15 min. later and removed lucerne 
from sheep No. 3 


Parotid saliva (mL/min. 000. 


- February 16, 195 


vVor.179 





THE LUCERNE FED 
TOPER m 
EASILY SEEN 


204 


GREEN LUCERNE 
SHOWN TO P FIG Woo , ; 
; Pe q LUCERNE REMOVED 

“| FROM LABORATORY. 


100 





60° 80 
Min. ; f 
Fig. 3. P.F.16. The effect on parotid secretion: of plachi 
lucerne in view of P.P.16, After 25 min. the attendant re- 
and gave the food to P.¥.21, who could be seen easily by 
20 min. later the attendant re-entered and removed the food 

eo the laboratory : 











direction of the food bin. When new to the laboratory, 
the secretion-rate of a sheep decreased when it was 
approached by the attendant. After some weeks, th 

rate increased when the attendant was carrying food 
and, afterwards, of itself the entry. of the usual 
attendant into the laboratory evoked a sharp increase 
of sécretion-rate (Fig. 2}. After a time. some animals 
became conditioned to icular obj 
example, the sight of the weighing pi 
excited an increase of secretion-rate. Th 



















as an effector organ. 
sheep the parotid secretion of which always decreased 
though evidently excited by the sight of food. Ifthe « 
particular person who entered the laboratory left — 
again within a minute, the secretion-rate; which had 
risen sharply, returned immediately to basal con-` 
tinuous rate. If green lucerne were carried in and 
placed in the animal's field of vision, the rise of. 
secretion-rate was sometimes sustained for a. con- 
siderable time (Fig. 3). ‘The sheep stretched out and 
endeavoured to reach the food. Sometimes, after 
several unsuccessful attempts, it commenced licking 
and nibbling at the stainless steel floor of its cage. ; 
The increase of secretion-rate was seen more cone: 
sistently when the lucerne was fed to sheep in.) 
adjacent cages, and the sheep under observation saw 
and heard the others eating (Figs. 2, 3 and 4). The™ 
rise of secretion-rate of the observed sheep con- 
tinued until the attendant re-entered and removed. 
the food from the next sheep, whereupon the | 
secretion-rate usually returned to basal after 5-10 
min. (Figs. 2, 3 and 4). Sometimes the increased 
parotid secretion was associated with evident drop- 
ping of mucous saliva from the mouth. If, prior tò- 
this, the animal were satiated and had paid little 
attention to the bin of chaff beside it during the 
previous hours, subsequent to making neck-stretching 
movements towards the apparently desired fresh — 
lucerne which its colleague was noisily eating, it. 
would vigorously start eating chaff (cf. Bayer*). : 
The fact that the psychic augmentation of seere: 
tion could be protracted (Figs. 2, 3 and 4) and could _ 
involve an increase of 60-100 ml. in the amount of 
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Fig. 4. P.¥.16. The effect on parotid secretion of feeding green 
lucerne to three other sheep which were behind a partition, but 
whose chewing was easily audible. During the first 35 min. the 
animal was ruminating but the rate returned to basal (1-0 ml./ 
min.) during the 15 min. prior to entry of the attendant 


saliva secreted in 30 min. indicated that it was 
predominantly a parasympathetic motor response, 
and not a sympathetic effect causing expulsion of 
preformed saliva, This was substantiated by the 
fact that it also occurred in an animal (P.F.16) in 
which the sympathetic innervation of the parotid 
had been extirpated?*, Foot stamping, bleating, 
teeth grinding and onset of rumination sometimes 
occurred while the other sheep were eating, 

Preliminary investigation of the psychic aug- 
mentation has endeavoured to determine whether 
the components of the exciting situation, that is, the 
sight, sound or possibly smell of the other sheep 
eating, were in themselves effective. To this end we 
compared the sight of food with, for example, the 
effect of feeding a number of animals which were on 
the other side of a partition but whose chewing was 
clearly audible (Fig. 4). 


Table 1. P.F.138, THE INHIBITION OF PAROTID SEORETION-RATE OF 
4 SHEEP PRODUOED BY TAKING THE ANIMAL FROM ITS CAGE, AND 
LYING IT ON ITS SIDE UPON A TABLE 






Remarks 


Standing in cage 
Gently secured on table 
Returned to cage 
Eating fresh lucerne 





Conversely, there were certain procedures which 
inhibited secretion. The most common one in our 
laboratory was the procedure of taking the animal 
out of the cage and gently securing it upon its side 
on the laboratory table (Table 1). In a novice sheep 
this could cause secretion to stop completely for 
10-100 min. This inhibition was associated with a 
20-30 mm. mercury rise of systolic blood pressure. 
The effect was immediately reversed by an intra- 
carotid infusion of acetylcholine. It did not occur at 
all in a well-trained sheep which had had the pro- 
cedure carried out frequently. It seems probable 
that the inhibition was largely a cervical sympathetic 
effect, as 16 occurred in bilaterally adrenalectomized 
sheep but was largely abolished when the procedure 
was carried out two months subsequent to extirpation 
of the ipsilateral superior cervical ganglion and no 
effort had been made to train the animal in the 
interim. That a factor in inhibition of secretion 
could, however, be reduction of parasympathetic 
secretory impulses was suggested by a number of 
different experiments, of which Fig. 5 is an example. 
The act of bringing a dog into the laboratory caused 
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as large an inhibition of secretion in P.F.16, with 
parotid sympathetic connexions extirpated, as it did 
in other animals (for example, P.F.7) with intact 
cervical sympathetic. , 

While the mquiry is far from complete, the experi- 
ments show that pertinent distance receptor stimuli 
may alter parotid secretion in the sheep, and it would 
seem hkely that the laboratory demonstration of a 
gregarious component in the salivary reflexes reflects 
a feature of field behaviour. All the sheep had spent 
2-5 years ın a herd on pasture before being used for 
these experiments. 

Olnyanskaya** hes shown that the oxygen con- 
sumption of sheep 3s increased during ingestion and 
rumination, The txygen consumption of a fasting 
sheep is also significantly increased by the sight of 
other sheep eating cr ruminating, and this effect was 
accentuated when the sheep were on pasture?’. 

Reports of the work of the Laboratory of Ecological 
Physiology of the Pavlov Institute included inter- 
esting experiments by Fayziev and Uzhdavini"*, 
which also indicated a gregarious component in the 
salivary reflexes of sheep. The workers subscribed 
to the view of eazlier Soviet workers®®® that the 
action of natural ssimuli (for example, the showing 
of food ; the arnvel of serving personnel) induced a 
reduction of parotid secretion of the rammant. They 
recorded, however, that sometimes augmentation of 
secretion occurred, and held that the variation was 
probably explamec. by variation in the functional 
state of the gland at the time of the experiment. 
Fayziev and Uzhdevini confirmed that there was no 
secretion from the submandibular gland other than 
during ingestion of food. They found, however, in 
the course of driving the sheep to pasture, that the 
sheep commenced to secrete when they saw the 
other members of the herd grazing. Secretion was 
measured by chang> of weight of cotton-wool tampons 
apphed to the fistula orifice. The amount evoked by 
the natural condit.oned stimulus was small relative 
to that caused by the unconditioned stimulus of 
eating, this being in contrast to what has been 
described above for the parotid gland. 

There is other evidence to suggest that these 
indications of a gregarious component in natural 
conditioned salivary and metabolic reflexes may be 
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Fig. 5. P.F.16 and P F.7. The effect on parotid secretion of 

bringing a dog into che laboratory for 15 min. P.F.16 had the 

tpsilateral superior cervical ganglion extirpated, and the cervical 
sympathetic had been sectioned in the neck 
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pertinent to field feeding conditions. For example, 
during a pasture trial by Southcott, Roe and Turner®*, 
groups of two, four, eight and sixteen sheep were 
placed in adjacent sections of a divided area. Whereas 
the others grazed over the whole of the allotted area, 
the group of two remained close to the fence within 
easy sight of their-nearest fellows, neglected the 
periphery and, over @ period of time, lost weight. 
If two groups of two sheep were put in adjacent 
sections, they grazed up and down the fence together 
and produced a distinct path. The experiments sug- 
gested that four sheep constituted a quorum. Turner*!, 
in the course of examining the cause of death after 
wheat feeding of drought-stricken sheep, found that, 
while he could reproduce the phenomenon on a field 
station, he could not do so in the laboratory with 
comparably starved sheep in separate pens. They 
would not eat enough wheat. Trotter? in his book 
on “The Instincts of the Herd in Peace and War” 
points out the advantages of the gregarious habit in 
pursuit, or sensitivity to alarms. In sheep, the letter 
would be relevant to the time an individual animal 
might spend grazing, being to some extent dependent 
on other sentinel sheep to signal danger, and being 
reinforced in its feeding by the sound and sight of 
other sheep similarly engaged. Field observers report 
that sheep commonly graze as a flock towards the 
direction of the wind. Trotter proposed “that each 
separate member of a gregarious species inherits 
characters deeply rooved in his being which effectually 
differentiate him from any non-gregarious animal’ 
and ‘‘they will ensure his responding in a specialized 
way which will be quite different from the response 
of a solitary animal”. He held that a simple example, 
observed by all, was the leisurely feeding of the cat 
as compared with the voracious eating of the dog 
which, to use a slang term with a sound biological 
basis, ‘wolfs’ its food. 

Contrary to the view of Fayziev and Uzhdavini** 
cited above, it would seem that whether the secretion 
increases (Fig. 4) or decreases (Fig. 5) is in some way 
related to the cortical and affective reaction to the 
information of the distance receptors. It seems 
unlikely that such visceral responses would be absent 
in the field. Interpretation is sometimes complicated 
by the.-fact that secretion may vary as a result of 
interoceptor stimuli (for example, onset of rumina- 
tion, Fig. 4). From the point of view of method, 
there is -the possibility of integration of Pavlovian 
techniques with the approach of Lorenz! and Tin- 
bergen® to the study of innate behaviour, in so far as 
effective devices fitted to Wright fistule and carotid 
loops will permit measurement of visceral responses 
to social situations in the field. For that matter, 
however, study while the animal is in close accus 
tomed proximity to man may be very profitable in 
revealing behaviour patterns, as amply illustrated 
by the writings of Lorenz". The parotid fistula in 
the sheep also has the added advantage that the 
animal’s behaviour may be observed at times when 
& precisely defined distortion of body chemistry 
exists**4, For example, we have observed a group of 
sheep, each known to be depleted of 500-700 m.equiv. 
of sodium ions, butt and fight one another for access 
to a block of rock salt placed in their enclosure. 

It is a pleasure to thank Prof. R. D. Wright for 
his many suggestions, and Mr. D. K. Johnston for 
assistance with the experiments. í 

This work was aided by a grant from the National 
Health and Medical Research Council, the Wool 
Industry Research Fund of the Council for Scientific 
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and Industrial Research, and the Rural Credits Fund 
of the Commonwealth Bank. 
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OBITUARIES 
Vice-Admiral John Dodd Nares 


THE announcement of the death on January 18 of 
Vice-Admiral J. D. Nares was received with deep 
regret by all who knew him; the younger son of 
Admiral Sir George Naras, he, like his father and 
elder brother George, chose the Navy as his career 
and joined the training ship Britannia as a naval 
cadet. In 1898, being by that time a sub-lieutenant, 
he was appointed to the Triton, and there commenced 
his association with the surveying branch of the 
Navy in which he continued to serve during the 
whole of his time on the active list. 

After a brief period in home waters, Nares was 
appointed to the Penguin and for the next eight 
years remained on the Australian Station, assisting 
m surveys of New Zealand, Queensland and Tas- 
mania. Returning to England in 1907, Nares next 
went to the Research for a season, and a year later 
joined the Egeria in British Columbia. In 1910 he 
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succeeded to the command, and on the final paying 
off of the Egeria was appointed to command the 
Fantome for surveys in the Buccaneer Archipelago 
on the west coast of Australia. 

Promoted to commander in 1913, Nares served in 
the Hydrographic Department of the Admiralty until 
1917, when he tock command of the Enterprise and 
distinguished himself during naval operations on the 
coast of Palestine, for which service he was awarded. 
the D.S.O, 

In 1919 Nares was promoted to captain and, after 
a period of service in the Mediterranean and Red 
Sea in the Enterprise and the Merlin, returned to the 


Admiralty as superintendent of charts. ‘In 1923 he ` 


was surveying the West African coast in the Endeavour 
and in 1925 became assistant hydrographer of the 
Navy until 1928, when he took over the Iroquois, 
surveying the Straits of Malacca. His final active 
service was once again as assistant hydrographer, 
and on promotion to rear-admiral he was placed on 
the retired list. 

During 1931-32 Nares executed surveys of Bhar- 
anager Channel on the west coast of India. 

In 1932 Admiral Nares was elected president of 
the Directing Committee of the International Hydro- 
graphic Bureau at Monaco, and re-elected in 1937 
and 1947, and was a director until his death. At the 
request of the Admiralty, he remained at his post in 
Monaco until France was overrun by the Germans, 
and he then rejoined his old department at the 
Adiniralty, serving as assistant hydrographer and in 
the rank of captain. $ 

During his twenty-five years association with the 
International Hydrographic Bureau, Nares and his 
co-directors maintained the high prestige of the 
Bureau, and the technical and scientific publications 
produced continue to be of great benefit to navigators, 
hydrographers, oceanographers and geodesists of all 
nations. Nares himself took every opportunity to 
attend international conferences all over Europe, and 
his great willingness to help was also thoroughly 
appreciated by his colleagues and those who sought 
his assistance and advice. Although he would have 
been the first to disclaim any title to brilliance, 
Nares’s work in the hydrographic field was of sterling 
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worth and always dependable. His kindly disposition 
and ability to mix with the people of other nations 
endeared him to all who came in contact with him. 
He was never guilty of a mean action and was, in 
fact, an example of what an English gentleman 
should always strive to be. 

Nares married Adeline Chaffey, daughter of the 
Hon. Mr. Justice McIntyre, of Hobart, Tasmania, 
who survives him sogether with a daughter. His 
only son, Alastair, vas killed in action while serving 
in the Fleet Air Arm. J. A. EDGELL 


Mrs. Watson Davis 


Mrs. Heren Murs Davis, editor of Chemistry and 
wife of Watson Devis, director of Science Service 
and editor of the Science News Leiter, died on 
January 26, at the age of sixty-one. 

Born in Washington, D.C., on April 13, 1895, Mrs. 
Davis graduated from George Washington University 
College of Engineering with a B.S. in chemistry 
degree in 1918. She specialized in the popularization 
of science, especial=y chemistry, and the history of 
science. Since 1914 she had edited Chemistry, a 
magazine which is used especially in high schools. 
The following books were written or edited by her: 
“The Chemical Elaments”, “Scientific Instruments 
You Can Make”, “Atomic Facts’, “Science Ex- 
hibits”, “Chemistry Show Book”, “Exhibit Tech- 
niques”. Her compilation of “New Laws of Matter” 
has run through five editions since its compilation 
just after the announcement of the first use of the 
atom bomb. 

As chemistry wriser for Science Service, she reported 
the Geneva Conference on the Peaceful Uses of 
Atomic Energy (1955), an atom bomb test, and 
numerous mestinge of the American Chemical Society 
and other scientific societies. She often travelled 
with her husband when he was attending scientific 
gatherings outside the United States, and had accom- 
panied him several times when he visited Britain. 

She was a member of the American Chemical 
Society, Chemical Society of Washington, the Con- 
gressional Press Gallery, Sigma Kappa Sorority and 
the Histophos Club. 


NEWS and VIEWS 


Atomic Energy for Peaceful Purposes : 
Lia'son between London, Paris and New York 


SPECIAL offices to facilitate the exchange of in- 
formation between British and American atomic 
scientists have been set up in London and Paris by 
the U.S. Atomic Energy Commission. The.offices are 
concerned exglusively with the applications of atomic 
energy for peaceful purposes and in particular with 
helping to implement the bilateral agreements the 
United States has made with other Governments.. 
The scientists allotted to them will visit British and 
French atomic energy establishments respectively, 
reporting developments of interest to the United 
States. They will also be available to industrial 
firms, the public and Press for consultation on 
‘atoms for peace’ problems. Dr. Edward L. Brady, 
a thirty-seven year old atomic scientist previously 
with the General Electric Company at the Knolls’ 
Atomic Power laboratory at Schenectady, N.Y., has 
taken up his duties as liaison officer in London. 


He worked on the war-time atom bomb project in 
the Metallurgical Laboratory and Oak Ridge National 
Laboratory and has specialized in corrosion studies, 
fuel element, stab.lity and the chemistry of reactor 
coolants. Dr. Brady is being assisted by Mr. William 
A. Burke of the U.S. State Department. Mr. Burke 
was formerly at the Berkeley Radiation Laboratory 
and Washington Headquarters. The liaison office 
is at the United States Embassy in London. 
Dr. Amasa S. Bishop, formerly of the Commission's 
Research Divisior, has been appointed to the Paris 
post. He has be2n in charge of the American pro- 
gramme for contrclling thermonuclear energy for power 
purposes and is abo a specialist in meson physics. 


Exchange of Information on Controlled Thermo- 
nuclear Reactions 
UNDER the agreement for co-operation in the civil 
uses of atomic anergy between the Governments 
of-the United Kingdom and the United States, an 
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exchange of classified and unclassified information 
on research in the field of controlled thermonuclear 
reactions has been agreed. A party of scientists from 
Harwell visited the United States in October 1956 
to see and discuss work in this field, and a party of 
scientists from the United States made a return visit 
in the followmg month to Harwell and to the 
laboratories of Associated Electrical Industries, Ltd., 
where work is being done under contract for the 
Atomic Energy Authority. About ten British 
scientists will take part in a classified conference on 
the subject which has been organized by the United 
States Atomic Energy Commission m Berkeley, 
California, starting on February 20. 


Atomic Age Studies at Columbia University 


CoLumB1a University has announced the creation 
of a Council for Atomic Age Studies, with the 
objective of making the University a centre for the 
study of problems facing society as a result of the 
development of atomic energy, problems which in 
many instances overlap a number of fields of activity 
and different branches of learning. Fields of study 
represented on the Council itself include physics, 
engineering, medicine, international relations, jour- 
nalism, business, philosophy and law. Prof. I. I. 
Rabi, Higgins professor of physics, and Prof. P. C. 
Jessup, Hamilton Fish professor of international law 
and diplomacy, have been designated co-chairmen. 

The Council will initiate, organize and supervise 
studies, drawing on the competence of many dis- 
ciplines and activities of the University to examine 
some of the effects of the development of atomic 
energy on such diverse areas as industry, law, 
economics, foreign policy, international relations, 
agriculture, physical and mental health, domestic 
economy, city planning and community life. (The 
effects of such areas in turn on atomic development 
may also require study.) Possible studies include 
various issues in the international development of 
atomic power which involve research in technology, 
law, economics and foreign policy. Similarly, there 
is need to consider in joint studies the effect of new 
forms and sources of power on industry and agri- 
culture, on physical and mental health, and on the 
domestic economy and the life of communities. 


Botany at University College, London : 
Prof. W. H. Pearsall, F.R.S. 


Pror. W. H. Prarsatr, who attained the age of 
retirement last year, succeeded Sir Edward Salisbury 
as Quain professor of botany at University College, 
London, in 1944. Previously he had occupied the 
chair of botany at the University of Sheffield for seven 
years and prior to that had been lecturer in the 
University of Leeds. During his tenure of the Quain 
chair, the Botany Department shared in the general 
post-war expansion of science departments at 
University College, with its consequent problems of 
congestion. The bomb damage suffered by the 
College inevitably delayed the necessary expansion 
and Prof. Pearsall had to cope with the interim 
expedients while his successor will enjoy the benefits 
of the’ provision which Prof. Pearsall planned. 
Despite these and other University preoccupations, 
Prof. Pearsall found time to serve on a number of 
scientific bodies, He took a prominent part in the 


development of the Freshwater Biological Station at - 


Windermere, especially in its early years; he was a 
very active member of the British Ecological Society, 
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of which he became president -and for some” years 
effectively edited its Journal; also since 1947 he has 
edited the Annals of Botany. Prof. Pearsall has made 
important contributions to plant physiology and to 
the study of the ecology of freshwaters and moor- 
lands. He was elected a Fellow of the Royal Society 
in 1940 and has twice served on its Council. 


Dr. D. Lewis, F.R.S. 


Dr. Dan Lewis has been appointed Quam 
professor of botany at University College, London, 
in succession to Prof. Pearsall. Dr. Lewis went to 
the John Innes Horticultural Institution when ıb 
was at Merton in 1935. Until 1948 he worked 
in the Pomology Department. At first he was 
concerned with the general breeding of fruits, but 
soon he concentrated his attention on the prob- 
lem of incompatibility. In the course of this work 
he developed a combination of physiological and 
genetic techniques which brought a new under- 
standing of gene action and of gene evolution. 
Splitting the incompatibility gene and comparing the 
frequencies of natural and induced mutation in pollen 
were two examples of his experimental skill. Later, 
Dr. Lewis has applied his own methods and his own 
point of view to the study of cytoplasmic heredity, 
heterosis, and breeding systems in flowering plants 
and fungi. In every direction he has shown a gift 
for extracting fundamental principles from practical 
problems. Dr. Lewis became head of the Genetics 
Department at the John Innes Institution in 1948 
and was elected a Fellow of the Royal Society in 
1954. His appointment as head of a university 
department, the sixth to be made from the staff of 
the John Innes Horticultural Institution in the past 
ten years, should prove stimulating and fruitful for 
both parties. 


Biology at the Massachusetts Institute of Tech- 
nology : Prof. |. W. Sizer 


Pror. Irwin W. Sizer has been appointed head 
of the Department of Biology at the Massachusetts 
Institute of Technology. Prof. Sizer, who is well 
known for his studies of the fundamental properties 
and medical applications of enzymes, is at present 
studying the use of enzyme inhibitors as antibiotics 
and in chemotherapy. He is also doing research on 


_ the medical aspects of enzymes as related to skin 


grafting in the treatment of severe burns. Prof. Sizer 
has also studied extensively enzymes which are con- 
cerned with the clotting of blood, and others which 
bring about the oxidation and destruction of the 
toxic irritants of poison ivy. In addition, he has 
worked on the spectroscopy and biochemistry of 
collagen and has done research in connexion with the 
use of sheep gut, of which collagen is the principal 
constituent, for surgical sutures. A native of Bridge- 
water (Massachusetts), Prof. Sizer received his A.B. 
from Brown University in 1931 and his Ph.D. from 
Rutgers University in 1935. He went to the Massa- 
chusetts Institute of Technology in 1935 as lecturer 
in biology and public health, became an associate 
professor in 1942 and executive officer of the Depart- 
ment in 1954. He became acting head of the 
Department in 1955 and was appomted full professor 
in 1956. 


Science at Unesco 


UNDER the title “Ten Years of Science at Unesco”, 
Prof. M. Florkin has contributed to the issue of 
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` Impact for’ September 1956 an excellent review of 


egf amt tt 


at 


the evolution of the programme of the Department 
of Natural Sciences and the achievements of the 
United Nations Educational, Scientific and Cultural 
Organization ‘in the fields of international scientific 
co-operation, teaching and dissemination of science 
in the past decade. Besides the assistance given to 
international scientific organizations, such as the 


International’ Council of Scientific Unions, and the 


formation of the Council of International Organiza- 
tions of Medical Sciences and the Union of Inter- 
national Engineering Organizations, Prof. Florkin 
emphasizes the importance of new forms of mter- 
national scientific co-operation fostered by Unesco 
(despite the abandonment of the Institute of the 
Hylean Amazon through the failure to secure rati- 
fication of the Convention by the necessary five 
States), such as the Arid Zone project and the Humid 
Tropical Zone project. The former served as model 
when in 1955 ‘an advisory committee on marine 
sciences was set up to consider methods of developing 
the scientific study of the ocean and of supplying 


_ information which would lead to increased use of 


marine resources. Although the European Centre 
for Nuclear Research is the most successful and best 
known of the international laboratories fostered by 
Uneseo, the International Computation Centre in 
Rome was established earlier, though only five 
centres are so far participating. The establishment 
of an institute for the study of plants and animals 
under fully controlled conditions is still under con- 
sideration. Travelling exhibitions, a series of inven- 
tories of apparatus and materials for teaching science, 
to consist of eight volumes, and the publication of 
text-books and manuals on science-teaching are 
among the means adopted for furthering the dis- 
semination and teaching of science, while an advisory 
commuttee on scientific research has met three times 
since April 1954, and Field Science Co-operation 
Offices cover Latin America, the Middle East, South 
and South-East Asia. 


The Mathematical Association 


Tex annual general meeting of the Mathematical 
Association was held at King’s College, London, on 
January 2 and 3, with the president, Prof. G. Temple, 
in the chair. In his presidential address, Prof. Temple 
spoke on the growth of mathematics and stressed 
the importance of the contacts which mathematics 
now has with engineering and technology. This 
address was followed by a discussion on “Mathe- 
matics and the Humanities”. The opening speakers 
were Dr. Martin Johnson and Lady Jeffreys. Dr. 
Johnson spoke of the part mathematics plays in the 
cultural hfe of the community, and Lady Jeffreys 
analysed the time-tables of two schools to compare 
the proportion of time spent on scientific subjects 
with the time spent on ‘arts’ subjects. In the evening 
of the first day, Dr. E. R. Lapwood described how 
earthquake records provide us with knowledge of the 
deep interior of the Earth. On the following morning 
Mr. T. Y. Davies spoke about the modifications which 
recent information on the distributions of wind 
velocity and temperature in the upper troposphere 
has brought about in the original concept of meridional 
cells. This was followed by a brief report on the work 
of the International Commission on Mathematical 
Instruction and a discussion on the serious shortage 
of teachers in mathematics. In the afternoon a dis- 
cussion on comprehensive schools was opened by 
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Miss M. G. Green and Mr. E. E. Godfrey. The 
meeting closed with a lecture by Mr. G. Macknelly 
on an amusing application of symbolic logic to the 
problem of overcrowding in the university library. 
A publishers’ exhibition was open throughout the 
meeting. ` 


The Palæontologica Society of India 

Inrropvucmne the Journal of the Palacontological 
Society of India (Inaugural Number. Pp. viii+ 
230+xxxvi+37 plazes. (Lucknow, 1956.) Rs. 30), 
M. R. Sahni, founde:-president, describes the founda- 
tion in 1950 of the new Society and discusses its 
objects, which include the formation of a paleonto- 
logical research centre, a library and & museum. 
Committees are to be formed to study such Indian 
problems as the Vmdhyan system, the Pleistocene 
Siwaliks and fossil man in India, and ultimately it is 
hoped to extend tha scope of the Society to South- 
East Asia and to hold meetings in other capitals. 
These enthusiastic plans for the future are coupled 
with & clear appreciation of past work in the sub- 
continent which is zhronicled at length in the form 
of an annotated bibliography. The subjects of the 
thirty original papers include plants, foraminifera, 
brachiopods, vertetrates, prehistory and evolution. 
The half-tone illustrations are printed, sometimes on 
both sides of the page, on the same paper as the 
text; the reproducsion is good. 


World Directory of Crystallographers 


Tue International Union of Crystallography is 
preparing a World Directory of Crystallographers, 
containing the names and addresses of all practising 
crysteallographers, including advanced graduate 
students. It is hoped to compile a preliminary list in 
time for the Fourth General Assembly to be held in 
Montreal during July 10-17. The secretaries of the 
national committees (Acta Cryst., 8, 857 ; 1955) have 
been asked to prepare & list of crystallographers in 
their countries. Some scientists and technologists, 
however, who carry on crystallographic work (in- 
cluding X-ray, eleetron or neutron diffraction and 
microscopy or other techniques) are not members of 
scientific societies having a unique crystallographic 
interest, and might therefore be missed. Those who 
come into this category are asked to send their names 
and addresses to Dr. W. Parrish, Philips Laboratories, 
Irvington-on-Hudson, New York. 


Indian National Scientific Documentation Centre 

A FURTHER 16 per cent increase in the demand for 
its documentation services is recorded in the annual 
report of the Indian National Scientific Documenta- 
tion Centre (Insdoe) for 1955-56, the total of 5,559 
orders comprising requests for copies of 4,557 papers, 
translations of 570 scientific articles and compilation 
of 78 bibliographies. Publication of the semi-monthly 
“Insdoc List of Carrent Scientific Literature” con- 
tinued, each issue listing 1,200 titles of scientific 
papers and also of the quarterly Annals of Library 
Science. Towards the end of the year closer contact 
was established with scientific institutions in South 
and South-East Asia, 


Cameroons King’s House 

“Tue King’s Day: a Day in the Life of an African 
King”, by Margarst Plass, is a pleasant little pam- 
phlet issued by the Chicago Natural History Museum 
(pp. 29+9 plates; 35 cents) to illustrate the 
Cameroons King’s House now on exhibition there. It 


348 


portrays the king getting up in the morning and 
finally going to bed, having spent the day in dealing 
with the necessary duties of his office. There are ten 
full-page illustrations, including a bead crown, drums, 
wine gourds, pipe bowis, etc. The whole is well put 
together and gives a good picture of native life from 
the point of view of a king. 


The Trans-Atlantic Telephone Cable 


A. Jorst meeting of the Institution of Electrical 
Engineers, the American Institute of Electrical 
Engineers and the Engineering Institute of Canada 
was held on January 24, during which the lecture 
theatres of these three bodies in London, New York 
and Montreal were connected together by the trans- 
Atlantic telephone cable, which was opened for public 
service last September. At the beginning of the 
proceedings, the presidents of the American and 
Canadian bodies appointed Sir Gordon Radley, 
president of the Institution of Electrical Engineers, 
to act as chairman of the joint meeting. Thereafter, 
for about an hour, the authors of each of twelve 
papers spoke in turn over the cable, giving a brief 
account of the planning, design, construction and 
laying of the various sections of the cable. At the end 
of the symposium the clarity of transmission over 
the cable was demonstrated when identical recordings 
of music were played in London and New York. 
Switching from one source to the other gave an 
immediate comparison of quality between the locally 
produced music and its counterpart from across the 
Atlantic. Without the indicator provided in the 
lecture theatre in London, it would have required a 
very sensitive musical ear to determine the source of 
the music. 


Nuclear Energy and the Mellon Institute 


THE entry of the Mellon Institute into the field 
of the peaceful applications of nuclear energy is 
announced in a seven-page booklet recently issued 
by the Institute. A Department of Radiation 
Research is to be established, under the directorship 
of Dr. Robert H. Schuler, who was formerly a 
member of the staff of the Brookhaven National 
Laboratory. The facilities of the new Department 
are to include a 3-million volt Van de Graaff accel- 
erator, laboratories for radiochemical and allied work, 
laboratories for general work, a radiation library, 
offices, and equipment for using radioactive cobalt 
and other radiation sources. The Department of 
Radiation Research will be the sixth department 
established by the Institute to aid the numerous 
comprehensive research programmes sponsored by 
industrial concerns or associations. 


Spectral Types of Southern Stars 


In 1949 it was decided to re-classify the objective- 
prism spectra taken by the late W. B. Rimmer, and 
partly described in Mem. Commonwealth Solar Obs., 
No. 2; 1930. This description is in accordance with 
the newer system developed by W. W. Morgan and 
his associates, an account of which appeared under 
the title “An Atlas of Stellar Spectra’ (Univ. of 
Chicago Press, 1943). Dr. S. C. B. Gascoigne super- 
vised Miss M. L. Woods in the conduct of this work, 
which was completed in 1951 but remained unpub- 
lished until Dr. W. Buscombe was able to take the 
responsibility of editing the data for publication 
(Memoirs of the Commonwealth Observatory, Mount 
Stromlo, Canberra; Memoir No. 12 (3, No. 2). 
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Spectral Types of Bright Southern Stars. By Mary 
The Memoir deals with 
620 bright stars and includes all the stars for which 
Rimmer’s spectra are sufficiently clear, with the 
exception of a few composite spectra, and in addition 
to the data contained in nine pages of tabular matter, 
three pages are devoted to an introduction, procedure, 
notes on different types, absolute magnitudes, the 
catalogue, and acknowledgments. 


Venezuelan Institute for Neurology and Brain 

Research 

THe first (pilot) section of the Venezuelan Institute 
for Neurology and Brain Research (see Nature, 176, 
1049; 1955) has now been completed and the 
Institute has issued an illustrated brochure which is 
available on application to the director, Dr. H. 
Fernandez-Moran, Instituto Venezolano de Neuro- 
logia e Investigaciones Cerebrales, Caracas, Venezuela. 
The brochure gives a plan and photographs of the 
Institute and indicates the work of the various 
departments. The use of the ultramicrotome and the 
production of diamond knives is described and a 
section deals with the application of nuclear magnetic 
resonance spectrometry to cell studies. Next March 
the Institute will be holding an international sym- 
posium on “The Fine Structure of the Nervous 
System” under the auspices of the International 
Society for Cell Biology. 


Scientific Institutions in Latin America 


A srconp volume of “Scientific Institutions and 
Scientists in Latin America”, dealing with Colombia, 
issued by the United Nations Educational, Scientific 
and Cultural Organization (Centrode Cooperacion Cien- 
tifica para America Latina, Montevideo. Instituciones 
Cientificas y Cientificos Latinoamericanos. Colombia. 
(20 Volumen.) .Pp. ii+176. Montevideo, 1956), con- 
tains information, revised and brought up to date, 
on institutions and scientists, contained in Vol. 1, 
issued in 1949, as well as on some not formerly 
included. The arrangement is alphabetical for both 
institutions and scientists, and there is in addition a 
subject-index. 


Scientific Research at the British Museum (Natural 
History) 

Tue British Museum (Natural History) has such 
an attraction for the general public that its main 
function as an institution for scientific research tends 
to be hidden. For this reason the production of a 
booklet describing some of the research which has 
been and is still being done at the Museum will be 
welcomed by many visitors as well as all natural 
history scholars (“Scientific Research at the Natural 
History Museum”. Pp. vi+46. London: British 
2s. 6d.). The 
booklet describes the way ın which the main research 
activities in various departments are organized, as 
well as specific investigations by individual sections 
or members of each department. The booklet is well 
written and well illustrated and should prove a 
valuable addition to the publications of the Museum. 
If a reprint is made, the cover of the journal might 
bear a closer relation to its contents than one which 
appears to be more appropriate for publications of 
the Science Museum. 


Sarawak Museum, Borneo 


Dure the past few years there has been news 
from time to time of the great vitality of the Sarawak 
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Museum under its director, Mr. Tom Harrisson. 
Field research in various directions has been under- 
taken, new buildings have been put. up, and the 
Journal of the Museum hes been revived. Two 
recent issues of the Sarawak Museum Journal (6 and 
1, New Series) give some indication of the scope of its 
activities. They include historical matter, notably 
an account of some of the pioneers of development 
in Borneo, zoology, accounts of aboriginal customs, 
myths and archeology. A matter of some general 
interest is the occurrence of Chinese porcelain and 
other imported wares in the possession of aboriginal 
groups in the interior. This is the subject of an 
article by the director, and further light is thrown 
on it by the report of the excavation of two inter- 
esting burials of about a century ago by Mrs. 
Harsrisson. In a time of rapid change, the Journal is 
performing a useful service in recording information 
which will soon be unobtainable, besides the results 
of exploration and research where much remains to 
be done. 


University of London: Appointments 

Tue following appointments in the University of 
London have been announced: Dr. C. C. Butler, 
reader in physics, and Prof. A. W. Skempton, 
professor of soil mechanics, both of the Imperial 
College of Science and Technology, to the University 
chairs of physics and of civil engineering, respectively, 
tenable at that College; Dr. M. J. Blunt, senior 
lecturer in anatomy at St. Bartholomew’s Hospital 
Medical College, to the University readership in 
anatomy tenable at that College. 


The Physical Society Exhibition 

THe Physical Society Exhibition of Scientific 
Instruments and Apparatus is to be held during 
March 25-23 in the Royal Horticultural Society’s 
Old and New Halls, Westminster, London, S.W.1. 
The opening ceremony will be performed in the New 
Hall by Prof. P. M. S. Blackett, on March 25, at 
1l am. Discourses will be given at 6.15 p.m. as 
follows: (March 25) “The International Geophysical 
Year’, by Sir Harold Spencer Jones; (March 26) 
“The Supply and Distribution of Liquid Helium”, 
by Dr. E. Mendoza; and (March 27) “On Recent 
Trends in Acoustics’, by Prof. E. G. Richardson. 
Inquiries should be addressed to the Secretary, 
Physical Society, 1 Lowther Gardens, Prince Consort 
Road, London, 8.W.7. 


Gas Chromatography 


A syMposrum on “Vapour Detectors for Gas 
Chromatography” will take place at the University 
of Oxford on May 3, at 11.15 a.m. The meeting is 
being organized, under the auspices of the Hydro- 
carbon Research Group of the Institute of Petroleum, 
by the Gas Chromatography Discussion Group. The 
following detectors will be described : 8-ray ionization 
cells; the low pressure discharge tube; the gas 
density balance; and thermistor thermal conduct- 
ivity cells. The proceedings will not be recorded or 
published. Application for tickets should be sent 
{before April 1) to Mr. D. H. Desty, Gas Chromato- 
graphy Discussion Group, British Petroleum Co., 
Ltd., Research Station, Chertsey Road, Sunbury- 
on-Thames, Middlesex. : 


Announcements 


Dr. F. T. Rossmr has been appointed vice-president 
(administration) of the National Research Council of 
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Canada. Dr. Rosser, who was formerly director of 
the Division of Administration, succeeds Dr. E. R. 
Birchard, who continues in his position of president 
of Canadian Patents and Development, Lid. 


Amona the courses being given at Norwood Tech- 
nical College is one of twelve lectures, held on 
Saturday mornings from 9.15 a.m. to 12.30 p.m., 
commencing on April 6, on “Semi-microchemical 
Methods”. Application forms may be obtained from 
the Secretary, Norwood Technical College, Knight’s 
Hill, London, 8.E.27. 


Tam Society fcr Applied Bacteriology announces 
that during its summer conference, to be held in 
Leeds during July 2-5, a one-and-a-half day sym- 
posium will be presented on “The Formation and 
Germination of Bacterial Spores’. Further details 
can be obtained from the secretary, G. Sykes, Boots 
Pure Drug Co., Lid., Microbiology Division, Notting- 
ham. 


A DISOUSSION on the “Molecular Mechanism of 
Rate Processes in Solids” will be held by the Faraday 
Society in conjunction with the Koninklijke Neder- 
landse Chemische Vereniging at the Netherlands 
Royal Tropical Institute, Mauritskade, Amsterdam, 
during April 15-18. Inquiries should be addressed to 
the Assistant Secretary, Faraday Society, 6 Gray’s 
Inn Square, London, W.C.1. 


An Electronice Exhibition, organized by the Radio 
and Telecommunications Group of the North Western 
Centre of the Institution of Electrical Engineers, is 
to be held in the College of Science and Technology, 
Manchester, durmg March 26-27. This Exhibition is 
intended to stimulate recruitment to the electrical 
engineering profssion. Demonstrations of working 
electronic equipment will illustrate the type of work 
undertaken by those choosing electronic engineering 
as & career. 


Tue Photoelectric Spectrometry Group recently 
conducted a survey on the use of spectroscopic 
solvents in an effort to assist the manufacturers of 
solvents in determining a likely market and quan- 
tities in demand. A preliminary report compiled by 
Dr. H. Campbell has been published in Bulletin No. 9 
(September 195€) of the Photoelectric Spectrometry 
Group (from the Hon. Secretary, 56 Arbury Road, 
Cambridge ; 7s. net). 


Tue Italian Physical Society is organizing the third 
International Conference on Ionization Phenomena 
in Gases, to be held in the Fondazione G. Cini in 
Venice during June 11-15. The four general sections 
will discuss : fundamental processes in ionized gases ; 
mechanism and properties of various types of dis- 
charges; nucleer reactions in discharges ; and tech- 
nical and instrumental questions. English will be 
the preferred language, and the proceedings will be 
published in tha Supplemento of Il Nuevo Cimento. 
Those who wish to attend the Conference or require 
further informazion should write before March 15 to 
the general seczetary of the Conference, Prof. Ugo 
Facchini, Laboratori CISE, Via Procaccini 1, Milan.” 


Erpatom. In the review entitled “Story of the 
Atom Bomb” in Nature of February 2, it is stated 
(p. 223) that a permanent increase by a factor of 100 
in the general level of ionizing radiation would result 
in “a world radiation dose to the whole population 
of more than 400 roentgens” ; for “400 roentgens” 
read “300 roensgens”’. : 
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THE SOUTH AUSTRALIAN MUSEUM 


HE Records of the South Australian Museum (12 ; 

1956) is an outstanding issue as it includes an 
illustrated record of the first hundred years, 1856- 
1956. The account is compiled by the present 
director, Mr. H. M. Hale, who has been on the staff 
since 1914 and is thus able to relate much of the 
story of this well-known Museum from personal 
knowledge. 

The establishment of-a natural history museum in 
South Australia was considered at a very early stage 
in the history of the State, and a Natural History 
Society formed in 1838 had for its object “the cul- 
tivation of the Science of Natural History in all its 
branches and more especially the Natural History of 
South Australia’. Another potent influence at that 
time was the Adelaide Philosophical Society founded 
in 1853. Thus the usual pattern, so often seen in 
English towns, was set and the South Australian 
Institute was founded in 1856. The Institute com- 
prised a library and a museum, and its first Govern- 
ment grant was the modest sum of £350. Specimens 
soon accunulated—chiefly geological and entomo- 
logical—and meanwhile the search for accommodation 
was pursued with vigour. Eventually a site was 
procured, and the building was opened, though still 
incomplete, in 1861. Mr. F. G. Waterhouse was 
appointed as the first curator in 1859 at a minimum 
salary of £50 rising to a maximum of £200. Also, 
then as now, a very small purchase grant made it 
necessary for the Museum to depend on gifts rather 
than on grants. Lack of accommodation and financial 
support soon became apparent and the difficulties of 
the Board were those common to committees and 
directors of the present day. 

By 1865 Waterhouse had become concerned about 
the limited exhibition space at his disposal, but it 
was not until.1873, after prolonged efforts to urge 
the Government to provide the necessary grants, 
that the foundations of the west wing extension were 
laid. It was, however, only in 1882 that the material 
was placed in the new west wing, the formal opening 
taking place in 1884. 

In 1883 Dr. Wilhelm Haacke was appointed 
director, and the change in title of the chief official 
was accompanied by the renaming of the Institute 
with its present title of “The South Australian 
Museum”. The mounting of expeditions was one of 
the major activities of the Museum in that period of 
its éxistence, and especial mention must be made of 
the skeletons of Diprotodon which were found in a 
water-course near the margin of Lake Callabonna. 

It was not long after the occupation of the west 
wing that the grave disadvantage of having a public 
library, museum and art gallery in one bulding 
became apparent. In 1893 the red brick building 
which constitutes the north wing of the block was 
completed and formally opened early in 1895. Thus 
almost forty years after the founding of the South 
Australian Institute the Museum was for the first 
time housed in a building provided solely for that 
purpose ; although the museum, the art gallery and 
the public library continued to be associated under 
one board for a further forty-five years. 

The next twenty years, 1895-1915, were a period 
of concentrated effort within the Museum. Expedi- 
tions were few and intensive curatorial work by 
members of the staff placed the now extensive col- 


lections in good order. Ever since the ‘eighties 
research had been considered as one of the important 
activities of the South Australian Museum; but in 
the period after the First World War the staff wrote 
an increasing number of original papers, particularly 
for the Proceedings of the Royal Society of South 
Australia, of which many were Fellows. This activity 
led to the publication of the Records of the South 
Australian Museum, containing papers by members 
of the staff. 

The beginning of the period 1928-40 started with 
a long-term reorganization of the Museum and ended 
with the establishment of three new government 
departments—the lbrary, museum and art gallery. 
Much surplus material was removed from exhibition 
and an impression of spaciousness was produced by 
eliminating some of the ‘funeral black’ cases. This 
re-organization was expedited by a visit of a dele- 


‘gation from the Carnegie Corporation of New York. 


During the years 1940-46 the Board was faced with 
the difficulties and responsibilities consequent on 
the Second World War. When Japan entered the 
War in 1941 a large part of the collection was removed 
as an air raid precaution to safer storage away from 
Adelaide. At first the objects were placed in wine 
cellars scattered in the Mount? Lofty Ranges but 
these proved unsuitable, and after the bombing of 
Darwin in 1942 a disused railway tunnel provided a 
more efficient shelter. With a depleted staff this was 
no light task and much help was given by the 
honorary officers. The Army Education Service also 
called for assistance and during one year more than 
one hundred lectures and demonstrations were given 
in the Museum, in camps and in hospitals. In addition 
to these and other duties, the staff carried out much 
research’ on war-time problems. The last decade, 
1946-56, marked the gradual return of the staff and 
the initiation of many experiments in exhibition 
and conservation. The majority of the cases were 
painted and a new feature was an exhibit concerning 
game-birds and details of the legislation passed to 
ensure that these birds were not exterminated. 
Miniature dioramas were also constructed. 

The history concludes with a note concerning the 
future. It is rightly maintained that the South 
Australian Museum has outstanding collections and 
that the improvisations and makeshifts which have 
been practised for at least fifty years have reached 
& stage when drastic action is necessary. The con- 
clusion is reached that there is no satisfactory 
alternative to the erection of a new building, prefor- 
ably in a landscaped setting, planned to meet modern 
requirements. Spacious exhibition floors with no 
supporting pillars and with provision for smaller 
umts by means of movable partitions allowing elas- 
ticity for display are rightly considered to be essential. 

This is a moving story of a great museum related 
in simple language. It is an important contribution to 
museum literature not only on account of the elab- 
orate details it relates but also as a record of a large 
museum and the trials and difficulties which arose 
and were overcome. It is a record of the acquisition 
and conservation, despite set-backs, of the present 
important collections of ethnological, zoological and 
mineralogical objects and is in many ways an epitome 
of the- history of the museum movement in all 
parts of the world. F. S. WALLIS 
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USE OF VISUAL AIDS IN 
‘TEACHING SKILLED 
MANIPULATIVE TASKS 


` By Pror. M. D. VERNON 
Department of Psychology, University of Reading 


NCREASING interest has been aroused m recent 
years in the possibility of devising improved 
methods of teaching manipulative tasks of all levels 
of complexity. Often mstructors are not readily 
available for teaching ; or their skill in teaching, as 
apart from their ability to perform the tasks them- 
selves, may be deficient. The current popularity of 
‘visual aids’ m education—films, film-strips, tele- 
vision, etc.—has suggested that they might be of 
considerable assistance in the teaching of manipula- 
tive tasks. They could utilize standardized and 
efficient: methods of instruction; and they could be 
employed on a large scale, and might obviate the 
necessity of highly skilled instructors. Indeed, rb is 
claimed that, in the Services, films and film-strips 
have been found valuable for such instruction. 
There has been a tendency to accept uncritically 
the efficacy of film instruction for teaching manipu- 
lative tasks. A recent inquiry by S. Laner, however, 
suggests that considerable caution is necessary in the 
use of films for this purpose. Laner investigated the 
effectiveness of film instruction in teaching people 
to perform three tasks: (1) repairing the sash-cord 
of a window ; (2) assembling the trigger mechanism 
of & Bren gun ; (3) constructing a complicated paper 
model. (The films used for tasks (1) and (2) were 
ordinary commercial films; that used for task (3) 
was @ film specially prepared to give the clearest 
possible demonstration of the method of construction.) 
The ability of learners to perform these tasks after 


film instruction was studied individually, and was ` 


compared with the ability of other learners to per- 
form the tasks after instruction, in (1) and (3) by 
film-strip and verbal commentary, in (2) by a written 
text accompanied by diagrams. The intelligence and 
‘spatial ability’ of the learners varied over a wide 
range, but was similar on the average for the experi- 
mental and control groups. 

In general, is was found that the performance of 
those taught by films was not superior to that of 
those taught by the other methods. It did not seem 
that the greater detail, the continuity and the move- 
ment of the film had any advantage, even for the 
understanding of a moving piece of machinery such 
as the trigger mechanism of the Bren gun. Indeed, 
the films possessed certain marked disadvantages. 
They were liable to pass too quickly over the more 
difficult parts of the task, and the learners had 
insufficient time for-these stages, or were unable to 
seo them clearly enough. They felt that they were 
being ‘pulled along’ by the film displays, and could 
not control their learning processes. If they failed 
to grasp clearly the essential stages, their subsequent 
performance of the task tended to break down. 

It transpired that the learners did, not acquire 
passively a train of visual images of the display. 
Instead, they perceived it actively, and constructed 
in their minds a kind of plan, described as ‘getting 
the general idea’ of the task. This plan was formu- 
lated verbally, though accompanied by some visual- 


‘ization, but not by the recall of imagery exactly 


reproducing what had been shown. The coherence 
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and clarity of.the sound commentary were thus of the 
utmost importance to the formation of the plan. In 
particular, it could describe the relationships between 
parts of the material and stages of the task which 
could not be disp.ayed visually. In the third experi- 
ment, one group of learners which was shown the 
film without any verbal commentary made a much 
poorer performance than the group which heard the 
commentary. 

On the other hand, the form of the visual display 
was of comparazively minor importance provided 
that it could be employed in visualizing effectively 
some of the steps of the task. Once the ‘general idea’ 
had been graspec. and the plan formed, the learner 
could utilize 1t to perform the task, this performance 
being more in the nature of an active reconstruction 
than a mere cdDying of what was shown in the 
display. This is not to claim that there is no necessity 
for employing any form of visual display in the 
instruction of skilled manipulative tasks. But it 
need not be a dezailed copy of the manipulation ; it 
must rather afford the learner the kind of information 
which he can employ most readily in formulating his 
plan of action. For this purpose, diagrammatic 
material may often be more effective than pictorial- 
material. 

This work wae carried out in the Department of 
Psychology at the University of Reading, by means 
of a grant from the Nuffield Trustees, to whom 
grateful acknowledgment is made. 

1 Laner, S., Quart. J. 4an, Psychol., 6, 95 (1954); Brut. J. Peychol., 


44, 280 (1955) ; KE Experimental Study of Pictorial Methods of 
Instruction”, unpublished Ph.D. thesis, University of Reading. 


THE BRITISH FLORA DURING 1956 


HE progrese made in increasing knowledge of 

the flora of the British Isles during 1956 has 
been equal to thet of recent years'. In spite of much 
inclement weather hampering field work, at least one 
species of outstanding interest has been added to our 
list, while imporsant extensions of range have been 
reported for soms of our rarest species. Very setis- 
fying progress has been made in recording general 
distribution and in the study of variation, while it is 
evident that some of the new work initiated during 
the year offers considerable promise for the future. 
All these aspects were represented at the annual 
exhibition meeting of the Botanical Society of the 
British Isles, arranged in the lecture room of the 
British Museum (Natural History) on November 24. 
The meeting was attended by about 350 members 
and guests, and a full account of the exhibits will 
appear in the Proceedings of the Society. 

, The most impcrtant addition to the British flora is 
Hypericum canacense L., which has been found by 
Prof. D. A. Webb in boggy pools and channels by 
Lough Mask in western Mayo and western Galway. 
It was exhibited by D. McClintock. This species has 
@ wide range in 2astern North America and must be 
added to the small group of plants which comprise 
the ‘North American element’ in our flora, and are 
all associated with lakes or their vicinity. H., 
canadense has bean found growing recently in France 
under very simizar conditions’, and while its occur- 
rence there in a limited area as far east as Haute- 
Saône is puzzling, the discovery in Ireland adds 
suppors to the suggestion that in France it is a 
relict species. 
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The Committee for the Study of the Scottish Flora 
exhibited important recent discoveries. Koenigia 
islandica, known previously only from Skye, whence 
it was first reported in 1950, was found this year in 
Mull by ,R. W. M. Corner during an expedition of 
the Edinburgh University Biological Society. E. A. 
Blake found two colonies of Saxifraga cernua on 
limestone rocks at 3,000 ft. on the Ben Nevis range ; 
it was known previously only from Ben Lawers and 
a hill adjoining Glencoe. With it in the new place 
grows the almost equally rare S. caespitosa, and also 
S. rivularis and other scarce plants of high altitudes. 
Carex buxbaumii, which is regarded as extinct on 
Lough Neagh, and recently known only from near 
Arisaig, was shown from a lochan in east Inverness, 
where it was found by D. S. Kettle in 1955. Miss 
M. McCallum Webster also exhibited plants from 
new Scotch localities, including Carex norvegica from 
Ben Lawers. y 

Another important extension of range is made by 
the discovery of Cephalanthera rubra, one of Britain’s 
rarest orchids, in the Chilterns in Buckinghamshire. 
A colony with eleven plants in flower, and sixty-four 
‘ non-flowering, was found in July, and photographs 
of some of the plants were shown by R. S. R. Fitter. 
He stated that none of the 1956 flowers set seed. 
Until this year the species was only certainly known 
in Britain from the Cotswolds, and Dr. G. W. T. H. 
Fleming exhibited a specimen with swollen ovaries, 
claimed as the only known instance of the fertilization 
of this orchid in Britain. It is known to have excep- 
tional powers of vegetativé growth and is a facultative 
saprophyte, so it could persist for long periods with- 
out regeneration from seed. This may explain the 
erratic appearance of flowers in the Cotswolds and 
why the strong Chilterns colony, which must have 
been there for many years, has been so long over- 
looked. Miss A. P. Conolly and Miss P. M. Smith 
(Leicester) showed specimens of Cicendia filiformis 
from near Nevin in North Wales. They found it 
there in August 1956 and, as was evident from the 
map of the distribution of this species which they 
exhibited, the new locality is more than sixty miles 
north of the places from which it was previously 
known in Wales. 

The major effort to record the detailed distribution 
of vascular plants in Britain being made by the 
Distribution-Maps Scheme of the Society has shown 
most satisfactory progress during the year. With the 
support of nearly 3,000 observers, about half a 
million records have now been’ received, and some 
250,000 of these are already transferred to punched 
cards and available for the mechanical production of 
maps. The exhibit provided by the Cambridge office 
of the Scheme included a map showing the minimum 
number of records received for each of the 10-km. 
squares of the National Grid extended to cover the 
whole of the British Isles. For England and Wales, 
only 13 per cent of the squares have less than fifty 
records (some have totals ranging up to more than 
800), while for Scotland and Ireland about 30 and 
50 per cent of the squares are similarly, heavily 
under-recorded. Taking 200-250 species as the 
minimum target, it is expected that the 1957 field- 
work should bring almost all the squares up to a 
reasonable standard. Dr. J. G. Hawkes (Birmingham) 
and R. C. Readett provided an exhibit to show the 
methods being used in the preparation of the 
Warwickshire county Flora. For each of the 2,500 
one-kilometre squares of the National Grid in the 
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county, species are recorded using habitat symbols. 
Sample maps plotted with the data so far available 
indicated how distribution could-be compared with 
the known geological structure of the county, and 
habitat analyses showed that although many species 
overlap in habitat range, their preferences do not 
necessarily coincide, while some have a wider range 
of tolerance than others. An example of the thorough 
revision. of the distribution of a single species through- 
out Britain was provided by E. W. Groves (British 
Museum (Natural History) ), who showed a map with 
the known records of Hippophae rhamnoides, for which 
it is important to distinguish native habitats from 
those where it has been introduced by human agency. 
One of the most promising lines for providing sound 


‘data for the interpretation of present distribution 


patterns is information about the occurrences of sub- 
fossil remains. Miss A. P. Conolly (Leicester) 
exhibited maps showing the present distribution and 
records from Full-glacial and Late-glacial deposits 
for Betula nana, Oxyria digyna, Polygonum viviparum, 
Salix herbacea and S. reticulata in the British Isles, 
together with some of the specimens on which the 
records were based. Dr. F. Rose (Bedford College) 
exhibited specimens from the Pas de Calais, to direct 
attention to some of the differences between the 
flora of Kent and that of the opposite area of France. 
A. J. Carpenter, P. J. Grubb and D. A. Gtiymer 
(Cambridge) showed specimens ‘they had collected 
from Jugoslavia to show such British arctic-alpines as 
Moneses uniflora and Oxytropis campestris (ssp. dinar- 
ica) as they occur at the southern end of their range. 

The progress made during the year in the inter- 
pretation of variation within species, or’ small 
groups of species, was illustrated by several exhibits. 
P. W. Ball (Leicester) showed that British species 
of Salicornia -could be divided into two groups 
based on chromosome counts: the tetraploid species 
(2n = 36) are annuals growing in the lower regions 
of sali marshes, and include S. dolichostachya ; ; the 
diploids (2n = 18) include S. perennis, S. dis- 
articulata, S. prostraia, S. ramosissima (A and B), 
S. europaea (of Wilmott) and S. gracillima. ` C. 
Jeffrey (Cambridge) is ‘working on Bromus mollis 
and B. ferronet, and exhibited a statistical comparison 
of. spikelet size, florets per spikelets and lemma- 
length based on plants in natural habitats, on 
herbarium specimens and on plants grown from 
seed. A. C. Jermy (Leicester) showed material of 
Carex, section Acutae, which brought. out an inter- 
esting ecological distinction between the much- 
confused Carex juncella and O. nigra forma sub- 
caespitosa. The former produces its large tussocks 
on the edges of streams in habitats with good water 
circulation, the latter grows in marginal fen leggs. 
N. M. Pritchard (Oxford) exhibited evidence that 
Gentianella septentrionalis may cover two separate 
taxa. Druce’s apparent type is that found on the 
west coast of northern Scotland, the other is charac- 
teristic of the eastern side. P. J. Field (Cambridge) 
showed Rumes conglomeratus and R. sanguineus ; G. 
Halliday (Cambridge), Minuartia verna and Anten- 
naria dioica var. hyperborea; B. M. G. Jones 
(Leicester), Cardaminopsis petraea ; I. H. McNaugh- 
ton (Oxford), British species of Papaver and hybrids ; , 
B. T. Styles (Oxford), the variation in segregates of 
Polygonum aviculare; and Prof. T. G. Tutin (Leices- 
ter), variation in Poa annua. 

Several current approaches to the study of varia- 
tion. were well shown in the fine exhibit provided by 
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Prof. and Mrs. J. Heslop-Harrison (Belfast). Eco-` 


logical variation was illustrated by Dactylorchis 
incarnata, in which the subspecies are of the nature 


of ecotypes, while in D. fuchsii the subspecies are 


scattered on the western side of the British Isles 
and illustrate geographical variation. The difference 
in appearance between fertile seeds and, as an 
example, the infertile ‘seed’ of D. fuchsii x D. 
purpurella, was demonstrated with microscopes. A 


useful experimental confirmation of the identification, 


of a hybrid from its morphological characteristics 
was exhibited by P. M. Benoit. In his garden he 
crossed Stellaria media with S. neglecta, using the 
former as the female parent, and was able to grow 
four plants to the flowering stage from seed thus 
obtained. These plants were similar to, though not 
identical with, wild plants he found at Arthog, 
Merioneth. The hybrid is highly sterile. R. A. 
Graham (Kew) exhibited Mentha x maximilianae (M. 
aquatica x rotundifolia), which has recently been 
detected in Cornwall and elsewhere. Dr. C. P. Petch 
and E. L. Swann showed Carex x schmidtiana Junge 


(C. pseudocyperus X C. rostrata), which has recently 


been found near Hockham, west Norfolk’. 
The exhibit provided by the British Museum 


(Natural History) included specimens of Bromus . 


benekenit (Lange) Trimen from Britain. This grass is 
widespread on limestone, particularly in the Wye 
Valley and Yorkshire, and after much argument was 
dismissed by British botanists years ago as not worth 
separating from B. ramosus, and hence is not men- 
tioned in recent British Floras‘-’. Elsewhere it is 
regarded as a good species® and its claims, deserve 
thorough investigation. The Museum also showed 
Festuca rubra var. arenaria x Vulpia membranacea 
from Dawlish Warren, gathered this summer by 
Mr. and Mrs. P. Hall. The hybrid involving this 
variety of F. rubra is claimed as new to Britain and 
to Europe. From Swanscombe Wood, west Kent, 
was shown Lathyrus heterophyllus var. unijugus Koch, 
which was previously overlooked as a broad-leaved 
form of L. sylvestris*, of which the usual narrow- 
leaved form grows there in great abundance. The 
status of these two plants requires further study. 
The British Museum (Natural History) also exhibited 
part of its magnificent autograph collection showing 
the writing of John Ray, William Curtis, Sir Joseph 
Banks and other well-known botanists. 

The spread of aliens continues to be one of the 
most important factors in changing the British flora; 
and Veronica jiliformis is one of the species which is 
rapidly becoming locally abundant in natural 
habitats in many districts. It was the subject of an 
exhibit prepared by E. B. Bangerter and D. H. 
Kent, who showed how this native of the Crimea, 
Caucasus and Asia Minor, introduced into British 
gardens early in the nineteenth century, had 
dramatically increased since it was first recorded as 
an escape in 1927. The aquatic Lagarosiphon major 
owes its spread to its use by aquarists as an aerator 
and has been recorded this year choking ponds in 
four new places—in Jersey, Alderney, and Whipp’s 
Cross and Maldon in Essex. Its present distribution 
was illustrated by D. McClintock, who also showed 
Aremonia agrimonioides, which was first noticed in 
Scotland a century ago, and has been seen this year 
in four wild localities in that country. 

Techniques continue to improve, and perhaps the 
most important advance demonstrated this year was 
that of three-dimensional colour photography as 
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applied to plants by L..C. and S. T. Jermyn. This 
was shown by means of a hand-viewer at the 
exhibition meeting and by projection on a large 
screen at the conversazione which followed. Their 
first public demonstration of this was at the South 
London Botanical Institute in 1955; but this year 
they have improvzd their technique and are now 
able to project enlargements of very small organs on 
the screen. It is evident that for scientific work this 
represents a greet advance on ordinary . colour 
photography. The value of a method of preserving 
plants indefinitely in a moist state is self-evident, 
and Dr. H. J. M. Bowen (Harwell) has been experi- 
menting with the ase of gamma rays to kill moulds 
and inactivate enzymes to this end. His exhibit 
showed that doses exceeding one megarep prevented. 
decomposition and the growth of moulds, but unfor- 
tunately they dry the material and make it brittle 
and change the cobur. D. H. and Miss G. W. Dalby 
showed photograpkts and various methods of drawing, 
comparing their msrits for different purposes as used 
for botanical illustrations. 

D. H. Allen dirested attention to a paragraph dis- 
cussing the variability of Linaria vulgaris in Q. O. 
Druce’s “Flora of Berkshire”, 1897, which is a clear 
statement of the Drinciples of introgressive hybrid- 
ization". This appeared some thirty years earlier 
then the publication usually cited as the first state- 
ment of introgression. Mrs. H. N. Clokie (Oxford) 
exhibited the manuscript of Dillenius’s journey into 
‘Wales and some o? the specimens he collected on his 
only holiday during the period 1721-28 when he was 
living with William Sherard. : 

Dr. V. H. Heywood (Liverpool) and Dr. S. M. 
Walters (Cambridge) exhibited sample printed pages 
and other explanasory material of a proposed “Flore 
of Europe”, whick is being planned by @ committee 
of six British bosanists with the collaboration of 
leading botanists from other European countries. 
There can be no deubt that by summarizing informa- 
tion now availabls only by consulting some thirty 
separate Floras and innumerable smaller publications, 
written in more zhan a dozen different languages, 
many aspects of the study of European plants would 
be greatly facilitated. If such a work can be produced 
in three or four cmvenient volumes, in the course of 
ten or twelve years as planned, the editors will render 
a great service to 2otany. One of the ways in which 
younger students are being encouraged to take a 
wider view in field studies was illustrated by the 
exhibit prepared ky the Junior Activities Committee 
of the Society as a record of their visit to Obergurgl 
in the Tyrol during the summer. With the assistance 
of Prof. H. Gams, a very large number of interesting 
plants was seen, and the high standard of the 
herbarium specimens, photographs and sketches 
shown reflected great credit on the work of these 
young botanists. During the afternoon, coloured 
slides of plants taken during this Junior Meeting 
were shown in arother room. J. E. LOUSLEY 
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RADIO WAVE PROPAGATION - 
INTERNATIONAL COLLOQUIUM IN PARIS 


A COLLOQUIUM was held in Paris during 
September 17-21, at which various aspects of 
radio wave propagation were discussed. The pro- 
ceedings were organized by the French National 
Committee of the International Scientific Radio 
Union and the Société des Radioélectriciens. The 
time chosen was shortly after the eighth Reunion of 
the International Radio Consultative Committee in 
Warsaw, as a result of which a number of delegates 
from foreign countries attended who might not other- 
wise have been able to do so: there were in fact 
representatives of more than twenty countries present. 
The topics discussed fell broadly under the three 
headings of tropospheric propagation, ionospheric 
propagation and general theoretical problems. 


Tropospheric Propagation 


In view of the current widespread interest in the 
possible uses of ultra-high-frequency radiation for 
transmission to points far beyond the horizon, it was 
not surprising that much of the discussion in the 
sessions devoted to tropospheric propagation should 
be concerned with the physical processes involved 
in such transmission. Over the past few years several 
theories advanced to explain the phenomenon have 
been debated at length. For most of this time it 
has been held by many workers that the cause of 
long-distance tropospheric fields is scattering pro- 
duced by fluctuations of refractive index due to 
turbulence in the lower atmosphere. A less widely 
held view is that advocated by T. J. Carroll: it is 
based on the normal mode theory applied to an 


atmosphere in which the refractive index decreases ` 


monotonically from its value at the surface of the 
earth to unity at some specified height, above which 
it is maintained at unity: the mathematical rigour 
of this theory has, however, been seriously questioned. 

While recognizing the powerful stimulus to research 
and practical applications provided by the turbulence 
theory, some speakers at Paris were of the opinion 
that a new attack on the problem was becoming 
desirable. The various forms of the theory proposed 
by E. C. S. Megaw, by H. G. Booker and W. E. 
Gordon and by F. Villars and V. F. Weisskopf all 
postulate isotropic turbulence, and' it is generally 
realized that this must be far from true. Soundings 
of the refractive index of the troposphere made by 
centimetre-wave refractometers, for example, provide 
evidence of marked horizontal stratification which is 
nearly always present in some height interval. Modi- 
fications of the turbulence theory to allow for aniso- 
tropy have been proposed, but these, it is felt, do 
not’ meet the full needs of the problem: as a con- 
sequence there is a trend towards explaining long- 
distance fields primarily in terms of partial reflexion 
and scattering from one or more layers in which there 
is a significant change in the gradient of refractive 
index with height from that occurring in neighbouring 
regions of the atmosphere above and below, and 
which may present a rough, or at times broken, 
surface to the incident radiation. This point of view 
was strongly expressed at the colloquium by L. J. 
Anderson. It is evident that much more work, both 
theoretical and experimental, remains to be done 
before a really satisfactory explanation of long- 
distance tropospheric fields is obtained. 
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J. B. Wiesner presented a general account of the 
principles underlying the design of tropospheric- 
scatter links for communication purposes. He directed 
attention to the fact that the propagation mechanism 
is not the only factor determining the choice of 
the optimum frequency for a given link; that is, 
within the range 400-5,000 Mc./s., which is generally 
regarded as being the band in which the most useful 
applications of tropospheric scattering can be made. 
Consideration must also be given to the power avail- 


able for transmission, the sensitivity of receivers, and ' 


the feasibility of building the size of aerial which 
may be required; for if wide-band information is 
to be transmitted, highly directive aerials are essen- 
tial. It thus appears that, for links 300-400 km. 
in length, the optimum frequency is somewhere in 
the region of 1,000 Me./s.; but there is an ‘advantage 
in using lower frequencies, of the order of 400- 
500 Mc./s., for appreciably longer links. The econ- 
omics of the problem is also of considerable import- 
ance, and this aspect was discussed by P. Clavier. 
In a description of work carried out at the Lincoln 
Laboratory of the Massachusetts Institute of Tech- 
nology, J. H. Chisholm gave details of investigations 
of the angular distribution of tropospherically scat- 
tered radiation, and went on to consider the com- 


“munication capacity of scatter links ; he emphasized 


the importance of multipath propagation on this 
capacity and the use of highly directive aerials for 
minimizing such effects. Other work at the Lincoln 
Laboratory, dealing with the practical aspects of the 
design of long-range communication systems, was 
described by W. E. Morrow: the improvement in 
performance to be obtained by the use of space- 
diversity reception on scatter links was pointed out, 
and a demonstration was given showing the advan- 
tages of single-sideband amplitude modulation over 
frequency modulation for the reception of weak 
signals, ~ ` 

Much effort has been devoted at the U.S. National 
Bureau of Standards to the study of the character- 
istics of the troposphere by radio means ; and various 
features of this work were outlined by J. W. Herb- 
streit. A great quantity of information has been 
collected concerning the variations of field strength 
with time and distance from the transmitter at fre- 
quencies in the range 100-1,000 Mc./s.; and this 
has been used to derive a model (statistical in nature) 
of conditions in the troposphere on the basis of the 
theory of turbulent scattering. Discussion on this 
topic at the colloquium was very lively, and the 
opinion. was expressed by a number of speakers that 
it was perhaps unwise to apply the model for con- 
ditions—whether of climate or frequency—different 
from those for which the model had been derived. 
Other investigations at the National Bureau of 
Standards, described by B. R. Bean, have been con- 
cerned with the relationship between climatology 
and the value of the refractive iridex at the surface 
of the ground, which is correlated with transmission 
loss. The same speaker also gave an account of 
gaseous absorption of microwaves in the atmosphere 
in relation to tropospheric scatter systems. 

The centimetre-wave refractometer has been used 
extensively in the past few years, particularly in the 
United States, for the investigation of refractive 
index variations in the troposphere. The results of 
such investigations were presented by C. M. Crain, 
who discussed the manner in which the refractive 
index varied in and around various types of cloud, 
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fronts and other atmospheric disturbances. The 
application of measurements made by means of 
refractometers to studies of radio wave propagation 
were also considered. Correlation of a more general 
nature between propagation characteristics and 
meteorological data obtained from routine radio-sonde 
observations was the subject of a paper by F. du 
Castel. 

Other papers in the tropospheric propagation 
section of the colloquium were concerned with: 
the comparison of the amplitude and phase fluctua- 
tions associated with scatter transmissions (H. 
Bremmer), propagation experiments at short distances 
(P. Chavance), the effect of rapidly changing air- 
masses on tropospheric propagation (P. Misme), and 
optimum. serial apertures for scatter links (W. C. 
Hoffman). 


lonospheric Propagation 


In the ionospheric section, the basic theory of 
reflexion of radio waves from the ionosphere was 
dealt with by P. Poincelot, and also by J. R. Wait, who 
considered mainly the problem of the propagation of 
atmospherics at oblique incidence and the inter- 
pretation of their waveforms. D. Lepechinsky made 
a contribution on the practical application of the 
Appleton—Hartree magneto-ionic theory: he dis- 
cussed the importance of the influence of the Earth’s 
magnetic field and the electron-collision frequency on 
the form of h’f records. 

The general problem of oblique-incidence propaga- 
tion was the subject of much discussion, and 
W. Dieminger described the results obtained with 
variable-frequency pulse transmissions over @ path 
of 1,300 km. Agreement between observations over 
this pa.h and the ‘results which would have been 
expected from data obtained by ionospheric soundings 
at vertical incidence was good except when the oblique 
p’f traces showed an unexplained extension of the 
normal ‘nose’, Measurements of short-wave field 
strengths and atmospheric noise made on ships sailing 
from Denmark to Greenland were described by C. 
Ungstrup ; these experiments give direct confirmation 
of the abnormally high absorption of radio waves 
which occurs over an arc roughly coincident with 
the auroral zone. B. Beckmann directed attention 
to the use of commercial transmitters for making 
routine ‘back-scatter’ measurements which can help 
in the assessment of propagation conditions. Detailed 
studies of the timing signals from standard-frequency 
stations in the high-frequency band wave were 
described by J. Bouchard, who has used these signals 
to investigate modes of propagation; and also by 
Mme. Stoyko, who made use of them in the derivation 
of an empirical expression for the time of propagation 
as a function of distance which is correct to 0-1 milli- 
second. 

A survey of the various problems which are 
encountered in the preparation of ionospheric fore- 
casts for operational use was given by K. Rawer. 
The particular problem of forecasting vertical- 
incidence critical frequencies was discussed by C. M. 
Minis, who proposed @ monthly ionospheric index 
of solar activity which would reduce errors in fore- 
casting to 60 per cent of the error incurred using an 
index based on sunspot numbers. In a contribution 
on. the difficult question of forecasting the occurrence 
of ionospheric storms, P. Simon described how a 
distinction could be made between active and non- 
active sunspots by observations of the characteristics 
of the emitted radio noise. 
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The nature of che ionospheric mechanism by which 
very high frequeacy signals may be transmitted over 
distances of 1,009-2,000 km. was considered by J. A. 
Saxton. It seems likely that such signals are pre- 
dominantly propagated by reflexion from trails of 
meteoric ionization during the night, but that during 
the day there is also an important contribution which 
depends upon flictuations of electron density pro- 
duced by turbulence in the lower H-region. The part 
played by meteoric ionization in radio wave propaga- 
tion was also discussed by V. R. Eshleman, who 
pointed out that the factors which control the dura- 
tion of a radio echo from a meteor trail include the . 
wave-length, the electron line density in the trail, 
the rate of diffusion of the trail, and the geometry 
of the transmisson path. As the path-length is in- 
creased, the average echo duration first increases to 
@ maximum and then decreases. 

There were @ number of papers dealing with the 
propagation of vary low frequency radiation including 
atmospherics. Gne of these, by F. Horner, was con- 
cerned with the possible dependence of the ionospheric 
transmission of very long waves on the direction of 
the path; and is appears probable that the polariza- 
tion of the recei~ed signal does in fact depend on the 
horizontal direction of the path relative to the 
Earth’s magnet field. Papers were introduced by 
H. E. Dinger and R. Rivault on ‘whistling atmo- 
spherics’—audio-frequency electromagnetic disturb- 
ances which are believed to have been propagated 
through the ouser regions of the ionosphere—and 
discussions on this subject concentrated on the more 
complex and unusual types for which no theoretical 
explanations have as yet been advanced. F. W. 
Chapman also described work on audio-frequency 
radio waves, in the range 40 c./s. to 16 ke./s., and 
showed how, from an examination of the way the 
waveform and spectrum vary with distance of 
propagation, inbrmation may be obtained on the 
attenuation and velocity of these waves. E. T. Pierce 
showed that the waveforms of atmospherics received 
in England from sources in south-easterly directions 
are different ftom those originating at similar 
distances to the south-west. 

Although the colloquium was mainly concerned 
with wave propagation, several speakers discussed 
problems of ioncspheric physics. W. Pfister referred 
to recent rocket experiments which may be inter- 
preted as confirming the existence of an irregular 
structure superimposed on the normal horizontal 
stratification in the H-region. A new graphical method 
of determining tae vertical electron density distribu- 
tion was outlined by W. Becker; this method allows 
for the Earth’s magnetic field, and is designed 
primarily to deal with parabolic, cosine and Epstein 
distributions. H-region wind measurements made by 
E. Harnischmackher indicate a mean day-time velocity 
of 80 metres per second, and a diurnal clockwise 
rotation in direccion of 30 degrees per hour. Results 
of work on the 3elf-demodulation of radio waves on 
frequencies near the gyro-frequency were presented 
by M. Cutolo ; end L. Goldstein described laboratory 
experiments on the simulation of ionospheric mter- 
action phenomena under controlled conditions in 
discharge tubes. 


General Theoretical Problems . 


Whether or 20t the Sommerfeld surface wave 
actually exists tas been a topic for argument for 
many years, and it appears from the discussions at 
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Paris, which were stimulated by papers by A. Banos 
and G. Goubau, that no completely satisfactory 
answer to the problem has yet been reached. Also, 
in the general theoretical section of the colloquium 
there was extensive consideration of diffraction 
problems, a leading part being played by V. A. Fock, 
who presented a comprehensive paper dealing with the 
application of complex integrals to these problems. 

A treatment of the scattering of high-frequency 
radiation by dielectric spheres was given by D. S. 
Saxon and Z. Sekera. It would seem that, while 
satisfactory theories exist for scattering processes 
when the wave-length is short compared with the 
scale of the inhomogeneities of the scattering medium, 
they are not valid at longer wave-lengths. 

A matter of considerable importance in propagetion 
studies 1s the reflexion of radio weves at rough sur- 
faces. Various aspects of this subject were discussed 
by W. S. Ament, who gave quantitative results for 
surfaces conforming to certain simple models; and 
also by V. Twersky, who presented a generalized 
theory—though, here again only simplified models 
are amenable to numerical treatment. 

Current interest in long-wave transmission has been 
stimulated by recent theoretical work on the problom, 
notably that by K. G. Budden in which the space 
between the Earth and the ionosphere is treated as a 
wave-guide. It is hoped that new experimental work 
will help to resolve some of the difficulties in the 
theory which still exist. In this connexion the study 
of atmospherics is important, and it was interest- 
ing to hear a report in Paris by J. Aarors that 
measurements have now been made down to fre- 
quencies as low as 0-5 cycles per second, to supple- 
ment those which have been made for a number of 
years at higher frequencies. 

It is proposed that the papers presented at the 
colloquium shall be published in a special number of 
L’Onde Electrique which will appear in the spring 
of 1957. 


PHYSIOLOGY OF THE 
PRE-WEANING PERIOD 


CONFERENCE, in commemoration of E. 

Babak, was held by the Czechoslovak Academy 
of Sciences at Liblice, near Pragie, during November 
14-17, 1956. The subject of the conference was 
“Problems of the Physiology of the Pre-weaning 
Period in Man and other Mammals”. Countries 
represented mcluded the German Democratic Re- 
public, Great Britain, Hungary, Rumania, tho 
United States, U.S.S.R. and Yugoslavia. 

A central topic was the development of thermo- 
regulation, on which extensive resoarches are being 
carried out m Prague, at the Institute of Physiology 
of the Academy of Sciences and at the Charles 
University. P. Hahn, J. Křeček, J. Křočkova and J. 
Martinek (Prague) contributed papers on the develop- 
ment of thermo-regulatory mechanisms in the rat, 
and on adaptation to cold and warm environments 
in infant rats. Other papers in this field included 
those of S. A. Barnett and B. M. Manly (Glasgow) on 
the effects of low environmental temperatures on 
young mice; K. W. Cross (London) on the reaction 
of the human new-born to lack of oxygen ; A. Holub 
and others (Brno) on the development of thermo- 
regulation in piglets ; and A. McLaren and D. Michie 
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(London) on. the effects of low and high temperatures 
on growth and variability in mice. 

Other aspects of homeostasis were dealt with by 
J. Cort (Prague), who described work on the renal 
tubular excretion of acids in the human new-born ; 
and Gertrude Falk (Washington), who discussed 
endocrine factors in the post-natal development of 
water diuresis. In addition, M. Hašek (Prague) gave 
an account of his important work on the adaptation 
of homeotherms to foreign antigens during early 
ontogeny. 

Another major theme was the development of tho 
nervous system. P. K. Anochin (Moscow) described 
an extensive serios of researches on the relationship 
between functional maturation in the nervous system. 
and the appearance of innate responses. I. A. 
Arshavsky (Moscow) gave a paper on the nervous 
system in the development of gastro-intestinal and 
erculatory function. K. Capek and J. Jelinek 
described experiments on tho external stimuli 
required to establish reflex micturition in puppies. 
P. Jilek and others discussed the development of 
normal brain function. J. Lat described researches 
in which individual variation in food choice in rats 
was found to be related to metabolic differences. , 
J. L. Malcolm (London) reported on the pattern of 
response of motor neurons of the spinal cord in 
kittens, and the relationship between anatomical 
and functional development. A. D. Slonim (Lenin- 
grad) described a study of innate alimentary reflexes 
during ontogeny. 

Visits were made to research institutes and medical 
centres in Prague. It was provisionally decided to 
hold a similar conference, again in Prague, in three 
or four years time. S. A. BARNETT 


FATIGUE IN METALS 


N the hundred years since the term ‘fatigue’ was 

first introduced to define a certain type of un- 
explained service failure, a, great deal of empirical 
knowledge has been accumulated, but there is still 
much to learn regarding the fundamentals of the 
processes involved. The Institution of Metallurgists 
has published a series -of five papers*, presented as 
lectures during 1955, which together summarize, 
possibly better than has been done before, what is 
known and what is not known about this obscure 
phenomenon. 

Dr. J. Holden deals with the fundamental con- 
siderations so far as they are known in a condensed 
but clear manner. It has been realized for a long 
time that fatigue depends greatly on the nature of 
the surface of the part under consideration, and Mr. 
G. Forrest is concerned to summarize the effect 
of notches and surface finishes, such, for example, as 
nitriding, shot-blasting, decarburization, etc., on the 
resistance to fatigue, and concludes that “‘the only 
general conclusion which can be reached is that the 
behaviour of materials with respect to notches and 
surface finishes is so complicated and related to so 
many variables that we are still a long way from 
being able to estumate the strength of complicated 
engineermg components from fatigue tests on normal 
laboratory specimens”. 

. * The Fatigue of Metals: Lectures delivered at the Institution's 


Refresher Course 1955. Pp. 148+16 tables. (London: Institution 
of Metailurgists, 1956.) 25s. 
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As an example of the practical aspects of fatigue 
and its investigation, Dr. P. B. Walker concerns 
himself with the structural aspects of aircraft fatigue, 
describing, incidentally, investigations carried out on 
large, and sometimes very large, specimens. That 
simultaneous action of corrosion and fatigue may 
lead to feilure under stresses which normally would 
be borne without danger is well known, and Dr. 
R. B. Waterhouse discusses the theory and practice 
of corrosion fatigue, and the effect, sometimes large, 
of fretting. He concludes that “corrosion and fretting 
have a far greater influence on the fatigue strength 
than merely the production of pits in the surface 
which act as stress raisers’, and again our ignorance 
rather than our knowledge of the phenomena involved 
appears to predominate. N 

Finally, Mr. P. H. Frith discusses the effect of tem- 
perature on fatigue properties, over the range from 
liquid air temperatures to 870° C. An enormous mass 
of material has been tabulated, and the engineer- 
designer concerned with fatigue strength cannot but 
be grateful for the work involved. 

Without pretending to be a comprehensive treat- 
ment of the subject, these lectures provide the 
engineer with a mass of detailed information, much 
of which is not readily accessible elsewhere in a 
condensed but easily assumilable form. 

F. C. THOMPSON 


ASTRONOMY AT THE CAPE 
OF GOOD HOPE 


REPORT FOR 1955 


HE Report of Her Majesty’s Astronomer at the 

Cape ‘of Good Hope to the Secretary of the 
Admiralty for 1955* appears under seven headings, 
and in the first of these, “Buildings and Grounds”, 
reference is made to their fairly good .general con- 
ditions at the time of the Report. As a result of the 
extensive programme of works and repairs carried 
out during the past few years, relatively little main- 
tenance had to be done in 1955. The work of ten 
instruments—including subsidiary equipment—is 
described under ‘Instruments’; the usual pro- 
gramme mentioned in previous Reports has been 
carried out, although the tower telescope was not 
used during 1955 owing to its ancient and rather 
unsteady mounting. This will receive a complete 
overhaul and the 6-in. lens will be repolished before 
the instrument is used again for serious work. The 
mirrors and tube for the 18-in. reflector were received 
from Messrs. Cox, Hargreaves and Thomson during 
1955 and have been mounted on the equatorial stand 
built by Repsold in 1886 to carry the 7-in. helio- 
meter. The reflector and the 7-in. Merz refractor 
have been mounted side by side so that the refractor 
can be used erther as a guiding telescope or inde- 
pendently for observing double stars. While the 
reflector is intended almost exclusively for photo- 
electric photometry, provision is being made for 
photography at the Cassegrain focus. Various other 
alterations have been made, including an- almost 
entirely rebuilt stand, a new electric drive incor- 
porating a Grubb type control and an independent 


* Report of Her Majesty’s Astronomer at the Cape of Good Hope 
to the Secretary of the Admiralty, for the year 1955. Pp. 10. (Royal 
Observatory, Cape of Good Hope, 1956.) 
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two-speed electric slow-motion, transference of the 
main driving whel from the top to the bottom of 
the polar axis,. arrangements for setting directly 
in right ascension instead of in hour angle, and 
alterations to the shutter on the old heliometer 
dome. 

“Observations and Reductions” deals with the 
usual work witk the reversible transit circle, in- 
eluding observations for the “Second Cape Catalogue 
for 1950.0”, begun in 1951. Some consideration 
has been given to the composition of the next 
catalogues to be Dbserved with this instrument, and 
two interlinked programmes seem to be equally 
urgent. The first of these is the observation of the 
various groups of standard stars in as fundamental a 
way as possible ; the second is the extension’ of the 
resulting fundamental system to a sufficient number 
of stars to ensure the adequate reduction of photo- 
graphic observations. Details of the scope of the ` 
schemes are given. Among the other usual sub- 
headings reference may be made to Eros; measure- 
ment and reduction of forty-six plates of this minor 
planet which were taken during the 1954 opposition 
have been completed. About twelve reference stars 
per plate were usad to reduce the effect of errors in 
their adopted prover motions, and a very interesting 
by-product of the investigation was the light it threw 
on the sizes of these errors. The proper motions 
from the Cape Astrographic Zone Catalogues, which 
were obtained by the differential measurement of 
two sets of photographic plates, are markedly 


. superior, as regards relative accidental errors, to 


those in the mcre recent Cape and Yale Zone 
Catalogues whick were obtained by comparing 
& photographic plate with an earlier meridian 
place. 

Under ‘‘Meteorclogical Observations”, reference is 
made to the Halliwell-Dines anemobiograph, in use 
since 1924, whicn had been giving considerable 
trouble through small leaks in the float. It was 
finally dismounteil and replaced by the South 
African Meteorolcgical Department with a Dines 
pressure-tube anemobiograph which was brought 
into use on August 12. Among other headings are 
“The Radcliffe Section”, “The Time Service”, 
“Publication of Results’, ‘Personnel Establish- 
ment” and also “‘Miscellaneous’’, in which Dr. R. H. 
Stoy, H.M. Astronomer at the Cape, pays tribute to 
the work and enthusiasm of his staff. 


ICE-FORMING NUCLEI 
By Dr. B. J. MASON and J. HALLETT 


Imperial College of Science and Technology, London 


N an earlier communication! we reported on the 

ice-nucleating sbility of a variety of chemucal 
aerosols when introduced into a supercooled cloud 
formed in a diffusion and a large mixing-cloud 
chamber. Except in the case of silver iodide and 
lead iodide, these results were in disagreement with 
those of other workers in that we found many of 
the substances reperted as highly effective ice-nucle1 
in the literature (nozably silver nitrate, silver sulphate, 
the iodides of ammonia, potassium, sodium, cobalt, 
magnesium, manganese and thallium) to be quite 
inactive. Repeated tests with very pure chemicals in 
carefully cleaned a.r suggested that spurious results 
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may be obtained if trace contaminants (particularly 
silver, lead and iodine) are present in the air or in 
the chemicals. Finely dispersed silver salts were 
found to react with iodine vapour in low concen- 
trations to produce particles of silver iodide, while 
the decomposition of cartain :odides in an atmosphere 
contaming traces of silver aerosol may produce a 
similar result. 

The investigations have now been extended to 
include tests on new substances and, in particular, it 
has been established that minute crystals of 10dine 
act as ice-forming nuclei at temperatures below 
— 14° C., and ıb 1s confirmed that cupric sulphide, 
dispersed as a finely-ground powder, nucleates a 
supercooled cloud at temperatures below — 6° C. 

The diffusion cloud chamber was operated in the 
manner described in our first paper, but the original 
mixing-cloud chamber was abandoned in favour of a 
closed system which could be kept scrupulously clean 
and free from contamination by laboratory air. A 
five-litre ‘Pyrex’ flask fitted with ground-glass inlets, 
having been baked at 150° C. for two hours and 
rinsed with steam to drive off adsorbed traces of 
iodine from its walls, is flushed for several minutes 
with clean, filtered air. It is then ummersed in a 
thermostatically controlled refrigerator, flushed with 
clean air until cooled to the required temperature 
and then sealed. After the air inside the flask has 
reached a steady temperature as indicated by three 
suitably disposed thermocouples, the chemical under 
test is introduced as a fine aerosol, and a supercooled 
cloud is formed by injecting a small quantity of 
warm distilled water through a side tube. The appear- 
ance of ice crystals is detected by their glittering in 
an intense beam of light traversing the chamber. 
The whole unit has to be thoroughly cleaned or 
replaced by a new one for each experiment. 


lodine as an Ice-nucleating Agent 


“Published evidence as to the ice-nucleating ability 
of iodine is conflicting. While Hosler? and Birstein 
and Anderson? reported that the introduction of iodine 
vapour into a mixing-cloud chamber produced ice 
crystals at temperatures above — 20° C., Pruppacher 
and Sänger? find it to be inactive. We found that 
when iodine vapour, produced by heating the crystals 
on a spectroscopically pure nickel wire, was intro- 
duced into the top of a diffusion cloud chamber, no 
significant number of ice crystals appeared at tem- 
peratures above — 40° C.1. 

We now find that if a fairly large iodine crystal, 
initially at room temperature, is plunged into a cold 
mixing-cloud chamber, myriads of sparkling crystals 
appear within a few seconds if the temperature is 
below — 14° C., this value appearing to be quite 
critical. These particles were ascertained to be ice 
crystals by collecting some on a cold microscope slide 
and, examining them under a microscope placed ‘in 
the cold chamber ; they were observed to melt when 
warmed above 0° C. Also, when the air in the chamber 
was dried to below ice saturation over phosphorus 
pentoxide the crystals evaporated, but reappeared 
when the water vapour was restored. The possibility 
that the ice crystals were forming on silver iodide 
nuclei produced by the iodine vapour reacting with 
small traces of silver in the air seemed remote in 
view of their abundance and the fact that they first 
appeared at — 14°C. instead of at about — 5°C., 
the usual threshold temperature for silver iodide. 
It appeared rather that the vapour from the warm 
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iodide crystal was subluming in the cold environment 
of the cloud chamber to form tiny, invisible crystals 
of iodine which, at temperatures below — 14° C, 
acted as ice-formmg nuclei. 

To establish this point more firmly, more careful 
experiments were conducted ın the closed glass 
muxing-cloud chamber. The glass vessel, having been 
flushed and filled’ with clean, aerosol-free air, was 
sealed and cooled slowly to — 20° ©. A warm iodine 
crystal followed by a few drops of distilled water 
were then introduced through a side tube, but neither 
ice crystals nor water -droplets appeared. When, 
however, the same procedure was repeated but pre- 
ceded by the introduction of a little room air, or 
aerosol produced by heating a spectroscopically pure 
nickel wire, ice crystals appeared in large numbers 
at temperatures below — 14° C. The introduction of 
a further iodine crystal caused a marked increase m 
the number of ice crystals. These tests indicated 
that aerosol particles were necessary to provide 
nuclei for the sublimation of iodine crystals which 
then acted as bases for the deposition of ice. Having 
established the mode of action of iodine as an ice- 
forming nucleus, as distinct from its reaction with 
particles of silver to produce silver iodide nuclei, ıt 
seemed necessary to re-examine our earlier findings 
that the introduction of iodine vapour into the top 
of a diffusion cloud chamber produced no ice crystals 
at temperatures above which water droplets freeze 
spontaneously. The chamber was set up as described 
in the earlier paper, the water source being heated 
to 25° C., to provide a large flux of vapour. After 
several hours the aerosol had ‘rained out’ to leave 
the air highly supersaturated relative to water. Iodine 
vapour, produced by hvating iodine crystals in clean, 
filtered nitrogen, was passed into the top of the 
chamber. Apart from a few odd crystals appearing 
almost immediately at the — 15° C. level, there was 
no apparent result, indicating that in the absence of 
aerosol particles, the iodine vapour could produce 
neither ‘droplets nor crystals. When the experiment 
was repeated with the iodine vapour being carried 
over by atmospheric air instead of filtered nitrogen, 
a dense droplet cloud was produced at all levels in 
the chamber, but again no significant number of ice 
crystals appeared above the — 40° ©. level. This 
suggested that the iodine formed condensation nuclei 
and, being in solution, had lost its ice-nucleating 
ability. To confirm this, the chamber was modified 
to work under conditions of sub-water saturation. 
The introduction of iodine vapour in dried room air 
produced no droplet cloud, but large numbers of ice 
crystals now appeared below the — 17° C. level. 


Nucleating Properties of some other 
Substances 


In the first paper, experiments were deseribed 
which strongly indicated that silver nitrate and 
silver sulphate were not effective ice-nucleating sub- 
stances, the results obtained by other workers being 
attributed to the presence of traces of iodine in their 
apparatus which would react with the silver to pro- 
duce silver iodide. This view has been confirmed in 
further tests in which aqueous solutions of silver 
nitrate, silver sulphate, and also lead nitrate and lead 
chloride were sprayed as very fine aerosols into the 
closed mixing-cloud chamber, cleaned and filled with 
filtered air as described above. The introduction of 
these salts produced no significant numbers of ice 
crystals ab temperatures down to — 20° C.; but in 
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Fig. 1. The seeding of a supaos film by nuclei of cupric 
sulphide 


the case of the silver salts, when a small iodine crystal 
was dropped into the chamber, copious ice crystal 
formation occurred, even at — 6° C., indicating that 
silver iodide nuclei were being formed in great 
numbers. With the lead salts, the addition of an 
iodine crystal produced no ice crystals unless the 
temperature was below — 14° C., when they were no 
doubt initiated by the action of the iodine itself and 
not by the formation of lead iodide, which is normally 
effective at — 7° C. 

In some preliminary tests with commercial grade 
cupric sulphide dispersed as a powder we found that 
ico crystals appeared in both the diffusion and mixing- 
cloud chambers at temperatures below — 15° C.: 
but we were unable to confirm the result announced 
by Pruppacher and Sénger* that the substance is a 

ighly effective nucleator at temperatures below 
— 6° ©. Recently, however, we have received from 
Prof. Sänger a sample of very pure cupric sulphide, 
specially prepared and finely ground. We also find 
that this material, dispersed by compressed air, 
readily nucleates a supercooled cloud at temperaturos 
below — 6° C. and have been able to demonstrate its 
activity at this temperature in a rather striking 
manner by allowing a few very fine particles to fall 
upon a supercooled film. A film stretched across a 
wire hoop, six inches in diameter, was made by 
dipping the latter in a liquid detergent (‘Stergene’) 
containing about 10 per cent of water. Tests with 
nuclei of silver iodide, lead iodide and cupric sulphide 
showed that these initiated the growth of ice crystals 
in the film at threshold temperatures of — 5° C., 
— 6° C. and — 7° C., respectively, very close indeed 
to the threshold temperatures at which they nucleate 
a supercooled cloud. Fig. 1 is a photograph of 
erystals produced in the film at — 10° C. by cupric 
sulphide nuclei. After nucleation the crystals spread 
rapidly in the film and were sufficiently thin to show 
interference colours. 

Similar tests made with finely powdered cuprous 
iodide made from ‘Analar’ copper sulphate and potas- 
sium iodide, and with vanadium pentoxide, indicated 
some increase in the concentration of ice crystals 
when the materials were introduced into a super- 
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cooled cloud at — 15° C. ; but their activity increased 
rapidly with fallicrg temperature to produce copious 
ice crystal formasion at — 20° C. The vanadium 
pentoxide powder produced glittering particles even 
at temperatures above 0° C.; but its ice-forming 
ability was confirmed when it was observed to 
nucleate a supercooled film at — 15° ©. Nucleation 
of the film by cuprous iodide also occurred at tem- 
peratures below — 15° C. 

Cobaltous iodide, which has been reported by other 
workers as a highly effective seeding agent, failed to 
nucleate supercooled films at — 10° C., but produced 
some ice crystals below — 14° C. But because the 
compound is unstable, freely liberating iodine at 
room temperature, the appearance of ice crystals 
below — 14° C. ic attributed to their formation on 
iodine crystals in the manner described above. In 
the experiments which reported cobaltous iodide 
active ab — 5° C. the liberated iodine may have 
combined with contaminating traces of silver to 
produce nuclei of silver iodide, 


Conclusions 


We now have three chemical compounds which act 
as very efficient ice-forming nuclei: silver iodide 
(— 5° C.), lead iodide (— 6° C.) and cupric sulphide 
(— 7° C.), the figures in the brackets indicating the 
highest temperatures at which they produce ice 
crystals. A number of other substances become 
active ab about — 15° C. and include crystalline 
iodine, cuprous iodide and vanadium pentoxide. The 
efficiency of silver and lead iodides may, perhaps, be 
attributed to their hexagonal symmetry with lattice 
constants quite close to those of ice (see Table 1). 
We have been able to grow perfectly oriented ice 
reg on the basal face of a single crystal of lead 
iodide. 


Table 1 


Substance Unit dimensions A. 
{Gon a= 458,¢c = 7:49 

Cubic 647 

Hexagonal | a= 4:54, o = 6°86 

Hexago 8:80, c = 16-43 
Cubic (zine- 6-05 

olende) 

a = 11-48, b = 4°36, ¢ = 3°55 


Rhombic 
a= 4'80, b = 7:28, c = 9-78 


Rbombic 
Hexagonal | a= 4:52, c = 7-37 


Silver lodide 


Lead iodide 
Cupric sulphide 


Cuprous iodide 


Vanadium pent- 
oxide 

Todine 

Ice 





A similar explanation would not appear to hold 
for cupric sulphide, however, where the misfit on the 
basal plane is nearly 16 per cent, or for the other 
substances listed in Table 1. But it may be significant 
that cuprous iodice cleaves on the (011) plane in 
which the lattice spacings are 4-28 A. and 6-05 A. 
and that, in the grinding process, many faces of this 
orientation may be produced. Nevertheless, it is 
becoming apparent that the initiation and growth of 
ice on a foreign substrate is not determined solely by 
the lattice geometry of the latter, but that other 
properties such as the strength and configuration of 
the surface force field and, as indicated by our 
experiments on iodine, the solubility of the crystal 
may be important. 

We would like to acknowledge the valuable assist- 
ance of Mr. Martir Baker in this work. 

1 Mason, B. J., and Hallett, J., Nature, 177, 681 (1956), 

* Hosler, C. L., J. Met., 8, 326 (1951). 

3 Birstein, 8. J., and Anderson, C. E., J. Met., 12, 68 (1955). 

e sir 5 H. R., and Singer, R., Z. ang. Math. und Phys., 6, 407 
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| AMINOCYCLOPROPANE-| -CARBOXYLIC ACID: A NEW 
_ AMINO-ACID IN PERRY PEARS AND CIDER APPLES 


By L. F. BURROUGHS 
Long Ashton ‘Research Station, University of Bristol 


puz chrörnatographis investigations? of the 
amino-acid content of cider apple and perry 
pear juices, and of cider and perry, a substance was 
found which could not be identified with any pre- 
viously reported naturally ‘occurring amino-acid. 
This. substance. (hereafter called X) occurred fre- 
quently in the juices of perry pears, usually in small 
or trace amounts but occasionally as a major con- 
éributor to the amino-acids. Where. X was. present 
in the juice, it was also found in the fermented perry 
as a major component of the residual amino-acids ; 
it therefore appears to be less readily assimilated by 
yeasts than are the commonly occurring amino-acids 
present: in the juice. Small amounts of X were some- 
times detected in apple juices and ciders. 

_ A perry blend of Butt, Oldfield and Black Huffcap 
varieties: was found to contain X in amounts sufficient 
to. permit its isolation, Thirty litres of perry were 
| passed through a column of ‘Zeokarb 225’ (H+ form, 
1290, em. x 3-8 em: diameter) and, after washing with 
< distilled water, the amino-acids were eluted with N 
. ammonia ; three other batches of perry were treated 
similarly. After evaporating in vacuo to small 
volume, the eluates were combined and gave a dark 
brown solution containing approximately 700 mgm. 








i nitrogen (ammonia-free): derived from a total of 120 
Wires” of perry: 


‘The amino-acids present in this 
-solution are indicated chromatographically in Fig. 1 


< The yield of nitrogen in this preparation represented 


. about 40 per cent of the total nitrogen of the perry 

; (16 Tmgm. jnitrogen/litre) ; ; the composition of the 
remaining’ "60 ‘per cent present in the ‘Zeokarb’ 
percolate (10 mgm. nitrogen/litre) is. unknown. 

= The crude amino-acid. solution was partially 
“decolorized with active charcoal (‘Darco 4.60’) and 

. fractionated on small columns of ion-exchange resins 

- dp four stages: ie Teeri 225° (H+), eluted with 










(ite Butanol-acetie acid-water 3 


PSE EES = Phenol-ammonia 

“ig. L Chromatogram of amino-acids from perry. (d Aspartic 

aed ds (3) glutamic acid ; (5) serine ; {6} sive Spats 

ka jev animoa ld i, Ay methyl hydroxyl proli lhe (eef r ao 

me rolne {T y 
i (probably) (20-i unident entified (traces 





“ammonia; (ii) ‘Dowex 2’ (OH-), eluted with hydro-. 


‘for 16 hr.. had no effect on the chromatographic 


. difference), 31-0 







































ehloric acid; (Hi) ‘Zeokarb 215° (H+), eluted with. 
ammonia ; (iv) ‘Dowex 2’ (OH), eluted with hydro-: 
chloric acid. ‘The segregation of X at each fractions: 
ation was detected by running one-dimensional. 
chromatograms in n-butanol/acetic acid/water (65: 
10:25). A final yield of 254 mgm. of chromato- 
graphically pure X was obtained. It was purified 
twice by dissolving in a small volume of water and 
precipitating by addition of ethanol up to 95 per cont. 

The white, needle-shaped crystals of X were very 
soluble in water and. only slightly soluble in methano. 
ethanol and acetone. No satisfactory melting p 
could be obtained because of decomposition occurring 
above 200° ©. Its Ry value in n-butanol acetic acid] 
water (65:10:25) was 0: 25, in water-saturated 
phenol in the presence of ammonia vapour and 
potassium cyanide was 0:64 andin ethanol / 2N 
ammonia (4:1) was 0-43, On chromatograms dipped 
in 0-2. per cent ninhydrin in acetone and heated at 
80° C. for five minutes, it gave a brownish spot which 
rapidly became purple on removal from ‘the ove 
This. change was most characteristic and was 
ably due to the effect of atmospheric moistur 
it was inhibited by cooling the paper in a desiccator. 
It did not react with isatin but gave a pink colour 
with alloxan. : 

Hydrolysis with 6 N hydrochloric acid at 105° C. 


behaviour of X and it was therefore not a peptide. 
No colour was obtained with sodium nitroprusside 
and acetaldehyde’, so X did not contain a secondary. . 
amino-group. On a chromatogram dusted with basic 
copper carbonate’ and irrigated with water-saturated. + 
phenol, X ran as a copper complex (visible in ultra-: 
violet light) near the solvent front-and did not react. 
with ninhydrin. It was therefore an «-amino-acid. — 

Sulphur and halogens were absent and elementary 
analysis showed. its composition to be (C,H,NOQg)y 
(found : ©, 47-9; H, 7-0; N, 14-1 per cent; O (by 
per “cent ; calculated : C, 47-51 
H, 6-98; N, 13:85; 0, 31-66 per cent). Molecular. 
weight determination by Barger’s method® indicated | 
that n= 1 in the above formula. The substance X 
was therefore isomeric with. azetidine-2-carboxylic 
acid and with the lactone of homoserine. It was, 
however, .chromatographically distinct from both 
these substances (samples of which were kindly 
supplied by Dr. L. Fowden). : 

The presence of one carboxyl group per molecule: 
was confirmed by formol titration. Allowing for the 
presence of a carboxyl group and ‘a primary. amino- 
group, the formula C,H,NO, requires either an un- 
saturated or a cyclic structure in. the. rest of the 
molecule (C,H,).. The substance X, however, was 
unaffected by ozonolysis, s0 that the C=C linkage 
was excluded: a 

Catalytic. hydrogenation of X gave two major. — 
reduction products and a smaller amount of a third. — 
All three reacted with ninhydrin, and one of the | 





“major. products was chromatographically identical 
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with «-amino n-butyric acid in three different sol- 

vents; the other two have not yet been identified*. 

The detection of more than one reduction product 

suggested the presence of alternative points of 

hydrogenation and indicated that the C,H, moiety 
might be a cyclopropane ring. 

The infra-red absorption spectrum of X supported 
this hypothesis and, since X was known to contain 
an «-amino-group, the probable structure was 
l-aminocyclopropane-l-carboxylic acid. This sub- 
stance was therefore synthesized by the method of 
- Ingold, Sako and Thorpe’, using the conditions of 
Dox and Yoder® for the condensation of ethylene 
bromide and diethyl malonate, to give ethyl cyclo- 
propane-1 :; 1-dicarboxylate. In the last stage of the 
synthesis, cyclopropane-spirchydantoin was hydro- 
lysed by prolonged heating (21 hr.) with N sodium 
hydroxide to open the hydantoin ring and eliminate 
ammonia and carbon dioxide. The ammonia pro- 
duced was removed by & stream of air into standard 


hydrochloric acid and back-titrated at intervals to. 


give a measure of the progress of the reaction. The 
hydrolysate was finally acidified to expel carbon 
dioxide, and the. 1-aminocyclopropane-1-carboxylic 
acid isolated by adsorption on a column of ‘Zeokarb 
225’ (H+) and elution with ammonia. 

The product was recrystallized from 50 per cent 
aqueous acetone and had an elementary analysis 
C, 47-3; H, 6-9; N, 13-9; O (by difference), 31-9 
per cent; (calculated: C, 47:51; H, 6-98; N, 
13-85; O, 31-66 per cent). It was chromatographic- 
ally identical with the natural amino-acid in 
n-butanol/acetic acid, phenol/ammonia and ethanol/ 
ammonia and had the same characteristic ninhydrin 
reaction. The infra-red absorption spectra of the 
natural and synthetic amino-acids were identical in 
every detail and left no doubt that the compounds 
were the same. 

Cyclopropane derivatives occur only rarely in 
Nature and the metabolic significance of this amino- 
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acid is unknown. It is present in the juice of many 
perry pear varieties, having been found in seventeen 
out of twenty samples examined; it was, however, 
absent from the dessert varieties Conference and 
William’s Bon Chretien. In a preliminary survey of 
other members of the-Rosaceae family, it was not 
detected in aleohole extracts of the following fruits: 
gooseberry, redcurrant, blackcurrant, raspberry, 
loganberry, blackberry, strawberry, quince and 
medlar (green). 

It is intended to examine the distribution of this 
amino-acid in perry pears and related species and, if 
possible, to assess its metabolic role. Preliminary 
observations show that it appears during the last 
three to four weeks of ripening on the ‘tree. 

I am grateful to Dr. L. Fowden (University College, 
London) for carrying out a micro-catalytic hydro- 
genation on the natural amino-acid and chromato-’ 
graphic examination of the reduction products. 
Grateful acknowledgment is also made to Dr. D. H. 
Whiffen (University of Birmingham) for the infra-red 
absorption spectra of the natural and synthetic 
amino-acids and Dr the interpretation of the data. 
I thank Dr. A. R. Battersby (University of Bristol) 
for providing facilities for ozonolysis, and Dr. A. 
Pollard (Long Askton Research Station) for helpful 
advice and discussion. 

*Note added in proof. Further catalytic hydro- 
genations have shown that the second major reduction 
product was a-am_no ¢so-butyric acid and that both 
natural and syntietic ammo-acids gave the same 
reduction products. ; 

2 Burroughs, L. F., J. Sei. Food Agric. (in the press). 
* Hulme, A. O., Nature, 175, 171 (1955). 


3 Hulme, A. O., Nature, 178, 588 (1954). 
‘ hes F “Spot Tests” (II) “Organic Applications”, 189 (Elsevier, 


+ orumple, 1 R., and Dent, O. E., Nature, 164, 442 (1949). 
£ Barger, G. J. Chem. “oe., 85, 286 "(1904). 
” Ingola; < S w Sako, S, and Thorpe, J. F., J. Chem. Soe., 121, 1177 


€ Dox, A. W., and Yoder, T., J. Amer. Chem. Soc., 48, 2097 (1921). 


HEPATOTOXIC ACTION OF PYRROLIZIDINE (SENECIO) 
ALKALOIDS IN RELATION TO THEIR STRUCTURE 


By Dr. R. SCHOENTAL 
Medical Research Council Toxicology Research Unit, Woodmansterne Road, Carshalton 


HE first alkaloids of the Senecio group were 
isolated about half a century ago from Senecio 
latifolius by Watt?; hence their name, and shortly 
after, Cushny* proved expérimentally their hepato- 
toxic action in several apecies of animals. However, 
only in the past fifteen years has rapid progress been 
made in the elucidation of the structure of these 
alkaloids, after it was shown that retronecine and 
other necins (the basic products of hydrolysis of 
these alkamine ester alkaloids) are derivatives of 
pyrrolizidine’. Since then the chemical structure 
and the close interrelation of several pyrrolizidine 
alkaloids, even of those derived from plants belonging 
to different botanical families, have been established 
by several groups of workers (see review by ‘Warren, 
ref. 4). 
Much work on the biological effects of these com- 
pounds has been done by Chen, Harris and their 


co-workers at th> Eli Lilly Laboratories’. These 
workers injected intravenously aqueous solutions of 
the alkaloids into several species of animal, and 
usually killed tha surviving animals two to four 
weeks after the injection; on this basis they 
determined the LD50 of the compounds tested. 
However, in the light of more recent findings (see 
later) LD50 may not be a sufficient measure of liver 
damage: Several of the compounds considered then 
as individual entities proved to be mixtures or 
impure preparations when tested by paper chromato- 
graphy and other new methods. Thus, pterophine, 
hieracifoline and zarthamoidine have been shown to 
be mixtures of senecionine and seneciphylline, while 
jacodine and «-longilobine have been identified with 
seneciphylline, and B-longilobine with retrorsine‘. 
The recognitim that plants containing these 
alkaloids have bzen responsible for poisoning live- 
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stock (horses, cows and sheep) originally stimulated 
these studies. New interest in pyrrolizidine alkaloids 
is due to the finding that they produce primary liver 
tumours in rats*, and to the possibility that their 
presence in some herbal remedies may be responsible 
for some of the liver disorders encountered in tropical 
and sub-tropical countries’. 

Recently it was shown that a single dose of lasio- 
carpine, & pyrrolizidine alkaloid from Heliotropium 
europewm L., can produce in rats severe liver lesions 
sometimes clinically apparent only many months 
after the treatment. During the symptom-free 
period following the ingestion of the alkaloid, the 
only evidence of its action was sometimes the 
presence in the liver of cytological abnormalities 
(Schoental, R., and Magee, P. N., unpublished 
results). 

Several other pure crystalline pyrrolizidine alka- 
loids were also tested in rats by the administration 
of single oral doses, and all produced liver lesions 


essentially simular to those due to lasiocarpine. For . 


generous gifts of these alkaloids I am greatly indebted 
to Drs. Roger Adams and B. L. van Duuren (mono- 
crotaline and riddelliine), Dr. R. H. F. Manske 
(seneciphylline), and Drs. C. C. J. Culvenor, L. J. 
Drummond and J. R. Price (heliotrine and lasio- 
carpine). Lasiocarpine-N-oxide was prepared from 
the latter according to the procedure of Culvenor 
et al.8, The results, summarized in Table 1, illustrate 
the great variability of response as expressed by the 
survival time of the rats. Times of survival are not 
necessarily a measure of the liver damage, as inter- 
current pulmonary infections and gastro-intestinal 
hemorrhage frequently caused death before the liver 
lesion was fully developed. 


Table 1. SURVIVAL TOES OF Rats IN RELATION TO THE Doss OF 
SOME PYRROLIZIDINE ALKALOIDS 


Time 
until 
death 
(days) 


1-3 
2-61 


$ No. of rats 


Alkaloid 
Died 


Surviving 





100-200 
50-100 
25-40 14-91 


50-125 2-15 
25-40 8 (3 months) 


Monocrota- 75-126 
line | 24-40 


Heliotrine 150-300 
Lasiocarpine 100-150 : 
: 75-99 4 | 14 (13 months) 
50-74 128-182 18 (13 months) 


50-150 2-24 
80-45 


Seneciphyl- 
line y 


9(8 months) 
Riddeltiine 


8 (34 months) 
11 (8 months) 


Lasiocarpine 


N-oxide 8 (84 months) 





While much more systematic work ıs required in 
order to be able to establish accurately the relation 
between the structure and the biological action of 
these alkaloids, the data so fer available permit 
approximate assessment to be made of the essential 
features in the chemical structure of the pyrrolizidine 
alkaloids which are responsible for their hepatotoxic 
action. ` 

The structures of some of the alkaloids which have 
been tested for hepatotoxic activity are given in 
Fig. 1. 

The double bond in the pyrrolizidine moiety of the 
alkaloids appears essential for their hepatotoxic 
action ; platyphylline, which differs from senecionine 
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CYCLIO ESTRES 


C) ©) E) (3) a)i) 


CH3 OH 
CHy-CH= C-CHo-¢H—¢ 
3 ; Hy CH— i -CH3 X 
fof 
Q CHy~0 


EH; Platyphylline (cis); A? absent 
H; Senecionine (cre) 
H ; Retrorsine {cis} 
H; Integerrimine (trans) 

; Beneciphylline (sis); double bond present ‘at Cys Cy 
OH; BRiddelifine ; double bond present at Cyr: Cr ; 


by by by by Bey 
© 


Hidde 


9H OH J 
CH=CH — C — ¢ -CH 
3i O S 
ço ch ço 
Q cHa=O 
i 


N 
Monocrotaline 


OPEN ESTERS 
ih 
CH— OC Hy 
` 
çor)—cfHa)a x 
0 
CHo—O 


H; ¥=OH8; Belfotrine 
OH ; = OH,CH : (CH,)COO; Laslocarpine 


Fig. 1 


only by the absence of this double bond, has been 
reported by Chen et al.* as having no effects on the 
liver, even in lethal doses. These workers reported 
also that no liver damage resulted from the adminis- 
tration of the products cf hydrolysis of the alkaloids, 
retronecine, retronecic lactone and monocrotalic acid. 
Sunilarly, senecifolidme (identified later as retro- 
necine‘) did not produce liver damage when tested 
by Cushny?. Thus, the intact ester structure seems 
essential for the acutely hepatotoxic activity. It 
remains to be shown whather the products of hydro- 
lysis are also unable to produce delayed effects, such 
as primary liver tumours. 

On the basis of their structure, the alkaloids can 
be divided into two groups, depending on whether they 
are cyclic or open esters (Fig. 1). The former can be 
subdivided according to the size of the cycle. The 
eyclic diesters which have ten carbon atoms in the - 
cycle all proved to be very effective in inducing liver 
damage. Monocrotaline, having only nine carbon 
atoms in the cycle, has in addition a pronounced 
effect on the lungs**. Variations in the acidic 
moieties of the alkaloids, such as the presence of an 
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additional hydroxyl group, or æ double bond, a cts- 
or a étrens-configuration at the ethylidenic carbon 
atom, appear to have little, if any, effect on the 
biological properties®. 

Among the alkaloids of the open ester structure, 
lasiocarpine, a diester, proved to be more effective 
than heliotrine, a monoester, which has the secondary 
aleoholic hydroxyl unesterified. The presence of an, 
additional hydroxyl group in lasiocarpic acid would ` 
not be expected to affect the activity -much, 
byf analogy with such changes in the cyclic 
esters. 

It is not yet possible to assess directly whether the 
stereochemical configuration of the pyrrolizidine 
moiety is of importance. In view of the similarity of 
the liver lesions produced by lasiocarpine (a derivative 
of heliotridine) and by the cyclic diesters (derivatives 
of the stereoisomeric retronecine), this seems likely 
to be of only munor significance. 

Pyrrolizidine alkaloids are often present in the 
plants in the form of their N-oxides, especially during 
the growing and flowering period. Lasiocarpine-N- 
oxide proved as effective as lasiocarpine in producing 
liver lesions. Similarly, retrorsine, and its N-oxide, 
isatidine, both produced primary liver tumours when 
administered intermittently in drinking water’. The 
reduced and the oxidized forms of the alkaloids are 
readily interconvertible, depending on the redox- 
potential; it seems, therefore, not surprising that 
their effects are simular in the animal body; 
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So far, nothing is known about the mechanism by 
which these water-soluble substances produce delayed 
liver damage. Platyphylline, an alkaloid with a 
reduced double bord, and the products of hydrolysis 
of the alkaloids, heve been reported inactive in this 
respect. ` 

Besides reduction and hydrolysis, otber possible 
metabolic changes are oxidation and/or incorporation 
into essential cell constituents. Oxidation to N-oxides 
has been shown not to interfere with the effectiveness 
of the alkaloids. Further oxidation could conceivably 
yield epoxides, compounds known to possess high 
reactivity, especialy when formed im situ. 

I wish to thank Dr. J. M. Barnes for his interest 
and help. 
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HYDROLYSIS OF ADENOSINE TRIPHOSPHATE BY. MITOCHONDRIAL 
PREPARATIONS 


By D. K. MYERS and Pror. E. C. SLATER 


Laboratory of Physiological Chemistry, University of Amsterdam 


. 


IVER mitochondria, freshly prepared in isotonic 
sucrose, are unable to hydrolyse adenosine bri- 
phosphate at an appreciable rate!, but acquire this 
property upon the addition of dinitrophenol, or after 
various treatments which damage the structure of 
the mitochondria. Coincident with the development 
of increased adenosine triphosphatase activity, the 
mitochondria, lose the ability to bring about oxidative 
phosphorylation. Interest m the mechanism of the 
hydrolysis of adenosine triphosphate was stimulated 
by the suggestion that it may be due to a reversal 
and diversion of the reactions which are responsible 
for its synthesis during the process of oxidative 
phosphorylation? Some of the properties of the 
enzyme systems responsible for the hydrolysis of 
adenosine triphosphate are reported in this pre- 
liminary communication. 

A study of the pH-activity curves of the hydrolysis 
of adenosine triphosphate under various conditions 
revealed the presence in liver mitochondria of four 
different enzymes (or enzyme systems) which bring 
about this reaction. The shapes of the curves were 
essentially the same when the system was buffered 
by éis(hydroxymethyl)aminomethane~acetate, tris- 
(hydroxymethyl)aminomethane~ hydrochloric acid, 
histidine-hydrochloric acid, sodium 5,5-diethylbar- 
biturate, imidazole-hydrochlorie acid or by the 


adenosine triphospaate itself. At all pH’s, the rates 
of hydrolysis of glyceryl phosphate, adenosine-5- 
monophosphate, edenosine-5-diphosphate and in- 
organic pyrophosphate were very slow compared 
with that of adencsine triphosphate, in the presence 
of dinitrophenol. The hydrolysis of the diphos- 
phate, but not >f the other compounds, was 
stimulated by diritrophenol, but this can be ex- 
plained by the combined action of myokinase and 
the adenosine triphosphate-hydrolysing systems. 

The four enzymes hydrolysing the triphosphate 
will be designated by the positions of the pH-optima, 
namely, at 6-3, 7-4, 8-5 and 9-4. The different curves 
often overlapped one another to give peaks at inter- 
mediate pH values, but it was possible under appro- 
priate conditions tc demonstrate the presence of each 
enzyme separately from the others. 

9-4 Enzyme. This is the only enzyme which is 
appreciably active in freshly prepared liver mito- 
chondria, in the presence of ethylenediamine tetra- 
acetate and the absence of uncoupling agents (curve 1, 
Fig. 1, A). This activity is not due to irreversible 
structural damage. caused by the high pH, since’ 
after standing at pH 9-4 and then neutralizing, the 
liver mitochondria still showed little activity at the 
lower pH’s. The 9-4 enzyme is not stimulated by 
the addition of diritrophenol (up to 10- M), but is 
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Fig. 1. A, hydrolysis of adenosine triphosphate by liver mito- 


chondria under different conditions. In each case, the reaction 


markedly activated by incubation of the mitochon- 
dria at 30° C., and is further activated by repeated 
freezing and thawing of the incubated preparation. 

8-5 Enzyme. This enzyme, like the 7:4 and 6:3 
enzymes, is stimulated by dinitrophenol, but requires 
a higher concentration of this reagent for full 
activation. It x most clearly demonstrated by 
plotting the difference between the pH-activity 
curves, in the presence of 10-* M and 10-* M dinitro- 
phenol (Fig. 1,8). i 

7-4 Enzyme. The peak of this enzyme is usually 
obscured by the presence of neighbouring peaks. A 
clear inflexion in this region is, however, often 
obtained (for example, see Fig. 1, B). A clear peak 


is obtained at 7-4, when the measurements are made ` 


in the absence of ethylenediamine tetraacetate, 
either in the presence or in the absence of dinitro- 
phenol (for example, see curve 2, Fig. 1, A). 

6-3 Enzyme. This is the only enzyme clearly 
activated by 10-5 M dinitrophenol (curve 3, Fig. 1, A) 
or by calcium or azide. It is further activated by 
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10-4 M dinitrophenol, but inhibited by 10° M 
dinitrophenol, as is clearly seen by the difference 
curve in Fig. 1, B. A peak at this pH is also shown 
in curve 2, Fig. 1,4. This enzyme is also activated 
by incubation for 2 hr. at 30° and, unlike the other 
three enzymes, is not further activated by freezing 
and thawing the aged mitochondrial suspension, 

All the enzyme systems in’ aged mitochondrial 
preparations are activated by Mgt+, Mnt+, Cot+, 
Zn+t, Sntt, Fett, Cdt+, Nitt or Bet+, but not by 
Catt, Batt, Cutt or Altt++, 

The pH-activity curve of rat-heart sarcosomes 
(mitochondria), in the presence of 10-4'M dinitro- 
phenol, is similar to that of liver mitochondria, but 
the specific activity is about 2-5-3 times as great. 
Ageing, followed by freezing and thawing of the 
sarcosomes, causes & further rise in the activity, as 
is the case with the liver mitochondria. The specific 
activity of such preparations is about twice that of 
liver preparations treated in the same way. The 
Keilin and Hartree horse-heart muscle preparation, 
which consists of sarcosomal fragments, gives a 
pH-activity curve similar to that of fully activated 
rat-heart sarcosomes or rat-liver mitochondria. 

None of these enzymes, activated by 10-* M 
dinitrophenol, is affected by 10-3 M potassium 
cyanide; 10-3 M potassium cyanide + succinate ; 
pre-incubation with potassium cyanide so as to in- 
activate succinic dehydrogenase’; 0-01 M malonate ; 
10-° M antimycin; incubation with 0:02 M 2:3 
dimercaptopropanol for 3 hr.; treatment with sodium 
chloride to remove cytochrome c; addition of 
dinitrophenol to aged preparations, or of reduced 
diphosphopyridine nucleotide to normal preparations ; 
a-tocopherol; vitamin K,. These results make it 
unlikely that components of the respiratory chain 
are directly concerned in the mechanism of hydro- 
lysis of adenosine triphosphate, as implied in a 
number of schemes of the mechanism of oxidative 
phosphorylation’. To accommodate these results, it 
is necessary to introduce an additional step in the 
reaction scheme previously proposed‘, thus : 


(1) AH, +B +I +4 ~I + BH, 
(2) Aw~I+XekXnl+A 
(3) X ~I + ADP +H,PO, =X +I + ATP 


; (NP) 
(4) X ~I +H,O—+>X +I 


AH, and B are adjacent members of the respiratory 
chain, I replaces C in the previous scheme, following 
the suggestion of Chance and Williams’, and X is the 
additional component, which is also indicated by the 
kinetic evidence of Chance and Wiliams’. The 
reverse of reaction (3), followed by reaction (4), is 
responsible for the hydrolysis of adenosine triphos- 
phate. 

It is possible that the three enzyme systems 
designated the 6-3, 7-4 and 8-5 enzymes, which are 
stimulated by dinitrophenol, are related to the three 
steps in the respiratory chain, which are coupled 
with phosphorylation. In terms of the above scheme, 
the three enzyme systems may involve different I's 
or X’s. 

Full details will be published elsewhere. 


1Kielley, W. W., and Kielley, R. K., J. Biol. Chem., 200, 213 (1958), 

1 Hunter, F. E., in “Phosphorus Metabolism’, val. 1, 297, ed. by 
W. M. Mchlroy and Bentley Glass (Johns Hopkins Press, 
Baltimore, 1951). Lardy, H. A., and Wellman, H., J. Biol. 
Chem., 201, 357 (1953). 


3 Tsou, C. L., Biochem. J., 49, 612 (1951). 
‘Slater, E. C., Nature, 172, 975 (1953). 
* Chance, B., and Willams, R. G., “Adv. Enzymol.”, 17, 65 (1956), 
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Decomposition of Barium Azide 


Previous studies of the decomposition of barium 
azide have shown! that the reaction proceeds at the 
interface between the anhydrous azide and discrete 
nuclei of metallic barium formed on the surface. The 
nuclei are formed at a rate proportional to the square 
of the time and, when large, grow at a constant rate 
with an activation energy of 25 keal./mole. These 
conclusions were derived from experiments on im- 
perfect erystals ; the present communication reports 
results obtained on relatively perfect crystals and 
indicates the importance of localized macroscopic 
imperfections. 

Large (6 mgm.) crystals of barium azide mono- 
hydrate, grown under carefully controlled conditions, 


were dried and dehydrated slowly in vacuo at room . 


temperature. The decompositions were carried out 
in vacuo on a heated microscope stage using & mag- 
nification of 500 x. As noted earlier, the rate of 
nucleus formation was initially proportional to 
(time)*, but in the more perfect regions of-the crystal 
it was observed that nucleation ceased abruptly at 
@ critical density of nuclei (Fig. 1). In scratched 
crystals, nucleus formation occurred along scratch 
marks whether these had been made before or after 
~ dehydration, confirming that nuclei are preferentially 
formed at superficial imperfections. f 

When. newly formed, th6 nuclei are circular and 
grow radially at an increasing rate until they reach 
a diameter (D) between 2 and 6u. Growth then 
proceeds at a constant rate until they attain a critical 
size varying from 6 to 30u, determined by the extent 
of the local lattice disarrangement (Fig. 2). The 
nuclei then become diamond-shaped, the rate of 
increase of the perpendicular distance (4) between 
opposite faces being constant and about twice as 
fast as the radial rate of growth of the circular 
nuclei. The activation energy for growth is 23 kcal./ 
mole for both types of nuclei. 

Thomas and Tompkins? suggested that the slow 
growth of small nuclei could account for the kinetics 
of decomposition of barium azide, and this is the 
first experimental confirmation of the phenomenon 
for azides. It is proposed that the entropy of activa- 
tion, which largely determines the pre-exponential 
factor for growth, is initially small for small nuclei, 
but that, due to plastic flow initiated at the barium 


azide/barium interface by recrystallization of the ` 


metallic barium as the nucleus grows, it increases 
to a constant value which is independent of direction 
as long as growth still proceeds within the dis- 
organized barium azide matrix. Once, however, 
the volume of the nucleus exceeds that of the dis- 
ordered region the interfacial elastic strain, and hence 
the entropy term, becomes dependent cn the barium 
azide crystal structure. The diamond nuclei grow- 
faster than the circuler nuclei, because the entropy 
of the undamaged lattice is lower than that of the 
disordered region. This effect will reduce the entropy 
of activation for circular nuclei if the activated state 
is the same in the two cases. It is evident that at 
the barium ordered lattice interface the entropy of 
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Fig. 1. Number af nuclei (N) formed at 115° C. as a function 
of time. The plot cbeys the function N = e(t — ta)? where fy-~0 


Fig. 2. The linear dimensions of nuclel as a function of time 
(116°). Nucleus I was formed at a small imperfection and nuclei 


H and IC at successively larger Imperfections 


Fig. 3. Activation energy plot for nucleus growth. The rate is 
either (G4/dé) or (d.D/dt) 
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activation reaches a maximum along the diagonals 
of the diamond. 

It was further noted that all nuclei were circular 
in erystals which had been formed or dehydrated 
rapidly. This means that, apart from the re-assess- 
ment of the free energy of activation for slow growth, 
no modifications need be applied to the earlier work 
on precipitated samples, for with such materials only 
circular nuclei are expected. A more detailed dis- 
cussion of slow growth in azides will be presented 
elsewhere. 


B. E. BARTLETT 
F. C. TOMPRINS 
D. A. Youna 


Department of Chemistry, 
Imperial College, 
London, S.W.7. 
Nov. 20. 
1 Thomas and Tompkins, J. Chem. Phys., 20, 662 (1952). Wischin, 
Proc. Roy. Soc., A, 172, 814 (1939). 
? Thomas and Tompkins, Proc. Roy. Soc., A, 210, 111 (1951). 


Fulvic Acid : its Structure and 
Relationship to Citromycetin and Fusarubin 


Fonvie acid, C,,H,,0,, is a yellow acidic metabolite 
produced by several fungi including Carpenteles 
brefeldianum Dodge (Shear) and was first isolated 
and characterized by Oxford, Raistrick and Simonart?. 
Investigations which have been carried out in this 
Department and which will be published in detail 
elsewhere enable us to formulate fulvic acid as (I). 


Oo OH 
HO? N | Me 
HO Q 
CO, Hy 
O 
(I) 





O a 
HO A 
4 
(0) 
HO INJ 
CÓ,E 
J 
Me 
(111) (IV) 


Fulvie acid is readily dehydrated, giving anhydro- 
fulvic acid (IL), which is isomeric with citromycetin® 
(1) from Penicillium glabrum. Oxford et al. have 
shown that fulvic acid is a dihydric phenolic acid 
and noted a general resemblance to citromycetin 
(III), which is now clearly due to the benzenoid 
system. We have observed, however, that fulvic 
acid (I) has many reactions in common with fusa- 
rubin (IV), a pigment from Fusarium solani, and 
that fulvic acid and fusarubin are in fact isomeric 
when allowance has been made for the presence in the 
latter of a methoxyl group instead of a hydroxyl 
group. This methoxyl group has not yet been 
definitely located, but the reactions we encountered 
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(for example, the ready dehydration) are clearly 
due to the terminal pyran systems. 

Because we were impressed by these resemblances, 
we analysed the structures of these metabolites into 
simpler patterns and found that all three could be 
reduced to the same fundamental structure (V), 
which, in this or an equivalent form, might therefore 
be considered a precursor of the three compounds. 
Structure (V) is reached from anhydrofulvie acid 
(II) or citromycetin (III) merely by conventional 
hydrolytic fissions of the pyrone rings and of the 
bonds marked (e). The connexion between (V) and 
fusarubin (IV) is less obvious, but consists chiefly in 
the linking of the carbon atoms connected by a 
dotted line in (V). For simplicity, one might suppose 
the carboxyl group in (V) to be reduced to hydroxy- 


HO OH HO OH o 
HO COCHCH,OH HO ZL 
(8) 
COCH,COCH, j 
J S A HCH,OH 
HO 
HO C 
broom, 
(V) (YI) 
OMe 
cl oO | 
MeO 
=O 
MeO | Me 
(VII) 


methyl (since there are many. known sequences of 
natural products of which the members differ in the 
senso CH;, CH,OH, CHO, COOH), whereupon con- 
densation of the new methylene group with the 
appropriate carbonyl group leads to a reduced 
naphthoquinone (VI) simply related to fusarubin 
(IV). It remains to be seen whether the methoxyl 
group does in fact occupy the position required by 
this hypothesis. ; 

C. brefeldianum produces fulvic acid when grown 
on Raulin-Fhom media. On Czapek—Dox media, ° 
however, fulvic acid is not produced, nor is citro- 
mycetin or fusarubin. Instead, the chief metabolite 
is now griseofulvin’ (VII), which cannot be readily 
related to fulvic acid except at the lowest level of 
acetate hypothesis’. It is of interest that variations 
in the environment of the fungus have a more pro- 
found effect on its metabolism than have variations 
in the species. 

F. M. Dean 

R. A. EADE 

R. A. MOUBASHER 
A. ROBERTSON 


Department of Organie Chemistry, 
University of Liverpool. 
Nov. 23. 
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? Ruellus and Gauhe, Ann., 589, 38 (1950). 

‘ Ore. oe Mulholland and Rogers, J. Chem. Soc., 8977 


* Birch and Donovan, Aust. J. Chem., 6, 360 (1953). 
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Asymmetric Dialysis of Racemates 


‘THE-enantiomorphous forms of optically active 
compounds can, as a rule, be differentiated by living 
membranes and epitheliat. To establish the basic 
mechanisms of such asymmetric resolution, we have 
carried out experiments with artificial membranes 
of optically active material. As early as 1928, Keeser? 
demonstrated asymmetric diffusion ; blocks of gela- 
tine swelled better in solutions of the D-form of 
tartaric acid, cmchonine and epinephrine than with 
the L-enantiomorphs. It is therefore surprising that 
such properties as asymmetric resolution do not 
seem to have been demonstrated with well-known 
membranes, even if the membranes consisted of 
asymmetrical material such as ‘Cellophane’ or 
collodion (products of cellulose), or of the fresh 
mucosa of intestinal loops (products of protems)’, etc. 

We tried to increase the asymmetry of the mem- 
brane by enriching it with optically active substances. 
A 4 per cent collodion solution in ether and ethyl 
alcohol was added to different alkaloid bases or their 
acetic or hydrochloride salts and poured out to become 
membranes. Water was kept on one side of the 
membrane, and & racemic acid, which is usually 
resolved by means of the base, on the other. But the 
measured rotations of the aqueous solutions were 
not sufficient for an asymmetric dialysis. 

The best results were obtained with tartaric acid. 
As basic substance we used 2-(p-gluco-p-gulo-hepto- 
hexahydroxyhexy])-benzimidazole, which is one of 
the best substances for the resolution of tartaric acid‘. 
This glucoheptonic acid benzimidazole was dissolved 
in a 4 per cent alcohol—-ether solution of collodion 
at about 35° C. and acidified with hydrochloric acid. 
With this membrane we obtamed from D,L-tartaric 
acid a dialysed aqueous solution with a small rotation 
indicating optically active tartaric acid. We are 
attempting to improve this interesting method with a 
multiplicator procedure (‘Multiplikator-Verfahren’, 
see ref. 5). 

Replacing the collodion membrane with ‘Cello- 
phane’ dialyser tubing, another form of asymmetric 
dialysis was possible. If p-, L- and D,L-tartarie acid 
respectively was put into three tubes, together with 
the glucoheptonic acid benzimidazole (Table 1), the 
L-form was bound as & diastereomeric salt, and so 
the p-tartaric acid dialysed more quickly into the 
water phase, as was shown in experiments with the 
D- and D,L-forms. The rotation was about ten times 
greater than the experimental error. The total tartaric 
acid transferred was determined acidimetrically. 


Table 1. ASYMMETRIO" DIALYSIS OF TARTARIG ACID AND GLUCO- 

HEPTONIC ACID DENANT, (TDAZOLE AZOLE AGAINDT Wi WATER THROUGH A ‘CELLO- 
MBRANE 

Procedure: Three portions oi of 0-9 gm. glucoheptonic acid benz- 

imidazole dissolved in 20 ml. of a 1-25 per cent solution of D-, D,L- 

and L-tartaric acid and filled Into ‘Cellophane’ tubing ; dialysis against 


40 ml. water, at 20°C.; in the outer fiuid ae was measured in a 


200-mm. tube and afterwards 3-0 mi. was titrated with 0-1 N sodium 
hydroxide against phenolphthalein 





































SS A E 
Time D-Tartaric acid | p,L-Tartarie acid | 1-Tartaric acid 
min Outside | Inside | Outside | Inside | Outside | Inside 

Rotations 
3° 0° +0 85° 
+9 w +0 06° 48 o 
+0 10° 
t8 oe +1-04° | +0-24° | +0-56° te ose 











Acidimetric control 


1-42 mi.| [1-52 mi] [0-07 m. | 
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Table 2. Conditions and arrangement as in Table 1. 0:31 gm. 

D,L-tartaric acid and C-28 gm. glucoheptonic acid benzimidazole 

dissolved in water to sn end volume of 10 ml, as inner liquid; 
outside Hquid is 20 ml water 


Rotation 


Inside 





In another experiment with longer duration of 
dialysis, the asymmetric separation was also found 
(Table 2). The rotstion m the outside liquid increased 
from 0° to + 0-18°, and decreased in the liquid 
mside from + 045° to +0:11°% These differences 
are m good agreement within experimental error, if 
the rotation of tae outside liquid is doubled on 
account of its doubled volume. 

The semipermeable character of the ‘Cellophane’ 
membrane was ccutrolled by the method of Wo. 
Ostwald’. Alkalne blue and congo red did not 
diffuse, congo rubin slightly, methyl violet con- 
siderably better. 

Hence in the asymmetric dialysis of D,L- -tartaric 
acid, pD-tartarie acid is transferred through the 
membrane because L-tartaric acid forms a less 
dissociable salt wita benzimidazole ; so the remaining 
D-form is more readily transmitted. 

V. O. Q. KLINGMULLER 
G. GEDENK 
Physiologisch-Chemisches Institut der Universitat, 
Hamburg 20. 
Nov. 18. 
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a Garry, C., and Smith, I. A., J. Physiol., 101,4484 ga 
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lre W., and Martin, H., Z. Elektrochem., 47, 216 (1941). Kuhn, 
W., and Ryfel, K., Z. physiol. Chem., 276, 145 (1942). 


* Ostwald, Wo., “Kleines Prakt a. Kolloidchemie” 8; Aufl. (Theod. - 
Steinkopf, "Leipzig, 1948). 


High-Intensity Flash Irradiation of 
Polymers 


In an attempt so shorten exposures in the ultra- 
violet irradiation cf polymers, we have used as light 
sources high-intensity flash discharge lamps, described 
by Murphy and Edgerton!, which have heen used 
extensively in flasi spectroscopy** and flash photo- 
lysis®*. The lamps used were similar to Christie and 
Porter’s fused silica spiral lamp No. III’ and usually 
were flashed with 648 uf. at 4,000 V. (5,184 j.). 
Each flash lasted about three milliseconds, and by 
uranyl oxalate actinometry* was shown to yield 
9-6 x 10° quanta in the 2000-4900 A. region. The 
polymers were pléced approximately along the axis 
of the lamp coil, exther in fused silica or ‘Pyrex’ glass 
test-tubes, and were irradiated in air, streaming 
nitrogen, or in tacuo. In several polyethylenes, 
polystyrene, polyethylene terephthalate, polyiso- 
butylene, 6-10 nylon, polyvinylchloride, polytetra- 
fluoroethylene, regenerated cellulose and cellulose 
acetate, we found that, in addition to some minor 
homogeneous photolysis, @ single flash caused violent 
heterogeneous decompositions within the polymer 
matrices. These dscompositions usually were accom- 
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Table 1 WEIGHT Loss OF 0 060 IN. POLYETHYLENE SHEET FLASHED 
AT 31°C. IN AIR THROTGH VARIOUS LIGHT FILTERS 


No. of 
flashes at 
4,000 V. 


Light filter 


Energy per 


Weight loss 
flash (j.) 


(per cent) 





Quartz ( ~> 1:4 mm.) 


” 


‘Pyrex’ (~ 0 9 mm.) 
‘Pyrex’ ( ~ 2 2 mm ) 

+water (~ 8 0 mm.) 
Opaque ceramic 





panied by a sharp report, the formation of gas 
bubbles and carbon spots within the polymer, and 
the deposition of fluorescent (under mild excitation 
by 3000-4000 A. radiation) substances near centres 
of decomposition. These heterogeneous decomposi- 
tions do not seem to depend on the chemical properties 
of the polymers but rather on the presence of particu- 
late impurities within the polymer matrices. This is 
shown by: (1) the wide spatial separations among 
decomposed areas (0-5-5 mm.); (2) the transparency 
of many of the polymers in the wave-length region 
used; (3)-the reproducibility of the decompositions 
when certain particulate contaminants are added to 
the polymers before irradiating; and (4) the fact 
that clean polyethylene taken directly from a poly- 
merization reactor (this polyethylene was kmdly 
supplied by Dr. S. W. Hawkins of Imperial Chemical 
Industries, Ltd.) undergoes very much less decom- 
position than polyethylenes that presumably have 
become contaminated during normal processing. 

We have studied polyethylene in some detan. The 
decomposition of typical polyethylene sheets or 
pellets, prepared without scrupulous cleanliness, is 
unaffected by temperature, in the range — 196° to 
125° C., and whether the sample is flashed in air, 
nitrogen or vacuo. In Table 1 are tabulated weight 
losses upon flashmg polyethylene in air through 
various light filters and at different total energies. 
These weight losses show that the decompositions 
are (1) produced by radiation from about 3000 A. 
into the near infra-red; (2) strongly dependent upon 
total energy per flash ; ‘and (3) cumulative, increasing 
rapidly with successive flashes. 

Mass spectrometer analysis of gases liberated 
during flash irradiation of polyethylene in vacuo show 
the presence of hydrogen, water, carbon monoxide, 
carbon dioxide, methane, and & series of hydrocarbons, 
of masses from 26 to 92, which are rich in un- 
saturates and aromatics. Also wax-like. materials 
which melt considerably above room temperature 
are vaporized both from within the polyethylenes 
and from their surfaces. As is the case in other 
irradiations of polyethylenes®, fragmentation, as 
described above, is accompanied by increase in the 
viscosity molecular weight of the remaining polymer. 
The dependence on experimental conditions of this 
molecular build-up appears to be complex, however, 
and requires further investigation. 

F To determine what sort of impurities cause this 
decomposition, relatively clean polyethylenes were 
doped by sealing together heat-softened sheets of the 
polymer, the inner faces of which had been sprinkled 
with traces of various powders. These laminates 
were placed in ‘Pyrex’ glass test-tubes and flash 
irradiated (648 uf. at 4,000 V.) in air at room tem- 
perature. The powders which produce decomposition 
are: carbon black, graphite powder, crushed are 
carbon (both 100-120 mesh and passing 120 mesh), 
sodium fluorescein, ferric oxide and iron. Those 
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which do not are: mulled-in carbon black, crushed 
arc carbon (40-60 mesh), polymer carbon spheres 
(40-60 mesh)", aluminium oxide and titanium oxide. 

A plausible explanation for our observations is that 
the decompositions are chiefly pyrolytic, initiated by 
nearly adiabatic black body heating of minute sold 
particles suspended m the polymer. This is analogous 
to the high temperatures encountered in homogeneous 
flash photolysis®. The dependence of decomposition 
on particle diameter in the case of the sieved and 
milled-in carbons is difficult to explain by non-thermal 
mechanisms. Of course, we have not ruled out 
heterogeneous photolysis as a mechanism. 

Whatever mechanisms are operative, our observa- 
tions show that the heterogeneous decompositions 
produced in polymers by flash irradiation usually can 
be prevented by scrupulous exclusion of impurities 
from polymers. The relationships among these 
heterogeneous decompositions produced by flash 
irradiation, ordinary thermal and outdoor degrada- 
tions of polymers, and the mechanisms of carboniza- 
tion are being investigated further. 

J. L. LUNDBERG 
L. S. Nexson 
Bell Telephone Laboratories, Inc., 
Murray Hill, New Jersey. 
Nov. 21. 
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Ground-State Transitions in the Reaction] 
1B (n,t)*Be 


In a recent communication, Frye and Gammel? 
have reported a study of the reaction 1°B(n,t2a) for 
bombarding energies in the range 6-20 MeV. They 
give evidence which suggests that the reaction pro- 
ceeds either via lithium-7 as an intermediate nucleus 
or as a three-body break-up. Their results indicate 
that if beryllium-8 takes part at all m the reaction, 
it occurs only in a very small fraction of the events ; 
and they particularly remark on the absence of 
events leading to the formation of beryllium-8 in the 
ground-state. 

A similar good geometry experiment, using Ilford 
E, emulsions 200p thick and loaded with the normal 
isotopic mixture of boric acid, has been carried out 
in this laboratory at a neutron-bombarding energy 








Table 1 
Beryliium-8 Lithium-7 Lithium-7 
Event (case 1) ease (2) 
Qı Q, (Me¥.)]} E, #,(MeV.)} E, E,(MevV.) 
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a Microgräphs of events 1 and 8. The neutron direction has been indicated. by an- 
Observers: Miss S. Miller and Mrs. L. Makunas 


os arrow ‘for each event. 





14:1 MeV. 360 three-particle stars have been 

lentified' by energy and momentum balance criteria 
as due to the reaction under. discussion. Among 
them are.nine stars which can be assigned to the 
reaction -?"B(n,t)*Be, the beryllium-8 nucleus. being 
formed. in the ground-state. For each star the 
instability of the beryllium-8. state above two 
particles can be calculated in two ways. First, 
from the energy of the triton and the angle it makes 
with the incoming neutron; and secondly, from the 
nergy of the two a- -particles and the angle between 
nem. The results are presented in Table 1 and a 
graph showing two events is reproduced as 


























t will be seen that the measured values cluster 
markably well about the generally accepted Q-value? 
of the beryllium-8 ground-state, namely, 0-096 MeV., 

<cept for events 7 and 8, which involve tracks at 
ply: dipping angles. If it is assumed instead of 
ve that these events arise from the reaction 
i*(£,%,), four energies for the lithium-7 
state can be calculated for each event, depend- 
which «-particle is assumed to come first. For 
chosen case the. associated pair of energies 
‘be in agreement. ‘The results are listed in 
snd, although there is some spread in energy, 
-as involving a state of lithium-7 
neighbourhood of 12-5 MeV... There. is some 
ice for such a state from *Li(y,n) experiments’, 
j do not believe these events involve it. for 
o following reasons. 

(1) If they were due to the (n,x) reaction they 
ould require a break-up of the lithium-7* nucleus 
in its centre-of-mass system such that the triton is 
thrown forward and the «-particle backwards. All 
events: with a calculated lithium-7 excitation energy 


180 
(6 jab, 


‘Histogram showing (8), the number of events having 
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falling inthe region (12-5 -+ 1) MeV. 
were therefore examined and a 
hstogram constructed showing the 
namber of events. with angle 0 
between the «-particle pair against 
® Sixty-four events qualified for 
the test and the result. is shown 
im Fig. 2. ‘The distribution is 


consistent with an oe break- 






events poi e, vhi 
in the interval 0-20°. These pairs 
of g-particles, closely ‘correlated 

in direction, are nob compensated 

r- & corresponding group in the 
interval 160~180°, and this strongly. implies that they 
are due to the }°3(n,t)*Be reaction. 

(2) In addition to this result there is the point 
that barrier penetrability considerations favour the 
emission of a high-energy triton over a low-energy 

a-particle from the compound nucleus, even though 
by only a small factor. 

The present experiment. therefore indicates that, 
contrary’ to the Los Alamos result, the reaction 
19B(n,t)®Be does cocur at a bombarding energy of 
14-1 MeV., and the cross-section for transitions to 
the ground-state is about 3 per cent of the total 
cross-section of ™B(n,t2«). This result agrees with 
experimental results? on the reaction HB{y,) Be, 
where, at similar excitation energies of the compound 
nucleus, a small fraction of the transitions are to the 
ground-state of baryllium-8: 

a W. Trrrerton 
LA. BEINELSY 
Research School of Physical Since 
Australian National University, 
Canberra. » Dec. 10. 
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A Connexion between the Granulation 
and the Structure of the Low 
Chromosphere 


Puorocrapus of the solar spectrum made with the ` 
vacuum spectrograph of the McMath-Hulbert Observ- 
atory have revealed a variety of interesting and 
complex features in the structures of the Fraunhofer 
lines!. The appearance of the hydrogen line cores 
suggests an underlying, diffuse component -that 
evidently originates in the photosphere, upon which 
are superposed a series of streaks that must be of 
chromospheric origin. The weaker metallic lines (of 
Rowland intensity less than about 10) also fluctuate 
in width and intensity and have a characteristic 
zig-zag appearanee caused by the Doppler shifts of 
ascending and descending gas columns which are 
associated with the granulation in the photosphere. 

On a plate of exceptionally good quality taken 
on July 8, 1955, u.r. 12h. 2m., over an apparently 
quiet region of the disk, it was noted that the majority 
of streaks in the HB line, which result from chromo- 
spheric structures about 2,000 km, in diameter, were 
associated with violet shifts in the neighbouring 
This apparent. association was in- 
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¥ Wel) km./sec. 
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: Y (H2) km, /sec. 

Fig, 1... Line of sight velocities derived from measurements of Hf 

(abscissa) and Fe I 4 4859-747 (ordinate) in the solar spectrum. 

The. negative and positive signs refer to motions toward and 
away from the observer, respectively 


Tro t05 +10 


and of the nearby Fe I line à 4859-747 constructed 
“with a Babcock-type isophotometer?. Over an angular 
interval of 6-5 min. of are, forty-one streaks in the 
-HB line were measured for radial velocity, and 
similarly, velocity shifts were measured in the Fe I 
line, at points in the line corresponding to the 
positions of the HR structures. 

The line of sight velocities for the two lines are 
plotted against each other in Fig. 1. Although the 
quantitative correlation between the two sets of 
velocities is not pronounced, the diagram has several 

- very interesting features. First, there is a remarkable 
-association of the Hf structures with violet shifts 
in the Fo I line. Of the 41 measured HB structures, 
30 are. associated with violet shifts in the Fe I line, 
7 with red shifts and 4 with zero shifts. Secondly, 
the HB structures are themselves predominantly 
shifted to the violet. The statistics show 26 violet 
shifts, 11 red shifts and 4 zero shifts. Thirdly, the 
velocity spread in the HB line is about three times 
as great as that in the Fe I line. The root mean 
square values of the HB and Fe I velocity shifts are 
0-64 and 0-24 km./seec., respectively. Calculations 
indicate that if the H2 line features are caused by 
“the superposition of velocity-shifted chromospheric 
profiles upon a photospheric profile, the resulting 
- combined. profile will be asymmetric, and measure- 


_ ments from isophotes will tend to be too small by 
about a factor of two. 


There are several possible explanations for con- 
nexion between the. chromospheric structures and 
the Doppler shifts in the granules. The most obvious 
-one appears to be that the structures observed in 
the hydrogen lines represent extensions of the 
granular columns into the low chromosphere. It 
is easy to estimate, for example, from the chromo- 
spheric. model of Bohm-Vitense*, that optical depth 
amity is reached for the centre of HB at a height of 
about 1,000 kilometres in the chromosphere, whereas 
at Ad = 0-2 A., to which the radial velocity measures 
_refer,.unit optical depth would be reached at a 
height. of about 300 km. On the other hand, the 
core of the Fe I line would be formed near the top 
“of the photosphere. Since over this range of heights 
the density is reduced by a factor of the order of 50, 
the increase of outward velocity with height along 
the column is not: unreasonable. 
It is possible that similar studies on lines formed. 
at greater heights in the chromosphere than H8, such 
as Ho and the H and K lines of Cat, may reveal 


NATURE February 16, 1957 von 17o 


the height at which the mechanical energy of the 
rising gas columns is dissipated into thermal energy. 
ee SESS ~ Leo GOLDBERG 
ORREN ©. MOHLER 
oS) JACQUELINE D. Brown 
MecMath-Hulbert Observatory, 
University of Michigan, 
Pontiac, Michigan. Nov. 28: 
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Intensity of the Radio Line of Galactic 
Deuterium — 
THE possibility of detecting deuterium in the _ 


galaxy by observation of a radio spectral line at a ae 


frequency of 327 Mc./s. has been discussed by 
Shklovsky?. 
observable in absorption towards the galactic centre, . 
a direction in which the background intensity of 


continuous radio emission is a maximum, and diss - 


persion of the line by Doppler effect from galactic 
rotation is a minimum, 
Measurements during 1954-55 by Getmanzev, 


Stankevitch and Troitsky’, using an aerial of about ee 
4 m. diameter, appeared to show an absorption line ae 


with unexpectedly strong intensity, corresponding to 
about 2° K. aerial temperature. This indicated a. 
deuterium concentration relative to hydrogen of about 
1 part in 300, an abundance ratio. about twenty 
times greater than the terrestrial value”. At this. 
time, a sensitive radiometer, originally designed by: 
L. R. O. Storey, was being prepared at the Radar 
Research Establishment, Malvern, for an attempt to 
detect the deuterium line. Initial observations during 
1955 with an aerial of 7:5 m. diameter and a tem- 
perature sensitivity of 1 deg. K. wera reported‘, 
showing no indication of the line. A similar negative 
conclusion from Australian measurements in 1954 
was afterwards published by Stanley and Price’, who 
were unable to detect the line with an aerial of 
24-5 m. diameter and sensitivity of 1 deg. K. 

In view of the conflicting evidence, and. the sige 


nificance of the intensity of the line in determining | 


the abundance of deuterium, the measurements have: 
been pursued at Malvern with improved receiving. ~ 
apparatus. The radiometer is of the frequency- 
switching type and compares the signal received in 
a ‘search’ channel of 16 kc./s. bandwidth with that 
received in two similar reference channels on fre- 
quencies 72 ke./s. higher and lower than that of the 
search channel. The crystal mixer has an image 
rejector circuit and a noise factor of 3, as measured 
by a noise diode. The receiver output is integrated 
by a low-inertia d.c. motor driving a counter. With; 
an integration time of 5 min., the root mean square 
value of the residual fluctuations corresponds to an ` 
aerial temperature of 0:35° K. At the end of each, 
5-min. integration period, the frequency is changed 
by 10 ke./s., the total sweep covering 100 kc. /s. 

As the observations were made at a latitude of 
52° N., the galactic centre is above the horizon for 
only a few hours each day, rising to -a maximum ` 
elevation of about 9°. During each daily observational 
period the aerial followed the direction of the centre 
automatically and four frequency-sweeps of 100 ke. /s, 
were made. After rejection of about 25 per cent of 


He suggested that the line might be 
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827-350. 7400 
Frequency: a Ha 


Average of 14 days observations, uncorrected for receiver 
: noise spectrum k 


ys promie of disturbances attsibatablo to inter- 
» the remaining observations were corrected 
Joppler frequency shift due to terrestrial motion. 
The average of the results for fourteen days is shown 
n Fig. 1, the root mean square value of the fluctua- 
tions corresponding to an aerial temperature of about 
05° K. i large mean. displacement. of about 
deg. K. is caused. by ‘the curvature in the 
m of the receiver noise. To remove this dis- 
control records were obtained 2 hr. before 
after the observational run, with the aerial 
ely in the mean direction of the first and 
ves of the run. This also helped to remove 
art of the displacement which might be due to 
rsistent low-level interference. 

The final result is shown in Fig. 2, together with 
ected ideal profile for a deuterium absorption 
uivalent to an serial. temperature of 
nd 30 ke./s, line-width. The aerial tem- 
. deduced from the observations has a mean 
f about — 0-05° K.. Although this could be 
) indicate absorption in the region of search 
cy, there are alternative explanations, It 
be caused: by weak terrestrial interference 
predominantly on one or both reference 
; or. it: might be due to the different 
ty rélationships of the continuous background 











(a) 





(b) 
827 -350 327 -400 327 -450 
Ke : Frequency (Me./s.) 
“Fig, (a) Corrected average of 14 days observations. (b) Ex- 


peti profe: for aline intensity corresponding to —0-1° K aerial 
: : : z „temperature 
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‘radiation during tie control period. Despite these ` 


uncertainties, it. is reasonable to set 0-1° K. as the 
upper limit of the intensity of deuterium absorption. 
These results. represent an improvement in setting 
the lower limit of detection of deuterium absorption, 
for although Stanley and Price’ with their larger . 
aerial received abcut five times as much power from 
the continuous radiation, our temperature sensitivity 
is improved by a factor of 10. 

The precise derivation of the abundance of 
deuterium from the intensity of absorption is com- 
plex, since the continuous enn! c radiation originates 
in several different ways. - prineip sources ‘of 
high migon pempet r 







on it probably 
less distant | ‘than the ; gene centre’; 
there is more widely diffused radiation of lower. 
intensity. An approximate ior 
results leads to the conch that the average 
abundance of deuterium does ol xceed 
of hydrogen. l > 
Acknowledgmert is mad to V. AL Hughes ee 
helpful discussion and aasistan: > in paling observa- 
tions. 
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Relation cf Il-Metre Solar ‘System 
Phenomena to Solar Disturbances 


THREE of the most important solar disturbances 
observed during 956 were the great eruptive prom- 
inence of February 10 and the large flares of May 17 
and August 31. For a week or two after each of these 
events, a sequense of phenomena involving Venus; _ 
the Earth and tha Moon were observed with a radio 
telescope operatirg on a wave-length of 11 m.1, these . 
events appearing to be related to the preceding solar 
disturbance. In one case strong signals of apparent 
Venusian origin were observed a number of days 
after the solar dsturbance, and a few days later a 
phenomenon wae observed which, presumably, was 
caused by the presence of a large ion cloud near the 
Moon. Such. a sequence of events suggests that a 
stream of particles ejected by the Sun and travelling 
earthward first emcountered the planet Venus, result- 
ing directly or indirectly in the production of strong 
ll-m. radio signals from Venus. Drifting farther out, 
the particles reached the vicinity of the Earth, with 
some of the particles forming a cloud near the Moon. 

On February 10, 1956, there was a large solar 
prominence, whish shot off the solar disk at very 
high velocity®. On February 18 a distinct interfero- 
meter pattern wes obtained at the time of transit of 
the Moon through the antenna beam. The maxima 
of the pattern were characterized by many short 
static-like burste of fractional second duration. 


































May 23° 


on. each preceding day. 


at the lobe minima. 
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“were below the horizon at the time. 
Although it. is not clear what the 
primary source of the signals may 










threugh the antenna beam 


=: On May 17, 1956, there was a large solar flare 
rated. as of importance 3 by the High Altitude 


1 Observatory*, Boulder, Colorado. The events which 
followed were: oo a 


Date ‘Event. Time after first event 


Strong Class I Venus signals 8 days 
May 24 Strong Cygnus Aseintillations 7 days 
May 80. Strong C! 1 Venus signals 13 days 
June L Strong Cygnus- A scintillations 15 days 
June. 4, 5 Moon reflexions of Class IE Venus 
‘ o signals oe © 18, 19 days 
Fune .& Moon signals. 19 days 


On August. 31 there was another solar flare of 
ipi co 3 and on September 16 a record (Fig. 1) 
as obtained during the transit. of the Moon through 
the antenna beam. It is characterized by an elevated 
ackground-level with strong static-like. bursts of 
ration of a fraction of & second superposed. The 
brevity and intensity of these bursts are indicated by 


< he dashed: and dotted appearance of many of the 


bursts caused by the fact that the recorder pen was 
deflected so quickly as to skip over parts of the chart. 


“Patterns similar to Fig. 1 were also obtained for about 


four days prior to September 16, the indicated time of 
transit for the source being about 50 min. earlier 
This observed motion 
corresponds closely to that of the Moon. 

Referring to Fig. 1, the Moon was on the meridian 
at 10,12 p.m., E.S.T, and in the main beam from 
about 8.30 to 11.80 p.m, The interferometer pattern 
has three large lobes near 9 p.m. and a couple of 
smaller ones near 10.45 p.m. but with a very weak 
‘pattern between. Around 9 p.m. the background 
vel is raised not only at the lobe maxima but also 
The magnitude of this effect 
indicates that the source must have been of the 
‘order of 1°-2° in angular extent. Furthermore, 
the nulls of the pattern are all displaced a number 
“of minutes in right ascension from where they should 
be if the Moon itself were the source. To explain 
these effects we may postulate that associated with 
the Moon there was a cloud of 
charged particles, several times the 
angular extent of the Moon, with 
the radio centre of the cloud situ- 
ated asymmetrically with respect 
to the Moon, being displaced at 
least 1° toward smaller right ascen- 
sion. It is not certain whether this 
cloud is itself the source of the 
ll-m. radiation, or whether the 
cloud acts as a huge reflecting sur- 
face which deflects: 11-m. signals 
originating elsewhere, as on Venus, 
Jupiter or the Sun, all of which 


10 sec. 
Fig. 1. 10 «see. section of ionospheric multipath structure observed on 17-460 Mc./s, over 


rate, 200 c./s. 
minima. 


x, record obtained on September 16, 1956, during the transit of the Moon 


4,100 km. distance at 1660 E.S.T., July 21, 195. 
Note strong correlation of 180°-phase discontinuities with amplitude 
A gradual change of frequency is also evidenced by the change in slope 


be, it is convenient to refer to these- 
radiations as ‘Moon signals’, ae 
“As already -reported', Moon re.) 
flexions were noted on June 4 and 6 
“cof Class IL signals, presumably of 
= Venusian origin. However, as was 
mentioned, the observed difference 
in time between a direct Venusian 
pulse and its Moon echo was 6-10 
per cent greater than the time cal: 
culated assuming the wave velocity. 
of vacuum, and that the Moon itself 
was the reflecting object. If the 
Moon at this time had near it a larg 
cloud of charged particles, as now seems likely, this 
time difference could be explained in soveral way: 
Thus the particle cloud, acting as a conducting, dis- 
persive medium, reduced the group velocity, or the 
cloud itself, displaced somewhat from the Mo 
moving with it, acted as the reflecting su 
both effects were present. = o 
-Jons D. Kraus 




















Radió Observatory, 
Ohio State University, 
Columbus, Ohio. Nov. 14. 


1 Kraus, J. D., Nature, 178, 33 and 108. (1956). 
* Menzel, D. H., et al., Astron. d., 61, 186. (1956). 


2 High Altitude Observatory and National Burean of Standards 
oulder, Colorado, Preliminary Reports of Solar Activity, 


1 Kraus, J.D., Nature, 178, 159 (1956). 


Measurement of lonospheric: Path-Phase 
for Oblique Incidence 


THE observation of amplitudes of pulses received’. 
via various propagating modes has long been’ 
a standard. technique, but observation of the 
corresponding carrier phases is more difficult. Several 
previous investigations have been made of the 
dynamic behaviour of the phase of the signal received 
in nearly vertical ionosphere reflexions, using 0-15 
and 2-4 Mc./s. pulse transmissions!. Studies of the. 
phase of a continuous carrier received at long ranges 
have been made at? 16 ke./s. and at? 5 Me./s. Appar- 
ently, only Trautman‘, and Brennan and Phillips, 
of this Laboratory (private communication) have 
obtained results on the phase behaviour of individual 
oblique-incidence paths, using overlapping-pulse tech- 
niques in which the carrier phase of a given mode 
appears indirectly. The present communication 
describes three techniques, believed to be new, for 
direct measurement of changes of path-phase at 
oblique incidence, with a short sample record of each, 





5. Pulse-width about 150 usec., repetition- 


(method I) 
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Multipath structures obtained a few seconds apart 


Fig. 2. 
(method II) 





1 min, 


Fig. 3._ Multipath structure observed on 8-040 Mc./s. over 4,100 km. distance at 2000 
E.S.T., June 25, 1956. A fairly discrete early path Is followed by more or less of a con- 
tinunm of paths about a millisecond later. The differences in the slope of the phase-s¢ri 
indicate variations in the 
ns of movement of the ionospheric layers (method 111) 


appearing pepper A at various parts of the wave train 
rates and ‘directio: 





1 min. 
Multipath structures obtained apa yng dee two antenne spaced 550 ft. 


Fig. 4. 


apart. Observation made on 17-460 Mc./s. over 4,100 


(method IIT) 


The essential feature common to all three techniques 
is the transmission of short radio-frequency pulses 
having a highly stable carrier-frequency and repeti- 
tion-rate, together with scan-to-scan examination of 
one or more small sections of the undetected received 
wave train (multipath structure) as observed after 
heterodyning in an intermediate frequency that is an 
integral multiple of the repetition-rate. The delay 
of each observed section is highly stable, so that the 
phase changes in a mode appear as shifts of the 
several intermediate-frequency cycles within the 
corresponding section. The repetition-period is longer 
than the multipath duration, but shorter than the 
time of significant path-phase changes. 

The first method yields a detailed record of the 
behaviour of phase and amplitude in a single section 
of the wave train received. A film strip is slowly 
moved horizontally past an oscilloscope tube the 
two beams of which form vertical lines, one over 


NATURE 


. distance at 1340 &.s.7,, June 
80, 1956. Almost complete correlation between the two path structures is apparent 
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the other, showing amplitude and phase information, 
respectively, Amp itude is presented by feeding the 
received’ intermediete frequency to the vertical axis 
of one beam that is gated on only during the desired 
section (a few cycks long), Phase is presented on 
the other beam by intensifying at the zero crossings of 
the several intermediate frequency cycles occurring 
during a vertical sswtooth sweep across the section. 
Fig. 1 is a typical record, with amplitude on the top 
trace, phase in the middle, and timing markers at 
the bottom. 

The second and shird methods enable observation 
of the complete weve train both in amplitude and 
phase, although a given section is presented in much 
less detail. In the second method a number of 
sections about one pulse-width (160 psec.) apart in 
delay are observed. For each a Lissajous pattern is 
generated by feecing the received intermediate 
frequency to the vertical axis and a reference 
oscillation of the same frequency to the horizontal 
axis of a single beam. The beam is unblanked only 
during each section, and lateral shifts of the beam 
separate the Lissajcus patterns of different sections. 
Fig. 2 shows two records made in roughly this way. 

The third method is a variation 
of the second to present a series of 
seans instead of just one, Instead 
of feeding the intermediate fre- 
quency to the vertical axis, it is 
usd to give intensity modulation to 
the beam, and a film strip is moved 
pest this linear display. The result 
is a series of stripes, the positions 


of each of which laterally over a” 


small range give the phase of the 
cocresponding section, and the in- 
teasity of which gives the amplitude. 

Rates of path-phase variation 
observed so far correspond roughly 
to the amplitude fading-rate (as 
mght be expected). With the fre- 
quency stability of the equipment 
used, the amount of slow drift 
(fer example, in Fig. 1) due to 
ionospheric Doppler effect cannot 
be distinguished reliably from that 
associated with the stability of the 
crystal frequency of the equipment. 
Experiments beginning soon will 
use commercially available cesium 
frequency standards and will also 
indude the examination of multi- 
path propagation associated with ionospheric forward 
scatter. 

This investigatior was supported jointly by the 
Army, Navy and Aw Force under contract with the 
Massachusetts Instisute of Technology. 

R. PRICE 
P. E. GREEN, JUN. 
Lincoln Lasoratory, 
Massachusətts Institute of Technology, 
Lexington 73, Mass. 
Nov. 9. 
Findlay, J. W., J. Atmos Terr. Phys., 1, 353 (1951). Jones, R. E., 
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J. A., Proc. Inst. Rad Eng., 43, 584 (1955). 
* Pierce, J. A., Harvard Unversity (private communication). Price, R., 
Tech. Report 266, Res. Lab, of Electronics, Mass. Inst. of Tech- 
nology, Sept. 3, 1953, p. 14. 


‘Trautman, D. L., paper presented at the U.R.S.I. meeting during 
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the presence of hydrogen 
avas apparently the same 


Wto six bands: in the deuteride system. Each band 
ppears to consist of two branches, P and R. The 
earlier analysis of the hydride bands is confirmed, 
but the study of the isotope effect allows true vibra- 
tional quantum numbers to be assigned to the lower 
he ee OS 

he emitter of the bands is identified from the 
ational and vibrational constants of the upper 
te, B. Agreement between the constants observed 
' the deuteride’ and those calculated from. the 
hydride is obtained only if the ratio of reduced 
_ masses (p?) has the value required for PHFİUDE 
` (='0-52555). Values are given in Table 1. 












Table 1, CONSTANTS FoR B’2+ or DF+ 
Observed Calculated from hydride* 
(i) (ii) 
2:115 2:113 2:130, 
2:105 2-104 2-122 
5-19. x 1075 5-22 x 107° 5-31 x 107° 
5:48 x 107% 5-39 x 1075 5-49 x 10° 
; 822 0. 821-8 824-9 
p = 0:52555 = u(HF)/u(DE). (ii) p* = 0-53000 =fa(OH)/(OD) 


Information about the lower state, A, cannot 
eadily be summarized in equilibrium rotational and 
vibrational constants as anharmonic terms are large : 
moreover, we have information at present only on 
ea levels o” = 4 to 10 in the hydride, and v” = 7 to 10 
7 “in the deuteride.’ The extent of the departure from 
harmonic behaviour suggests that Dunham cor- 
rections may be important ; however, a comparison 
of the constants so far determined shows that the 
simple. isotope relations are at least approximately 
fulfilled (Table 2). A summary of the main constants 

for the two states of the hydride is given in Table 3. 
~The energy of dissociation of the lower state of 
the hydride may be obtained with some precision 





Table 2. CONSTANTS FOR 4A*2+ oF DF+ 


Observed Caleulated from hydride* 
B, 5:988 5-978 
Be 5-396 5-679 
By 5-390 5:370 
Bie 5-062, 5-048 
AGus 1,390 °3 1,387 -8 
AGes 1,294°8 1,292 °5 
AGs.10 41,1933 1,191 -4 


oe es * With p° = 0-52555 















spectrum in the ultra-violet — 
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Table 3. CONSTANTS FOR A S>, B°2+ or H+ 
Ge = 2977-6 (ot 111-91 wI + 4:317 w+ - 
02569 (0+4)* ; 
By = 15212 — 08746 (v+4) — 000106 (v+ — 2°66 4 
1077 (p4) 
= 1076.4: 


Gi 
l 


7,258 em~ 
158-4 (0+4) = 17-2 0+p 
“l aT 5 68-0216 (0+4) — 0-0611 (v +47 


P 
aed 
BO ta be 

owe 


by a short extrapolation to D = 20,480 em. A 
rough value for D may be obtained by linear extras - 
polation: this gives D = 18,900 cm With 
Yag = 56,372 em.-!, we find that the separation of 
the atomic states at infinite internuclear distance. is. 
54,800 em.-'. Since the extrapolation for the upper 
state amounts to about 15,000 cm., we canno 
expect this estimate to be very precise, but it suffic 
for a plausible identification of the atomic producti 
The excited states of the neutral fluorine atom ar 
crowded into a region lying within about 34,000 em, 
of the ionization limit, and neutral HF cannot the 
be the emitter. If, however, we examine the states — 
giving rise to HF+, we. find H?(S,) + FEP) at 
0em:-!, HS1) + F+@P) at 30,875 emo, HAS 72) + 
FHOD) at 51,748 comm and HSin) + Ft Ss) at. 
75,794 cm-t It seems highly probable that state A _ 
correlates with H+ + F(?P), and B with H + Ft@D). 
Both atom pairs give 25+ states, and this fits in with __ 
the fact that the bands appear to possess only two. 
branches: the spin-doubling has yet to be resolved, 
State ‘A is then analogous to 472+ in HCl* ; state B 
to A?Et in OH: wet 
The ground-states of the molecules HCI+ and HB 
are ĉii; correlating with H + X+(#P): the analogous 
state in HF+ remains to be found. Whether it lies 
above or below A*Z+ is not yet known; many 
unassigned lines in the ultra-violet region remain, 
and a search for bands of transitions 422+ — 71.50) 
B?£+ —%{] is now in progress. Electron-impact 
studies might throw light on the question of which. 
state is the ground-state. If A Et is the ground- |. 
state, then the ionization potential of HF is found 
to be 16-88 eV.; this may be compared with the © 
estimate, 18-23 eV., given some years ago by: 
Mulliken’. ue 
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1 Woods, L. H., Phys. Rev., 84, 259 (1943). 
2? Barrow, R. F., and Caunt, A. D., Proe. Phys. Soe., A, 87, 68 (1954), 
3 Mulliken, R. S., Phys. Rev., 46, 549 (1934). 


Comparison of Threshold of Hearing for 
Bands of Noise and for Pure Tones 


Tue results of some measurements of the threshold- 
of hearing for a pure tone and for a band of noise may. 
be of general interest as they have a bearing on the. 
resonance theory of hearing. (The connexion between 
such measurements and the resonance theory of- 
hearing was pointed out by D. Boston at a meeting 
of the Physical Society of London in 1953.) 

Comparisons were carried out on twenty-seven 
subjects by the free-field method in an anechoic room -` 
24 fti. x 12 ft. x 9 ft. which contained: only the 
subject, sitting on a chair facing the loud speaker 
12 ft. away, and a microphone for measurement of the 










ind In the first- 
e 800-1,600 ¢./s, were- compared. If it can be 
ed that the published figures for critical band- 
hs! are valid at threshold, then the cochlear 
esonator at 1,200 c./s. has an equivalent band- 
idth of some 50 c./s., and the ratio of threshold 
er for noise to threshold for a 1,200 e./s. tone 
be 840/50 or 16-8, which is more than 12 
whereas our results indicate a mean ratio 
b., with a quartile of 2 db. 

second experiment we attempted to produce 
of noise covering several octaves ; but owing 
erfections of the speaker the equivalent width 
response, corrected ee to the acuity 
given by Fletcher, was only 1,800 c./3. centred 
450 c./s..The threshold of this noise was com- 











n0ugh because the sensitivities of the ear at 2,000 
d 2,400 ¢./s. are nearly equal*. The equivalent 
d-width of the ‘resonator’ at 2,400 ¢./s. is given 
in Beranek? as 80 c./s., so that ratio of threshold for 
< the noise to threshold for the tone would be 1,800/80 
.- or°22-5, which is 13-5 db., whereas our results gave 
ratio of 2-3 db. with a quartile of 3-4 db., and less 
than 4 per cent of the results exceeding 13 db. 
though the discrepancy between calculation and 
pservation is not as telling as in the first experiment, 
remains true that in both cases the calculated ratio 
bout 20 whereas the observed ratio is close to 
nity, at variance with a resonance theory of hearing 
‘which thermal noise of the. ‘resonator’ determines 
weshold. This conclusion would appear to be con- 
1 by some headphone measurements on the 
ing of pure tones by noise which have been 
out by Hawkins and Stevens’. We feel that 
‘ork should be repeated under better acoustic 
ons, with more subjects, and with wide bands 
of spectra adjusted to match the hearing 
3 so as to avoid preponderance of a narrow 
of frequencies in fixing the threshold of the 







measurements were made during an in- 
igation at the Admiralty Research Laboratory, 
and we wish to thank the Admiralty for the facilities 
given to us and for permission to publish this 
mmunication. 





J. WENTWORTH-JESSOP 
P. VIGOUREUX 

iralty Research Laboratory, 

ddington, Middlesex. 

< Nov. 15. 


“Acoustic Measurements” (John Wiley, New York; 
: 1 and Hall, London, 1949). 

Fetcher, H., “Speech and Hearing in Communication’ (Van 
Me Nostrand, "New York and Toronto; Macmillan, London, 1953), 
pie ‘J. E., and Stevens, 8. B., J. Acoust. Soc. Amer., 22, 9, 
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Role of Formate in the Biosynthesis of 
Chlorophyll a 


HEN cultures of Chlorella vulgaris were incubated 
th formate-“C it could be demonstrated that the 
bon atom of formate may serve as a precursor 
e methyl ester carbon atom of chlorophyll a, 
ut contributing extensively to the biosynthesis 
the dihydroporphyrin ring. The procedure for 





in the place of inert acetate and Bivins a added 





sholds of a 1,200 ¢./s. tone and of noise in the _ 


with ‘that. of a 2,000 c./s. tone, which is good ” 


ing Chlorella vulgaris as well as the preparation - 


gro : 
of methyl-phrophorbide a has been described'. How- «Holt, A. S., and Jacobs, E. E., Amer. J. Bot., 41, 710 apa: 


-4 Stern, A., and Wenderleir, Bs, Z: Five: Chem., 174, RI (1935). 



































Sodium formate-"C" 
Methyl phæophorbide a 
Chiorin e, 



















previously, inecp scdium formate (2-44 
as well as 8-6 mgm. (33 ue.) of sodium. fo 
(2-1 x 10? ¢./m.) were added to the growl 
Methyl phseophorbice a was converted 
according to the mathod of Willstétter? 5 
degradation products of chlorophyll a were subjected 
to paper chromatography. Methyl phæophorbide | 
was chromatographed twice in decane/4-methyl-: 
pentanone, 2:1 (v/v) and once in n- -decane/1-pro. 
panol, 6:1 (viv). Repeated chromatography 
not significantly alte? the specific activity. Chlorin és 
was chromatographed once in the lutidine/ water, 
ammonia system of Falk et al.. ‘The separated. 
ments were cut ous and eluted with acetone an 
acidified acetone, respectively. Details of this chrom 
atographic procedure will be published elsewhei 
The concentration of methyl phxophorbide a 
chlorin e, in the respective “eluate was determin 
spectrophotometricaily, applying the absorption | 
efficients reported by Holt and Jacobs’ and § 
and Wenderiein®. ‘Lhe solvents of the eluates 
evaporated and the solid material deposited a 
infinitely thin layer on glass planchettes. 
carbon-14 activity was then determined with a win 
less methane gas-flow counter operated in the prop 
tional region. The experimental. results are shown 
Table 1. 

These results indicate that approximately 90 
cent of the total carbon-14 activity incorporated 1 in 
methyl phæophorbide a is localized in the methy. 
ester carbon atom cf the carboxyl group linked: t 
the cyclopentanone ring. The dilution of the isotope 
concentration in this: carbon atom is only about fi 
fold as compared wish the formate added. Sine 
degradation of chloria e was carried out, the dist 
tion of the carbon-14 activity. among the ca 
atoms of this substance remains unknown. 1 
results (Table 1) show that formate makes only 
minor contribution te the biosynthesis of the dihydro 
porphyrin ring of chlorophyll. 

This communication is based on work performe 
under contract with the United States Atomic Ener 
Commission. 
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Departments of Radiation Biology and Biochemistry 
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owth hormone has been 
ried by Bornstein, Reid and Young! and by 
, Magid, Glassman arid Weinstein?, These authors 
been commendably cautious in the interpretation 
thoir findings ; but the inference that this hyper- 
substance is glucagon has been made by 
» have discussed these papers. 
erson and Collins? have demonstrated 
, dihvdroergotamine effectively blocks 
mic effect of adrenaline but not that 
go Sirek, Sirek and Best? have 
ed that dihydroergotamine also prevents the 
in blood-sugar levels of diabetic dogs following 
‘stion of blood from the pancreaticoduodenal 
of normal dogs treated with growth hormone. 
us, this hyperglycemic effect is attributable, in 
ge part at least, to substances other than glucagon. 
urther investigations‘ have been carried out 
rning the source of the hyperglycemic substance. 
determine whether it comes exclusively from the 
reas, two completely depancreatized dogs, with 
b pancreaticoduodenal veins, were used as 
Following the administration of growth 
none, samples of blood from the pancreatico- 
iodenal veins produced the characteristic hyper- 
ie response in the diabetic recipients. Thus, 
creas is certainly not the sole source of the 
‘glycemic substance. 
jherland and de Duve® found a hyperglycemic 
ance not only in extracts of pancreas but also 
hose from the gastric and intestinal mucosa of 
species, They suggested that argentaffin cells 
hese tissues might be the source of the hyper- 
cæmie substance, which they did not attempt to 
acterize chemically. In 1952, Erspamer and 
* identified the ‘enteramine’ in the argentafiin 
of the gastrointestinal tract as 5-hydroxy- 
amine (‘Serotonin’). Various pharmacological 
of this sympathomimetic substance are blocked 
droergotamine even more effectively than are 
f adrenaline’. 
were thus led to consider the possibility that 
rypergly sxeemic substance demonstrable in the 
d of the pancreaticoducdenal vein following an 
ction of growth hormone might be 5-hydroxy- 
amine, released from the enterochromaffin or 
r cells of the gastrointestinal tract. No mention 
hyperglyezmic action of this compound in 
ological doses has been found in the literature. 
rglyewmic responses were obtained by Correll, 
-Long and Vanderpoel® with very large and 
inly. unphysiclogical amounts (10 mgm. of 
Onin’ creatinine sulphate per kgm. body-weight 
ts). On the other hand, Weitzel, Roester, 
decke and Strecker® were unable to produce a 
sistent rise in blood sugar in rabbits with 20- 
amma of ‘Serotonin’ creatinine sulphate per 
. body-weight. We have injected 0-12 mgm. 
of ‘Serotonin’ creatinine sulphate into each of 
two normal dogs weighing 11-0 kgm. No hyper- 
‘eemia resulted. When the same, or even half, 
t of ‘Serotonin’ was injected into each 







espectively; however, there was a significant 
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Fig.1. O--— O,5-Hydroxytryptamine to diabetic dog; O --- O, 

6-hy: droxytryptamine to normal dog; *x—--- x, portal blood from 

normal donor treated with growth-hormone into dlabetic recipient. 

a—{ty): x represents number of Srboriments ; y represents number 
of anin 





rise in blood-sugar levels during the first 40-60 mini. 
The same results were obtained when the. tests were 
repeated two weeks later. The average changes in. 
blood-sugar levels following injections of 5-hydroxy-.: 
tryptamine are shown in Fig. 1, where it can be seen. 
that they closely resemble those obtained following’. 
injection of portal blood from normal dogs treated < 
with growth hormone. There is, of course, no evidence 
as yet that the hyperglycemic material which appears = 
in the blood. of the depancreatized dogs is 5-hydroxy- `; 
tryptamine ; but the demonstration that this latter | 
substance produces a similar type of rise in blood- 
sugar in these animals encourages an exploration of iE 
this possibility. a 
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Metabolism of di-Ornithine-2-"C in 
Normal and Potassium-deficient Barley 


WHILE it has been known for many years that 
potassium is concerned in some way with the protein 
metabolism of plants, knowledge of the part played 
by this element is fragmentary. Richards and Cole- 
manè? have shown that putrescine is accumulated 
characteristically in potassium-deficient barley and 
that certain well-known deticiency symptoms are a 
direct consequence of the presence of this amine. 
The accumulation of putrescine in association with 
potassium starvation points to a specific function 
of this element in the nitrogen metabolism of barley. 
The present communication directs attention to, 
fact that ornithine-2-“C is readily metaboliz 






barley and white clover, resulting in the formation 
of some structurally related amino-acids, and that in, 
potassium-deficient barley, an additional substance, 
a decarboxylation ; 





product, -putrescine, results, 
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a * some effects of the metabolism of radioactive 
and arginine are given, 
of experiments was performed. using paper 
graphy and radioactive chemicals to follow 
ic processes as they occur in the living tissue. 
plants were grown in water culture and amino- 
ids labelled with carbon-14 were introduced by 
eeding techniques developed by Coleman and 
ards?. The amino-acids were presented through 
for periods not exceeding 2 hr. ; the plants 
1 transferred to. distilled water for periods 
a4 to 21 hr. to allow metabolism to proceed. 
amino-acid content of the plants at the end 
he 2-hr. feeding periods was compared with that 
t the conclusion of the experiments. That 
icant bacterial activity occurred in the feed- 
lutions: during the feeding period (2 hr.) was 
own by the absence of metabolic breakdown 
products. 
Fig. 1 presents, diagrammatically, an autoradio- 
graph prepared from an extract of potassium-deficient 
barley which had received dl-ornithine-2-"C. The 
_ total metabolic process occupied 23 hr. .(The ornithine, 
_ free of radioactive impurities, was obtained from 
fracerlab Ine., U.S.A.) Autoradiographs of normal, 
- healthy barley and white clover plants similarly 
- treated (total period of feeding experiment, 6 hr.) 
‘had well-defined spots of citrulline, arginine and 
_proline, as well as smaller amounts of glutamic acid, 
-aminobutyric acid and glutamine. (Some of these 
amino-acids are among the unnumbered substances 
occurring in the potassium-deficient plants of Fig. 1.) 
Ornithine has not been detected in many well-known 
ecies of higher plants, though it is known to occur 
in Alnus spp. and Asplenium nidus*. However, the 
conversion of this amino-acid into citrulline, arginine 
d proline in barley and white clover, as shown by 
hese experiments, does suggest that it is a normal 
metabolite at least in these plants. 
The occurrence of radioactive putrescine in 
ium-deficient barley containing dl-ornithine- 
suggests that a decarboxylating mechanism 
‘ates, at least where potassium is in short supply. 
Putrescine arises in Bacterium coli by enzymatic 
. decarboxylation of ornithine’ and its occurrence in 
































tyramine and B-alanine (d 
ornithine, tyrosine and, ; 









specific enzymes oceurring in this plant whic 
carboxylate these amino-acids. . Further wi 
needed to understand the mechanism: of 
decarboxylation in potassium-def 
The ornithine-feeding experi 
many of the enzymes of the Kre 
acid cycle are present in barley and w 
and that they may have a place in t 
metabolism of these and other. plant 
appear that the formation of arginine from orni 
proceeds through citrulline. Evidence of the 
from citrulline to amine was earlier demonst: 
by one of us (R. G.C. y Ph.D. thesis, 1953, Unin 
sity of London), waen it owas shown. t 
barley plants accumulated arginine when fed 
u-citrullne. This act has now been ver 
feeding L-citrulline-“C, labelled in the car 
position’, to both barley and white clover 
cases moderate amounts of radioactive ar 
traces of urea were formed, and, apart pren 
presence of a trace of an unidentified substance, 
other labelled substances were detected. Enz 
which may convert arginine to ornithine are i 
apparently operativa, since plants given L- -argi 
uO, uniformly labeled, contained active” citr 
and proline. Ornizhine was not detected o 
autoradiographs; bat as this amino-acid is | 
converted in the plant cells to citrulline and 
its accumulation weuld not be expected, A 
amount of radioacsive proline was found in 
normal plants receiving ornithine-2-"C. ` This 
association of prolne with ornithine meta 
points to a pathway of proline formation f 
ornithine in higher p:ants, presumably via glutami: 
semialdehyde and A+-pyrroline-5-carboxylate, am: 
bolic process known to operate in Neurospora cras 
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Self-Alkylation əf some Dialkyl Phospha' 
Esters 







Tue alkylation of tertiary amines by neutral. 
phosphate esters has been reported', and in. one 
instance self-methylation has been observed?. Thus, © ©. 
Andrews et al. founc that (m-dimethyl phosphatoj-N- = 
dimethylaniline forms the quaternary zwitterion. 
slowly at room temSerature and rapidly on heating 
Hobbiger® found that the anticholinesterase activit 
of the dimethyl, diethyl and di-isopropyl tern: 



















OH, ‘—m—OPO(OR), + 
` NMos, C.H,—m—OPO, OR 


diz thy! quaternary ‘Sompounds are powerful 

inhibitors of cholinesterase’, whereas it is unlikely 
the zwitterion is. 

o found that similar reactions take place 

-dimethyl and 0,0-diethyl S-ethylthioethyl 

iolates are stored either alone or in 

hese reactions the acceptor atoms are 


‘he -dimethyl compound, (Me0),P0. SCH,CH,. 
n decomposes in water and dilute acids with a 
half-life of 10-7 days at 37°. - Hydrolysis ean give 
only ‘phosphoric’ acids, which are anions in neutral 
lution. In fact, cations are also formed... Thus a 
r cent solution was left at room temperature 
fourteen days. ‘The parent compound was. then 
moved by extracting with chloroform and the 
aqueous layer concentrated in vacuo at less than 20° 
“subjected to paper electrophoresis at pH. 5-3. 
was cut up, and the fractions eluted and 
yed for phosphorus. ‘Three bands were found: a 
c anions containing 68-4 per cent of the. phos- 
sS; a neutral band containing 11-6 per cent ; 

cationic band containing 20-0 per cent. The 
ionic band was characterized by very powerful 
holinesterase activity. 

e cation was identified as 0,O-dimethyl S-ethyl- 
honioethylmethyl phosphorothiolate, formed by 
ond-order reaction : 


_ 2 (MeO),PO.SCH,CH,.SEt -> 
MeOPO,.8SCH,CH,.SEt + 

+ 
© (Me0),PO.SCH,CH,.S(Me) (Et) 


The identification rests on the following considera- 
ns, which will be dealt with more fully elsewhere. 
‘product is formed by a second-order reaction 
respect to the parent compound, and it is 
tively charged. Cholinesterase inhibited by a 
b period of contact with it recovers its activity 
the rate typical of the dimethyl-phosphorylated 
ryme*, and a compound of very similar properties 
3 produced by the reaction of the parent compound 
and methyl iodide in ethanol under mild conditions 
» Table 1). The proposed structure explains the 
igh anticholinesterase activity of the compound, as 
8.similar to that of acetylcholine. The alternative 
tructure, in which the other sulphur is methylated, 
_ does not explain the high activity. 


E Table 1. Some PROPERTIES OF O,0-DIMGTHYL S-ETHYLSULPHONIO- 
ETHYLMETHYL PHOSPHOROTHIOLATE 
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x Rate constant for decomposition in N/200 
366 0-11 
“Yo 


> hydrochloric acid at 37° (10° k. min.)* 4-05 a ‘a 44 
1082 gg molart 
Sidt prepared by fhe action of water on Pe IM compound. 
E: prepared by methylation with methyl iodide. 
* Determined by the rate of deerease of cholinesterase activity. 
The rates were first-order ; the errors indicated are the standard errors. 
iat Determined using sheep erythrocytes as a source of cholinesterase. 


-The uncharged compound may be the zwitterion, 
which gan, in theory, be formed by the analogous 








oo temperature. One sample, stored. for ho ate years, 
contained 4 





per cent. A similar cation Has been 
obtained from the O0,O-diethyl homologue (‘Isosystox’) 
after storage and after leaving in water for several 
weeks. The diethyl compound alkylates itself rela- 
tively slowly. 

It appears likely that dialkyl phosphate esters in 
general should be regarded as alkylating agents, and 
that, should they. contain acceptor atoms, such ‘ag 
binary sulphur ‘or ternary nitrogen, some self- 
alkylation will take place.. In the examples given, 
self-alkylation leads to increased anticholinesterase 
activity, but this may well be exceptional, as the 
increase is presumably due to the positions of the 
acceptor atoms in these particular molecules. ñ 

: eo D. F. Heata 
Toxicology Research Unib, A 
Medical Research Council Laboratories, 
Woodmansterne Road, 
Carshalton, Surrey. Nov, 29. : 
? Baddiley, J., Clark, V. M., Michalski, J. J., and Todd, A. R., J. Chem, 
Soe., S15 (i 49). 
* Andrews, K J.M., Atherton, F. Ra Bergel, F., and Morrison, A. L. ; 
J. Chem. Soe.. "280 (1952), : 
3 Hobbiger, F., Ph. 'D. thesis, University of London (1952). 
* Burgen, A, S. V., and Hobbiger, F., Brit. J. Pharm., 6, 593 (1951). 
š Aldridge, W, N., and Davison, A, N, Biochem. J., 55, 763 (1953). 








Column Chromatography of Anthocyanin 


In our laboratory we have been endeavouring to 
devise a simple technique for chromatographic. 
separation of anthocyanins)’, Various partition 
media, mainly several kinds of cellulose powder, 
namely, Téy6, Carl Schleicher and Schiill No. 123 
and Whatman B and Ashless 
were used. It was found that 
the quality of the cellulose 
powder was one of the most im- 
portant factors, and that only. 
Whatman B (produced between 
1952 and 1953 according to .a > 
letter from H. Reeve Angel and 
Co., London) showed excellent 
separating ability. : 

The experimental procedure 
was as follows. The cellulose 
powder was placed with about 
five. times as much water in | 
a glass tube (35 em. in length 
and 4 em. in inside diameter, 
equipped with a glass filter and 
a stopcock at the bottom), 
filling it up to the rim. Then 
the loosely packed powder 
column was compressed by a 
rubber stopper in order to re- 
move the excess water and 
left to stand overnight to free 
it from air bubbles. Next, 
with the help of a circular filter 
paper, the column was irrigated 
with about half a litre o i 
aqueous phase of the solvent 
mixture, butanol/36 per cent 
hydrochloric acid/water (5:1: 4, 





Fig. 1. Column chrom- 
atographic separation 
of anthocyanins ex- 
tracted from Viola tri- 
color maxima, Three 
hours after introdue- 
tion of the solvent, six 
colour bands were 
apparent 
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and chromatographed 
c phase of the solvent mixture. 

his procedure, the anthocyanin mixture was 
ted into a well-developed chromatogram, as 
. Fig. 1. Then the column was pushed out 








twice as much benzene was added to 
, anthocyanin solution or the crude 
“were chromatographed. again by..the 
. In this way, very pure anthocyanins 
for example, violanin and kera- 
Viola tricolor maxima‘; four other 
from this plant were not determined | 
their small volume. 

ately, a new batch of ‘Whatman B 
wder made in 1956 was not so effective. 

th the cause is obscure, it is assumed that the 
ing power of cellulose * powders in. partition 
‘omatography is conditioned in the same way as 
of the adsorbents in adsorption chromatography. 
T. ENDO 





nal Institute of Genetics, 
i sima, Sizuökg-ken, 




























is of Small Specimens in Batches 


experiments involving the separation of proteins, 
often ‘necessary to dialyse large numbers of 
log, of a small volume. (Salt fractionation 
enzymes, when the fractions cannot -be assayed 
mzymatic activity in presence of the salt, is a 
» in: point.) Dialysis becomes tedious if large 

nbers of 1- or 2-ml. samples have to be trans- 
erred to: dialysis bags from the centrifuge tubes used 
or precipitating and centrifuging down the fractions, 
and then have to be recovered more or less quant- 





The simple apparatus illustrated in Fig. 1 has 
roved satisfactory. The rotor consists of a funnel- 
shaped test tube rack made of polyethylene, with 
adial ridges which hold the tubes between them. 
ecording to the size of the rotor 12-24 tubes can 
be accommodated at a time. 

The tubes containing the samples are covered at 
the mouths with dialysing membranes, which are 
secured with small rubber bands. The tubes are 
ehecked for leakage by chilling them for a moment, 
hen the membranes should at once contract. The 
mbes are then inserted between the ridges of the 
otor and kept in place by two large rubber bands 
urrounding the rotor which rest in deep grooves in 
the ridges. The rotor is then attached by a stainless 
l rod to a slow-geared motor and inserted into 
he bath as shown in Fig. 1. Each tube will then 
along a conical path and thus perform a com- 
revolving and shaking movement. A rate of 
5-25 rotations per min. has been found to provide 
efficient stirring without causing much foaming. The 
apparatus also allows dialysis of suspensions, as 
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. was | pled avout sot Ease 

ocyanins, for example, 
s pipetted. inte the ~~~ 

with half a litre. of 





ands, and the anthocyanins were eluted: 
The methanolie solutions were con- 


for most purposes more than outweighed. by 
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Fig. 


clogging of the membrano by ac urulating part 
is avoided. ; 

Using this. apparatus, the dialysis ‘of a I-ml 
specimen from a 15-ml. centrifuge tube takes abot 
two to three times as long as dialysing from a ba 
by the usual method. This disadvantage is, however 








simplified manipulation. 
E.. _BEN-GERSHOM* 
Institute for Enzymes Research; ; 
- University of Wisconsin, 
ison. 
Oct. 22. 


*Present address: Laboratory of Physiological Chemistry, Unive i 
of Amsterdam, The Netherlands, d : 


L Forms of Bacteria and their Role in 
the Origin ef Penicillin Resistance 


INVESTIGATION of the penicillin resistance of the ©» 
secondary rods regenerated within the complete — 
or incomplete L-cycle is of a great importance for» ~ 
understanding the biological significance of L forms 
of bacteria. So far, enly a few authors have occupied 
themselves with this problem**. There is one group 
of authors who maintain that the secondary rods 
are more resistant to penicillin than the primary 
ones? ; on the other hand, there are far more workers 
who are of the exactly opposite opinion’-*, In 1954, °°". SS 
we carried out preliminary experiments with Proteus” 
vulgaris*. It appeared that the secondary rods.do 
not differ essentially from the primary ones with 
regard to penicillin resistance. These results were 
confirmed by the following experiments: (1) de- 
termination of resistance of the secondary rods 
regenerated from ons large body ; (2) determination 
of the amount of penicillin in broth culture in the 
time of regeneration. of the bacillary form. 

(1) Large bodies were isolated from the broth 
culture containing 1.000 units of penicillin/ml. by the 
Lindner drop method and the regeneration of the 
rods was observed in the phase contrast microscope 
in the moist chamber. The resistance of these rods 
to penicillin was established by the dilution method 
in the Lahelle modification’. The results were read 
after 5-7 days and the resistance averaged between. 





















2,000 units/ml. ; 

































lary 3 rode uye -two times. Their resistance to 
was in accordance with that of the control 
in thirty-seven cases; in threo. cases it was 
er (by one degree) and in twelve cases lower. In 
nstai ces which did not conform to these results a 


mount of Eein was established by 
ification? of Pešek’s linear diffusion 
iodometrically. „First, the influence of 





Tay observed both in the broth: (pH 7-2) 
e physiological solution (pH 5-5) (Fig. 1), 
Then the amount of penicillin was subjected to further 
observation in regular intervals in the broth with 
5,000 units/ml, inoculated with 18-hr.-old culture of 
Proteus vulgaris. Already in the first 9 hr. a rapid 
‘decrease down to 100 units was registered ;~in the 
following 3 hr. a decrease’ down even to 3 units was 
observed... After 24 hr. the amount of penicillin was 
owered to as little as 0-03 units/ml. (Fig: 2). 
is interesting to note that the regeneration of 
secondary rods took place in only about 24 hr., 
is, 12 hr. after the decrease of penicillin to 
actically zero value. We take it for granted that 
. regeneration would take place essentially. earlier 
© secondary rods were more resistant than the 
rimary ones. The rapid decrease of the amount of 
~ penicillin in the culture is not to be accounted for 
‘by influence of temperature as is apparent from the 
comparison of Figs. 1 and 2. The penicillin seems 
,, thus to. be strongly disintegrated by the large bodies. 
o In-comparing these results with the preceding ones 
we might conclude that it is the secondary rods which 
are more sensitive to penicillin than the primary ones, 
the resistance of the latter averaging between 500- 
but this discord is fictitious. It is 
necessary to realize that the determination of the 


sensitivity (eventually resistance) of the secondary 
< culture was carried out simultaneously with that of 


he control culture (under the same experimental 
conditions). If the results corresponded with each 
other it proves the equal sensitivity of the primary 
and the secondary rods. 


_ 
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Penicillin (1,000 units/ml.) 





Time (hours) 


2 Fig: 1. The rate of decay of penicillin in 0-9 per cent seltanition 
 oninogalated) according to- temperature. 4A. 4 C.; 
On O, 22° C.; @——®, 37° 
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Penicillin (1,000 units/m: 








Time (hours) 


Fig, 3 2. The rate of decay. ot. penieiilin in. broth culture of Proteu 
vulgaris at 37° Ca Contral „(sterile broth with. 5,000 
units of penieillin/ml, at 37°C), 










On the. basis of these ekportrannital rasula we hav 
come to the following conclusions : (1) No speci: 
significance can be- attributed to the E forma i 
relation to the origin of the resistant strains 
bacteria. (2) The regeneration of the sscondary rod 
begins. after a certain latent period, the amount. © 
penicillin: being reduced to a very low value 12 hr 
before. z 
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Spore Formation in Pellia epiphylla 


ALTHOUGH Pellia epiphylla (L.) Corda is frequenti y 
studied as an example of a liverwort, details of its 
mode of spore formation do not appear to be widely 
known. Many text-book descriptions of the process 
are inadequate, despite the comprehensive account. 
of Hofmeister: and the fact that several interesting 
features of spore development can be readily demon- 
strated by examination of sporophytes at appropriate 
stages. 

After fertilization’, which usually occurs during 
May-July, development of the sporophyte is fairly 
rapid until the autumn, by which time the spore 
mother cells have undergone meiotic division, form- < 
ing markedly four-lobed tetrads. The four-lobed ~ 
character of the spore tetrads may be easily shown 
by the extrusion of the contents of a capsule from 
material collected in late autumn. At this time the 
spherical head of the sporogonium is usually less than 
1 mm, in diameter and is still completely enveloped 
by the calyptra. The elaters are forming, but little 
trace of their spiral thickenings is as yet evident.. 
Subsequent to nuclear division within the spore 
mother cell*, thin walls develop inwards between its 
lobes, delimiting the spores. The wall of the spore- 
mother cell thickens considerably in the regions where 
the four spores are in close contact with each other ; 
elsewhere, the somewhat mucilaginous spore mother 
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Fig. 1. Photomicrograph of spores and elaters of Pellia together 
HG, the remains of raph mother oe i which the spores have 
Esca . x 


cell wall is very thin, especially at the extremities 
| of the lobes. Ultimately these thin parts of the wall 
rupture and dissolve, liberating the spores, which are 
enclosed within their own walls. The thickened 
regions of the spore mother cell walls form a lattice 
of six bands, probably mainly of cellulose, and 
remain for a time among the spores and elaters ; 
they have a distinctive appearance (Fig. 1). Such 
structures’ may be easily found in capsules between 
January and early March, but are not evident when 
the mium is mature. The spores may begin 
to develop while still attached to the remains of the 
spore mother cells but soon become free from the 
latter, cell division continuing; by the time of dis- 
from the capsule each ovoid spore consists 
usually of 6-9 cells‘. In spring the seta elongates 
very rapidly and the characteristically thickened 
capsule wall splits into four valves exposing a mass 
of green spores, spirally thickened elaters and a basal 


elaterophore. 
A. J. Wiis 
on t of Botany, 
iversity of Bristol. 
Jan. 9. 


+ Hofmeister, W., trans. Currey, F., “Higher Cryptogamia” (Ray Scc., 
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acf. Walton, J., Nature, 152, 51 (1943). 
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Sickle Cell Gene in Indonesia 


More than four thousand samples of blood from 
different islands in Indonesia have been examined 
during a mass survey on pathological hemoglobins. 
The method used was the paper electrophoretic 
method described by Smith and Conley? using veronal 
buffer pH 8-6 and ionic strength 0-05 or 0-06. 
Several types of pathological hemoglobins have been 
found ; among others, hemoglobin Æ and hemoglobin 
S. This communication describes the discovery of the 
sickling gene which has hitherto not been found 
in Indonesia. 

Two sickle cell trait carriers were found during 
this survey. Both showed a positive test with 2 per 
cent sodium meta-bisulphite. 

The first carrier was born in west Java, His father 
was also born in west Java and was of mixed Chinese— 
Indonesian blood. His mother was a pure west 
Javanese. So far as they knew, no mixing of blood 
with other races took place in their ancestry. The 
clinical and hematological findings of this case have 
been reported elsewhere?. 
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The second carrier was an Indonesian soldier from 
Padang (Sumatra), So far as he knew, he was a 
pure Indonesian. He felt healthy. 

Most research workers are of the opinion that the 
sickling gene is a sign of some linkage to the Negro 
population or to their ancestry. The finding of the 
sickling gene in Greeks, Italians and Arabs was 
associated with an edmixture with African blood in 
older times. Lehmann and Cutbush*, however, also 
found the sickling trait in South India together with 
a low incidence of the chromosome Rho. ‘They are 
of the opmion that their findings lend support to 
the idea of an Indian migration to Africa in prehistoric 
times. 

The finding of tke sickle cell gene in Indonesia 
is difficult to evaluase. Of course, one can speculate 
on the significance cf this finding. There is a possi- 
bility that these persons had a Negro or Arab ancestor 
although this was cenied by the people concerned. 
Another possibility, which is more important, is that — 
somewhere in Indonesia or in more localized areas in 
this country the sick ing gene is not rare and that one 
or other ancestor of the above-mentioned sickle cell 
trait carriers had some connexion with such an area. 
Most anthropologists are of the opinion that the 
oldest population of Indonesia were the Negritos*-*, 
who were related to the Negroes of Africa. It is 
generally believed that there are areas in Indonesia, 
mainly in the eastern parts of the country, where 
impure remains of tae Negritos are still present. In 
these areas the sickle cell gene might be found more 
often. However, Lehmann and Ikin? did not find 
the sickling trait m Andamese Negritos on the 
Andaman Islands (India), but the number of persons 
examined was not large. Steps are therefore being 
taken to explore especially those areas where the 
Negrito elements are supposed to be present. 


Lie-Iyyo Luan Eno 
Department of Parasitology 
and General Pathology, 
University of Indonesia, 
Djakarta. 
Nov. 8. 
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Learning and Daily Activity in a Sandhopper 


In the ease of the amphipod sandhopper Talor- 
chestia quoyana (Milme-Edwards) it seems from some 
experiments that diurnal changes in light stimuli act- 
as triggering and reinforcing factors; but there is 
also a conservative timing mechanism or ‘memory’ 
factor (the word is used in this sense) potent for up 
to a week which wil. maintain an impressed rhythm 
of activity in the absance of conflicting environmental 
change. 

In his work on wcodlice and millipedes Cloudsley- 
Thompson? observed that light and temperature were 
dominating factors governing diurnal rhythms of 
activity. Henkes*, on the other hand, found that, 
while migratory pigment of the crustacean eye shows 
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<i Randomizing Learning reversed cycle 


Maintaining reversed cycle 


Fig.1, Activity record. Darkness, shaded ; light, plain 


a similar periodicity, it is not influenced by the 
lighting conditions: it should be noticed that 
Henkes’s. experiments were of short duration. A 
discussion of the matter was given by Park’, who 
found some cases of applied periodicity and others 
- where .a ‘deep-seated physiological rhythm’ was 
involved. 
“4 ' Lalorchestia, which burrows in the supra-littoral 
fringe of New Zealand sand beaches, remains below 
_ ground by day and forages on the shore at night. As 
‘one of us was engaged in a biological examination of 
> the species’ it was decided to investigate the status 
of its daily rhythm. An ‘Aktograph’ device was 
< employed with the temperature regulated to 121°C. 
_ and a relative humidity of 100 per cent: algal food 
| was provided in excess throughout the experiment. 
“The animals burrowed in a radially partitioned 
annulus of damp sand which surrounded a silk plat- 
: form sensitive to the weight of a single specimen. 
: Activity was recorded on a drum, and was expressed 
on the basis of displacement counts per unit time: 
= electric: lighting was controlled by a time switch. 
o In a preliminary experiment with natural lighting 
it was established that there is nocturnal activity 
which reaches its peak at midnight, and fades to 
almost no activity by day. 
. CA fresh collection of animals was placed in the 
‘instrument, and after an initial week of continuous 





a preparatory: illumination, was subjected to various 


ce lighting conditions over a period of eighteen days. 


a The recordings were divided into three phases. 


For the first four days the lighting remained con- 
stant, ‘80 that tho extent to which the activity had 
‘been randomized throughout the 24-hr. period could 
be assessed: It will be noticed (Figs. 1, 2) that, 
_ although some irregular periodicity remained, a large 





ae measure of disruption had been obtained. 


Following this randomizing ‘phase a reversed cycle 
of lighting was y applied for six days : the animals were 
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Reversed Total 
light light darkness 
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| Percentage activity ` 


ee ee 15 


24-hr. cree 


x Fig. a | Activity analyse Note: Four values are omitted due 
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subjected to light at night and darkness by day in’ 
an effort to produce a reversal of activity. ° Here. 
there was an almost immediate change to very low 
night activity and high day activity. 

In the final phase continuous darkness. was applied 
for eight days to see if this artificial activity would — 
be maintained, From the figures it can be seen that: 
the reversed cycle was maintained with a drift. 
towards the random level at the end of the period. 

It is suggested that here the presence of light is- 
the factor which governs activity, and hence gives _ 
rise to the periodicity in Nature, but that this is 
stabilized by & ‘memory’ factor of at least one week's: 
duration, as was shown by the reversed cycle, learned. 
in the second period, and maintained in the absence _ 
of stimuli. 





D. W. FuADaEHSTON* 
R. J. MACINTYREŤ 
Zoology Department, 
Canterbury. University College, 
Christchurch, 
New Zealand. 





* Present address: Nelson College, Nelson, New Zealand. 


¢ Present address :- C.S.. R.O. Division of Fisheries and Oceano: 
graphy, Cronulla, New South Wales, Australia. 


r Clon ry 7 eee J. L., J. Ezp. Biol., 28, 165 (1951); 29, 205 
? Henkes, H: E; J. Hep. Biol., 29, 178 (1952). 
3 Park, O:, Heol. Monogr., 10, 485 (1940). 


«MacIntyre, R, J., M.Se. thesis in zoology, Canterbury University 
College, New Zealand (1964). 


Salmonella vejle and S. saint paul 


Wrra reference to a communication in Nature of 
September 29, 1956, p. 702, we agree that the 
occurrence of Salmonella vejle and S. saint paul has 
apparently not been previously reported from South 
Africa. However, hitherto unpublished material from 
the South African Institute for Medical Besearch 
shows that both these organisms have been isolated 
from human sources in South Africa on several 
occasions in. the past. 

Approximately two. thousand. salmonellas have 
been investigated at the Salmonella Identification | 
Unit of this Institute in the past three years. Five. 
of these have been classified as S. vejle and nine as 
S. saint paul, both types appearing for the first time - 
in‘February 1955. 

L. SCHRIRE 
V. BokKENHEUsER 


South African Institute for Medical Research, 
‘Johannesburg. 
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FORTHCOMING EVENTS 


{Meetings marked with an asterisk * are open tothe public) 


Monday, February 13° 


INSTITUTION OF ELECTRICAL ENGINEERS (á i 8avoy Place, London, 
W.C.2), at 5.30 ER m.—Discussion on “The Impact of Radioactive 
Isotopes on the Utilization Field”, opened by Dr. Denis Taylor. 

Society OF CHAMICAL INDUSTRY, bla a GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 5.30 p.m.—~Dr R, ©. Rainey: “The Use 

of Insecticides Against the Desert Locust”. 

UNIVERSITY OF LONDON (in the Physiology Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Dr. T. S. Work: 
“A Biochemical Approach to the Problems of Protein Synthesis”.* 
(Further Jecture on February 25.) 


INSTITUTE OF METAL FINISHING Gt the Northampton Polytechnic, 
St. John Street, London, E.C.1), at 6.15 p.m.—-Dr. G. L. J. Bailey, Mr. 
W. Marchand and Mr. C. J. Thwaites : “Soldering of Metallic Coat: ngs”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 
ove at 8.80 p.m.—Mr. H. W. Tilman: “Crossing the Patagonian 
ce Cap”, 


Tuesday, February 19 * 


IMPERIAL COLLEGE (in the Main Chemistry Lecture Theatre, paperia 
Institute Road, London, S.W.7), at 5.30 p.m.—Prof. W. K 
ERS. ). “Pure Mathematics at a Technological University” Gael 
cture 


UNIVERSITY oF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
or m.—Dr. A. L. Greenbaum : ‘The Control of Fat Metabollam”.* 
aan th of fifteen lectures of “The Sclentific Basis of Medicine”, 
organized by the British Postgraduate Medical Federation.) 


INSTITUTION OF MECHANICAL ENGINEERS, Bogotan Group (at 
2 Birdcage Walk, Westminster, London, 8.W.1), at 6.45 p.m. — 

Discussion on “Should Mathematics be a Compulsory Exa tion 
Subject in National Certificate Schemes ?” 


Tuesday, February 19—Thursday, February 21 


INSTITUTION OF MECHANICAL ENGINEERS (at Central Hall, West- 
minster, London, S.W. oT eae on “The Mechanical Engineer's 
Contribution to Clean Ai 


Wednesday, February 20 


ROYAL Socrery oF ARTS {at John Adam Street, Adelphi, London, 
pied at 2.80 p.m.—Mr. Courtney Harwood: “Modern Deter- 
gen 
Po eicit Socrety, COLOUR GROUP (in the Lecture Theatre of the 
Institute of Ophthalmology, Judd Street, London, W.C.1 pats. 30 m 
—Mr. M. H. Wilson: “Goethe’s Experiments on “Colour”; Dr. 
geal: “irlehromatic Ideas in the Seventeenth and tanti 
mnturies” 


INSTITUTION OF Post OFFICE ELEOTRICAL ENGINHERS {in the 
Conference Room, 4th Floor, Waterloo Bridge House, Landon, $.E.1), 
at 5 p.m.—B{r. J, A, Lawrence, Mr. G. S. Gregson and Mr. F. L 
Samuels: “Electronic Circultry—Are Diagrams Really sidai 7 

ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London» 
8.W.7), at 5 p.m.—Scientific Papers. 


Roya, STATISTICAL SOOIETY (at the London School or poe 
and Tropical Medicine, Keppel Street, London, W.C.1), at 5 pm.— 
Mr. G. Horanell: ‘Economical Acceptance Sampling Soma E 

ROYAL Microscorioan SOOIETY $ Phe House. South, 
Tavistock Square, London, W.C.1), a —Mr. R. J. King: 
“Investigations of Mouse Ascites Cells by EAREN Phase-Contrast 
and Interference Microscopy”. 

SOCIETY OF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
Square, London, S.W.1), at 6.80 p.m.—Mr. P. W, Heselgrave : “Theory 
and Practice in’ Potential Measurements for Cathodic Protection”, 


Thursday, February 21 


ROYAL Soorery (at Burling on House, Piccadilly, London, W.1), 
at 10.30 a.m.-—Discussion “ae rk-hardening and Fatigue of Metals”, 
opened by Prof. N. F. Mott, F. 

UNIVERSITY OF LONDON a e Anatomy Theatre een 
College, Gower Street, London, W.C.1), af 1.15 p.m.— M. Mary 
Douglas: “Co-Wives ‘and Co-Husbands : some Political F spects of 
Polygamy and Polyandry”.* 

SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at 14 
Belgrave Square, London, 8.W.1), at 2 2,15 p.m.—-Papers on “Continuous 
Fermentations”. 

LINNEAN SOOTY or LONDON (at Burlington House, Piccadilly, 
London W.1), at 4 p.m.—Symposium on ‘‘Aerobiolo ogy Speakers : 

H. A. Hyde, Dr. J. M. Hirst, Dr. R, C. Rainey and Mr. L. R. Taylor. 

pp ome OF MINING AND METALLURGY (at the Geological Society 

of London, Burlington House, Pleeadilly, London, W.1), at 5 p.m.— 

Mr. K. E. Mackay and Mr. J. D. Johnson: “The Development of the 

Bancroft Mine”; and Mr. A. M. “Notes on Muscovite 
Mining in Southern Rhodesia”. 

Soorery OF CHEMIOAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S.W.1), at 5 p.m.—Dr. F, 0. 

er: “The Effect of “Calctnation ‘Temperature on the Properties 
of sium Oxide for use in Magnesium Oxychloride Cements”. 


Bensusan : 
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- The Registrar, King’s College, Strand, London, W. 
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CHADWICK TRust (at the Royal Pootesy of Health, 90 Buckingham 
Palace Road, London, S.W.1), at 5.30 p.m.—Mr. Mark Hartland 
Thomas: “The Advan tages “of Modular Co-ordination in Building, 
with the object of Increasing Speed and Reducing Cost”* (Bossom 
Gift Lecture). 

INSTITUTION OF CHEMICAL ENGINEERS (in conjunction with the 
BRITISH NUCLEAR ENERGY CONFERENCE, at the yal Institution, 
Albemarle Street, London, W.1), at 5.30 p.m —Mr. R. Spence and 
Mr, ©. M. Nicholls: “Ths Processing of Nuclear Reactor Fuels”, 

UNIVERSITY OF Lonpor od the London School of Hygiene and 
Tropical Medicine, Keppel treet, Gower Street, London, W.C.1), 
at 5.30 p.m.—Dr. Honor B. Fell: ‘phe Physiology of Skeletal Tissue 


in Culture’.* (Thirteenth of fifteen lectures on ‘The Scientific Basia 
oF toine, , organized by the British Postgraduate Medical Federa- 
on 


SCIENTIFIC FILM Assooration (in ~ Mezzanine Cinema, Shell-Mex 
House, Strand, London, W.C.2), at 6.30 p.m.—Meeting on “Films 
and Automation” ; Principal Speaker: Mr. S. B. Bailey. 

ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place London, W.1), at 7.30 p.m.—Dr. W. S, 5. 
Ladell’: “Some Physiological Aspects of the Heat Disorders”. 


Frday, February 22 


ASSOCIATION OF APPLIED BroLoatsts and the HORTICULTURAL 
EDUCATION ASSOOIATION (in the Lecture Hall of the British Museum 
Natural History), Cromwell Road, South Kensington, London, 

.W.7), at 10.45 am .—Jcint Symposium on “The Influence of Light 
on Plant Growth' 

ROYAL ASTRONOMICAL 3o0wærTY (at Burlington House, Piccadilly, 
London, W.1), at 2.30 p. m. Geophysical Diea Discussion on “The Influence 
ore Sun on the Ionosphere”. C J. A. Ratcliffe, E.R.S. 5 

Speakers: Prof. C. W. ALen, Dr. W. J. G. ayaa Dr. M. A. Ellison, 

OC. m Minnis, Mr. M. Ryle, F.R.S., and Dr. K. Weekes. 


Saturday, February 23 


BIOCHEMICAL SOCIETY 11n the Beveridge Hall of the Senate House, 
University of London, W.L.1), at 11 a.m.—Symposium on "The Struc- 
ture and Function of Sut cellular Components”. 

LONDON COUNTY Counett (at the Horniman Museum, London Road, 
Forest Hil, London, 8.E.43), at 3.80 p.m. aan, K. E. Larsson (Gothen- 

burg) : “A Swedish Fisking Community” 


' APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 
ABRISTANT LECTURER IN PURÐ MATHEMATICS; and a LECTURER 
IN APPLIR Tos-——-The Registrar, „University College of 
North th Staforäshire, Keele, Staffs (February 20). 


miti ht gh qualifications in chemistry and experience in 
both te teachi A research) OF THE DEPARTMENT OF CHEMISTRY-— 
The Prineipal, Chelsea Folytechnic, London, 8.W.8 (February 23). 


LEOTURER (wi th a degree in pharmacy, physiology or pharmacology) 
TO TEACH PHYSIOLOGY AND PHARMACOLOGY ; and a LECTURER ell 
a degree in mathematics snd teaching experience) IN THE MATHEMATI 
DxPARTMENT—~The Reg-strar, The Technical College, Sunderland, 
Co. Durham (February 23). 

READER IN MEOHANICAL ENGINEERING at Queen Mary College— 
The Academic Registrar, University of London, Senate House, London, 
‘W.C.1 (March 7). - 

SENIOR LECTURER IN EDUCATION at the University of Cape ‘Town, 
South Africa—The Secresary, Association of Universities af the British 
coneneoweaitt 36 Gordon Square, London, W.C.1 (Cape Town, 

‘arch 

ASSISTANT LECTURER IN SOIL SCIENCE IN THR DEPARTMENT OF 
AGRICULTURAL CHEMISTRY—The Registrar, University College of 
Wales, Aberystwyth: (March 9). 

LECTURER IN ge ENGINEERING—The Registrar, The Uni- 
versity, Sheffield (March 9 

LEVERHULME POSTGRADUATE FELLOWS (two in the Faculty of 
Science and one in the Faculty of Engineering)—The Registrar, The 
University, Liverpool (March 9). 

LEOTURER or ASSISTANT LECTURER IN PHARMACOLOGY at the 
University Colle lege of the West Indies—The Secretary, Senate Com- 
mittee on Colonial Colleges Overseas in Special Relation, University 
of London, Senate House, London, W.C.1 (March 11). 

READER IN CHEMICAL PATHOLOGY at King’s College Hospital 
Medical School—The Academic egies. University of London, 
Senate House, London, W.0.1 (Mar 

Heap (Senior Principal Solestine Omar grado), OF THE DEPART- 
MENT OF SOIL MICROBIOLOGY —The Secretary, Rothamsted Experi- 
mental Station, Harperden, Herts (March 14). 

ASSISTANT (with an ronours degree in H euttural biochemistry, 
agricultural chemistry, biochemistry or chemistry, and interested in 
animal nutrition) IN ae BIOCHEMISTRY—The Secretary, 
The University, Aberdeen (March 15). 

LECTURER IN THECRRTIOAL CHHMISTRY—The Registrar, The 
Universitiy, Bristol (Maczch 15). 

LECTURER or ASSISTANT PROFESSOR (with a Ph D. degree in mathe- 
matics or in mathemafical statistics)—The Chairman, Mathematics 
Depenment, McMaster University, Hamilton, Ontario, 

LEOTURER (with a gocd honours degree) In nig re ENGINEERING 
.C.2 (March 16). 

ESEARCH FELLOW I MATHEMATICS ; and ASSISTANTS IN MATHE- 
ANEN Secretary of University Court, The University, Glasgow 

D, 

LEQTURER IN gig rey Secretary of University Court, 

The University, Glasgow (March 30). 
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LECTURER or SENIOR LECTURER IN INORGANIC CHEMISTRY at Rhodes 
University, Grahamstown, South Africa—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (South Africa, March 31). \ 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEM- 
ISTRY, PHYSIOS and allied subjecta, for example, PHARMACOLOGY, 
ENGINEERING, METALLURGY —The Registrar, The University, Man- 
chester 13 {April 30). ans 

TURNER AND NEWALL RESEARCH FELLOWS IN ENGINEERING, 
INORGANIO CHEMISTRY, PHYSIOS, and allied subjects—The Registrar, 
The: University, Manchester 13 (April 30). ` 

ASSISTANT CHEMIST (with a degree or equivalent qualification, and 
preferably with practical waterworks,experience and a knowledge of 
bacteriology and biology) for water examination and associated prob- 


lems—The Engineer-in-Chief, Sonth Staffordshire Waterworks Com--- 


pany, 50 Sheepeote Street, 

ASSISTANT CHEMIST 
analytical experience) for work on vacuum filtration and biological 
oxidation of sewage sludges ; trade effluent control and routine con- 
trol_analysis—The Secretary, West Kent Main Sewerage Board, 
20 Blyth Road, Bromley, Kent. 

ASSISTANT or ASSOCIATE PROFESSOR OF GHoPHYsIcS—Head of 
the De oo ot Physics, University of British Columbia, Vancouver, 

C., Canada. 

GEOLOGIST (with a first-class or second-class (Division 1) degree in 
eology, and prepared to work under camping conditions) IN THE 
EOLOGICAL SURVEY DEPARTMENT, Gold Coast Government—The 

Director of Recruitment (Overseas), Gold Coast Office, 18 Belgrave 
Square, London, S.W.1. N 

OF THE CHEMISTRY DEPABTMENT—The Headmaster, Maid- 
stono Grammar School, Maidstone, Kent. 

LEOTURER (woman, with sound academic qualifications and teach- 
ing experience) IN MATHEMATIOS—-The Warden, Goldsmiths’ College, 
New Cross, London, S.E.14. 

NATIONAL RESRAROH COUNCIL OF CANADA Post-DOOTORAL FELLOWS 
IN THE DEPARTMENT OF CHRMISTRY-—-Principal H. G. Thode, McMaster 
University, Hamilton, Ontario, Canada, 

SIOAL METALLURGIST (with an honours degree in metallurgy, 
and preferably some postgraduate training and industrial experience) 
for industrial research and development—-The Director, British 
Columbia Research Council, University of British Columbia, Van- 
couver, B.C., Canada. 

PrLoT-BIoLogIisT (with a biological degree and the ability to pilot 
light aircraft), to assist in the study of the populations and ecology of 
wildfowl—The Assistant Director (Research), The Wildfowl Trust, 
Slimbridge, Gloucestershire. 

READER IN POLYMER SOLENCH; a SENIOR LECTURER IN RUBBER 
TECHNOLOGY; æ SENIOR LEOTURER IN PLASTICS TEOHNOLOGY ; & 
LECTURER IN RUBBER TECHNOLOGY; and a LEOTURER IN LATEX 
TEOHNOLOGY-—The Clerk to the Governors, National College of Rubber 
Technology, Holloway, London, N.7. 

RESEARCH ASSISTANT (with a degree in chemical engineering or an 
allied subject, and preferably previous research experience either at 
a university or ın industry) IN THE DEPARTMENT OF CHEMIOAL ENG- 
INEERING—The Registrar, University College, Singleton Park, Swansea. 

RESEAROR FELLOW IN CERAMIOS, for work on the structure and 
properties of glassy silicates in connexion with modern developments 
in vitreous enamels and glazes-——The Zinc Development Association, 
34 Berkeley Square, London, W.1. 

SENIOR ANIMAL TECHNICIAN (with a diploma of the A.T.A.) to take 
charge of the animal house, under direction—The Administrative 
Officer, Medical Research Council Laboratories, Holly Hill, Hamp- 
stead, London, N.W.3. 

SENIOR Bronogy Mastur--The Headmaster, Brighton College, 
Brighton 7. 

SENIOR TECHNICIAN or TECHNICIAN (with experience in hospital 
biochemistry) IN THE DEPARTMENT OF CHEMICAL PaTHOLOGY—The 
Sooretary, Guy’s Hospital Medical School, London Bridge, London, 
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REPORTS and other PUBLICATIONS 


(not wncluded in the monthly Books Supplement) 


Great Britain and Ireland 


Sefentific Proceedings of the Royal Dublin Society. Vol. 27 (N.S.) 
No. 7 (24th August, 1956): The Gametophytes an rene Mea of 
Athrotaxis. By M. Brennan, S.J., and J. Doyle. Pp. 198-252 +plates 
4-8. 20s. No. 8 (12th October, 1956): Escallops (Pecten Maximus L.) 
in Irish Waters. By F. A. Gibson. Pp. 263-272. 5s. No. 9 (16th 
October, 1956): Stokes’ Law, Part 1: Conductivities of Organic 
Ions. By John T. Edward. Pp. 273-288, 2s. 6d. (Dublin: Royal 
Dublin Society, 1956.) 1412 

University of Hull. Second Report of Council and Report of Senate 
for the Academic Year lat October 1956 to 30th September 1956, 
and Accounts for the year 1st August 1955 to 31st July 1956. Pp. 61. 
(Hull: The University, 1958.) (1712 

British Broadcasting Corporation: Engineering Division. Mono- 
graph No. 9: The Application of Phase-Coherent Detection and 
Correlation Methods to Room Acoustics. By ©, L. S. Gilford and 
M. W. Greenway. Pp. 14. (London: British Broadcasting Co: ora 


tion, 1956.) 53. 

Aero Research Technical Notes. Bulletin No. 166: “Araldite” in 
the Woodworking Industry. Pp. 6. (Duxford: Aero Research 
Limited, 1956.) 1712 

Southern Regional Council for Further Education. Ninth Annual 
Report, October 1956. Pp. 88. (Reading: Southern Regional Council 
for Further Education.) 1712 

British Scientific Instrument Research Association. Research 
Report M.24: Determination of Moisture in Solfds—a Short Survey 
of Methods and Apparatus. By P. J. Geary. Pp. iv-+52. (Chislehurst : 
British Scientific Instrument Research Association, 1956.) 7s. 6d. 
Overseas purchasers, 9s. 6d. [1712 
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Other Countries 


United States Department of.the Interior: Geological Survey. 
Water-Supply Paper 1249: Surface Water Supply of Hawali, 1951- 
52. Prepared under the direction of J. V. B. Wells. 40 cents. Water- 
Supply Paper 1260-D : Floods of 1952 in California. By 8. E. Rantz 
and H. E. Stafford. Pp. vit531-576+plate 6. 45 cents. Water- 
Supply Paper 1265: Water Levels and Artesian Pressures on Observa- 
tion Wells in the United States, 1953. Part 1: Northeastern States. , 
Prepared under the direction of A. N. Sayre. Pp, vil+887. 1.25 
dollars. Water-Supply Paper 1266: Water Levels and Artesian 
Pressures in the United States, 1958. Part 2: Southeastern States. 
Prepared under the direction of A. N. Sayre. Pp. viit+275. 1 dollar. 
Water-Supply Paper 1317: Compilation of Records of Surface Waters 
of the United States through September 1950. Part 13: Snake River 
Basin. Prepared under the direction of J. Y. B. Wells. Pp. v-¥566+1 
plate. n.p. Water-Supply Paper 1821: Water Levels and Artesian 
Pressures in Observation Wells.in the United States, 1954. Part 1: 
Northeastern States. Prepared under the direction of A. N. Sayre. 
Pp. vii+340. 1.25 dollars.: Water-Supply Paper 1323 : Water Levels 
and Artesian Pressures in Observation Wells in the United States, 
1954. Part 3: North-Central States. Prepared under the direction 
of A. N. Sayre. Pp. vi+280. 76 cents. Water Supply Paper 1324: 
Water Levels and Artesian Pressures in Observation Wells in the 
United States, 1954. Part 4: South-Central States. Prepared under 
the direction of A. N. Sayre. Pp. vi+230. 1 dollar. (Washin ron 


gater Supply Paper 1325: Water Levels and Artesian Pressures in 


States. Pre 
60 cents. 


J. V. B. Wells. Pp. xii+574. 1.75 dollars. Water-Supply Paper att 


Publications d I’Institut National pour l'Étude Agronomique du 
Congo Belge. Bulletin Climatologique Annuel du Congo Belge et 
du Ruanda-Urundi, Année 1955. (Bureau Climatologique—Com- 
munication No. 12.) Pp. 202. (Bruxelles: Institut National pour 
Étude Agronomique du Congo Belge, 1956.) (1412 

New Zealand Forest Service. Annual Report of the Director of 
Forestry, 1st April 1955 to 31 March 1956. Pp. 126. (Welllngtaté 
Government Printer, 1958.) 1412 

Proceedings of the California Academy of Sciences. Fourth Series. 
Vol. 28, No. 15 (November 19, 1956): Revision of the Nearctic Species 
of Photinus (Lampyridae: Coleoptera). By John Wagener Green 
Pp. boras, (San Francisco, Calif.: California Academy of Sciences, 
1956. 


141 
Annual Report of the Kodaikanal Observatory for year 1954. Pp. 
10. (Delhi: Manager of Publications, 1055.) As. 9: 10d. {1412 
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CONSERVATION OF SCENIC BEAUTY IN BRITAIN 


HE Nature Conservancy has now firmly estab- 
~ I lished its value. as essentially a scientific body, 
the work of which is of great importance to agri- 
culture and forestry, water supply, coastal defence 
and meteorology, and indeed to the use and develop-: 
ment of land in Britain generally. An increasing 
proportion of its annual ‘report summarizes the 
results of scientific research, much of which is already 
of value in many departments of the national life 
and indeed could be of even greater value if under- 
taken on a greater scale and followed up éffectively. 


How valuable are the findings of ecological research and , 


the management of nature reserves in general policy 
and practice in the use and management of land 
received notable demonstration at the Conference of 
the International Union for the Conservation of 
Nature and Natural Resources at Edinburgh last 
June, to which the Nature Conservancy and the 
Society for the Promotion of Nature Reserves were 
joint hosts. On one hand, this Conference enabled 
representatives of engineering, town and country 
planning, forestry and agriculture to discuss in some 
detail the technical problems posed for them by 
ecological knowledge; on the other hand, it gave 
plant and ‘animal ecologists, physiographers and 
others a much clearer and broader insight into problems 
of the use and administration of land. 

Neither in Britain nor overseas do those re- 
sponsible for nature conservation fail to recognize 
an obligation not only to conserve important sites 
and to study the biological and other problems 
involved, but also to make their knowledge freely 
available ‘in terms intelligible to those who have 
responsibilities affecting the use or management of 
land. In written evidence submitted in May last to 
the Royal Commission on Common Land, the Con- 
servancy attempted, for example, to show not only 
the scientific importance of common lends but 
equally the great possibilities of combining several 
different types of competing use, including nature 
conservation. The emphasis in the work of the 
Nature Conservancy has, in fact, now shifted to the 
execution of a carefully planned and well-scrutinized 
programme of research, to the digestion and appli- 
cation of ecological and other knowledge which has 
been gained or is currently emerging, and tothe 
improvement of its liaison, educational and advisory 
services. The Conservancy is becoming more fully 
acquaintéd with the requirements and problems of 
neighbouring authorities and interests, and thus 
increasingly competent to contribute effectively to 
shaping sounder principles and practices, particularly 
in the use and management of land. 

With this promising prospect, and in spite of the 
potential advantages of its work to the nation in 
furthering the wise use of the very limited resources 
of land, the work of the Conservancy is sharply 
threatened from two directions: the unwillingness 
of the Government to provide reasonable resources 
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and the continual encroachment of development. In 
regard to the latter, the Conservancy comments in 
its latest annual report (see p. 404 of this issue of . 
Nature) that “experience has strikingly confirmed 
-that no area in the country can be considered even 
moderately safe from threat of destruction at a few 
months’ notice”. Fresh examples are cited in this 
report. In one, the Carstairs Kames in Lanarkshire, 
an area which has been under consideration by 
geologists as a possible national nature reserve, the 
Conservancy concladed that it could not justify 
asking for the large sum of public money needed to 
acquire and sterilizə the deposits, although they are ‘ 
the best known and most intensively studied Scottish 
example of such glacial remains. No compromise 
was possible which would preserve the scientifically 
most valuable section, having regard to the rights of 
the different owners and holders of gravel concessions, 
and the Secretary of State for Scotland has in the 
circumstances authorized the proposed gravel work- 
ing. Accepting the Government's decision, the Con- 
servancy has accordingly withdrawn the formal 
notification of the area as a ‘site of special scientific 
interest’. 

This case is disturbing, because it was handled 
with much care ard thoroughness, and it is difficult 
to see how any of those concerned could in the 
circumstances have acted otherwise. Such cases, 
moreover, are likely to recur, particularly in relation 
to geological sites, since the glaciers which created 
the high scientific interest of the ‘deposit simul- 
taneously gave it a high commercial value, payment 
of compensation for which would be far beyond the 
financial resources of the Nature Conservancy. A 
similar clash of interest concerning geology and 
physiography is involved in preservation of the 
Parallel Roads of Glen Roy, Inverness-shire, regarded 
as providing one of the most important natural 
monuments of ice age phenomena in the United 
Kingdom, and which are now threatened by afforest- 
ation. Discussions are still continuing’ between the 
Conservancy and the Forestry Commission with the 
object of reconciling the Conservancy’s desire to 
ensure the permanent preservation of a minimum of 
some 9,000 acres as a geological monument with the 
Commission’s urgent need for more land for planting. 

Each case suck as that of the Carstairs Kames, 
however, enforces the need for a sense of perspective 
and balance. The total acreage of the nature reserves 
in England and Wales is still no more than 82,662 
acres, or less thar. 0:1 per cent of the land area, and 
much of this is at too high an altitude to grow trees 
or carry human habitations, while most of the rest 
consists of coasts] sand dunes, shingle beaches and 

- mud flats which zan be used more productively for 
science than for any directly economic purpose. Both 
the Nature Conservancy i its annual report, and the 
National Parks Commission in its seventh annual 
report (see p. 405 of this issue of Nature), refer to the 
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helpful attitude of Service Departments and public 
corporations (with a few notable exceptions) and the 
efforts made by both sides to reconcile conflicting 
interests. 

Neither for the Nature Conservancy nor for the 
National Parks Commission is it reasonable to allow 
particular cases of amenity or scientific interest to 
be settled entirely in isolation. Further clashes 
between the scientific interest of a glacial deposit 
and the exploitation of a gravel deposit should not 
be determined without taking account of what has 
already been destroyed and what is demanded else- 
where. The claims of amenity and of science at 
particular points, and seen against national and not 
sectional or local interest, must come first; other- 
wise neither the National Parks Commission nor the 
Nature Conservancy can work. 

When this obtains, however, the question of 
compensation or cost should not fall on the Con- 
servancy or the Commission but on the nation as a 
whole. Before considering this point further, it 
should be noted that while it is here that the 
effectiveness of the National Parks Commission is 
most gravely threatened, the financial danger to the 
Conservancy arises directly from Government parsi- 
mony. For the whole of its work the Conservancy 
will receive no more than £280,000 in 1956-57, and 
it is not surprising that scientific programmes have 
again been restricted and work on the development 
and maintenance of reserves postponed, or that no 
further new grants will be made before 1958-59. 
Moreover, applied ecology, as the report points out, 
requires a series of carefully selected and undisturbed 
sites on which different possible treatments and 
practices in the use of land can be carried out and 
observed, just as new strains of cereals or new 
practices in rearing livestock are tested on experi- 
mental farms. ‘The national nature reserves are 
intended to provide for such experiments, in addition 
to their function in conserving wild life; and this 
can only be done if sufficient man-power and resources 
are available. Such treatments are in progress on some 
of the reserves, but only on a very small scale; and the 
report admits that the greater part of the opportunities 
cannot be followed up for want of money. 

This state of affairs is unworthy of Great Britain, 
and to say the least, reflects no credit on the Govern- 
ment or on the Minister primarily responsible, the 
Lord President of the Council, nor the Committee of 
the Privy Council for Nature Conservation, to which 
the Director-General of the Nature Conservancy is 
secretary. The sums concerned are too trivial in 
relation even to the expenditure in related spheres, 
quite apart from the fact that, as both the Con- 
servancy and the National Parks Commission 
emphasize, opportunities and possibilities are being 
lost irretrievably through development. Failure to 
provide the Conservancy with funds sufficient for its 
modest research programme to be carried out 
efficiently and expeditiously is short-sighted and 
wasteful of the nation’s precious resources. 

The National Parks Commission is likewise handi- 
capped and frustrated from lack of resources. Here, 
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however, the position is somewhat different. The 
financial difficulty is lmked directly with the threats 
offered by development; but once again it arises 
essentially from the failure of Minister and Govern- 
ment to implement the provisions which Parliament 
wrote into the Act, as is well brought out in the 
current report m the comments of the Commission 
on development questions and on the possible 
amendment of the Act. ` 

Like the Nature Conservancy, the National Parks 
Commission emphasizes its continuing concern at the 
growing demand for the use of sites in national parks 
and like areas for projects which threaten to despoil 
the countryside. Some 1,550 such development 
questions were considered during the year, some of 
which, like the Atomic Energy Authority’s proposals 
to establish a research station in Dorset, are a 
reminder of the increasing tax which the develop- 
ment of nuclear power must take of amenity and of 
other claims on the use of land. Afforestation, 
mineral workings, water schemes, Service require- 
ments and electricity undertakings, as with the 
nature reserves, involve demands as difficult to 
reconcile with the claims of amenity as with those of 
scientific work, and the genuine efforts made to find 
@ compromise and reconcile opposing interests all 
too frequently fail. 

As with the nature reserves and sites of special 
scientific interest, what is required if the national 
parks are to mean anything is some authority com- 
petent to take a long view, to see particular proposals 
against the full perspective of national needs in 
general, including amenity, and of the sacrifices 
already made, the concessions already received—an 
authority, too, with the power and resources to see 
that the necessary compensation is provided as a 
national charge if appropriate. The intention was 
clear enough when the Act was passed, but successive 
Ministers of both major political parties have con- 
sistently failed to provide the National Parks Com- 
mission with either the resources or the full authority 
needed. 

The position 18 sufficiently illustrated by reference 
to the question of electricity supply discussed in the 
Commission’s current report. Holy Island and some 
of the choicest parts of the Lake District, as well as 
other areas of exceptional beauty, are threatened by 
proposals to construct overhead lines. In more than 
ninety per cent of the cases raised, agreement is 
reached with the electricity authority on the pro- 
cedure to be followed, and the National Parks 
Commission does not claim that, even in national 
parks, electricity lines ought, as a matter of course, 
to go underground. It considers that each proposal 
should be examined individually and studied on its 
merits, and it also holds that there are some areas 
of such outstanding beauty as landscape that the 
highest standards should be applied and it feels 
bound to press for underground lines. The additional 
expenditure involved would be insignificant in 
relation to the total finances of the undertakings ; 
and, by implication, the report strongly condemns 
the shabby attempts made by some electricity boards 
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to inflict a surcharge on a small area of consumers 
to meet an expense incurred for the general benefit. 

In particular, the Commission in this report firmly 
rejects the view that it or the park planning authority 
should agree to the construction of an overhead line, 
on the plea that ıt will be necessary on financial 
grounds to postpone the project, even indefinitely, if 
the necessary permission is not forthcoming. Once 
the authorities which are charged with the interests 
of amenity reach the conclusion that, on landscape 
grounds, the line should go underground, the Com- 
mussion holds, and rightly, that it 1s wrong for those 
authorities to assent to its going overhead merely 
because the developer claims that he cannot afford 
to put ıt underground either in the immediate future 
or at all. To accept any other conclusion places the 
developer in possession of the final word, and the 
Commission notes, as a pomt of importance, that 
while the Minister responsible may decline to sanction 
an overhead line, he cannot compel the electricity 
authority to place a Ime underground. 

Strong support for these views of the National 
Parks Commission was forthcoming from Lord 
Hurcomb, who was chairman of the Electricity 
Commission during 1938-47, m a debate in the 
House of Lords at the end of last July. Lord Hur- 
comb, submitting that even high-voltage lines should 
sometimes be put underground to avoid unpleasant 
interference with landscape, added that he did not 
accept the view that the preservation of amenity 
was a kind of social service which should not be 
placed on the industry causing the interference but 
be borne by the tax-payer or rate-payer. He sub- 
mitted that an industry which could claim and get 
these wayleaves right across the country could 
reasonably be asked to bear, and throw on its own 
consumers, the costs; such costs, he claimed, would 
be negligible when spread over the whole body. 
More attention, he thought, should be paid to 
amenity than had been done in the past, particularly 
by a nationalzed industry. 

When, therefore, the Lake District Planning Board 
approves a scheme for overhead cables. at the head 
of Great Langdale in place of referring the matter 
to the Minister as urged by the National Parks 
Commission, because the North-Western Electricity 
Board had promised an earlier supply if it were 
allowed to use overhead cables, we find the real hard 

‘proof that the present arrangements for the local 
administration of national parks are failing to 
achieve the mtended purpose of the National Parks 
Act. The Permanent Secretary to the Ministry of 
Housing and Local Government, when addressing 
the Sheffield and Peak District Branch of the Council 
for the Preservation of Rural England last June, 
affirmed unequivocally the Ministers intention to 
implement the Act, although she admitted that the 
Act was m some respects experimental. The Minister’s 
own. reception of the Commission's actual proposals 
for the amendment of the Act was less promising. 
While in general sympathetic with the broad objects 
of the proposals, he held out no hope of legislation 
at present, nor was he prepared to take proposals 
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for new expenditure to the Treasury, though he 
agreed that it was right to form ideas and to 
have plans ready fo? a long-term policy. 

Events, however, z1ve urgency to the needs of the 
National Parks Commission and also to those of the 
Nature Conservancy, and make nonsense of such 
procrastination. The amendments recommended by 
the National Parke Commission relate mainly to 
expenditure. Expenditures incurred by park planning 
authorities under Section 11 of the Act should earn 
grants, and the limit of grant to 75 per cent should 
be removed; provision should be made for grant 
both towards the administrative expenses of national 
parks and also for administrative expenses incurred 
by local authorities in completmg the ‘long distance 
routes’, as well as for compensation to developers m 
national parks and areas of outstanding natural 
beauty. Without such resources the National Parks 
Commission 1s largely powerless ın face of the threat 
of development, which does not stand still while 
Ministers delay. The Commission’s report, like that 
of the Conservancy, shows above all the danger that 
the situation may well be lost irretrievably before. 
the Ministers responsible are prepared to urge on the 
Government the prcvision of adequate resources for 
both bodies. 

The chief note cf hope is to be fourid in the 
increased attention which both Conservancy and 
Commussion are giving to publicity of one form or 
another. Both repcrts record encouraging response 
to the greater efforts now being made to arouse 
public mterest and understandmg of their work. 
The Conservancy hes already assembled a group of 
amateur naturalists to discuss problems which con- 
servation presents, and this should be a lme worth 
pursuing; while scientists might also seek to bring 
pressure to bear on the Lord President of the Council, 
whose apparent neglect may well be partly a con- 
sequence of the inadequate staffing of his office and 
the burden of his many responsibilities. The position 
of the Nature Conservancy is indeed one of the minor 
items contributing to the view that a re-organization. 
of the national research effort is required; but the 
main need of the Conservancy, as of the National 
Parks Commission, is for the firm and understanding 
support of public opmion, which will insist on the 
Government giving adequate financial and admunis- 
trative resources to enable these bodies to function 
effectively and to safeguard, before it is too late, 
Britain’s priceless heritage of scenic beauty and 
scientific interest. 


LEARNING AND INSTINCT 


Learning and Instinct in Animals 
By Dr. W. H. Thorpe. Pp. vni+493+9 plates. 
(London: Methuen and Co., Ltd., 1956.) 55s. net. 


HIS important .and somewhat overwhelming 
book deserves 2 detailed review because it 18 
likely to have a significant impact upon psycho- 
logists and ethologists alike. For American psycho- 
logists it may be accepted as the principal formulation. 
of the ethological point of view; and ethologists m 


388 


Great Britain and on the Continent may regard it as 
an authoritative presentation of the experimental 
and theoretical approach championed by American 
psychologists. The volume is divided into three sec- 
tions. The first, consisting of 48 pages, deals with the 
philosophy of the science of behaviour, and with the 
subject of drive and the theory of instinct as espoused 
by some ethologists. The second section of 110 pages 
is devoted to an analysis of four or five different types 
of learning as conceived- by Dr. Thorpe. The final 
section of 255 pages surveys evidence concerning the 
learning abilities of the main animal groups from 
protozoans to mammals. 

For Dr. Thorpe the central problem of ethology 
is the relation between purposiveness and directive- 
ness of behaviour. The ethologist is prmcipally con- 
cerned with determining how much of an animal’s 
behaviour is purposive and how this behaviour is 
related to the remainder. To say that behaviour is 
purposive means that it cannot be fully explained by 
mechanisms known to be operating in the body of 
the animal. Emphasis is laid upon the fact that one 
cannot consider an animal merely as a physico- 
chemical mechanism, but must conceive of it as a 
vital system. It is held that both objective and sub- 
jective approaches must be used in behavioural 
analysis. Subjective concepts derived from intro- 
spection are essential tools in achieving the main 
objectave, If my impression is correct, this em- 
phasis upon purposiveness, directiveness and sub- 
jectivity is not characteristic of all ethologists. 
N. Tinbergen, for example, appears to take a some- 
what different pomt of view. 

Learning is defined by Dr. Thorpe as “that 
process which manifests itself by adaptive changes 
as a result of experience” (p. 49). One might here 
raise questions about maladaptive learning, which 
certainly occurs in human beings and produces 
neurotic manifestations. It is Thorpe’s opinion that 
there are several different kinds of learning which 
presumably are mediated by different kinds of 
physiological processes. First is ‘habituation’, which 
is a form of simple learning not to respond to stimuli 
which tend to be without significance in the life of 
the anımal. Habituation is reflected by a relatively 
permanent waning of a response as a result of repeated 
stimulation which is not followed by any kind of 
reinforcement. Habituation is compared to Pavlov’s 
‘internal inhibition’ and Hull’s ‘reactive inhibition’. 
‘Associative learning’ is exemplified by conditioning 
and by trial-and-error learning. It depends upon the 
establishment of stumulus response bonds and is 
strengthened by the Law of Effect. 

‘Latent learning’ consists of “the association of 
indifferent stumuli or situations without patent 
reward” (p. 107). ‘Insight-learning’ refers to “the 
sudden production of a new adaptive response not 
arrived at by trial behaviour or the solution of a 
problem by the sudden adaptive reorganization of 
experience” (p. 100). ‘Insight’, as distinguished from 
insight-learning, consists of the apprehension of 
relations. Evidence for the occurrence of insight and 
insight-learning is revealed by the use of tools by 
animals; by the performance of laboratory rats on 
detour experiments, by the ‘reasoning’ tests which 
Maier and others have applied to rats, by the occur- 
rence of delayed responses, ete. These involve higher 
mental processes, possibly including ideation. Experi- 
ments with multiple choice tests strongly suggest, 
according to Dr. Thorpe, the occurrence of insight 
and ideation. This suggestion, is strengthened by 
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studies which demonstrate the existence of a ‘number 
sense’ in some mammals and birds. ‘This astomshing 
work .', . seems to have proved beyond question 
the existence of ideation in animals” (p. 119). ‘Im- 
printing’ is seen as a rather special kind of learning 
which has some affinity with both habituation and 
insight learning. 

‘Insight’, ‘perception’ and ‘instinct’ are closely 
related. It is first assumed that insight consists of 
the perception of relations and is therefore linked up 
with perception as æ whole. This in turn brings up 
the problem of instinct, since instinct involves com- 
plex innate perceptions. The next point is that per- 
ception involves learning because it is based upon 
comparison, and comparison involves learning. The 
conclusion 18 therefore that the differences between 
inborn and acquired behaviour are ones of degree 
rather than of kind. 

This second section of the book concludes with an 
extensive discussion of the mechanism of learning. 
The treatment is exceedingly complex at points, but 
involves a good deal of ingenious reasoning. The 
final conclusion is that learning probably depends 
upon structural changes at the level of the synapse, 
plus the facilitatory effects of reverberating circuits 
within the central nervous system. It is further sug- 
gested that behaviour which initially depends upon 
learning may, in the course of evolution, become 
instinctive. This seems to be the ‘lapsed intelligence’ 
theory of instinct initially championed by Lamarck 
and now presented in more modern neurophysio- 
logical terms. 

The third major subdivision of the volume suffers 
somewhat from uneven emphasis. This can be seen 
from a simple catalogue of the number of pages 
devoted to various groups. The allotment of space 
is as follows: protozoa and lower metazoa, 15 pages ; 
worms and molluscs, 25 pages ; arthropods, 55 pages ; 
fishes, 37 pages ; amphibians and reptiles, 12 pages ; 
birds, 94 pages ; and mammals, 20 pages. In part this 
irregularity is due to inequalhties in the available 
evidence, but this is not the complete explanation. 
Another source of bias is related to the author’s 
determination to pass lightly over laboratory studies 
which, in his opinion, have no bearing on the problems 
and circumstances which the animal encounters m the 
wild. This decision effectively rules out at least 75 per 
cent of the published studies which have been devoted 
to laboratory experiments on a few species of mam- 
mals. Nevertheless, a tremendous body of literature 
is summarized in this section and much of it will be 
new and revealing for the laboratory psychologist. 

it is concluded that habituation or something very 
much like it occurs in protozoans such as Paramecium. 
There have been a number of controversial experi- 
ments designed to demonstrate the occurrence of 
associative learning in protozoans, but Prof. Thorpe 
feels that for Paramecium at least, it is “a fairly safe 
conclusion that true learnmg has been demonstrated” 
(p. 167). Habituation and some slight degree of 
associative learning probably also occur in echino- 
derms. In his-treatmont of learning in worms and 
molluses other than cephalopods, the author is led to 
conclude that rudimentary associative memory is 
present in Leptoplana, and that annelids show 
habituation and associative learning. The same is 
true for Mollusca, which group is also capable of 
latent learning as demonstrated by the occurrence of 
homing in limpets. Cephalopods are apparently quite 
highly developed in that they show habituation, 
associative learning and possibly insight-learning. 
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Habituation, conditioning, trial-and-error learning, 
and latent learning all are demonstrated by various 
species of arthropods. The ability of the wasp 
Philanthus to recognize artificial landmarks placed 
around the openings of its burrow is referred to as 
latent learning. Other wasps such as Ammophila are 
said to display insight-learning when they carry or 
drag their prey to the nest hole, traversing a terres- 
trial route which they have never explored, save 
from the air. Other examples of highly organized 
behaviour include the detour ‘performance of the 
higher Hymenoptera and certain aspects of nest repair 
of bees and wasps. 

Various kinds of learning ‘are said to influence the 
natural behaviour of fish. For example, Dr. Thorpe 
suggests that the schooling behaviour of some species 
depends in part upon a process something like 
imprinting. The same is said of certain elements m 
the reproductive patterns. Latent learning, habitua- 
tion, conditioning, trial-and-error learning, detour 
behaviour, maze learning and delayed reaction are 
all discoverable in the activities of various fishes. 
With respect to ‘memory’, the author says, “some 
species of salmon and trout must be able to retain 
memories of the characteristics of their home stream 
for four years or more” (p. 280). In addition, latent 
learning and insight-learning are said to occur in this 
class. In general, amphibians and reptiles are inferior 
to fishes in learning ability. However, some amphi- 
bians appear capable of habituation, associative 
conditioning, trial and error and latent learning. 
The latter is demonstrated, according to Thorpe, by 
the homing ability of some toads. There has been 
no critical work on habituation or latent learning in 
reptiles, although some species are known to be 
capable of establishing conditioned reflexes’ and of 
mastering simple problems through trial-and-error 
learning. 

Practically all Dr. Thorpes different varieties 
of learning oceur in birds. Habituation, conditioning 
and trial-and-error learning appear under natural 

, conditions. For example, ıt is stated that in the 
drinking of pigeons and nest building of young 
ravens an element of trial-and-error learning is 
involved. Under laboratory conditions the solution 
of puzzle boxes, the learning of mazes and probably 
insight-learning have been demonstrated. The estab- 
lishment of territories under natural conditions 
involves latent learning. Various experiments are 
cited to demonstrate the establishment of a concept 
of number in birds. It is stated that they are able 
to discriminate numbers simultaneously and suc- 
cessively as efficiently as human beings can do when 
counting is prohibited. Dr. Thorpe considers it 
possible that parrots “are at the beginning of 
acquiring a real language’. Some of the author’s 
own experiments employing the sound spectrogram 
to analyse bird songs demonstrate convincingly that 
‘parts of the species’ song are acquired as a result of 
experience involving exposure to the singing of adult 
birds. : 

In introducing the topic of learning in mammals, 
Thorpe states that it is unnecessary to attempt an 
exhaustive treatment because the topic of mammalian 
learning has been well reviewed a number of different 
times. He says further that in mammals, where 
learning power is so great and ubiquitous, it is a 
reasonable assumption that behaviour is learned. 
“Thus the onus on the experimenter is to prove that 
any given piece [of behaviour] is instinctive, and until 
this has been done the assumption that it is learned 
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must be adhered to” (p. 393). He therefore takes-as 
his task the consiceration of examples of mammalian 


-behaviour which shere is some reason to believe is 


innate. The examples selected include sexual 
behaviour in rats. maternal reactions in rodents of 
various species, following responses in young ungulates, 
hoarding in rats, nest building in rats, toilet and 
grooming behavicur in ‘the dormouse, territorial 
defence in the dog, emotional expression by posture 


- and facial express.on in the wolf, and certain innate 


motor patterns in chimpanzees. 

In conclusion, Dr. Thorpe states his conviction that 
biology is becoming a more and more unified science and 
winning its independence from the physical sciences. 
In biology the phenomenon of emergence in which 
the whole is seen to be more than the sum of its 
parts is fundamental. Analysis to ever finer levels of 
structure will nos reveal the nature of relations 
between the parts. Ethology emphasizes the unity 
of biology and stresses the importance of the holistic 
concept. Relations between man and animals are so 
numerous and important that no clear-cut dichotomy 
cen be described. Further study of animal behaviour 
may eventually aid in the ordering of human social 
relations. Prosecution of further ethological studies 
will provide a mare- adequate theory of knowledge 
and strengthen the position of a philosophy of organ- 
ism. It should in addition clarify the madequacy of 
empiricism as a full philosophy of Nature. 

This is not an easy book to evaluate. It is, as was 
said at the beginning, overwhelming in the sense that 
1b presents a tremendous amount of evidence con- 
cerning the instinctive and learned aspects of animal 
behaviour. The authorities quoted range from 
Pliny the Elder to D. O. Hebb. The kinds of 
sources involved extend from anecdotal accounts 
received in personal correspondence to elaborate 
laboratory investigations conducted under systematic 
and controlled conditions. The central theme is most 
convincingly and strongly developed in connexion with 
those classes or groups with which Prof. Thorpe has 
worked directly, namely, insects and birds. The 
treatment is weakest in the area to which ethologists 
have as yet devoted relatively little attention, 
namely, that of memmalian behaviour. Few psycho- 
logists will feel thas the topic of learning in mammals 
has recerved adequate consideration in this book. 
On the other hand, as noted earlier, the presentation 
of the classical ethological point of view and the 
buttressing of this conceptual framework with a 
variety of kinds of evidence is most impressive. 

All in all, the book’s weaknesses are greatly out- 
weighed by its stzong points, and I predict that 
it will be an influential volume for many years to 
come. F. A. Beaox 


VERTEBRATE EMBRYOLOGY 


Development of Vertebrates 

By Prof. Emil Witschi. Pp. xvi+588. (Philadelphia 

and London: W. B. Saunders Company, 1956.) 

59s. 6d. i 


ROF. E. WITSDHI’S book is a text for “pre- 
medical students and zoology majors”. Neverthe- 
less, coming from a man who has made his own 
distinguished contributions to the subject it is bound 
to attract the attention of every embryologist. He 
does not succeed in disguising from us that he is 
above all an investigator, interested in the unknown 
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and the obscure as well as in the known. At times 
he even goes so far as to deal with matters such as 
the glycogenic body of birds that must be beyond the 
immediate needs of his ‘majors’. Because. of this, he 
has written an interesting book, which leads one on 
from page to page and picture to picture. There is 
& very welcome emphasis on the physiological pro- 
cesses at work during development, and especially 
on the energy sources available: 

Those who value Witschi’s own work on determ- 
ination of the gonads will find here an excellent 
concise account of the subject. Indeed, they may 
wish that he had allowed himself to discuss the 
controversial aspects more at length,~ especially in 


relation to mammals. The account of the relation of - 


genetics and embryology postulates that since “all 
cells of an embryo recerve identical sets of chromo- 
somes”, but nevertheless differentiate into diverse 
organs, “‘a supplementary category of differentiating 
factors must be contained in the egg most likely 
not in the nucleus”. A discussion of the evidence 
for the plasmagenes would have been welcome at 
this point. Moreover, the author allows @ peculiar 
hint of recapitulationism to enter his discussions. He 
would probably deny that he, believes in the inherit- 
ance of acquired characters, but in his text he is at 
times unguarded. 

The account given of morphogenetic movements 
and gastrulation may prove confusing; for example, 
the old concept of concrescence has been reintro- 
duced and amphibians are considered to possess æ 
primitive streak. The treatment of the problems of 
induction is not as complete as could be wished. 
There is no clear statement about the epigenetic 
appearance of differentiation, and little reference to 
the work of, for example, Toivonen or Nieuwkoop. 
Admittedly, the subject is obscure and the author 
may have, felt it unrewarding for students. Unfor- 
tunately, much of embryology is in this state now- 
adays, and no honest teacher can avoid letting the 

-student see this. Prof. Witschi would certainly not 
consciously wish to do so; the richness of his 
knowledge would make it impossible for him. Per- 
haps it is a symptom of American college education 
that at times one feels he has tried to make the story 
clearer than it 1s. Nevertheless, there can be few 
who will not learn something from his lucid descrip- 
tions and excellent illustrations. J. Z. YOUNG 


THE VOYAGES OF CAPTAIN COOK 


The Journals of Captain James Cook on his Voyages 
of Discovery 

Edited from the original manuscripts by J. C. 
Beaglehole, with the assistance of J. A. Williamson, 
J. W. Davidson and R. A. Skelton. Vol, 1:*The 
Voyage of the Endeavour, 1768-1771. Pp. celxxxiv + 
684.445 illustrations and maps. 80s. net. Portfolio 
of 58 Charts and Views drawn by Cook and his 
Officers and reproduced from the Original Manu- 
scripts. Edited by R. A. Skelton. 50s. net. (Hakluyt 
Society, Extra Series, No. 34.) (Cambridge: At the 
University Press, 1955.) : 


HE great debt which geographers, historians of 
exploration, anthropologists and many others 
interested in scientific discovery owe to the Hakluyt 
Society is much increased by the publication of the 
“Journals of Captain Cook”. The work is edited by 
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Dr. J ohn Bedglehole, s æ historian of Victoria University 
College, Wellington, ‘who has devoted himself for 
many years to the study of the life and career of 
Cook as part of a wider interest in Pacific exploration. 
This first volume is a sumptuous production. It 
includes a coloured plate of Nathaniel Danco’s 
portrait of Cook, as well as a number of world maps, 
maps of Pacific explorers’ routes, portraits of Banks 
and Solander, reproductions of various drawings 
from the voyage, and of manuscript pages from 
Cook’s own journal. It is accompanied by a mag- 
nificent portfolio of charts and views from the three 
voyages, reprodticed from drawings by Cook and his 
officers, and edited meticulously by R. A. Skelton. 
Captain James Cook, R.N., F.R:S., well merits such 
treatment ; it is astonishing that he has not had it 
before. Three times he circumnavigated the globe. 
He was the first to cross the Antarctic Circle and 
to chart the north-west coast of America. In~the 


” scientific field his observations are still worthy of 


consultation, and in the practical field he had the 
great achievement of being able to undertake very 
long sea voyages and still preserve the health of his 
men. On his first voyage, apart from the expedition’s 
observations of the transit of Venus, at Tahiti -in 
1769 (for which Cook himself received a hundred 
guineas from the Royal Society as ,an observer), he 
circumnavigated and charted the coast of New 
Zealand, discovered the east coast of Australia and 
explored a great part of the Great Barrier Reef. 

This volume is built around an admirable edition of 
Cook’s “Journal” kept on the voyage of the Endeavour 
during 1768-71. The “Journal” is primarily a work- 
manlike account of the voyage, with a great deal of 
detail „about positions, winds and weather, and 
nature of coastlines. But it also contains, apart from 
much exciting information about discovery, a great 
deal of material about the ethnography of the peoples 
in the various places visited. Yet, m the words of 
the editor, “the study of Cook’s journals is not plain 
sailing”. Cook, although he entitled this ‘Journal’ 
“Remarkable Occurrences on Board His Majesty’s 
Bark Endeavour’, seems to have had no idea that’ 
such a work could have a popular appeal. He took 
great care over it—as an example, his description of 
Rio de Janeiro was the result of much drafting and 
redrafting—but he was clearly thinking of the 
Admiralty and not of a wider public, and it lacks the 
clarity of a simple narrative. This complex task of 
clarifying obscurities in the text has been most care- 
fully handled by the editor, who has added a great 
number of explanatory notes. 

Around thé “Journal”? are also set various intro- 
ductory essays and appendixes.. A general mtro- 
duction explains the significance of Cook’s voyage in 
the context of Pacific exploration of his age. Another 
introduction discusses the fitting out of the Endeavour, 
the selection of the. crew, the orders for the voyage 
and its main accomplishments; it also examines 
some of the navigational points involved and refers 
to the mass of scientific material brought home. A 
textual introduction to the ‘Journal’ explores the 
history of each of the four main manuscript copies, 
collates them and discusses also an impressive set of 
subordinate manuscript and printed sources. There 
is also a note discussing the state of Polynesian 
society, especially in Tahiti, at the time when Cook 
made his visits. Appendixes give Cook’s letters and 
reports describing the voyage, papers of the Royal 
Society relating to the task of observing the transit 
of Venus in 1769 (the Society appears to speak of 
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Captain ‘“‘Cooke”), and a set of Cook's éii 
drafts and variant versions which do not appear ın 
his final “Journal”. There are also extracts from 
several journals of the voyage kept by other members 
of the ship’s company, a list of all documents known 
to bear directly on the voyage, and newspaper 
extracts indicating the background of intellectual 
and public interest in what was done. 

The reader would be hard put to ıb to find matter 
for criticism in the editor’s treatment. As a small 
instance, an anthropologist might regret that the 
editor has chosen to lend some support to a rather 
old-fashioned view of the history of Tahitian society, 
but even here he has guarded himself by a cautionary 
note. This formidable work is therefore balanced. 
and most informative. It helps us to realize not 
merely what Cook did but also how he did it and 
the circumstances in which his achievement was 
made. In particular, it also shows us what manner 


of man Cook himself was—his modesty, his fairness, - 


his quiet pride in his cartographical work, - his 
administrative efficiency, his care for his ship and 
- his men. 
` Dr. Beaglehole’s editorial task can only have been. 
accomplished as a labour of love. But it is also a 
monument of fine scholarship, distinguished for its 
penetration and its quiet humour as well as for its 
breadth and sensitive handling of sources. 
f RAYMOND FTH 


GEOLOGY OF URANIUM 


Proceedings of the International Conference on the 
Peaceful Uses of Atomic Energy 

Held in Geneva, 8 August-20 August, 1955. Vol. 6: 

Geology of Uranium and Thorium. Pp. x+825. 

(New York: United Nations; London: H.M. 

Stationery Office, 1956.) 9 dollars ; ; 638.; 39 Swiss 

francs. 


Exploration for Nuclear Raw Materials 

Edited by R. D. Nininger. (The Geneva Series on 
the Peaceful Uses of Atomic Energy.) Pp. xv+293. 
(Princeton, N.J.: D. van Nostrand Co., Ine. ; 
London: Macmillan and Co., Ltd., 1956.) 65s. net. 


Contributions to the Geology of Uranium and 
Thorium . 

U.S. Geological Survey Professional Paper No. 300. 

Pp. vii+739. (Washmgton, D.C.: U.S. Govt. 

Printing Office, 1956.) 


HROUGHOUT the past decade more geologists 
have been engaged in the search for resources of 
the fissile’metals than in any other phase of geo- 
logical activity except exploration for ol. As a direct 
result of this work, ore deposits have been found 
which are capable of sustaining, in the free world, a 
long-term production of at least 15,000 tons of 
uranium oxide annually, at a cost of £4 or less per 
pound—thas is, close on twice the global output of 
silver, a metal marketed at roughly the same price. 
As an indirect result, the investigations have yielded 
immense contributions to fundamental geological 
knowledge, particularly, in the fields of ore genesis, 
geochemistry, mineralogy and geochronology. Prob- 
ably no other studies in the recent history of the 
earth sciences have’ been quite so far-reaching in 
their application. 
In Augist 1955 the Geneva Conference on the 
Peaceful Uses of Atomic Energy released a flood of 
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information, some of it hitherto confidential, on the 
results of these geological researches.. The official 
record comprises 125 papers, ninety-eight on the 
natural occurrence of uranium and thorium and 
twenty-seven on methods of prospecting, submitted ` 
by twenty-two ccuntries. ‘The United States of 
America contributed eighty-five papers, Brazil seven, 
Great Britain five and other countries one or two 
each. The U.S.S.R. sent in only two contributions, 
both on prospecting techniques ; and its representa- - 
tives rigorously eschewed all mention of the distribu- 
tion and extent of oze deposits within the Soviet Union. 

No more than a Few papers can be mentioned here. 
The most noteworthy work is perhaps that of Derriks 
and Vaes of the Union Miniére du Haut Katanga, 
who give a detailed account of the geology and 
metallogenesis of tne famous deposit of Shinkolobwe 
in the Belgian Corgo. This mine has yielded much 
more uranium than any other, but a comprehensive 
description of the primary mineralization has hitherto 
been lacking. Another paper, by Max G. White, 
pomts to the existence in Serra de Jacobina, Bahia, 
Brazil, of urahium-beering auriferous conglomerates, 
mostly of sub-ecoromic grade but otherwise similar 
to the great ore deposits of the Witwatersrand in 
South Africa and Blind River in Ontario. The 
successful reconnaissances carried out in France by 
geologists of the Commissariat à l'Énergie Atomique 
are reviewed by Marcel Roubault ; and Paul F. Kerr 
has furnished, on behalf of the "United Nations, a 
54-page summary cf the various reports presented to 
the Congress and of pre-existing literature. 

The -preponderance of American contributions 
could well lead an uninformed reader to the: con- 
clusion. that the world’s principal resources of 
uranium and thorium lie within the United States. 
The deposits of Canada, wherein rests the greatest 
potentiality for future low-cost production, are 
referred to no more than incidentally, perhaps 
because they have already been so fully documented 
in geological literasure. There is no geological con- 
tribution at all on the South African field, next to 
Canada in importance ; but an account of the South 
African uranium industry is given elsewhere (Vol. 8) 
in the Conference Proceedings. Again, the several 
important Australian deposits are disposed of in a 
single brief paper. While the uraniferous phos- 
phorites of Florida and Idaho attract four articles, 
the equally important low-grade resources of North 
Africa are scarcely mentioned; and the uraniferous 
black shales of America are the topic _of more con- 
tributions than the richer shale deposits of Sweden 
occupy paragraphs. The lack of balance does nob, 
however, ‘alter the fact that this is the greatest 
accumulation of information on the natural occur- 
rence of the radioaetive elements that has ever been 
presented. 

The United Nations’ publication extends to three- 
quarters of\a millicn words; and for the benefit of 


the non-specialist an excellent condensation: of its 


most significant chepters has been produced by R. D. 
Nininger, assistant director (Raw Materials Explora- 
tions) of the U.S. Atomic Energy Commission. This 
very readable volume, complete with well-selected 
references, is likely to be a standard text for students 
and teachers, and for economic geologists, during the 
next decade. All tae American contributions to the 
Conference, supplemented by data received too late 
for Geneva, have Deen reprinted as a Professional 
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Progress in Metal Physics 

Edited by Dr. Bruce Chalmers and Dr. R. King. 
Vol. 6. Pp. viii+354. (London: Pergamon Press, 
Ltd., 1956.) 70s. net. 


REVIEW of such volumes as those that make 

-up the ‘“‘Progress in Metal Physics” series has 
to be approached in a rather special way. All 
research workers in the field will welcome the con- 
tinuance of this series, having experienced the value 
of the growing library of specialist articles which the 
volumes provide: 1t remains to consider the contents 
of the latest addition. Mosaic structure (P. B. 
Hirsch) at last achieves an article ın its own right, 
and succeeds admirably in tymg together the various 
concepts which have emerged in attempting descrip- 
tions of imperfections. The filamentary growth of 
metals (H. K. Hardy), another very topical subject, 
is adequately, if rather briefly, surveyed. Knowledge 
is still too scarce to enable much more detailed 
discussion. Researches on the creep of metals extend 
widely from fundamental to extremely technological 
investigations, and a summary of recent advances 
could be extremely lengthy. By dealing with a 
limited number of contributions, particularly those 
with a more apparent physical significance, A. H. 
Sully has trimmed the subject very deftly into a 
reasonable form. The article serves to underline how 
very empirical the study is even to-day. Evaporation 
(O. Knacke and I. N. Stransk:) and the austenito— 
pearlite reaction (R. F. Mehl and W. C. Hagel) each 
get a place, and one can only admire the skill with 
which much difficult material is handled and ex- 
pounded. The effect of hydrostatic pressure on the 
electrical resistivity of metals (A. W. Lawson) 
appears at first all too specialist a subject for a full 
article, but is covers some surprising and interesting 
results and earns its place. Taken together, this is 


a good wholesome volume, with plenty of value in - 


it, well balanced in its contents, and a welcome 
addition to the sequence. A. J. KENNEDY 


Kapitza 
By A. M. Biew. (Translated by James Cleugh.) Pp. 
288. (London: Frederick Muller, Ltd., 1966.) 18s. 


HIS book, written in Germany by a refugee, 

purports to tell how the U.S.S.R. developed the 
hydrogen bomb with Kapitza as the principal 
scientist and with Joffe and Kurchatov (Kurtschatov) 
as his principal colleagues. The credibility of the 
book can be judged by the account in the second 
chapter, headed ‘the first spies’, of Kapitza’s work in 
Cambridge. Practically every detail which can be 
checked is wrong. Ibis stated that by 1928 Kapitza 
“had already become in practice the head of the 
establishment’’, that is, the Cavendish Laboratory. 
This at a time when Rutherford was in his prime! 
The Royal Society Mond Laboratory, which was built 
for Kapitza’s work, is referred to as the “Moon Lab- 
oratory’. Sensational accounts are given of attempts 
to lure Kapitza back to the U.S.S.R. in the 1930's. 
In fact, he returned most years to see his mother 
and visit friends. Ib is stated that he married his 
second wife, Anna Krylov, in 1934 after he returned 
to Russia—whereas this took place in Cambridge in 
1928. Tho sale by Rutherford of Kapitza’s Cambridge 
equipment. to the new Institute in Moscow is written 
up in @ sensational and completely untrue way, and 
the sum paid for it is an order of magnitude higher 
than the actual sum. The book states that the 
Russian atom bomb project started in 1937. While 
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we may be permitted to be sceptical about this, we 
can at least check the few brief paragraphs about 
the physics of the project. These appear to be just 
as bogus as the account of Kapitza’s Cetpbndes 
period, 
The book does not even qualify as science ‘fiction, 
J. D. Cockcrorr 


Bibliography of Solid Adsorbents 1943 to 1953 
An Annotative Bibliographical Survey. By Victor R. 
Deitz. ` (United States Department of Commerce: 
National Bureau of Standards Circular No. 6566.) 
Pp. vi+1528. (Washington, D.C.: Government 
Printing Office, 1956.) 8.75 dollars. 
HIS bibliography of solid adsorbents represents 
in effect the continuation of an abstracting 
service for the subject of adsorption and of related 
topics. The first bibliography covered the period 
1900-42, and the present one covers the interval 


1943-53, and in addition includes some material 


omitted from the first. The scope of the bibliography 
may be illustrated by citing the chapter headings : 
adsorption of gases and vapours on solid adsorbents 
(277 pp.); adsorption from solution on solid ad- 
sorbents (266 pp.); thermal effects in adsorption 
processes (22 pp.); theories of adsorption (49 pp.) ; 
refining of sugar and other applications (527 pp.); 
general information on adsorbents and special 
methods of investigation (163 pp.) ; preparation of 
adsorbents (14 pp.). It is interesting to find a single 
field of physico-chemical endeavour emerging with 
its own abstracting service, and it is not surprising 
that it is the adsorption field which has so done. 
The technological ramifications of the subject are 
exceptionally far-reaching and important and are 
developing rapidly, while the volume of research in 
the subject is exceptional. The reviewer ean recom- 
mend this volume as a valuable source of references 
and of information. R. M. BARRER 


Emperor Penguins 

By Jean Rivolier. (Translated from the French by 
Peter Wiles.) Pp. 131+16 plates. (London: Elek 
Books, Ltd., 1956.) 16s. net. 


N the southern spring of 1950 a French sledging 
party operating on the coastal ice of Adelie Land, 
Antarctica, discovered the fourth rookery of emperor 
penguins ever to be visited by man. Two years later 
@ base was established on an island nearby, and the 
emperors were studied through their remarkable 
breeding cycle -by the biologist, Jean Prévost. Seven 
men wintered in the hut at Pointe Geologie, and this 
book, by the expedition doctor, is a racy account of 
their successes and tribulations. A macabre sense of 
humour describes the activities of seven cheerful 
individualists in an unusual situation; in spite of 
the delightful cover photograph and uncompromising 
title, this is not primarily a book about emperor 
penguins. 
Rather fewer than half the pages are devoted to 
descriptions, excellent at‘ times, of the birds, of their 
slow courtship, huddled incubation, care of young 
and dispersal at the end of the year. It is discour- 
aging, however, to find misleading clichés (“a small 
and dying race”) and more than discouraging to see 
a clear photograph of an embryo with membranes in 
vitro over the caption “X-Ray photograph of the 
egg”. It is hoped that Prévost himself will eventually 
fulfil the promise of his earlier papers with a full and 
complete survey of the breeding cycle. -~ 
7 B. STONEHOUSE 
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DAVID GREGORY’S COMMENTARY ON NEWTON’S 
“PRINCIPIA” E 


By Dr. W. P. D. WIGHTMAN 
University of Aberdeen 


N the exhaustive study of *‘Newtoniana” which 
has been proceedmg in recent years, one docu- 
ment, the interest of which is far from negligible, 
seems to have received too httle notice: this ıs David 
Giegory’s “Notæ in Newtoni Principia Mathematica 
Philosophie Naturalis”, to give it the title inseribed 
in Gregory’s own hand on the original manuscript 
now in the possession of the Royal Society. In a 
previous communication! I directed attention to the 
fact that two manuscripts are confusedly reférred to 
in the literature and that I had discovered a third, 
to which there ıs no previous reference, m the Gregory 
Collection in the University of Aberdeen. After that 
communication, further research revealed erroneous? 
or incomplete? references which may be perpetuated 
by such recent authoritative works as Prof. H. W. 
_Turnbull’s ‘““Tercentenary of James Gregory’*. When 
during the course of his researches into Newton’s cor- 
respondence, Prof, Turnbull heard that a menuscript 
previously unknown to him was in the possession of 
the Royal Society, he very kindly informed me of 
the fact. The examination of this manuscript proved 
to be of more than merely antiquarian interest, as 
will appear hereafter. Lastly, through the courtesy 
of Mr. W. G. Hiscock, librarian of Christ Church, 
Oxford, I have exammed a fourth manuscript, of 
which there 1s no previous mention in the literature’. 
Though it 1s now possible to clear up the confusions 
relating to this work, at least in respect of its con- 
nexion with Newton, a minor mystery has been 
revealed, which concerns a well-known figure of a 
century later. Before proceeding to these matters, it 
may be as well to recall the circumstances of the 
composition of the work. f 
The “Principia” was published in July 1687, and 
from the running dates on the folios of his orginal 
manuscript ıt appears that David Gregory began to 
write his “Note” in September of the same year 
while he was professor of mathematics at Edinburgh’: 
it is well known’ that he was actually teaching the 
Newtonian philosophy there before he left to become 
Savilian professor of astronomy at Oxford in 1691. 
From the same manuscnpt it appears that the 
“Note” were substantially completed at Oxford m 
January 1693/4; and this mference is consistent 
with Gregory’s entry in ls diary: “I am not to 
revise my Notes on Mr. Newton’s philosophy until 
there 1s a second edition of it by Mr. Newton himself, 
or that we despair of having one” (March 4, 1695/6)*. 
This ‘revision’ must be read in the sense of a com- 
plete revision for the press, since it ıs clear from 
the manuscript that Gregory added a considerable 
number of emendations. The majority of these are 
not separately dated, but one very near the beginning, 
referrmg to Newton’s famous dispute with Hooke 
concernmg the path of a freely falling body near the 
Earth’s surface, contains the phrase “ut clarissimus 
Newtonus mihi narravit”. This could scarcely have 
been written before Gregory left Edinburgh in 1691, 
but it is on a slip affixed to a folio, so may be pre- 
sumed to have been added some years after the 
passage to which it refers.- This addition is incor- 
porated in the texts of the three transcripts already 


alluded to. A few additional notes were added up to 
February 28, 16€7/8 (London), and the last entry in 
the manuscript refers to “21 Julii 1706”%; there is 
no further reference to the ‘Note’ in the diary, 
which closes September 20, 1708; and before the 
end of the year Gregory was dead. It seems safe to 
assume, therefor>, that no attempt was made in 
Gregory’s lifetime to publish the “Nota”, Rigaud? 
states that it never was published, though he quotes 
a letter from Sanderson to the effect that proposals 
in regard to pvblication were then (February 4, 
1713/4) under ccnsideration. ‘There are also some 
notes ın a later hand on the Edmburgh manuscript 
about an actual announcement of publication, but 
Gregory’s relative, into whose hands the manuscript 
later passed, stated that it had never been published, 

It now remairs to give an account of the four 
manuscripts known to be extant, with such comments 
as may be of assistance in saving any subsequent 
reader from the pitfalls which no one (including 
myself) has so fer avoided. 

(1) The Royal Society. MS. 210 is written through- 
out in David Gregory’s hand. It is clearly the 


‘the one described by Rigaud" at a, time when Duncan 


Farquharson Gregory, Fellow of Trinity College, Cam- 
bridge, allowed him to see it. It was presented to the 
Royal Society by Jéhn Gregory, presumably the eldest 
surviving son of the well-known Edinburgh physician, 
James Gregory, in November 1866; his covermg 
letter is in the possession of the Royal Society. 
Although this is the original manuscript, it must be 
used with caution, since the large number of emenda- 
tions afterwards added were in most cases written 
on slips affixed tc the original folios. Collation with 
the Aberdeen manuscript aroused my suspicion that 


“passages occurring in the latter were missing from 


the original. Careful examination revealed faint 
marks on certain folios corresponding to the sealing 
wax used for affix:ng some other slips. All deficiencies 
noted at the time were afterwards made good by 
photographic copres of the appropriate pages of the 
Aberdeen manuscript. Following on the main text 
are two inserted folios (dealing at length with a few 
propositions and lemmata) dated “Londini z8 Feb. 
1697/8”, which is four years later than the last date 
on the guard—‘Dxonize 29 Jan.” (1693/4). The 
latest date found -n the manuscript has already been 
noted above. Much interest 1s attached to this manu- 
script, which alome of the four contains the pages 
copied from a manuscript attested by Gregory as 
“propria manu D Newtonii’”’, in which Newton had 
assembled from ths ancient writers numerous opinions 
on the nature of gravity and on natural theology. 
The misunderstanding of Gregory’s use of this manu- 
script (on which ne drew generously in the preface 
to his “Astronomy”, 1702) gave rise to the absurd 
statement? in Gleig’s supplement to the third 
edition of the “Encyclopedia Britannica’, which was 
later corrected by James Craufurd Gregory“. New- 
ton’s original manuscript is contained in the Gregory 
Supplementary Volume MS. 247, having with other 
papers been donazed to the Royal Society by John 
Gregory m November 1866. Unfortunately, the 
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folios have been stuck into the volume in the wrong 
order. 

(2) The transcript (MS. DO. 4. 35) in the Univer- 
sity Library at Edinburgh is the only manuscript 
specifically referred to in the literature (except by 
Rigaud). The title is in Gregory’s hand, as are the 
signatures at the foot of each page, also probably 
most of the diagrams. According to Gleig, this was 
donated to the University by “Dr. James Craufurd 
Gregory”; this may have been so, though the 
Library has no record of the gift. What is estab- 
lished, as a result of raising the binding paper from 
the front cover, is the presence of the book-plate of 
John Robison, first secretary of the Royal Society of 
Edinburgh. This disccvery led to the identification, 
as Robison’s, of the (incorrect) inscription ‘‘Scripta 
anno 1693:. . .” above Gregory’s title. The text 
appears to be a reasonably close copy of the original, 
with the qualifications already alluded to. The last 
page, in two hands, both differing from Gregory’s, 
raises interesting questions of provenance which 
cannot be discussed here. Prof. Turnbull believes 
the later hand to be that of Robison, though it is 
markedly different from the inscription on the title- 


page. For this opinion he adduces the fact that he’ 


has discovered marginal references to-the “Note”, 
corresponding to the pages in this manuscript, 
in the same hand in Robison’s copy of the 
“Principia”. ‘ i 

(8) The Aberdeen transcript manuscript calls , for 
no special comment except in regard to provenance!, 
Suffice it to say here that it also has Robison’s book- 
plate, and below the title is his (incofrect) inscription 
“anno 1693 conscripta”. Why and how Robison 
should have possessed two manuscripts, in apparent 
ignorance of the existence of the original m the 
possession of the Gregory family, and how one of 
them returned to the University Library and the 
other to Fyvie Castle, can only be conjectured. 

(4) The Christ Church transcript MS. B. 13. cxxxi 
is for the most part written in one hand, different 
from those of the other transcriptions, but it contains 
a number of additions in a hand which Mr. Hiscock 
believes to be Gregory’s; these additions include 
some slips pasted on.” What marks this manuscript 
out from the others is the cancellation, sometimes in 


contemporary ink, sometimes in pencil, of sections,” 


one at least of which stands uncancelled in the 
Edinburgh manuscript. Such detailed collations as 
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I was able to make show fairly marked divergences 
from the Aberdeen copy; these are, however, 
linguistic and not in respect of contents. 

The conclusions which emerge from this study are 
that in any further research on the life and times of 
Newton these “Notæ” should not be neglected, but 
that it would be unwise to base such inquiries on 
any single manuscript. Though the problems of 
provenance of the manuscripts have not been solved, 
enough has been made out to show that the “Note” 
were actively studied: at least until 1838. It is sad 
to think that from the time of its deposit with the 
Royal Society in 1866 the original manuscript passed 
into oblivion. 

Throughout this protracted investigation I have 
been encouraged and guided by Prof. H. W. Turn- 
bull; it would not have been possible at all had not 
Dr. Douglas Simpson, librarian of the University of 
Aberdeen, allowed me the unrestricted use of the 
Aberdeen manuscript as a basis of comparison. Mr. 
W. G. Hiscock, librarian of Christ Church, and Mr. 
C. P. Finlayson, keeper of manuscripts at the Univer- 


‘sity of Edinburgh, assisted me with their special 


knowledge. Mr. I. Kaye, librarian of the Royal 
Society, and Mr. D. MacArthur, deputy librarian of- 
St. Andrews, gave me special facilities for the 
examination of the Gregory manuscripts in their 
carey It is a pleasure to acknowledge so much 
assistance. - 
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AGRICULTURE AT THE UNIVERSITY OF KHARTOUM 
By Pror. R. J. McILROY 


Dean of the Faculty 


HE School of Agriculture at Shambet, a village 

situated about five miles from the city of 
Khartoum in the Suden, owes its origin to the De La 
Warr Commission of 1937. A School of Agriculture 
had been proposed earlier by R. K. Winter, director 
of education during 1932-36, and M. A. Bailey, head 
of agricultural research during 1931-38, and buildings 
were erected in 1937 at the Gezira Research Farm at 
Wad Medani; but these were never occupied by the 
School, the Shambat site, within easy access to the 
Gordon Memorial College at Khartoum, the precursor 


of the new University of Khartoum, being wisely 
chosen. ` 
The School started in 1938 with an entry of six 
students who were selected on completion of a two- 
year intermediate course in biology, physics and 
chemistry at the Gordon Memorial College. A three- 
year course in agriculture, the agricultural sciences 
and agricultural engineering led to the award of the 
College diploma. The course was désigned to provide 
professional training for the agricultural officials 
required by the Sudan Ministry of Agriculture, and, 
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with this end in view, included in addition to the 
normal curriculum of agricultural colleges, surveying 
and agricultural engineering with special reference to 
irrigation farming. 

The importance of familiarizing the student with 
the peasant farmer with whom he would eventually 
be working and with the traditional methods and 
social life of the people was recognized from the 
start, and vacation treks and camps for students 
have always formed an essential part of the course. 
For one month in the long vacation, students are 
attached to field inspectors of the Ministry of Agri- 
culture and serve as assistants for this period. In 
the early days of the School many of the entrants 
were drawn from urban communities with little or 
no agricultural background. Pre-breakfast field 
classes, in which the students cultivate their own 
plots, become familiar with agricultural implements, 
primitive and modern, and learn something of field 
biology, are a means of overcoming this initial 
disadvantage. 

In 1951 with the transformation of. the Gordon 
Memorial College into the University College of 
Khartoum, which was admitted into special relation- 
ship with the University of London, the School of 
Agriculture became the Faculty of Agriculture and 
offered, in addition to the diploma course, an 
alternative course leading to the B.Sc. (Agric.) 
degree of the University of London. Teaching for 
both courses was identical, the difference being in 
standard. While entrants for the London degree 
course required a pass in the London intermediate 
examination, admission to the diploma course was 
permitted on possession of the intermediate of the 
University College—a local examination. External 
examiners for the diploma were drawn from the 
Sudan Ministry of Agriculture. 

When in 1956 the College acquired full university 
status the two courses were combined in the B.Sc. 
(Agric.) degree of the University of Khartoum, with 
entrance standards as for the diploma and with 
examination regulations more closely related to those 
of the College diploma than of the London degree. 
No relaxation of teaching and examination standards 
is anticipated, and in the first year the University of 
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Faculty of Agriculture, University of Kharteum 


London has generously agreed to provide external 
examiners for the Khartoum degree. 

The syllabus nas been slightly modified in an 
attempt to meet the requirements of the Sudan for 
both agricultural officials and research workers and 
at the same time to provide a first degree which will 
be acceptable to overseas universities as a basis for 
postgraduate training. Although Khartoum now 
offers facilities for a postgraduate degree in the agri- 
cultural sciences. it is anticipated that a limited 
number of graduates will wish to undertake post- 
graduate training and gain overseas experience for 
some years to come. 

In the 1956-57 session the Faculty of Agriculture 
at Shambat (Fig. 1) has twenty-five students in 
residence in first year, twelve in second year, and 
eleven in third year (finals) studying for the degrees 
of B.Se. (Agric.) London, B.Se. (Agric.) Khartoum, 
and the diploma in agriculture (Khartoum). In 1958 
all students in the Faculty will be studying for the 
B.Sc. (Agric.) cr M.Sc. (Agric.) degree of the 
University of Khartoum. In July 1956 the number 
of applicants for admission to the Faculty exceeded 
the intake by 50 per cent. Steps have been taken to 
remove the limitation due to lack of accommodation 
since no falling off in the number of applicants is 
anticipated. Prssent circumstances thus facilitate 
the maintenance of entrance standards and ensure a 
healthy atmosphere of competition. 

The Faculty consists of the Departments of Agri- 
culture, Agricultural Biology, Agricultural Chemistry 
and Pedology, and Agricultural Organization (Rural 
Sociology), with a sub-department of Agricultural 
Engineering. Veterinary Hygiene is covered by the 
staff of the Faculty of Veterinary Science, also 
situated at Shambat. Facilities are available for 
postgraduate research and teaching in biochemistry 
and nutrition, soil science, botany, microbiology, 
entomology, plart pathology and agricultural engin- 
eering (mechanization and irrigation). 

Rapid Sudanization of the Agricultural Adminis- 
trative Service cf the Sudan Government has been 
made possible by the steady flow from Shambat of 
graduates and diplomates in general agriculture, 
Most of these posts have now been filled, and although 
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the requirements of rapidly expanding Government- 
sponsored development programmes, of private pump 
irrigation schemes, of training schools and. farm 
institutes have still to be met, the lack of Sudanese 
specialist research officers is a matter of immediate 
concern. 

It is true that research posts may be filled by 
science graduates who have had postgraduate training 
in agriculture, but this training should be given in 
the Sudan under Sudan conditions. It is hoped that 
two streams of specialist officers will flow from the 
Faculty at Shambat: those whose first degree was 
in pure science and those who have superimposed 
two years specialist training in one of the agricultural 
sciences on three years study of general agriculture 
in the Sudan. 


The University Experimental Farm 


` Sixty acres of demonstration and experimental 
‘plots adjacent to the teaching laboratories comprise 
‘the Demonstration Farm, the primary function of 
“which is to enable students to acquire practical skill 
in traditional and improved methods of cultivation, 
A small area of the Demonstration Farm serves as a 
botanical museum. 

A small herd of ‘pure bred’ Kenana cattle has been 
established, and other animals, for example, Nuba 
mountain dwarf cattle, camels and sheep, are main- 
‘tained for experimental and demonstration purposes, 
. Phe inbred line of Kenana cattle will be selected for 
milk yield, and the results should indicate the im- 


provement which can be achieved in an inbred herd 
of a single breed by conditions of good feeding and 


management coupled with selection. 

The inadequacy of the area for an agricultural 
faculty of university status was soon recognized, and, 
largely as a result of a strong recommendation by 
Principal D. Skilbeck, of Wye College, London, in 
1950, 640 acres were acquired by the Sudan Govern- 
ment and leased to the University in 1952. This land 
is now being developed as the University Experi- 
mental Farm. 

When acquired, it was in poor condition, About 
one-third of the area is saline and in need of reclama- 
0o tion. During the past three years considerable 
į progress has been made towards the eradication of 

weeds and parasites, especially seid grass (Cyperus 
-- retundus) and Striga hermontheca, and the restoration 


ef soil fertility. The installation of modern electrical 


“Pumping equipment in 1954-55 made possible 

-uvigation of most of the farm land. Farm buildings, 
eattle pens and a well-equipped dairy were erected 
in the same period. 

About two hundred acres are under erop, and this 
area is being extended. ‘Lhe principal forage crops 
grown are berseem (Medicago sativa), a legume from 
which eight ‘cuts’ of high-quality fodder are obtained 
annually, dura ,(Sorghum vulgare), maize, wheat, 

- barley, cow peas and haricot beans. Bananas, citrus 
and vegetables (of European and local origin) are 
grown as cash crops. 

A mixed dairy herd, predominantly of the Butana 
type, of 130 head has been built up as a result of a 
long-term selection and breeding programme. The 
foundation animals of nomadic and northern riverain 
origin, formerly the Military Dairy Herd of the 
Ministry of Agriculture, were selected for milk with- 
out: regard to phenotype and line-bred. to two sires 
since 1944, Milk yields of individual cows have been 
recorded since 1940. The yield of the herd averages 
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500 galions per lactation with 5-7 per cent butter fat.. 
It is now proposed to up-grade this herd by intro- 
duction of foreign (Devon) blood by artificial 
insemination. (A foundation cow, ‘Agobe’, whieh _ 
had Devon blood was a very high yielder and 
regular breeder. Her daughters are the best in the 
herd.) 

‘The main purpose of the University Experimental. 
Farm is that it should serve as the field’ 
laboratory of the Faculty. All farming opera- | 
tions are, however, carefully costed separately. Ite- 
is proposed eventually to set aside an area of about 
fifty acres to be run as an individual commercial unit 
representative of Khartoum Province agriculture. 

Current research projects are as follows. oe 

Agriculture. (1) Soil reclamation. The following 
methods are being tested for reclamation of the salty 
land. On account of the relative scarcity of good. | 
farming land in the Northern Province, results ofo 
these. experiments will have wide application: (a). 
continuous cropping with salt-tolerant crops; (b) 
‘de-salting’ by growth and subsequent removal of 
salt bush (Atriplex spp.) ; (e) deep-cultivation (sub-. 
soiling), flooding and removal of saline. water. by 
drainage after suitable intervals ; (d) afforestation as. 
a long-term policy. (2) The establishment of per- 
manent grazing pasture under irrigation. (3) A longe: 
term study of systems of rotation suitable for the. 
Province. (4) Fertilizer and variety trials with wheat: . 
and barley. (5) Methods of conservation of grass 
and fodder crops. (6) A study of the basal 
metabolism of indigenous cattle. (7) Growth analysis 
of Fererita dura under different levels of nitrogenous | 
manuring. ENE 

Agricultural engineering. Determination of the 
optimum water requirements of certain crops, for 
example, berseem, under hambat conditions, in- 
cluding an examination of the methods of correlating 
water needs with variations in weather phenomena. 
The object of this investigation is to find out when 
to irrigate and how much water to apply. 

Agricultural biochemistry and pedology. (1) The 
effect of continuous cropping of berseem, wheat, 
lubia (Dolichos lablab} and dura on soil and on crop 
yields. (2) A study of the characteristics and dis- 
tribution of local soils. (3) Feeding trials of cotton 
seed meal and hulls, using cattle, sheep and goats. 
(4) Determination of the nutritive value of dura at 
different stages of growth. (5) Determination of the ~ 
composition and chemical structure of the poly- 
uronide gums from Combretum and Entada species. 
(6) Determination of the nature and constitution of 
polysaccharides synthesized by soil micro-organisms 
in the semi-arid tropics and their value as soil 
improvers. (7) Determination by feeding trials and 
analysis of the nutritive value of numerous local 
fodders and grasses. 

Agricultural biology. (1) A study of powdery mildew 
disease incorporating trials on chemical control of the = 
disease on winter crops in the Northern Province, 
(2) A study of the feeding habits of hemipterous 
insects, for example, the cotton aphid and the egg 
plant tingid bug. (3) Further investigations on the 
blackarm disease (Xanthomonas malvacearum) of 
cotton in the Sudan, including studies of the mech- 
anism of resistance, strain differences, and the 
effect of soil conditions. (4) Bacterial diseases of 
Sudan crops. (5) The examination of insect-resistant 
varieties of cotton. (6) The suitability. of Egyptian 
varieties of ful masri (Vicia faba) for cultivation —_ 
under Sudan conditions. : hee 
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THE TRAINING OF MICROBIOLOSISTS 


Ri advances in pure and applied micro- 
biology have been so rapid that it should not 
be surprising if the teaching of the subject has lagged 
behind. There 1s, in fact, a general impression that 
existing courses are not always adequate and that 
the extreme variation in content which they show is 
confusing alike to student and employer. A dis- 
cussion on the training of microbiologists, arranged 
jointly by the Microbiology Group of the Society of 
Chemical Industry and the Society for Applied 
Bacteriology, was therefore timely. The meetimg took 
place in the Beveridge Hall, Senate House of the 
University of London, on the afternoon of January 9, 
with Dr. M. Ingram and Prof. E. L. Crossley sharing 
the chairmanship. Š 

Three of the principal speakers considered the 
general content of courses on microbiology. Prof. 
B. ©. J. G. Knight, dealing with “The Academic 
Basis”, pointed out that the early microbiologists 
had a broad and integrated view of their subject, 
which was soon lost as their successors became pre- 
occupied with practical applications. Microbiology 
should still be regarded as a single discipline, since 
all studies involving small and ubiquitous organisms 
use similar techniques and since most of the effects 
produced by such organisms are consequences of the 
same general property of multiplication. In teaching 
microbiology, the fundamental unity in biochemistry 
and physiology underlying the diverse activities of 
micro-organisms should be emphasized and the 
biology and physiology of the different groups should 
be treated on a comparative basis. The course for 
the B.Sc. degree of the University of Reading is based 
on these general principles. Dr. G. E. Fogg, spéaking 
on “Algae and the Teaching of Microbiology”, men- 
tioned that the syllabus for the M.Sc. degree in 
microbiology of the University of London, although 
it allows for some measure of specialization, is like- 
wise based on a broad survey of all aspects of micro- 
bial activity. His particular concern was that, at 
present, courses are almost exclusively confined’ to 
the study of bacteria and fungi. In justification of 
his contention that algae should figure more largely 
in the teaching of microbiology, he pointed out the 


contributions which the study of these organisms . 


have made to the development of the subject, their 
dominant role in natural economy, and their growing 
economic importance. ““The Technological Approach” 
was considered by Dr. B. H. Arnold, speaking in 
place of Prof. T. K. Walker. With the growing appli- 
cation of microbiology in industry, more postgraduate 
courses are needed. These should all start from a 
sound basis of general microbiology, but specialization 
in at least three main directions, namely, agricultural, 
food and chemical microbiology, is necessary, In the 
field of chemical microbiology the new technology 
of antibiotic manufacture requires knowledge of 
chemical engineermg and economics. Research may 
be an important part of the tramıng of an mdustrial 
microbiologist, and it 18 important that-this should 
have some relation to fundamental studies. 

More factual accounts of existing courses were 
given by Dr. M. Woodbine and Mr. A. J. Peters. 
The former described “The ‘Common Stem’ Course”, 
as given in the School of Agriculture of the University 


of Nottingham. Miccobiology, which occupies 10 per 
cent of the teaching time, consists of an elementary 
introduction coverimg the classes of bacteria and 
viruses and the microbiology of water, soil and food, 
and is given during the first two years of the finals 
course. This is follawed by specialization in subjects 
such as dairy and food microbiology in the third 
year. At this stags students must produce a dis- 
sertation on some special topic. Mr. Peters’s account 
of “Microbiology Ccurses in Polytechnics and Tech- 
nical Colleges” was based on sixty-five replies to a 
questionnaire sent to ninety-three of the larger 
colleges. From thā it appears that there are few 
courses which can be classified as ‘craft courses’. 
Most are concerned with training technicians and are 
related to some parzicular local industry or activity. 
Courses of a medical nature predominate in this 
class, and the others are very varied, bemg concerned 
with microbiology as applied in pharmaceutics, 
baking, catering, sswage disposal, tanning and so 
forth. Few courses of this type include any general 
microbiology or even deal with both pathogens and 
non-pathogens and perhaps the recently instituted 
endorsed certificate in biology of the Institute of 
Biology will provid the best general traming at this 
level. Besides those for the external degrees of 
certain universities, advanced courses exist as for 
the diploma in biochemical analysis given by the 
Pharmaceutical Soziety, and that in metabolism of 
micro-organisms held at the Chelsea Polytechnic. At 
a few colleges microbiological research is carried out. 
The general impression 18 that classes are usually 
small and courses sometimes inadequate. Although 
expansion is taking place, this lacks direction. If 
microbiology is to develop in technical colleges, it 
seems that some sort of common course must be 
introduced and that there must be more encourage- 
ment from employers for students to attend the 
courses. 

A third group cf papers gave the views of those 
employing microKiologists. Dr. A. H. Campbell, 
speaking on “Training required for Microbiologists 
recruited to the Microbiological Industries”, pointed. 
out that successfu_ work ın this field is beng carried 
out by people with extremely varied types of traming. 
Of a small sampb questioned, fourteen had quali- 
fications ın the pkysical-sciences, five were botanists 
or zoologists, anc one had been trained as a bac- 
teriologist ; considering those engaged in research 
only, the corresponding ratio was 7:4:1 (m the 
discussion afterwerds, the picture presented by this 
admittedly small sample was confirmed as beng a 
general one). For work on antibiotics it dves, in 
fact, appear that she best training is one in chemistry 
with the addition of at least a year’s study, prefer- 
ably at the postgraduate-level, of microbiology. 
Openings are moze limited for those whose traiming 
is primanly botanical; such people are most useful 
for specialized work in mycology or physiology of 
micro-organisms, although it ıs possible that, with 
increasing use of antibiotics ın agriculture, wider 
employment for them may be forthcoming. The 
value of a training in biochemistry for work in indus- 
trial microbiology varies greatly according to the 
school. Mr. T. E. Bashford considered “Training 
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required for Microbiologists recruited to the Food 
Industry”. The scope for microbiologists in this 
field has increased considerably in the past ten years, 
but it is not true to say that there is a large unsatisfied 
demand for microbiologists. Newly engaged staff 
lack the necessary specialized knowledge and require 
a good deal of training. Courses in microbiology 
should contain more of the processing, preservation 
and spoilage of foods. Yeasts and moulds are of 
considerable importance in the industry and should 
be studied as well as bacteria. Mr. H. Proom, who 
spoke on ‘Training required for Technicians in 
Microbiological Laboratories”, said that there is at 
present a grave need for microbiological technicians. 
To improve the supply it seems necessary that (1) the 
work and responsibilities be defined, (2) qualifications 
must receive general recognition and be correlated 
with wage scales, and (3) there must be a sufficiently 
large total number of posts. Industry must give the 
lead with respect to (1), but work and responsibilities 
are difficult to define because of the variety of con- 
ditions and opportunities. Some of the technician’s 
work is bound to be routine, and no ambitious scheme 
of training is necessary. ‘Training at this level in 
industry itself is wasteful, and courses in technical 
colleges, such as that included in the City and Guilds 
scheme, seem satisfactory. Training in highly special- 
ized work, electron micrography, for example, is more 
appropriately given in the course of employment. 

From the discussion which followed these papérs, 
it seemed that there was fairly general agreement 
f 
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that the primary object of degree courses in micro- 
biology should be to give a broad training in funda- 
mentals. Of course, indications of practical applica- 
tions should be given, but it is not for the universities 
to train for specific dustrial outlets. Chemistry is 
undoubtedly a basic subject for the microbiologist, 
but the idea that the chemist is just as well able to 
deal with microbiological processes as the micro- 
biologist was repudiated by many speakers. The 
biological outlook is essential in industrial micro- 
biology, although it is perhaps true to say that the 
microbiologist is a specialist whose work is utilized 
most efficiently if he is supported by a team of 
chemists. Discussion of the suitability of micro- 
biology as a subject for a first degree was incon- 
clusive. Attention was directed to the fact that 
microbiology now forms a substantial part of degree 
courses in pharmacy. For the training of micro- 
biological technicians it was agreed that the City and 
Guilds scheme meets the need for an elementary 
non-medical training course, There is clearly room 
for expansion of courses at this level’ and there 
remains a lack of general courses of a more advanced 
kind for technicians which will perhaps be supplied 
by those for the advanced level endorsed certificate 
of the Institute of Biology. Classes cannot be started 
until a demand exists, but employers are unwilling 
to send technicians to courses which have not been 
established. The initiative in breaking this vicious 
circle must surely come from industry. 
— G. E. Foae 


OBITUARIES 


Sir Arthur Bowley, C.B.E., F.B.A. , 


ARTHUR Lyon BowreY died on January 21 at the 
age of eighty-seven. He was the last of the, dis- 
tinguished statisticians and economists practising at 
the end of the nineteenth century, and the last of the 
original group of teachers at the London School of 
Economics. He will be long remembered, both for 
his teaching during an active life of fifty years and 
for his many writings on statistics and on economic 
“ and social affairs. 

At Trinity College, Cambridge, he was bracketed 
tenth Wrangler in 1891 and stayed on to gain the 
Cobden Prize in 1892 with his “A Short Account of 
England’s Foreign Trade in the Nineteenth Century” 
(published 1893, third edition 1922). Later he 
obtained the Adam Smith Prize (1894) and the Sc.D. 
(1913) ; he was also awarded honorary doctorates 
by Oxford and Manchester. 

For nearly twenty-five years from 1895, Bowley 


was a part-time teacher of mathematics and statistics | 


at the London School cf Economics in the University 
of London, during a period when statistics was not 
taught as a separate subject at any other university. 
He combined this with additional teaching, first as a 
mathematics master at St. John’s School, Leather- 
head (1893-99), and then as a lecturer in mathe- 
matics and economics at the new University College, 
' Reading (1900-19). It was not until 1919 that he 
had a full-time teaching post; he was then elected 
to the new chair of statistics in the University of 
London, held at the London School of Economics. 


He retired from this chair in 1936, being made pro- 
fessor emeritus in the University. Afterwards he 
was called upon to act as director of the Oxford 
University Institute of Statistics for a war-time period 
(1940-44). 

As a teacher, Bowley was a meticulous expositor 
and an inspiration to the inquiring mind; but he ' 
made few concessions to the weaker students. His 
influence was greater among postgraduate than 
undergraduate students, and greater still with mature 
research workers. Both Lord Stamp in his work on 
“British incomes and property and Lord Beveridge in 
his Social Insurance Report were greatly indebted 
to Bowley for technical advice. 

He contributed to the advancement of statistical 
and economic theory, which he translated into his 
own mathematical terms. But his more important 
and lasting work was in the application of statistics 
to economic and social problems. It can be said that 
recent developments in such fields as market research 
arose from his pioneering work, from 1910 onwards, 
on the use of sampling techniques in social surveys. 
Equally, practitioners of the art of interpreting 
current economic movements owe a good deal to 
his work for the London and Cambridge Economic 
Service, of which he was editor from the beginning 
in 1923 until 1945. 

His advice was much sought after, both in Great 
Britain and abroad. He. was for many years a 
member of official committees concerned with the 
cost of living and related matters. He was active in 
the affairs of the British Association, holding office 
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in Section F from 1899 until 1911. ‘The Royal 
Statistical Society, of which he was a Council member 
as early as 1898, awarded him the Guy Medal (Gold) 
in 1935 and elected him president during 1938-40. The 
International Statistical Institute called upon him 
on numerous occasions; he wrote several of the 
Institute’s reports, and he served as treasurer and 
bureau member during 1929-36 and again from 1947 
until 1949. The statistical work of the League of 
Nations in the early years was furtheréd by two 
reports commissioned from him. With Sir Dennis 
Robertson he visited India in 1934 to prepare a 
scheme for an economic census. He was created 
C.B.E. in 1937 and made a knight bachelor in 1950 ; 
he was elected a Fellow of the British Academy in 
1922. 

Bowley was the author of more than twenty books 
and pamphlets; in addition to numerous articles, 
reports and memoranda. Some of them are of con- 
tinuing value, particularly his “Wages and Income 
in the United Kingdom since 1860” (published 1937), 
` in which he brings together much of the work on 
wages he undertook from 1895 onwards. Two of his 
text-books are still used quite widely: “An 
Elementary Manual of Statisties”? (seventh edition, 
1951) and “Elements of Statistics” (second impres- 
sion of sixth edition, 1946). 

Tn the nature of things, Bowley is survived by few 
of his contemporaries ; but he will be missed by all 
those who knew him and so came to appreciate his 
incisive mind, his liberal outlook and his dry sense 
of humour. R. G. D. ALLEN 


Dr. F. A. Henson 


Da. FREDERICK ARTHUR HENSON, lecturer in the 
Department of Geology, University of Nottingham, 
died suddenly on January 14. Born at Wolverton, 


G 


NEWS an 


Physics at the Imperial College : Dr. C. C. Butler 


Dr. C. C. BUTLER has been appointed to the chair 
in physics tenable at the Imperial College of Science 
and Technology, London, left vacant when Prof. 8. 
Devons was appointed to the University of Man- 
chester in 1955. Dr. Butler, who was born in 1922, 
graduated at the University of Reading in 1942. His 
first postgraduate work was with T. B. Rymer at 
Reading on precision measurements in electron dif- 
fraction. In 1945 he became assistant lecturer in 
physics in the University of Manchester and lecturer 
in 1947. When Prof. P. M. S. Blackett moved to the 
Imperial College in 1953, Dr. Butler was appointed 
reader in the University of London, and since 1955 
he has been assistant director of the physical labor- 
atories at the Imperial College. Durmg 1946-47 in 
Manchester, Dr. Butler, in collaboration with Dr. 
G. D. Rochester (now professor of physics in the Dur- 
ham Colleges in the University of Durham), discovered 
the charged and neutral V-particles, using a counter- 
controlied cloud chamber in a magnetic field. In 
1956 the Physical Society awarded them jointly the 
Charles Vernon,Boys Prize for this work. In 1951 
Dr. Butler moved this apparatus to the Pic-du-Midi 
laboratory in the Pyrenees and has directed the work 
of the group running it ever since. Very soon after 
the work started in the mountains, the negative 
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Bucks, on June 30, 1919, he proceeded to the 
University of Reading in 1937. During 1940-45 he 
was on active serv-ce, first as a fighter pilot in the 
Fleet Air Arm and later as staff meteorological 
officer on the personal staffs of Admiral Somerville 
and Admiral Mountbatten in the South-East Asia 
Command. Resuming his studies after distinguished 
war-time services, he completed his degree course 
and proceeded to rasearch work in the University of 
Reading on the geology of the Channel Islands, for 
which he was awarded the degree of Ph.D. of his 
University. : 

In 1947 Dr. Henson was appointed lecturer in the 
University of Nottingham and developed courses in 
petrology and economic geology. His work on the 
Channel Islands ccntinued, and a series of important 
papers, some of which are still in manuscript, have 
emerged on the granites and the migration of trace 
elements associated with granitization in Jersey. 
During the past three years he stimulated researches 
on the basalts and associated rocks of Iceland, and 
with enormous energy and enthusiasm made two 
expeditions to study these rocks. At the peak of his 
career it seems so tragic that the results of this 
ımportant field of research had just reached the stage 
of publication. 

His writings covered a wide variety of topics ; and 
he was also resporsible for the teaching and develop- 
ment of a complete university course of study in 
photogrammetry. He was an active member of the 
Board of the Faculty of Pure Science in the University 
of Nottingham, the University representative on the 
Outward Bound Trust and a lieutenant-commander in 
the R.N.V.R. His stimulus and influence on all 
sections of University life will be a great loss, and his 
ever-ready help to expeditionary projects will be sadly 
missed by the undergraduates of the Universities of 
Nottingham and Reading. W. D. Evans 


d VIEWS 


cascade hyperon was discovered and the neutral 
V-particle transforming into a proton and a meson 
was first identified. 


Ministry of Supply: Chemical Defence Research : 
Mr. A. E. Childs, C.B.E. 


On January 15, after thirty-six years continuous 
service in the field of chemical defence research, Mr. 
A. E. Childs retired from the headquarters post of 
director of chemical defence research and development 
in the Ministry of Supply. He graduated at the 
University of’ Cambridge m 1920 and later at the 
University of London. During the First World War 
he held appointments as divisional gas officer and 
general staff officer (3) with the British Expeditionary 
Force in France. In 1921 he joined the staff of the 
Chemical Warfare Research Station, Porton, where 
his resourceful and energetic disposition found ample 
scope. Later, he held senior posts in the chemical 
and research div-sions of the Establishment. During 
the Second World War his activities included a 
mission to chemical warfare establishments in the 
Commonwealth countries and the United States, and 
in 1943 he was sppointed principal technical adviser 
to Mr. Davidson Pratt, the controller of research and 
development in the chemical warfare field. At the 
end of the Waz Mr, Childs became leader of the 
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British team which investigated German chemical 
warfare research. Following the post-war reorgan- 
ization of the Ministry of Supply, he was appointed 
in 1949 director of chemical_defence research and 
development, and his long experience and intimate 
knowledge of chemical defence gained him an inter- 
national reputation in this ‘field. 


Mr. E. E. Haddon’ 


Mr. E. E. Happon, whose promotion to deputy 
chief scientific officer and appointment as director of 
chemical defence research and development at the 
age of forty-eight was recently announced by the 
Ministry of Supply, was educatéd at Archbishop 
Holgates Grammar School, York, and at the Univer- 
sity of London, where he graduated with honours in 
chemistry in 1929. In that year he entered govern- 
ment service as a research assistant in the then 
Chemical Warfare Research Department of the War 
Office. He was transferred to the Ministry of Supply. 
on its creation in 1938 and throughout the War 
served on the headquarters staff of the Controller of 
Chemical Defence Research and Development. In 
1943, Mr. Haddon was elected a Fellow of the Royal 
Institute of Chemistry and in 1945 was promoted to 
senior principal scientific officer to take charge of- 
the secretariat to the Ministry of Supply Scientific 
Advisory Council and its Technical Information 
Bureau. He returned to the Chemical Defence 
Branch as assistant director in 1952. 


National Institute for Research in Nuclear Science 


In the House of Commons.on February 14, the 
Financial Secretary to the Treasury announced in a 
written answer that, after consultation between the 
University Grants Committee, the Atomic Energy 
Authority and the Departments concerned, the 
Government has decided to set up a National Institute 
for Research in Nuclear Science. -The main object of 
the Institute will be to provide, for common use by 
universities and others, facilities and equipment 
which are beyond the scope of individual universities 
and institutions carrying out research in the nuclear 
field. It will not replace the research now proceeding 
in individual universities with assistance from 
Government funds, nor affect the Government’s 
participation in the international scheme for common 
facilities in Geneva. It is proposed to finance the 
Institution in the main by grants through the Atomic 
Energy Authority from the Lord President’s Atomic 
Energy Vote, and provision will be made in the 
Estimates accordingly. Expenditure by universities 
will be limited to payment of the salaries and expenses 
of their own academic staff utilizing the research 
facilities provided by the Institute. The Institute 
will be managed by a governing board appointed 
jointly by the Lord President of the Council and 
the Chancellor of the Exchequer, and consisting of 
representatives of the universities, the Atomic Energy 
Authority, the University Grants Committee, the 
Royal Society and the Department of Scientific and 
Industrial Research, with an independent chairman ; 
Lord Bridges has accepted appointment as chairman, 


Scientific and Industrial Research Co-operation 
in the Commonwealth 
In reply to a question in the House of Commons 
on January 29, the President of the Board of Trade 
said that the National Research Development Cor- 
poration, which has the statutory function of 
developing and exploiting British ‘inventions, is ready 
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at all times, if requested, to give bodies having 
similar objectives in Commonwealth countries the 
benefit of its experience. The British Productivity 
Council is also always willing to share its experience 
with other Commonwealth countries, but it would be 
outside its province to undertake work in British 
countries overseas. The Department of Scientific 
and Industrial Research maintains close co-operation 
with Commonwealth countries mainly through the 
agency of the British Commonwealth Scientific 
Offices; and as well as through the individual scientific 
liaison officers maintained by Commonwealth coun- 
tries in the United Kingdom, there is direct col- 
laboration between corresponding research establish- 
ments of the Department and Commonwealth 
Governments. The resources of the Department, 
which is represented on the Colonial Research 
Council, are available to Colonial Territories and 
there are Colonial research liaison officers at several 
of the Department’s research establishments. The 
British Standards Institution also has wide contacts 
with Commonwealth and other countries on standard- 
ization questions, while the Colonial Development 
Corporation is able to draw on the advice and 
experience of the Department of Scientific and 
Industrial Research, the National Research Develop- 
ment Corporation and the British Productivity 
Council as and when required, without the need for 
formal liaison. Subject to Parliamentary approval 
and to satisfactory arrangements under discussion. 
for the future financing of the Agency, the Govern- 
ment has offered to contribute up to £150,000 per 
annum to the cost of continuing the European 
Productivity Agency for a further three years from 
July 1, 1957. : 


Research Collaboration between Britain and the 
Organization for European Economic Co-opera- 
tion i : 


THE question of research projects being carried out, 
by the Department of Scientific and Industrial 
Research in co-operation with the Organization for 
European Economie Co-operation was raised in the 
House of Commons; on February 12, Mr. H. Nicholls, 
Parliamentary Secretary to the Ministry of Works, 
speaking for the Lord President of the Council, said 
that the Department is in direct collaboration with 
the European Productivity Agency of the Organiza- 
tion on five projects connected with aspects of build- 
ing practice and in the preparation of material for 
conferences on automation and adaptation of the job 
to the worker. It is also collaborating with seven 
other countries in a research project on the prepara- 
tion of fresh water from salt water. The five building 
projects were: modular co-ordination ; pre-fabrica- 
tion in house building; methods of organization on 
building sites; mechanization of certain building 
operations; and production and distribution of 
concrete on building sites. The Lord President agrees 
that this form of co-operation should be encouraged 
ag one of the most effective forms of European 
co-operation. 


British Expenditure on Scientific Research and 
Development 
Reriyine to Mr. Braine in the House of Commons 
on February 14, the Financial Secretary to the 
Treasury, Mr. J. E. Powell, said that the proportion 
of the gross national production spent on scientific 
research and development, excluding market research 
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and capital development, was estimated at about 
2 per cent in 1955. Between one-third and one-half 
of this work was done in Government laboratories 
and nationalized industries, and much of the re- 
mainder was financed by the Government. There 
were no estimates for 1939 and 1950. The Advisory 
Council on Scientific Policy- is considering the whole 
question of the extent to which Britain’s resources 
are devoted to research, and the results of this 
investigation will be issued in due course. 


Emigration of British Professional Men 


Tue Under-Secretary of State for Commonwealth 
Affairs, replying to a question in the House of 
Commons on February 14, gave the numbers of 
Commonwealth citizens with professional qualifica- 
tions who have left the United Kingdom direct by 
sea to reside for more than one year in countries 
outside Europe during the years 1953-55 and the 
first half of 1956 as follows : 1953, 7,730 ; 1954, 6,906; 
1955, 6,228; 1956, 2,804. The proportions to total 
emigrants of working age were 7:6 per cent, 7-3 per 
cent, 7-6 per cent, and 5-6 per cent, respectively. 


Of the total for the first six months of 1956, 808 were , 


teachers, 116 had legal qualifications, 38 medical, 
710 professional engmeering and 790 other pro- 
fessional qualifications. The corresponding figures 
for the three previous years are: 1953 (2,882, 236, 
984, 1,802 and 1,826); 1954 (2,684, 190, 972, 1,344 
and 1.716); 1955 (2,552, 158, 876, 1,104 and 1,540). 


The Siting of Power Stations 


REPLYING to questions in the House of Lords on 
January 29 as to the authority deciding the location 
of nuclear power stations and the grounds’on which 
such decisions are based, Lord Muls said that the 
Central Electricity Authority was responsible for 
selecting the sites in England and Wales for electric 
power stations. The most important criteria, which 
are set forth m the Authority’s Annual Report for 
the year ended March 31, 1956, are large and readily 
available supplies of water for cooling purposes and 
ground formation capable of bearing the extremely 
heavy reactors. Before proceeding with the con- 
struction of nuclear power stations on the selected 
sites the consent of-the Mimister of Power was 
required and also planning permission under 
Section 35 of the Town and Country Planning Act, 
1947. Pressed by Lord Lawson and Lord Lucas of 
Chilworth as to publ disquiet, Lord Mills agreed 
that the Minister should make all proper inquiries to 
enable him to make a right and wise decision. He 
agreed that there were many criteria to be considered 
and that he would be lacking in his duty if he did 
not take into account any disquiet there might be 
on this subject. There were many more nuclear 
power stations to be built and he was impressed with 
the importance of preserving the amenities of the 
countryside, as far as possible, in developing those 
plans. He also promised to bear in mind Lord 
Alexander of Hillsborough’s request for improvement 
in the judicial character of any inquiries. A 


Designation of Quantock Hills 


Tas first part of England to be established as “‘an 
area of outstanding natural beauty” is the Quantock 
Hills, Somerset. Like the Gower Penmsula in Wales, 
it 1s the subject of an order made by the National 
Parks Commission under the National Parks and 
Access to the Countryside Act, 1949, and confirmed 
by the Minister: of Housing and Local Government. 
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The effect of the order is to place upon the local 
planning authority, Somerset County Council, the 
special responsibility of preserving and enhancing the 
natural beauty of she landscape. The Quantock Hills 
stretch from Bridgwater Bay, in the Bristol Channel, 
south-eastwards towards Taunton. There are thirty- 
eight square miles of sandstone hills, rising to a 
height of 1,261 ft. above Crowcombe, with smooth 
downs, wooded combes, picturesque villages, fine 
manor houses and farmlands, rich in folk-lore and 
literary associations. Government grants at the rate 
of 75 per cent sre available towards the cost of 
treating derelict land, tree planting and preservation, 
and removing disfigurements. Grants are also avail- 
able towards expenditure incurred in making agree- 
ments with Jandowners for public access to open 
country, and in appointing wardens. Designation 
does not of itself provide any additional right of 
access to private land. 


` Scientific World 


THE first issue of the Scientific World, published 


“by the World Federation of Scientifie Workers, 


includes contributions from the United States, the 
Soviet Union, England, Brazil, Czechoslovakia and 
India on such varied topics as automation, the 
training of Soviet research workers, the Bessemer 
centenary, the present position of research and 
scientific workers in Brazil, India’s fuel prospects 
and contacts between Soviet and American micro- 
biologists. A communication from Czechoslovakia 
on common problems of scientists elaborates more 
fully what the editorial board hopes to achieve 
through the new periodical in presenting a balanced 
reflexion of the thought of scientists throughout the 
world on the social relations of science, the conditions 
best promoting she healthy growth of science and 
the application of its results for human welfare, with 
the aim of expanding co-operation in the constructive 
application of scence. In particular, it is hoped to 
promote the international expression of the views of 
individual scientists and to assist in disseminating 
knowledge of the progress of the special agencies of 
the United Nations. 


The Institute o* Biology 


THE Institute of Biology has elected Prof. W. H. 
Pearsall as its president for 1957. Prof. Pearsall 
played a leadicg part in the foundation of the 
Institute and has taken an active interest in pro- 
moting its growth to the present membership of 
1,300 full memkers, 90 associate members and 280 
student members. Mr. H. J. Bunker has succeeded 
Dr. G. E. Fogg as the Institute’s honorary secretary 
and brings to tha office the experience of seven years 
service on the Council of the Institute. The Journal 
of the Institute cf Biology, which contains articles of 
general biologicel interest, comment on those matters 
which affect the professional interests of biologists, 
book reviews ard news of matters biological, is now 
available to the bublic at a price of 10s. 6d. per volume 
of four quarterly parts. Jointly with the Biological 
Council, the Irstitute of Biology has published a 
“Diary of Meezings of Biological Societies, 1957”, 
copies of which are now available. During 1957, in 
addition to meetings of branches, the Institute is 
arranging a discussion on “The Nutrition of Parasites’, 
a meeting on the professional problems met by bio- 
logists working in the Colonies and a two-day sym- 
postum on ‘The Biological Productivity of Britain”, 
Further informetion can be obtained from the General 
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Secretary, Institute of Biology, 41 Queen’s Gate, 
London, S.W.7. 


Committee to Review Radiological Practice 


A COMMITTEE has been set up by the Minister of 
Health and the Secretary of State for Scotland: “To 
review the present practice in diagnostic radiology and. 
the use of radiotherapy in non-malignant conditions, 
having regard to the Report of the Committee on 
the Hazaids to Man of Nuclear and Alhed Radiations 
and to make recommendations’. The members of the 


Committee are: Chairman, Lord Adrian, Master of ° 


Trinity College, Cambridge; Members, Prof. J. C. 
McC. Browne, professor of obstetrics and gynecology, 
University of London (Hammersmith Hospital); Sir 
Horace Evans, director, Medical Unit, London Hos- 
pital; R. J. G. Grewcock, dental surgeon; Prof. 
R. J. Kellar, professor of obstetrics and gynecology, 
Edinburgh ; Peter Kerley, director, X-ray Unit, 
Westminster Hospital; D. R. Maitland, radiologist, 
Royal Infirmary, Edunburgh ; Prof. W. V. Mayneord, 
professor of medical physics, University of London 
(Royal Marsden Hospital); Prof. J. S. Mitchell, 
professor of radiotherapeutics, Cambridge ; C. Naun- 
ton Morgan, consultant surgeon, St. Bartholomew’s 
Hospital; Kenneth Robson, chest physician to St. 
Georges Hospital and Brompton Hospital; T. 
Holmes Sellors, thoracic surgeon, Middlesex Hospital, 
and senior surgeon, London Chest Hospital; G. R. 
Seward, dental surgeon; Prof. F. W. Spiers, pro- 
fessor of medical physics, Leeds; Prof. E. J. Wayne, 
regius professor of the practice of medicine, Glasgow ; 
Prof. C. A. Wells, professor of surgery, Liverpool ; 
Prof. B. W. Windeyer, professor of radiotherapy, 
University of London (Middlesex Hospital). 


New Seismological Equipment at British Observa- 
tories 


At the University of Durham Observatory, an 
underground chamber has been excavated which can 
be maintained at a constant temperature. In this 
chamber there have been installed the two horizontal 
component Milne-Shaw seismographs which the 
Observatory already had, and in addition a Wilson— 
Lamison vertical seismometer, galvanometer and 
recorder. It is intended to keep all three seismo- 
graphs in constant operation. Mr. E. F. Baxter is in 
charge of the seismological observatory. 

At the Department of Geodesy and Geophysics, 
Madingley Rise, University of Cambridge, the under- 
ground laboratory originally planned for construction 
under the grant from the Crombie Bequest to the 
British Association Committee for Seismological 
Investigations is now bemg built on a much larger 
scale. It is hoped that by April three Benioff 
seismographs of one-second period will be installed 
in the Crombie Vault. In addition, two Hull seismo- 
graphs of specially long period, recording the hori- 
zontal components of ground motion, will be working 
in order to make a special study of the long period 
phase of teleseisms. The Cambridge laboratory will 
be maintained on an experimental basis rather than 
as an observatory for purely routme observations. 


Lady Tata Memorial Trust Scholarships and Fellow- 
ships - 

Tuas Trustees of the Lady Tata Memorial Fund 
invite applications for grants, scholarships or fellow- 
ships for research on diseases of the blood, with 
special reference to leukemia, m the academic year 
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beginning on October 1, 1957. In view of the affinity 
between leukemia and other forms of neoplastic 
disease, candidates with programmes of research on 
any aspect of malignant disease which may throw 
light on problems of leukemia will be eligible for 
consideration. Grants of variable amount are made 
for research expenses or to provide scientific or tech- 
nical assistants for senior workers. Scholarships are 
awarded for the personal remuneration of workers 
carrying out approved research under suitable 
direction; their normal value will be £600 per 
annum. In addition, the Trustees may award one or 
more Lady Tata Memorial Research Fellowships to 
workers with considerable research experience, with 
stipends of £1,200 per annum. Further particulars 
and forms of application may be obtained from 
the Secretary of the (European) Scientific Advisory 
Committee, Lady Tata Memorial Trust, Chester 
Beatty Research Institute, Fulham Road, London, 
8.W.3. Applications must be submitted before 
March 31, and the awards will be announced by the 
Trustees in June. ‘The grants, scholarships and 
fellowships offered by the Trust are open to suitably 
qualified investigators of any nationality, working in 
any country in which it will be possible to make 
payments in the coming academic year. 


French Government Exchange Scholarships in 
Medical Science ‘ 


UNDER the terms of a reciprocal arrangement with 
the Centre National de la Recherche Scientifique, the 
Medical Research Council invites applications from 
British workers m medical science for two scholar- 
ships tenable at research institutions in France 
durmg the academic year 1957-58. Candidates must 
be of British nationality and have at least a workmg 
knowledge of French. The scholarships will normally 
carry a maintenance allowance within the range 
50,000-70,000 francs per month. A marriage allow- 
ance and travelling expenses will also be granted where 
appropriate. Forms of application may be obtained 
from the Secretary, Medical Research Council, 38 Old 
Queen Street, London, 8.W.1, with whom applications 
must be lodged by March 31. 


Comet Arend—Roland 


A NEw comet was discovered by Arend and Roland 
at the Royal Observatory of Belgium, Uccle, on 
November 8, 1956. It was of the tenth magnitude 
at discovery ; by the beginning of February 1957 it 
had brightened to magnitude 8 and had developed a 
tail at least half a degree long. Numerous observa- 
tions of position have been made and several sets of 
elements for the orbit computed. Conditions in 
March are not favourable for observation, as the 
comet will be too close to the Sun. During the first 
half of April the comet will be very well placed for 
observers in the southern hemisphere ; it is expected 
to be a fine bright object, possibly of zero magnitude, 
visible shortly before dawn. During the third week 
of April the comet passes between the Earth and the 
Sun and moves rapidly northwards. It will be 
visible from the British Isles at the end of April and- 
in May, by which time it will have become a circum- 
polar object visible throughout the night. It is 
difficult to give a reliable prediction of the bright- 
ness of a comet, but it seems probable that it will be 
about magnitude 2 at the beginning of May and 
megnitude 6 by the end of May. If the predictions 
are fulfilled, the comet will be one of the brightest of 
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the century, and will offer an excellent opportunity - 


for astrophysical studies with large telescopes. The 
behaviour of the comet is quite similar to that of 


Comet Brooks 1911. The latter became & naked-eye | 


object with a long tail. Comet Arend—Roland will be 
even closer to the Sun at perihelion than was Comet 
Brooks, and the present comet is already brighter 
than Comet Brooks was at the same heliocentric 
distance. There would thus seem every prospect of 
a magnificent display by Comet Arend—Rolend. 


The Night Sky in March 


NEw moon occurs on Mar. 1d. 16h. 12m. v.t., full 
moon on Mar. 16d. 02h. 22m., and new moon on 
Mar. 31d. 09h. 19m. The following conjunctions 
with the Moon take place: Mar. 7d. 13h., Mars 1° 
N.; Mar. 16d. 09h., Jupiter 6° N.; Mar. 21d. 18h., 
Saturn 0-2° S. Mercury and Venus are too close to 
the Sun for observation. Mars sets at Oh. 10m., 
Oh. 05m. and Oh. 00m. on March 1, 15 and 31, 
respectively ; its stellar magnitude decreases during 
the month from + 1-2 to + 1-6 and its distance 


from the Earth increases from 149 to 175 milhon - 


miles. Mars 1s in Aries at the beginning of the month, 
entering Taurus on March 8. It is south of the 
Pleiades on March 14. Jupiter rises at 19h. 20m., 
18h. 10m. and 16h. 50m. at the beginning, middle 
and end of the month, respectively, and is visible 
throughout the night; its stellar magnitude 1s 
— 2-0, its distance in the middle of the month is 415 
million miles. Jupiter continues to retrograde ; -it is 
near § Virginis. Saturn rises at 2h. 10m., lh. 15m. 
and. 0h. 15m. on March 1, 15 and 31, respectively, 
and its stellar magnitude is + 0-7; it is in Ophiuchus, 
being stationary -on March 24, and afterwards 
moving westwards. Its distance from the Earth on 
March. 15 18 910 million mules. Occultations of stars 
brighter than magnitude 6 are as follows, observa- 
tions being made at Greenwich: March 13d. 18h. 
22-6m., œw Leo. m. (D); March 23d. 5h. 04-3m., 
e Sgr. (D). D refers to disappearance. The vernal 
equinox occurs on Mar. 20d. 21h. 


Announcements 


TuE Admiralty has announced the creation of a 
new post of Rear-Admiral Nuclear Propulsion to be 
filled by Rear-Admiral G. A. M. Wilson, who will be 
responsible to the Engineer-in-Chief of the Fleet. He 
will act as the focus within the Admiralty of the 
operational and material aspects of nuclear pro- 
pulsion, and will keep’ in touch with developments 
by the Atomic Energy Authority and by industry in 
the application to ships of nuclear power. 


Dr. RicHsARD Wrison has been appointed associate 
professor of physics in Harvard University from 
July 1. A native of London, Dr. Wilson graduated 
at Christ Church, Oxford, in 1946 and received the 
degrees of M.A. and D.Phil. in 1949. He taught and 
conducted research in the field of high-energy nuclear 
physics at the Universities of Oxford, Rochester and 
Stanford before gomg to Harvard as assistant pro- 
fessor in 1955. 


Mz. E. J. PERKINS, of the Department of Natural 
History, Bell Pettigrew Museum, The University, St. 
Andrews, Fife, is collecting material for a monograph 
on Bnitish free-living marine Protozoa, but, apart 
from a few groups, records are scanty and difficult of 
access. He would be glad to hear from any reader 
possessing records of these forms either unpubhshed 
or printed in works of limited distribution. 
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Tue Institution of British Agricultural Engineers 
offers three scholerships for award to candidates 
eligible for entry ta the year’s course of study leading 
to the National Diploma in Agricultural Engineering, 
namely, the Dunlop Rubber Company Scholarship 
(value £250), the ‘Farm Mechanization” Scholarship, 
(Temple Press, Ltc.) (value £100), and the Shell-Mex 
and British Petroleum Scholarship (value £250). 
Applications shoull be sent (before May 1) to the 
Secretary of the Institution of British Agricultural 
Engineers, 6 Buckingham Gate, London, S.W.1, to 
whom all inquiries should be addressed. 


Tae Photoelectric Spectrometry Group is to meet 
on March 29 at 2.50 p.m. in the Physical Chemistry 
Department, Cambridge, to discuss ‘The Uses of 
Spectrophotometers in Kinetic Studies”. Further 
details will be aveilable later from Mr. K. A. Mac- 
donald, Unicam Instruments, Ltd., Arbury Works, 
Cambridge. 


On the occasior of its fifth annual meeting the 
Editorial Board of the Journal of Embryology and 
Experimental Morphology is sponsoring an Inter- 
national Embryological Conference to which all 
interested scientists are invited. The Conference will 
be held in the Department of Anatomy, Univer- 
sity of Cambridge during April 10-13. Attendance 
18 free and open to all on application to Prof. J. D. 
Boyd, Anatomy Sehool, Cambridge. 


THE imaugural meeting of the Plant Phenolics 
Group is to be held in the Botany School, Cambridge, 
at 11 a.m. on April 9, when a number of papers will 
be presented under the general heading ‘Oxidation 
of Plant Phenolics”. Membership of the Group is 
open to all chemists and biologists interested in the 
phenolic constituents of plants, without fee. Further 
details may be obtained from Dr. E. C. Bate-Smith, 
Low Temperature Research Station, Downing Street, 
Cambridge. 


Tax second Coloque International sur la Qualité 
Végétale, sponsored by the Association Internationale 
de Recherches sur la Qualité des Plantes Alimentaires, 
is to be held in Faris at the Conservatoire National 
des Arts et Métiers during April 24-27. It will be 
devoted mainly so discussing the origin and dis- 
tribution of amino-acids, of vitamins and of non- 
tetrapyrrolic pigments in edible plants. Further 
information can be obtained from the general secre- 
tary, Prof. L. Genevois, Faculté des Sciences, 
Université de Bordeaux, 20 cours Pasteur, Bordeaux. 


Pror. W. Suss, of the University of Freiburg in 
Breisgau, Hebelstr. 40, has announced the following 
colloquia, to be held at the Mathematical Research 
Institute at Okerwolfach in the Black Forest. 
Applications to attend are requested as soon as 
possible. March 11-16, “Number Theory” (under 
Prof, H. Rohrbach, of Mainz, and Prof. Th. Schneider, 
of Erlangen); March 18-22, “Function Theory in 
Several Variables” (under Prof. H. Behnke, of Mün- 
ster, and Prof. E. Stein, of Munich); April 10-14, 
“History of Mathematics, with Special Reference to 
Euler, born April 16, 1707” (under Prof. J. E. 
Hofmann, of Tusingen). Hight similar conferences 
were held during 1956, at which attendances varied 
from fifteen to forty. 


Erratum. In the communication entitled “Differ- 
ential Insecticide Damage in Maize Varieties”, in 
Nature of Januery 12, p. 109, line 2, for “carbon 
disulphide” read “carbon tetrachloride”. Š 
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REPORT FOR 1955-56 


URING the year ended September 30, 1956, 
covered by its seventh annual report*, the 
Nature Conservancy was able to pursue its research 
and development programme without serious dis- 
traction, and the level of grant-in-aid has been 
increased from £202,000 in 1954-55 and £203,400 in 
1955-56 to £280,000 in 1956-57. While this increase 
is insufficient to enahle the Commission to overtake 
the accumulation of several years arrears, it allows 
the worst consequences of earlier financial stringencies 
to be corrected, although scientific programmes had 
again to be restricted and work on the development 
and maintenance of reserves postponed. The internal 
organization has been overhauled so as to strengthen 
the Conservation Branch as the central executive 
organ for the fature and enable it to cope with the 
increasing load of advisory and liaison activities and 
of reserve management and the related experimental 
work. ` 

Besides : the accounts, which record a general 
expenditure of £186,587 and capital expenditure of 
£19,035, appendixes include a list of committees and 
their terms of reference and membership, as well as 
lists of establishments of the Conservancy and of 
research grants during the year. Tribute is paid in 
the report to the great services of Sir Arthur Tansley, 
which the Conservancy proposed to commemorate by 
placing suitably inscribed sarsen stone by the great 
yew grove at Kingley Vale Nature Reserve. To 
strengthen the Conservancy's link with the work of 
the scientific staff and the fulfilment of their pro- 
gramme, the Scientific Policy Committee created a 
Panel of Visitors which spent several days at the 
research stations, discussing progress and problems 
with the scientific staff. This detailed review has 
confirmed both the scundness of the scientific pro-~ 
gramme and the competenge of the scientific officers 
to execute it. 

In scientific research the year was one of con- 
solidation and progréss within existing programmes. 
At the Moor House Nature Reserve a number of 
species of plants from the Lake District and from 
Scotland have been planted in the sheep enclosures 
at the western end of the Reserve in an attempt to 
re-create the types of plant community which may 
have existed before the introduction of intensive 
grazing. Data for two full years obtained from the 
weirs, istalled to measure -run-off for catchment 
areas covered with peat, indicate that after heavy 
rainfall’ the peak flow from the catchment area 
covered by natural sphagnum bog is less and occurs 
later than that from an area of which parts have 
been burned, surface-drained or eroded. In studies 
on peat and peat vegetation, attention is being 
directed. to aspects of fertility and nutrient turnover, 
with special reference to the role of phosphorus as a 
possible limiting factor. From investigations on the 
grasslands and soils of Snowdonia it appears that 
those derived from voleanic ashes are the most subject 


* Report of the Nature Conservancy for the year ended 30th 
September, 1956. . V+82+12 plates. (London: H.M. Stationery 
Office, 1956.) 4s. . net. 


to erosion, but they bear the better kinds of mountain ~ 
grass and carry the greater number of sheep per acre. 

At Benin Eighe, experiments have continued on 
the fundamental aspects of pine-wood ecology, and 
in the Cairngorms investigations are in progress into 
factors affecting the natural regeneration and per- 
sistence of the Scots pines, while the experiments at 
Moor House on the re-establishment of high-level 
woodland continue to yield interesting results. Work 
at Merlewood is concerned with the behaviour of 
woodland as a whole in relation to soil fertility, water 
balance and biological productivity, and also with 
the detailed ecology of individual woodlands. Similar 
mtensive studies are being carried out in the Roudsea 
Wood Nature Reserve, including the study of natural 
regeneration ; and in view of the severe damage in 
the oak wood from attacks of Tortrix viridana cater- 
pillars, future investigations will be aimed at develop- 
ing control measures suitable for use in nature 
reserves, where, if insecticides are to be used, a high 
specificity and short residual action are desirable to 
avoid excessive damage to the insect fauna as a 
whole. 

Studies on litter breakdown and the associated 
fauna of both soil and htter continued at Merlewood, 
and at Roudsea Wood field experiments have been 
set up to determine the rate-of disappearance of the 


various types of leaves on the different soil types, 


while intensive laboratory studies have been made on 
the estimation of amino-acid contents in extracts of 
fallen leaves and on extracting the nematodes, A 
statistical procedure used to investigate the com- 
position of the soil fauna in relation to different kinds 
of woodland yielded results suggesting that a charac- 
teristic fauna has developed in association with the 
native broadleaved woodlands, whereas the coniferous 
woodlands have as yet only the general woodland 
fauna. Research continued in the Forestry Com- 
mission’s plantations in the Carron, valley, Stirling- 
shire, on the part voles play as consumers of the 
grasses of upland areas, and investigations are being 
maintained mto the repercussions on vegetation: and 
animal life of the reduction in rabbit numbers. 

In coastal research at Bridgwater Bay new evidence 
was obtamed that cord grass (Spartina townsendit) 
virtually arrests the movement of shingle, and the 
controlled sheep-grazing experiments on Spartina 
townsendii marsh suggest that a properly managed 
grazing regime favours the development of a fine 
marsh turf valuable as a feeding ground for stock and 
wildfowl. Experiments in co-operation with the 
Isotope Division ‘of the United Kingdom Atomic 
Energy Research Establishment and the Department 
of Geography, University of Cambridge, have demon- _ 
strated the possibility of using radioactive isotopes 
to trace the movement of coarse beach material in 
the offshore zone at Scolt Head Island. Measure- 
ments of the dune vegetation on transects extending 
half a mile at Newborough Warren, Anglesey, have 
shown that, since the loss of rabbits through myxoma- 
tosis, the taller and more drought-tolerant species 
have increased at the expense of the shorter and 


? 


No. 4556 February 23, 1957 


less drought-tolerant species. Some progress was 
made in preparing a full account of the first three 
years general climatological observations at Moor 
House, and this chapter of the report includes a list 
of scientific publications during the year. 

The report contains a new section dealing with 
scientific advisory services, which have increased 
greatly and are expected to expand further. Advice 
on land use was given to the Royal Commission on 
Common Land and a programme for short-term 
research on grey seals in relation to salmon fisheries 
has been mutiated after discussions between the 
Conservancy, the Ministry of Agriculture, Fisheries 
and Food and the Scottish Home Department. The 
scientific staff have investigated the vegetation of 
the reindeer reserve in relation to the feeding habits 
of the herd, and are to study in more detail the 
effects of the grazing of reindeer on the mountain 
pastures, particularly the rate of re-growth of lichens 
on the grazed areas. The final-assessment of plots 
sprayed with selective weed-killers for four con- 
secutive years indicates that the use of selective 
weed-killers for blanket spraying on this type of 
community is of limited value in improving visibility 
for road users, but that they could be used against 
obnoxious weeds which occur in localized strands, for 
example, Cirsium and Rumex species, and for clearing 
scrub. Following an imitial discussion in September 
1955, the Nature Conservancy is to call a meeting of 
those engaged in ecological research touching any 
aspect of moor burning. ‘The Conservancy is also 
concerned about the harmful effects which uncon- 
trolled and unessential burning may inflict on both 
the flora and fauna and on soil fertility and is investi- 
gating the development of an effective alternative 
method of controlling unwanted woody vegetation 
which will not cause indirect damage to other plant 
and animal life. 

The rate of acquisition of new national nature 
reserves continued to fall below what was hoped, 
but the twelve new reserves established during the 
year and additions to four existing reserves brought 
the total to 47 reserves and 82,662 acres, compared 
with 35 reserves and 79,035 acres on September 30, 
1955, of which little more than one-third is owned 
by the Conservancy. Following notification of local 
planning authorities of sites of special scientific 
interest under Section 23 of the Act in England and 
Wales, seventeen counties in Scotland have now 
been covered, the fifty-eight sites notified involving an 
approach to ninety-seven different owners. Despite 
the publicity given by voluntary societies, much 
remains to be done to secure observance of the 
general principle of*the Protection of Birds Act, 
1954, and the Conservancy has advanced proposals 
for the creation of a number of sanctuaries under the 
Act. A brief report is included on the Humber Wild- 
fowl Refuge, the first sanctuary m which public 
access has been legally regulated ın the interests of 
the wildfowl. The statement regarding the buzzard 
issued to the press in March 1956 is also included, 
the facts in which have since been largely confirmed 
by the 1956 Buzzard Survey. 

Only seven new grants, amounting to £11,000, 
were awarded during the year and no new appli- 
cations can be considered before September 1957, to 
take effect m 1958-59. Excellent progress was 
made with the National Collection of Nature Photo- 
graphs, which now includes some two hundred 
photographs. 
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NATIONAL PARKS COMMISSION 


REPORT FOR 1955-56 


HE seventh annual report of the National Parks 
Commission*, covering the year ended Septem- 
ber 30, 1956, records no designations of new National 
Parks, although the Order for the Northumberland 
National Park was confirmed, with slight modifica- 
tion. The Minister’s decision on proposals for the 
Brecon Beacons National Park is still awaited, and 
the Commission has now reached the conclusion that 
designation of the South Downs as a ‘park’ would 
not be appropriate and it is instead considering its 
designation as an erea of outstanding beauty. The 
Ministry of Housing and Local Government was not 
prepared to support the Commission’s request for 
implementation of the proposals drawn up by the 
Nature Conservancy for an immediate scientific study 
of the ecological snd other factors underlying the 
problem of preserving the Broads from encroachment. 
The report shows that the Commission continues 
to be deeply concerned as to the adequacy of the 
arrangements for the administration of the parks and 
the failure of the Minister to implement the Act. In 
spite of the Commission’s advice that there were no 
special circumstanzes in the Yorkshire Dales war- 
ranting departure from the form of administration 
laid down by Parliament as appropriate for multi- 
county national parks, the Minister has issued a 
direction under the Act dispensing with the formation 
of a Joint Board for the Yorkshire Dales National 
Park. The admiristrative arrangements for Snow- 
donia, made in 1£53 for an experimental period of 
three years, have been extended for a further three 
years, though without objection from the Commis- 
sion; and for reasons the opposite of those given in 
the case of the Yorkshire Dales, the Minister has also, 
in accordance with the wishes of the Devon and 
Somerset County Councils, issued a direction under 
the Act dispensing with the formation of a joint 
board for the Exmoor National Park in place of a 
joint advisory committee. The dubiety of these 
alternative arrangements is sufficiently illustrated by 
the Lake District Planning Board’s approval, in the 
face of urgent protests from the National Parks 
Commission and amenity societies, of a scheme for 
more than a mile of overhead electricity cable at 
the head of Great Langdale. The National Parks 
Commission, in correspondence appended to the 
report, mamtains the view it has consistently ex- 
pressed that Great Langdale ıs one of the places of 
outstanding scenie quality where the ‘whole of the 
line ought to be laid underground and that the 
relatively small cost of doing so should be borne 
by the national undertaking. The Lake District 
Planning Board, however, has risen to the bait offered. 
by the Electricity Board in the form of a promise of 
earlier supply if overhead cables were used. 

Apart from the concern over such matters and 
over the large number of aerial masts which are being 
erected in the countryside for both civilian and 
military purposes, the Commission has given increased 
attention to the designation of areas of outstanding 
natural beauty under Section 87 of the Act. Areas 
have been designeted in the Gower Penmsula, in the 
Quantocks, in Lleyn and in the Surrey Hills, which 

* Seventh Report of the National Parks Commission for the year 


ending 80th September, 1956. Pp. iv+66+8 plates. (London: 
HM Stationery Office, 1956.) 48. net. 
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now await the Minister’s confirmation, and formal 
proposals have been made to the county councils 
for the designation of sections of the coast of north 
and south Cornwall and of Dorset. The Commission 
proposes to add each year some half a dozen areas to 
the list of those enjoying the special protection which 
it is the object of the Act to afford. The Commission 
has also secured the part-time services of Sir Geoffrey 
Stuart to help local authorities in the creation of 
footpath agreements, thus reducing the time between 
approval by the Minister of a report by the Com- 
mission on & long-distance route and the completion 
of that route. The Commission’s proposals for the 
Offa’s Dyke route were approved during the year 
and the difficulty over the alternative bad-weather 
section of the Pennine Way in Colne Valley Urban 
District has been resolved. 

The Commission has extended its activities both 
in increasing public awareness of what is being done 
under the National Parks Act and in improving the 
standard of public behaviour in the countryside. The 
major map publishers were asked to show the 
national park boundaries on their publications as 
opportunity occurred, and the first fruits of this 
approach have now matured. The Commission is 
deeply concerned at the growing demand from many 
quarters for the use of sites in national parks and 
other choice areas for projects which threaten to 
despoil the countryside. The example of Great 
Langdale has already been mentioned. Another is 
the proposed road-racing circuit in the Peak District 
National Park, a project now abandoned, for the 
time being, by the Derbyshire County Council. A 
third example is the proposal for an interception weir 
and works at Swindale Beck, where, in granting the 
Manchester Corporation an Order, the Minister, 
against the wishes of the National Parks Commission, 
also allowed the Corporation to retain unfettered 
power to construct @ reservoir in this valley under 
the Act of 1919. The general implications of these 
development questions are discussed elsewhere in this 
issue (p. 335) in connexion with the Commission’s 
proposals for amendment of the National Parks Act 
and use of the National Land Fund; but numerous 
examples are to be found among the details of cases 
handled by the Commission during the year, which 
are given m an appendix to this report. ` 


THE TISSUE CULTURE 
ASSOCIATION 


DECENNIAL CONFERENCE, 1956 


N the crisp air and flamboyant surroundings of the 
New England ‘fall’ the second Decennial Con- 

ference of the Tissue Culture Association was held 
at Woodstock, Vermont, during October 8-12. It 
was attended by more than two hundred scientists 
from many lands. The meetings were held in the 
village theatre, a converted mill on the banks of the 
River Ottauquechee, and the participants were 
mostly housed in the famous Woodstock Inn. 

The purposes of the Conference were to review the 
progress made in both plant and animal tissue culture 
since the conference st Hershey in 1946, to consider 
the present trends of thought and research, and to 
outline problems for future investigation. Four main 
fields were covered, namely, nutrition and meta- 
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bolism, morphogenesis, viruses and other pathological 
agents, and tumours in tissue culture; and each field 
was reviewed from’ these different aspects. 

From the point of view of animal tissue culture, 
the topic which perhaps aroused the most general 
interest and speculation was the nature of the cells 
which constitute the so-called pure strains and 
clones, and their relation .to their cells of origin in 
the organism. Many different strains of animal cells, 
each originally derived from a single cell, are now 
being maintained in various laboratories and at least 
two are being cultured on protein-free media, Morpho- 
logically, the cells in such strains are often greatly 
changed from their prototypes, and there is increasing 
evidence thet they are also changed physiologically. 
It is becoming evident that cells in tissue culture tend 
to lose some of their specific characteristics, or at 
least to put them in abeyance, and to remodel them- 
selves in relation to their new physical and chemical 
conditions, Whether the cells adapt themselves to 
the constituents of the medium in much the same 
way as bacterial colonies have been shown to adapt 
themselves to new substrates, and whether such 
strains can still be safely regarded as ‘liver cells’, 
‘skin cells’ or ‘heart muscle cells’, etc., or should be 
regarded as & new type, ‘tissue culture cells’, pro- 
moted lively discussion both in public session and in 
private conclave. 

It became increasingly clear during the conference 
that while these pure strains are invaluable for many 
types of research, for example, studies of the onset 
of malignancy, the growth of viruses and the reaction 
of cells to such agents, the results obtained by their . 
use must be interpreted with reserve before they are 
applied to the physiology of the particular cell-type 
in vivo. Indeed, for more purely physiological studies, 
freshly explanted tissues are in some ways preferable. 
Furthermore, the report by Dr. W. R. Earle that of 
two strains of cells, originally derived from sister 
cells, one had become highly malignant while the 
other, though growing at the same rate, remained 
‘normal’, provided the conference with much food 
for thought; so, too, did the discussions on the 
means by which viruses gain entry to particular 
cells. In the cancer field, the reasons for the invasive- 
ness of malignant tissues and the factors influencing 
the transplantability of tumours received more 
attention than the actual process of their growth. 

While it may be invidious to single out particular 
topics from a conference of such wide interest, the 
value of ciné-microphotography as an aid in endo- 
crinological research was beautifully illustrated by 
Prof. P. J. Gaillard’s film of the direct influence of 
the parathyroid on the behaviour of the bone cells, 
and especially of the osteoclasts, in bone resorption. 
The film clearly showed the solution of the bone 
matrix and the busy activity of the giant osteoclasts 
around the centres of solution. 

In a somewhat similar field, related both to 
embryological development and to endocrinology, 
the papers by Dr. H. B. Fell and Dr. Rita Levi- 
Montalcini raised numerous problems concerning the 
interactions between cells of similar and different 
types. The observations of Dr. A. Moscona on the 
relative importance of organ-specificity and species- 
specificity in the reorganization of tissues from 
cultures of cells isolated by trypsinization, those of 
Prof. C. E. Wilde on the action of various homo- 
logues of phenylalanine on tho differentiation of 
neural crest cells, and those of Dr. H. B. Fell and 
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the late Sir Edward Mellanby on the effects of excess 
of vitamin A on the conversion of a stratified 
epithelium to a mucous membrane, were all subjects 
arousing wide interest. 
The botanical sessions revealed that, during the 
period under review, considerable attention had been 
devoted to refining and extending techniques and to 
critical re-examinations of the composition of stan- 
dard culture media. Prof. H. E. Street’s paper to the 
session on nutrition and metabolism emphasized both 
the importance of examining the availability of 
nutrients in existing media and the very limited state 
of our present knowledge regarding the growth 
requirements of isolated plant tissues and organs. 
Important progress in our understanding of the 
complex nutritive requirements of certain tissues 
seems likely to result in the near future from the 
extensive studies now being made of coconut milk 
and other complex supplements and from work on 
the physiological responses to kinetin and other pure 
growth. hormones. Importent progress in our under- 
` standing of morpho- and histo-genesis has followed 
from the increasing study of callus and organ cul- 
tures. This clearly emerged in the discussion which 
followed Dr. R. J. Gautheret’s paper on “Histo- 
genesis in Plant Cultures”. The important part 
played by callus cultures in the study of virus 
diseases and of plant tumours was also emphasized 
in the papers of Drs, L. Black and A. C. Braun. 
Work in these ‘fields is not only contributing to 
current views on the nature of viruses but also en- 
hancing our understanding of the control of cell divi- 
sion. Extensive comparative studies of the nutritive 
requirements, physiology and chemical constitution 
of normal as against tumorous plant tissues have 
added greatly to our knowledge of cell physiology 
and, in the context of the Woodstock Conference, 

- enabled the botanists to make an important con- 
tribution to the general discussions concerning the 
nature of cancer. 

Those of us from outside the United States who 
were privileged to attend’the conference owe our 
American colleagues a great debt of gratitude for 
their generous hospitality. Particularly are we 
indebted to Dr. P. R. White, of the Jackson Memorial 
Laboratory, Bar Harbor, for the very happy choice 
of Woodstock as a meeting place and for his excellent 
and detailed organization of the conference as a 
whole. 

‘H. E. STREET 
E. N. WILMER 


HYDROLOGY 


DARCY SYMPOSIA 


MEETING of the International Association of 

Scientific Hydrology, which is a branch of the 
International Union of Geodesy and Geophysics, was 
held at Dijon during September 20-26. The place of 
meeting was chosen to honour the centenary of the 
publication of “Les fontaines publiques de Dijon” in 
1856 by Henri Darcy, which has been considered to 
mark the birth of the scientific study of hydrology, 
and the Association therefore organized the ‘Symposia 
Darcy’. The meeting was attended by one hundred 
and twenty delegates from a wide distribution of 
countries. It was agreed that papers should be 
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restricted to (a) evaporation, (6) ground water, and 
(c) a study of floods. 

The subject of evaporation was included principally 
for the purpose of preparing a programme for the 
next triennial assembly to be held in Toronto in 
September 1957. Accordingly, in the six short papers 
which were presented most of the authors treated 
the subject generally and gave summaries of experi- 
mental and theoret_cal studies in various parts of the 
world. 

Evaporation and the allied subject of evapo- 
transpiration are important factors in the estimation 
of rainfall/run-off relationships, particularly by those 
methods which are based on physical rather than on 
statistical data. As stated by R. K. Linsley and 
others, in a paper describing research in the United 
States, “these phenomena are major factors in the 
hydrologic cycle aad of vital importance in many 
fields of applied hydrology”. Another paper from 
America, by H. F. Blaney, who has done much 
original work on this subject, discussed the importance 
of evaporation to tae irrigation engineer. W. Fried- 
rich, of Germany, :n despribing work carried out in 
the Federal Republic, stated that on average no less 
than’ 450 millimetres out of a total precipitation of 
771 millimetres is lost as a result of evaporation, 
thus “it ranks high on the ‘water balance:sheet’ ”’. 
From Switzerland came a description by P. Kasser 
of a ‘water balanee-sheet’ study in the glaciated 
drainage basin of Mattmark in the Alps, in which 
the author suggesied that, contrary to what is 
generally supposed. evaporation may increase with 
altitude in glaciated areas. G. F. Makkink, in a paper 
on “The Application of Research on Evaporation in 
Holland”, expressed preference for methods for the 
calculation of eveporation which are based on 
radiation rather than on temperature. 

C. F. Lapworth, from Great Britain, described 
experimerts which have recently been carried out at 
@ reservoir at Kempton Park, near London, to 
determine the amoant of water loss due to evapor- 
ation. After correct_ng for rainfall and other factors, 
the derived evaporation over a period of twelve 
months beginning July 1955 is 660 millimetres, which 
compares well with a calculated value of 695 milli- 
metres. A Working Committee was formed to prepare 
the programme for the Toronto Assembly. W. R. 
Rangeley (Great Eritain) asked the Committee to 
consider the advantages of treating the subject on a | 
broad basis, bearicg in mind that evaporation as 
applied to hydrology is, as yet, an immature science ; 
whereas V. Yevdjavic (Yugoslavia) expressed the 
view that attention should be confined to tho role of 
evaporation in the hydrological cycle of a catchment. 

The section coneerned with underground water 
devoted most of tke sessions to an appreciation of 
the so-called Darcy’s Law and its application and 
validity over a wide range of ground-water problems 
under different flow conditions. J. Tixeront (Tunis) 
discussed the role of Darcy in the foundation of 
modern hydrology. The development of the funda- 
mental flow equation under a series of specified 
conditions, as well as an extension to such problems 
as unsteady, unsaturated flow through porous media, 
was considered on a purely theoretical and mathe- 
matical basis by E. Hubbert (United States) and 
S. Irmay (Israel). In addition, G. de Josselin de 
Jong (Holland) anelysed on a probability basis the 
path of an individual fluid particle as it passes 
through a porous medium. 
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Although many papers were concerned to some 
extent with the presentation of theoretical aspects of 
ground-water flow, more than half the authors dis- 
cussed the practical application and interpretation 
of a wide variety of pumping-test techniques. This 
aspect proved to be one of the most important con- 
tributions to the symposium and members from no 
less than twenty countries had an opportunity of 
presenting their own experience in aquifers of dif- 
ferent lithological types and to compare their results 
with those in other fields. The numerical determina- 
tion of ‘permeability’ by several different approaches 
was discussed, including the examination of random 
samples of the aquifer by R. Schad (Germany), the 
application of pumping-test techniques by M. J. 
Goldschmidt and M. Jacobs (Israel), W. Kollis 
(Poland) and V. Paavel (Germany), and more 
empirical and statistical methods by J. Ineson 
(Great Britain). 

The validity of Darcy’s Law evoked some dis- 
cussion, and the apparent failure- of methods con- 
cerned with the interpretation of both steady and 
non-steady state flow around a discharging well was 
shown by some authors, including G. Szilagyi and 
K. Ubell (Hungary), to be a function of such factors 
as the delayed yield by slow drainage from the 
aquifer and the distortion of flow lines near a dis- 
charging well, either where partial penetration of the 
aquifer occurs or where flow in an unconfined aquifer 
is under consideration. Interpretations of the form of 
the free surface around a discharging well were given 
by G. Nabrgang'(Germany) and G. Schneebeli (France). 

An important contribution to the broader field of 
underground water movement was made by E. 
Mosonyi and G. Kovacs (Hungary), E. Nemeth 
(Hungary) and D. K. Todd (United States), who 
discussed the use of laboratory models for the 
elucidation of flow conditions locally around either a 
source or sink and regionally in an aquifer. In some 
instances, the results of interpretation based on 
model studies compare favourably with observed 
conditions. The extended use of models can help 
materially in ground-water flow studies, which are 
now an integral part of many hydrological surveys. 

R. Mugge (Germany), H. Schoeller (France), R. W. 
Stallman (United States) and G. Tison (Belgium) 
analysed the form of ground-water contours and fluc- 
tuations in ground-water levels, so that, under cer- 
tain conditions, the formation constants of the aquifer, 
namely, hydraulic conductivity, transmissibility and 
coefficient of storage, could be determined. Problems 
relating to the recharge of an aquifer, particularly 
the determination of the aquifer characteristics, were 
dealt with by F. C. Mikels and F. H. Klaer (United 
States) and L. Schiff (United States). A comparison 
between predicted conditions, based on pumping- 
test determinations, and actual production figures 
confirms the theoretical approach. The increased use 
of ground water and the necessity to counter over- 
development of an aquifer, leading to both ground- 
water lowering and saline infiltration, by recharge 
projects, require more precise hydrogeological studies. 
Two contributions, by C. Schmid (Germany) and H. 
Tanaka and F. Yahagi (Japan), dealt with the appli- 
cation of Darcy’s Law to oil production and to 
sub-surface flow near a dam, respectively. L. F. 


- Ernst and J. J. Westerhoff (Holland) described somo 


drainage problems in the Low Countries. 
The discussion of the various papers confirmed the 
wide application of pumping-test techniques, based 
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on the fundamental flow equation defined by Darcy, 
to the interpretation of ground-water problems. It 
was apparent that a large number of contributors 
regretted that methods concerned with the assess- 
ment of permeability of a water-bearing formation 
by the examination of the physical characteristics of 
random samples of that aquifer are still in use. Only 
by an interpretation of flow conditions in an aquifer 
in situ could a real estimate of its hydraulic charac- 
teristics and ground-water potential be determined. 

The thirty-five papers presented on the study of 
floods covered a variety of important subjects and 
revealed in their bibliographical references the 
valuable part played by the International Association 
in bringing the hydrological work of any country to 
the notice of other nations. 

Four papers, by Y. Simaika and H. El-Sherbini 
(Egypt), Ven Te Chow (United States), M. E. Walser 
(Switzerland) and T. Dalrymple (United States), 
respectively, described the flood problems in their 
countries and the hydrometric and hydrological 
methods used in their study. W. E. Hiatt (United 
States) reported how radar is now being used by the 
U.S. Weather Bureau for observations of rainfall, 
and K. N. Rao outlined the extensive hydrometeor- 
ological studies of rainfall which India feels bound to 
make in the absence of numerous long-period records 
of run-off, to enable water utilization works to be 
designed. H. Kreps (Austria) discussed the problem 
of measuring flood discharges and offered constructive 
proposals in that respect. 

Aspects of river morphology were dealt with in 
papers from the United States and Japan, while S. 
Henin and X. Michon (France) provided a study in 
the estimation of erosion effects from gaugings of 
the solids transported by a river system. 

The remaining papers were of a more analytical 
character. River hydraulics has been studied by W. 
Laszloffy (Hungary), H. Strack (Germany) and H. 
Straub (Austria); the first examined the effect of 
icy conditions on the behaviour of a flood crest, the 
second the trend of the times of propagation of Rhine 
floods, and the third some aspects of stream-channel 
rugosity.: V. Felber (Austria) discussed at length the 
influence of water below the ground surface upon 
flood run-off above, while R. Wind (Holland) at the 
other extreme reflected upon the interception of 
precipitation by vegetation. 

Rainfall/run-off relationships were the subject of 
papers from Japan, Israel and Holland, and the 
employment of climatological observations in the 
evolution of flood discharge graphs was also dis- 
cussed. The forecasting of flood flows was dealt with 
by J. Lambor. (Poland) in pwo papers, by K. Szesztay 
(Hungary) and by T. Kinosita (Japan). The determ- 
ination of the amount of the probable maximum 
flood flow of a river during a given period also 
received attention from several authors. 

Nearly all the papers are written in French or 
English, with a few in German. The three sections 
are published separately and are now available 
through the secretary of the International’ Associa- 
tion of Scientific Hydrology, Prof. L. J. Tison, 
61 rue des Ronces, Gentbrugge, Belgium, at a price 
of 550 Belgian francs for the complete set or 100 
francs, 250 francs and 300 francs for the separate parts. 

5 W. ALLARD 
J. INESON 
W. B. R. Kuna 
W. R. RANGELEY 
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PROTEIN METABOLISM 
IN MAMMALS 


MEETING of the Nutrition Panel of the Food 
Group of the Society of Chemical Industry was 
held at the Royal Society of Medicine, Wimpole 
Street, on December 12, with Prof. John Yudkin in 
the chair, Prof. A. Neuberger gave a lecture on 
“Some General Aspects of Protem Metabolism in 
Mammals”. 
Until about twenty years ago the endogenous body 
protein was considered to be mert, or only slowly 
metabolized, while the exogenous dietary protein 


was metabolized rapidly. In 1939, however, Schoen- | 


heimer showed that amino-acids labelled with 
nitrogen-15, when fed to animals, rapidly appeared 
in all the tissue protems even in adult animals. As 
most mammalian tissue shows few cells in division, 
it was assumed that protein turnover is independent 
of mitosis and that the body proteins are in a state of 
‘dynamic equilibrium. Cohn and Monod, in 1953, 
presented evidence that appeared to be in conflict 
with Schoenheimer’s findings. (-Galactosidase, a 
bacterial adaptive enzyme, was found to show no 
evidence of turnover. 

The interpretation of isotope experiments, par- 
ticularly with the complex tissue proteins, presents 
difficulties that were not fully appreciated by the 
earlier workers. These problems have been clarified 
by consideration of the sımpler plasma proteins. 
Radioactive proteins appear in the plasma about one 
hour after injecting labelled amino-acids. Maximum 
activity is reached after six to eight hours, and the 
subsequent sharp fall in radioactivity is due chiefly 
to mixing with non-circulating plasma protein. 
Mixing accompanied by protein katabolism goes on 
for two to four days. 

Blood and liver amino-acid levels equilibrate about 
eighty times as fast as blood and muscle levels, at 
least with glycine. This effect, due partly to slower 
blood flow in the muscles and partly to the existence 
of a blood-muscle permeability barrier, explains in 
part the greater time taken for radioactivity to 
appear in the muscle than in plasma or liver 
protems., 

Incorporation of labelled amino-acids into collagen 
is found when new tissue is being laid down, as in 
the growing rat, but very little incorporation mto 
the collagen of the adult rat occurs. 

The present view is that structural proteins have 
a low turnover, or none at all, while metabolic 
proteins have a high rate of turnover. Protein syn- 
thesis undoubtedly occurs in the mammalian cell in 
the absence of mitosis, as is shown by the observed 
turnover of proteins in the muscle cell, where mitosis 
does not occur. Such synthesis probably took place 
in the experiments of Cohn and Monod, but was 
masked by the large amount of protein formed in 
cell multiplication. Protein turnover is not a simple 
reversible biochemical reaction but probably repre- 
sents the formation and decay of mitochondria or 
other subcellular elements. 

All the available evidence points to the synthesis 
of proteins from amino-acids with the participation 
of nucleoproteins or ribonucleic acid. In certam c- 
cumstances ‘exchange’ reactions may occur, and 
peptides arising from the breakdown of one protein 
may be utilized in the synthesis of other proteins. 
Such reactions appear to be important in in vitro 
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experiments, but from the present evidence it appears 
that they do not play a major part in protein syn- 
thesis occurring =n vivo. 

‘In the discussion, Mr. B. H. Dooll said that an 
increase in the erginme content of plasma proteins 
had been reported on lysine-deficient diets. Prof. 
Neuberger commented that variation in the pro- 
portions of different proteins was a more likely 
explanation of such results than variation in amino- 
acid composition of the proteins. In answer to a 
question by Dr. S. Jacobs, Prof. Neuberger said that 
the various plasma proteins are not single sub- 
stances but families of proteins, and replying to a 
question by Dr. A. E. Bender on the origin of endo- 
genous urinary nitrogen, he said that endogenous 
and exogenous nitrogen are items on a nutritional 
balance sheet, bit are biochemically indistinguish- 
able. B. H. Dorn. 


SALTS OF KARA-BOGHAZ-GOL 


N an article on the salt of Kara-Boghaz-Gol, G. G. 

Urasov and V. D. Polyakov (Priroda, No. 9, 61; 
1956) mention a curious paradox, namely, that the 
fresh river waters are salting the Caspian Sea, 
whereas the salty waters of Kara-Boghaz-Gol are 
desalting it. This is because the Volga and other 
rivers are bringirg annually enormous quantities of 
salts mto the enclosed Caspian Sea, while Kara- 
Boghaz-Gol, a large gulf situated at its eastern 
margin, receives annually 130 million tons of salt 
from the Caspian Sea. Kara-Boghaz-Gol is separated 
from the sea by a narrow sand bar pierced by a 
channel through which the sea water flows con- 
stantly in one direction only—from the sea into the 
gulf. Surrounded by an arid desert, the shallow 
waters of the gulf are subject to constant evaporation 
and, until recent-y, enormous masses of mirabilite 
were precipitated during the winter months and piled 
up by waves and wind all along the shore of the gulf. 
The waters of the Caspian Sea have a very low 
salinity of 1-3, while those of the Kara-Boghaz-Gol 
have a salinity near that of the saturation pomt, 
which is 28-5. The precipitation of mirabilite 
(Na,SO,.10H,0) is conditioned by the following 
equilibrium : ` 


2 NaCl + MgSO, + nHO 3> Na,SO,.10H,0 + 
MgCl, + (n — 10)H,0 


The study of salt formation in Kara-Boghaz-Gol 
began some sixty years ago under the leadership of 
N. S. Kurnakov and has since been continued 
by teams of the Kurnakov’s Institute of General 
and Inorganic Chemistry. Boring records of salt 
deposits in the region of the gulf have shown 
several cycles of sedimentation, which can be cor- 
related with the present trend of salt deposition. 
Thus from 1929 the level of the sea and consequently 
the amount of flow into the gulf began to fall, and 
this markedly affscted the nature of the salt pre- 
cipitates. First, the salinity of the water showed a 
steady increase sicce 1897 when ıt was 16-4, to 1941 
when it was 28-0. Secondly, the water area of the 
gulf considerably decreased; and thirdly, besides 
murabilite, sodium chloride and other salts were also 
precipitated. 

As the highly dsaveloped exploitation of mirabilite 
represents an important industrial enterprise, in 1941 
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the Combinat ‘Karaboghazsulphat’ laid 12° km, of 
pipe lines from the sea into two enclosed basins of 
the gulf, to accelerate the natural evaporation and 
precipitation of salts. Detailed studies of these salts, 
however, showed a radical change in their com- 
position, for besides mirabilite, they contained con- 
siderable amounts of astrakhanite or blédite (Na.SO,. 
MgSO,.7H,0), glauberite (Na,SO,.CaSO,), epsomite 
(MgSO,.7H,O) and halite (NaCl). Besides, these salts 
contain carnallite, kainite, picromerite or schénite, 
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bischofite, syngenite and kiserite. The brines also 
contain salts of boron, iodine, lithium, strontium,,. 
rubidium, cæsium and other rare elements. In 1947 
the salt deposits of the gulf ceased to contain mira- 
bilite, and the flow of water from the sea dropped 
_from 12 km.? intake to 9 km.?. These changes. 
~ greatly affect the salt mdustry in this region. Sug- 
gestions are made for either enlarging the water area 
of the gulf, or for utilizing the ‘buried’ deposits of 
mirabilite. 


IS ‘SUPER-REFINEMENT’ LEGITIMATE IN X-RAY CRYSTAL 
ANALYSIS? 


By Pror. A. 1. KITAJGORODSKI 


Institute of Elemento-Organic Compounds, Academy of Sciences of the U.S.S.R., Moscow 


HEN an X-ray structure experiment is, com- 

pleted and the tables of the measured structure 
amplitudes |F| have been drawn up, the next stage 
of the investigation is the determination of the signs 
of the structure factors. 

In the search for signs we use—explicitly or 
implicitly—the idea of point atoms or of spherically 
symmetrical atoms. All structure-analysis practice, 
shows that the signs found in this manner are, for’ 
the great majority of reflexions, independent of 
assumptions about the form of the atom. Only a 
very few weak reflexions have structure amplitudes 
the signs of which depend on the choice of f curves. 

If we disregard such amplitudes, we can set up & 
three-dimensional series for the electron density, 
which ultimately becomes a certainty. The maxima 
of this series give the co-ordinates of the ‘centres’ of 
the atoms, with a precision limited by the cut-off and 
the imprecise knowledge of the F, values. The 
influence of the discarded amplitudes with un- 
determined signs plays an altogether insignificant 
part. In my view, the structure analysis is then 
complete. 

On the other hand, during the past few years some 
investigators have formed the view that it is possible 
to improve the results that are given directly by the 
three-dimensional electron-density series. For this 
purpose they suggest adjusting the f curves of all 
atoms in the cell, taking into consideration not only the 
features of electron distribution in the atom at rest, 
but also the anisotropy of the vibration of the atoms. 
In this manner a greater number of parameters may 
be introduced into the theoretical expression for the 
structure amplitude Fe, by the adjustment of which 
the so-called reliability index 


R=Z| (Fo) — [Fel | /E [Pol 


can be minimized. (The method of minimizing R 
was origmally proposed as a method of structure 
analysis that should be used for the refinement of 
results given by unresolved electron- density pro- 
jections. This type of application of the minimization 
method will not arouse any objections.) 

It is possible to set up @ programme for a fast 
computer that would select the optimum parameters 
for minimizing. The machme can determine the 
atomic co-ordmates and the shape of the atom with 
any degree of precision, it can characterize the 


anisotropy of vibration, and find electron-density 
data. On the other hand, the investigator must have 
a clear conception of how long this procedure has a 
physical meaning. 

It is obvious that the usefulness of minimizing R 
depends on two factors: (i) on the precision with. 


-which we know the experimentally determined 


quantities Fo; and (ii) on the ratio of the number 
of arbitrary parameters adjusted in minimizing R to 
the number of reflexions used. 

It is obvious enough that the number of arbitrary 
parameters must be smaller than the number of 
reflexions. If all reflexions in the volume of the 
limiting sphere of the reciprocal lattice are used for 
establishng R, this requirement will generally be 
satisfied. On the other hand, when working with 
projections, the number of arbitrary parameters may 
be of the same order of magnitude as the number of 
reflexions. In such a case the procedure of minimiza- 
tion by using a very large number of parameters 
becomes meaningless. 

An extensive programme for rendering results of 
X-ray structure analysis more precise is fundament- 
ally restricted by the impossibility of determining 
F, precisely. 

If the values of F, are known with a precision 8, 
the minimization of R to a value smaller than about 
ò is devoid of physical significance. 

How precisely can the experimenter know the 
value of F? ‘The values of F', are calculated from 
the observed intensities I. In general, the measure- 
ment is done visually, and its precision is small. 
However, errors in mtensity measurements can be 
avoided. The transition from J to F, is therefore of 
interest. Errors that are unavoidable in practice are 
connected with’ absorption and extinction. 

The absorption factor has to be determined for 
every reflexion by the formula 


A = f oxp { — plsi + 82) } dr 


Tt is practically impossible to carry out this integra- 
tion for a crystal of arbitrary shape, and 16 is scarcely 
ever done in any structure work of this kind. By 
special measures (calculation or imparting a special 
form to the crystal) it is possible to estimate the 
absorption factor. But the precision of this estimate 
is greatly diminished with iricrease of absorption 
factor, and even in the best cases does not exceed 
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5-10 per cent. On the other hand, neglect of the 
absorption factor leads to considerable errors, and, 
from that, it is not a monotonic function of 
the angle 6. These errors usually amount to a few 
dozen per cent. Even for purely organic crystals, 
which have only a small absorption factor, a change 
of 10 per cent in the length of the path of a ray in a 
crystal of 1 mm. thickness causes a change in the 
absorption factor of the order of 5-10 per cent. (For 
copper radiation, exp(— ps) = 0-94, where p= 
6 cm.-' and s = 0-01 cm.). 
An even more complicated problem appears to be 
the calculation of extinction, The formula used in 
structure analysis for the transformation of J into 
F, assumes the intensity to be proportional to the 
: of the structure amplitude. This is, however, 
only true for a small crystal block, in which we may 
disregard the internal dynamic interaction of the 
- atoms. It is known that this is not true of a 
used for structure analysis; but it is held that the 
dynamic character of scattering appears only for 
strong reflexions, and it is assumed that extinction 
depends only on the strength of reflexion, and not on 
the indices of the reflecting plane. This is obviously 
not so, even if only because the nature of the mosaic 
; ement within the crystal is anisotropic, like 
all the other properties of the crystal. It is impossible 
to allow for accidental deviations (which depend on 
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the mosaic strueture of the crystal) from the pro- 
portionality of I to F? for medium-strong structure 
amplitudes. On the basis of the small number of 
calculated examples, we may assume that these 
deviations can in any eyent amount to 5-10 per cent. 

From what has been said, it follows that great 
caution must be used in approaching other ki of 
refinement of the results of X-ray structure is. 

In my view, structure analysis has to be con- 
sidered as complete when an electron-density series 
has been found that hag been determined by means 
of signs that are independent of the appearance of 
the f curves. With this series we can find the ‘centres’ 
of the atoms. Atsempts at finding additional physical 
details lack, in my view, any physical significance, 

It seams to ms that attempts at adapting X-ray 
structure analysis for the purpose of determining 
electron density or of determining the anisotropy of 
thermal vibrations are without foundation (I am not 
thinking, in this context, of the study of diffuse 
scattering). Osher physical methods must be 
developed for solving problems of this nature. 

The immense significance of X-ray analysis is that 
it appears to be the only method by which atom 
‘centres’ can be allocated in space. The solution of 
the structure of penicillin is an example of the 
importance of results that may be attained in this 
way. 


SERIAL RECORDING OF EXPERIMENTS 


By C. E. ENGEL and Pror. R. KNOX 
Departments of Medical Illustration and Bacteriology, Guy’s Hospital Medical School, London 


many biological experiments results cannot be 
properly described in words or tables. Here 
photography can often be used as an accurate and 
practical method for recording, for analysis and for 
reporting results, given standardized conditions of 
scale, lighting, exposure, processing and sensitive 
material. Conventional photography, in terms of 
negatives and positive printg on paper, is time 
consuming and subject to a number of variable 
factors. Recent developments have made it possible 
to eliminate darkroom work entirely’. It is now 
possible to obtain a ‘Reversal’ film (35-mm. Gevaert 
Dia-Direct Reversal Film. Gevaert, Ltd., London, 
N.W.10), which is exposed in the camera, sent to a 
processing laboratory and returned carrying black- 
and-white positive, transparent images of the original 
subjects. Other manufacturers offer colour films 
which are used in exactly the same manner (35-mm. 
Kodachrome Type A. Kodak, Ltd., London, W.C.1 ; 
and 35-mm. Ilford Colour A. Ilford, Ltd., Ilford, 
Essex). It is thus possible to concentrate on the 
recording of phenomena and to leave the processing 
to large and specially equipped laboratories. 

In our work on the culture of tubercle bacilli in 
semi-solid agar media**, it was found that there was 
a need for accurate serial records of the growth of 
the organisms at intervals from a few days to a fow 
‘weeks. Tho method of photography here described 
was developed to meet this need, and some of tho 
earlier photographic results have been published’. 
The photographs which have been or will be pub- 
lished represent only a small fraction of the number 


that have actually been taken as part of the normal 
process of record.ng experimental results. 

The purpose of the present article, since extensive 
illustration by photographs is impossible, is to 
emphasize the general value of this method for many 
kinds of biological research and some of the special 
uses to which we have put it in bacteriology. 


Apparatus 


The complete spparatus consists essentially of the 
camera, a suitabb lighting system and a rec 
glass vessel containing xylol or alcohol (Fig. 1). The 
culture tubes are held in ‘Terry’ clips mounted on a 
horizontal arm from which they can be suspended 





ig. 1. Diagram of the a enone 
as set up for phobegren y 





Fig. 2. 
medium. 
incubation 


vertically in the glass vessel either singly or in sets 
of up to six at a time. ‘This arrangement greatly 
reduces specular reflexions—highlights’—from the 
sides of the tubes and from the meniscus on each 
culture medium. A 500-watt spot light is placed 
behind and above tho that an almost 
parallel beam strikes them at an angle of approx- 
imately 45°. Particles in the path of the light produce 
scatter, and when a black matt background is used 
bacterial growth appearing either as a diffuse tur- 
bidity or in the form of separate colonies can be 
easily seen and photographed. 

The camera support is an upright column with a 
helical screw in its centre, so that the camera can be 
raised or lowered without being thrown out of align- 
ment in relation to the row of tubes. The instrument, 
a simplified model of the K.I. Monobar (Kennedy 
Instruments, Ltd., London, 8.W.12), consists of a 
single bar, graduated in centimetres and millimetres. 
On this are mounted the front and back of the 
camera, which carry the lens and the film, respect- 
ively. They are connected by bellows, readily 
detachable for cleaning purposes. The front will 
accept any lens, as long as it is mounted in a standard 
panel. The rear fixture carries a focusing screen and 
magnifier set in a 360° rotating mount, so that the 
image can be composed in any desired direction. 
Once the picture is sharp, the viewing screen is moved 
back and the film magazine is inserted. This accom- 
modates standard 35-mm. cassettes for thirty-six 
exposures. It is, of course, possible to have more 
than one cassette, so that different types of black- 
and-white and colour films can be used at will with- 
out having to unload first. Each magazine is fitted 
with an exposure counter, which works in conjunction 
with the film wind mechanism, and indicates the 
number of unexposed pictures which are left. A dark 
slide in front of the film is raised before an exposure 
is made and lowered before the magazine is removed 
from the camera. 

The construction is such that all the fittings are 
standard and readily interchangeable. With a 90-mm. 
lens the camera will produce pictures at infinity when 
the bellows are collapsed and a magnification of x 2 
on the film when the bellows are fully extended. As 


tubes, so 
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Viable count of Mycobacterium! tuberculosis H 37 Rv strain In semi-solid Kirchner 
(a) After 13 days incubation; (b) after 17 days incubation; and (c; after 28 days 
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the bar on which both front and 
rear extension slide is graduated, 
the bellows can be set in definite 
positions, so that objects can be 
recorded repeatedly at a fixed 
image magnification or reduction. 
Magnifications of up to x 8 on the 
film can be obtained by replacing 
the 90-mm. lens with another of 
25-mm. focal length. 


Storage and Examination of 
Photographs 


When the exposed film is returned 
by the processing laboratory as a 
strip of positive transparent pic- 
tures, each one is placed in a trans- 
parency mount. Of a large variety 
of different designs, the plain white 
cardboard mounts are perhaps the 
most practical. They are rela- 
tively inexpensive, and easy to 
manipulate. The film is sand- 
wiched between two pieces of glass, 
which are then inserted into’ the 
centre of a cardboard square. A hinged flap is folded 
over and pressed against the cardboard. Both sur- 
faces are coated with latex rubber or shellac, so that 
a firm seal results. The glass protects the image 
from dust, fingermarks and scratches, and the 
elasticity of the cardboard makes the mount virtually 
unbreakable. The weight of one transparency is 
10 gm., while one conventional 3} in. x 3} in. 
lantern slide weighs 45 gm. As both sides of the 
slide consist of plain white paper, reference numbers 
and any other information are readily inscribed 
directly on the mount. A considerable number of 
transparencies can be stored in a relatively small 
space. We have used a filing cabinet which holds 
about 1,600 slides (Ace Associated Woodwork Co., 
Ltd., London, S.E.5). 





Fig, 3. Single colony of Myrobacterium tuberculosis H 37 Ro strain 

in aN aN p Kirchner medium with secondary colonies recorded 

at x2 and reproduced to give a final magnification of 20 x 
the actual colonies 
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"Individual pictures can be viewed either by pro- 
jon.on to æ screen in a darkened room or by rear 
‘projection at a magnification of x 4 on a desk 
viewer in subdued daylight (Kodak, Ltd., and Rank 

Precision Industries, Ltd., London, W.G. 1). Long 
series of slides can be inspected with a hand lens 

against a transilluminated background on a seg- 
nt translucent panel. 





















lon and Publication of Transparencies 


legant method for the preparation of duplicate 
parencies from colour originals has been de- 
Further copies from a black-and-white 
“meer, be made quite simply by placing 
against an evenly transilluminated background 
ing further exposures through the camera 
to 1 scale. Prints for publication can be 
ed by making a negative and from it the: 
© Figs. 2 and 3 are reproductions from such 











Applications in Bacteriology 


l The method has been successfully used in the 
following ways : 
o (IAs a convenient means of recording perman- 
: ently appearances which it is impossible to describe 
ecurately in: any other way. For example, the 
‘tubercle bacilli in semi-solid agar is very 
ifferent at different times of incubation, and with 
cula of different sizes. These points are illustrated 
in Fig. 2, which also shows the late development of 
a surface pellicle with large inocula and of secondary 
colonies with small inocula, 
‘The shape and arrangement of both primary and 
ondary colonies can be recorded in greater detail 
b ig the 25-mm. lens, which can give up to a 
x 8 magnification (Fig. 3). 
2) Especially for serial recording of experimental 
dis. The size and shape of single colonies as they 
different media can be carefully recorded. 
development of secondary colonies can be fol- 
ed, and by careful comparison of a series of photo- 
phs from. the same tube it has been established 
18t secondary ‘colonies are ‘shed’ from the primary 
lony, presumably by detachment of single organ- 
sms or small ‘clumps. of organisms which sink 
ertically in the medium (Figs. 2-and 3). In drug 
ensitivity tests, the method of serial photography 
















































JHEN dredging off the Mexican west coast, 
V the Galathea Expedition made a rich haul at 
ion The many interesting animals found 
ere include some specimens of a hitherto unknown 
atelliform mollusc, the study of which has already 
‘evealed so many interesting new facts that a pre- 
- liminary note seems justified. 


Class Monoplacophora Odhner, 1940 
‘This name was proposed originally by Odhner (in 


Wenz?) to cover a group of extinct paleozoic molluses -. 
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condenses in a compact form information both about 
the minimum inhibitory concentration of anti- 
tuberculous drugs and about the distribution of drug- 
resistant individuals in the bacterial population’. 
(3) For quanitative comparisons. The rate of 
development of colonies of tubercle bacilli can be 


. recorded by serial photography of the same tube or 


set of tubes (Fig. 1). Provided all visible colonies 
appear on the photograph the actual counting is in 
some ways more conveniently done not from the 
culture tubes themselves, but from the photographs. 
These have the advantage of recording in only. two 
dimensions and are also available permanently: for 
reference. Separate serial records can also be com- 
bined into a single, composite record by the use of a 
projector placed under a bench and facing upwards. 
Each image is focused on a glass plate lying flush 
with the top of the bench. The projected detail can 
now be traced en translucent paper, and any new 
information cam be added, possibly in different 
coloured inks, from subsequent records of the same 
series. Other uses for this method can, for example, 
be found in the study of the growth of colonies of» 
drug-resistant organisms on addition of a drug to a 
developing cultuze, or of organisms which require a 
particular growth factor on addition of this to. a 
minimal medium. In such cases serial photography 
makes it possible to compare the growth before and 
after the addition of the drug ‘or the growth factor, 
and to see not only that new colonies are appearing 
but also which colonies are the new ones. 

From these examples. it can be seen that the 
apparatus is highly flexible in its uses. The whole 
outfit can be kept in position. in the laboratory, for 
it occupies very little space. It is always available — 
for use at. a moment’s. notice. Permanent records 
can therefore be prepared at once of evanescent 
phenomena in many branches of biology... Any. 


unusual or impertant phenomena observed in thë oo- 
course of routine work, teaching or research can be) 


recorded at once and, if necessary, at intervals with. 
very little expenditure of time, energy or money. 
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A NEW HYING DEEP-SEA MOLLUSC OF THE CAMBRO-DEVONIAN 
CLASS MONOPLACOPHORA 


By Dr. HENNING LEMCHE 


Universitetets Zoologiske Museum, Copenhagen 


hitherto regarded as primitive Patellacea, bub 
differing from tkese in having six pairs of musele 
scars arranged symmetrically on the inside of the 
shell. To-day, the diagnosis may be modified as 
follows. $ 

Almost bilaterally symmetrical molluscs with 
internal metamerism. A single piece of shell covers 
the pallium which extends all over the dorsum, 
Anus postero-median. Coelomic cavities well devel- 


“oped. The metamerically arranged, paired auricles 


deliver the blocd to the two symmetrical, long 








A 
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ventricles, each on either side of the intestine. 
Metamerically arranged nephridia arise from the 
coelomic sacs to open on the surface in the pallial 
furrow. Gonads symmetrically arranged, possibly 
metameric, opening through the nephridia. Nervous 
system primitively orthoneurous. 


Order Tryblidiacea Wenz, 1938 


Monoplacophora with a head region and five well- 
developed metameres. The muscles of the head 
region indicate this part of the animal consists of 
three more metameres. The shell is spoon-shaped, 
eap-shaped, or conical, sometimes rather curved, 
with the apex more or less anterior or overhanging 


` the anterior margin. No distinct pallial cavity, but 


there is a broad space or furrow all the way round 
between the pallium and the head and body, the 
pallial border thus continuing along the whole 
anterior side of the animal in front of the head. The 
mouth is placed ventrally at a little distance from 
the pallial margin. Dorsal tentacles broad, flap-like, 
placed on the ventral side of the pallial fold. Foot 
large and broad, almost circular, leaving a wide 
space between its anterior margin and the mouth 
disk. This triangular space is limited by a pair of 
erests carrying a number of appendages. Five (rarely 
less) pairs of double dorsoventral muscles, together 
‘with metamerically arranged smaller muscles to the 


` “ebenidia, ete. No distinct cerebral ganglia... Radula 
“placed directly along the cesophagus. 


A crystal 
style is present in the stomach. Two symmetrical 
liver lobes are present. The intestine is long and 
strongly coiled. The number of body-metameres 
five, with as many pairs of ctenidia, nephridia and 
possibly auricles (and gonads ?), corresponding to the 
number of large dorsoventral muscles as mentioned 
above. (In some few of the fossil species, the number 
ef body metameres may have been reduced.) The 
nephridia open to the exterior close to the base of the 
etenidia which are, again, placed on the inside of the 
pallial fold. No accessory genital organs, the genital 
products being thrown out through the nephridia to 
the surrounding water. The larva develops into a 


‘atage with a spirally coiled shell before settling on 


the bottom. The mature larva is asymmetrical but 
not. twisted, so that sorne shift in the symmetry seems 


~ to be induced during metamorphosis. 


Family Tryblidiidae Pilsbry, 1899 


Tryblidiacea with five pairs of dorsoventral double- 
shell muscles and additional smaller ones adhering to 
the shell immediately above the ctenidia. Shell cap- 
shaped or spoon-shaped, its apex sub-central or more 
or leas overhanging the anterior margin. The orna- 
mentation of the shell is composed of elevated radial 
lines crossing slightly raised concentric striæ. The 
larval shell apparently depressed, helicoid, and 
dextral. -The triangular area behind the mouth is 
limited by obliquely. placed crests which, in their 
hindmost part, are produced into dense tufts of 
slender, contractile, slightly branching appendages. 


Genus Neopilina n.g. 


Sheli thin, almost circular in outline, apex curved, 
scarcely overhanging anteriorly. No visible muscle 
scars on the shell. Tho genus differs from the fossil 
Tryblidium. Lindström, 1880, and, Vallatotheca 
Foerste, 1914, which have solid shells with. strong 
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muscle sears, from Cyrtonella Hall, 1879, which is = 


higher, somewhat compressed, and which seems to. 


have less than five pairs of muscle sears. Helcionopsis 
“Ulrich and Scofield, 1897, is said? to have a few 


isolated muscle scars arranged in a horseshoe which, 
posteriorly, form an acute angle. Proplina Kobayashi, — 
1933, is said? to have distinct muscle scars, and the 


shell is higher than usual. Finally, the gonus Piina. o 


Koken, 1923, comes very close to the present genus. 
Still, it differs in possessing visible muscle scars on 
the shell, and in that the anterior third of the shell 


margin is bent somewhat downwards. If the finest i ue 


details in the picture given by Knight‘ are sufficiently 
reliable, the apex of Pilina is similar to that of 
Neopilina in being slightly-—almost unrecognizably— 
asymmetrical. The difference in the muscle scars 
would seem to justify the establishment of a new 
genus, Neopilina, gender feminine, type by monotypy 
Neopilina galatheae n.sp. 


Neopilina galatheae n.sp. 


Material: 10 specimens and 3 extra shells from 
the Galathea Expedition, Station 716. 9° 23’ Ny- 


89° 32’ W., May 6, 1952, 3,590 m. depth, dark muddy 


elay, herring otter trawl. All the specimens are being 
kept in the Zoological Museum of the University of 
Copenhagen. One of the specimens has been cut into 
transverse sections of 50g thickness. 

The shell (Fig. 3) is spoon-shaped, almost circular 
in outline, the largest specimen measuring 37 mm. in. 
length, 33 mm. in breadth, and 14 mm. in height, 
The apex is anterior, being curved so as to point 
obliquely downwards in the median plane, and 
placed about 8 mm. over the front margin. When 
undamaged, the margin of the shell shows no incisions ` 
or irregularities. The inner surface carries softly | 
raised waves combined into a stretched meshwork. 
The whole shell is very thin and fragile, breaking 
when dried. The periostracum is blackish at the 
apex, gradually changing into a light brown on most 
of the shell. It covers the whole outside of the shell 
and continues on the inside of the outermost thin 
part of the mantle to the periostracal shell gland 
placed at some 2 mm. distance from the very margin. 
Below the periostracum, the shell consists of a well- 
defined layer of prismatic calcareous substance. The 
sections have shown that there are a very few and 
extremely thin lamelle of what may be mother-of- 
pearl substance between the calcareous prisms and 
the epidermis cells, many of which, however, seem 
to be arranged so as to correspond closely to the 
arrangement of the prisms. 

The surface of the shell shows closely set lines of 
growth crossed by 30-50 very tiny, narrow and 
slightly elevated ribs, radiating from the very small 
apex. About every fifth of the lines of growth is 
somewhat stronger and rises a little above the surface 
of the following part of the shell. The whole structure 
is distinct in the region near the apex but becomes 
coarser and fades away gradually farther down the ` 
shell. 

There is a distinct dextral larval shell of about 
0-15 mm. in diameter and forming one and a half 
whorls, of the type characteristic of pelagic larve 
(Fig. 2). 
abrupt, marked as it seems by a slightly impressed _ 


line across the whorl, beyond which the shell broadens: : 
suddenly to spread like a flat cap. This larval shell. 


was present in one, only, of the thirteen specimens 


(Spec. 3), whereas the apices of the other shells > 











The transition to. the adult shell is rather | 
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showed slight impressions only, indicating that a 
larval shell had been present. 

The animal in its shell can be studied from the 
ventral side (Fig. 1). The main part of this side is 


sharp margins 
(strongly contracted in most specimens (Fig. 4) ). 
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On the sides of and a little anterior 
to the mouth disk, a pair of flat- 
tened, thick, flap-like appendages 
appear which continue into ridges, 
disappearing at some distance from 
the median plane. 

There is no true pallial cavity. A 
deep and broad furrow surrounds . 
the whole ventral side of the animal 
inside the extensive and, in its outer 
part, very thin mantle. A distinct, 
short papilla carrying the anus is 
situated posteriorly in the median 
plane on the inside of the mantle. 
There are five pairs of typical 
ctenidia placed two-thirds up the 
inside of the pallial fold. Each 
ctenidium consists of a broad and 
flattened stem tapering outwards, 
and 6-7 elongately triangular, 
flattened branches arising success- 
ively from the postero-medial side 
of the stem. . 

Quite a number of distinct 
muscles can be seen from below. 
Some are arranged in different 
streaks lateral to the anus, others 
run forward from the bases of the 
ctenidia. Still other fibres are seen 
encircling the foot in the upper- 
most part of the pallial furrow. 

When the shell is removed, 
additional muscles are seen dors- 
ally. Five pains of r e double 
muse being inserted on 
the shell rema to the gills, at the 
level of the bottom of the pallial 
furrow. These muscles are dorso- 
ventral and serve the retraction of 
the foot. Three similar sets of 
muscles form a composite figure on 
each side of the head. 

Although a specimen has been 
sectioned, the detailed study has 
not by far been completed, and only 
a few of the more important char- 
acters will be mentioned here. A 
detailed description is to be pub- 
lished in the “Galathea Reports” as 
soon as possible. 

The alimentary canal runs medi- 
ally upwards along the anterior 
end of the animal, carrying in this part a very 
strong radula 15 mm. long and nearly 1:5 mm. 
broad. There are fifteen rows of teeth, each row 
being composed of a three-cuspidate median tooth 
and—on each side—three lateral, strong, hook- 
shaped teeth and a pectinate tooth not yet 
in detail. ‘The radula is placed directly in the jso- 

phagus without any radular sac. The stomach is 
situated close to the apex of the shell, giving off two 
symmetrical liver branches which run backward in 
the body. The intestine is thin-walled but very 
voluminous; it forms six large coils occupying most 
of the space under the central part of the shell, 
ending up in the broad, median rectum. The details 
of the circulatory system have not yet been cleared 
up but, judging from the simpler conditions found in 
connexion with tae two hindmost pairs of gills, there 
are as many auricles as there are gills, the blood 
passing from the body-cavities to the gills and from 
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there along the nephridia to the auricles, which, 
again, deliver the blood to the ventricles. These last 
are constituted by two long and thin-walled struc- 
tures, each on either side (of the hindmost part ?) of 
the intestine. There are five pairs of nephridia 
opening at the bases of the respective ctenidia. The 
gonads are paired, and the eggs have been seen on 
their way out through the nephridia, but it is not 
yet known whether the gonads are metameric as are 
the ctenidia, etc. The sexes are separate. No acces- 
sory genital organs of any kind have been found, and 
it is almost certain that the eggs are delivered 
directly into the surrounding water. 

The nervous system has not yet been sufficiently 
studied for a closer description. The innervation of 
the gills and nephridia and the neighbouring parts of 
the mantle seems to follow the same scheme as in 
gastropods, with a branchial ganglion for each gill. 
Probably, there are the same two pairs of longitudinal 
stems as in the Polyplacophora; but there is also 
what appears to be a nerve ring very far out in the 
most peripheral parts of the mantle, with connexions 
to each of the branchial ganglia. The pedal ganglia 
are well developed, whereas the cerebral ones are 
less distinct. 

As to the mode of living, there are certain indica- 
tions that the animals are filter feeders lying on their 
back. First, the weak foot is no useful tool for 
< strong movements. Secondly, the very thin shell 

margin with the periostracum bend round to the 
inside and ‘a nerve ring placed almost at the margin 
~of the shell would seem to prohibit any movement 
of significance by creeping. Thirdly, the water intake 
‘for the gills must be from the anterior end, where 
no structures at all for admitting such an intake 
are found, if the animals are not placed on their 
back. Fourthly, a not yet determined phoronid(?) 
has been found to form small colonies on the lower 
third of the anterior side of the shell, on four of the 
present specimens, but never farther up towards the 
apex. So, it would seem logical to accept provisionally 
the idea that the animals use an upside down 
position. The intestine was crowded with radiolarian 
remains, some of them with the soft parts still present. 
Tt would seem probable, therefore, that one of the 
` main food-sources of Neopilina is radiolarians. 

Ab. to the systematic position of the species, it is 
clear that it forms a very primitive link between the 
Polyplacophora and the Cephalopoda as typified in 
the nautiloids. The position of the radula is similar 
to what is found in the Solenogastres (or Aplaco- 
phora), whereas the similarities to the Gastropoda 
seem to be limited to the possession of a dextral 
larval shell. It will need further investigation to 
find out whether the tuft of appendages corresponds 
to the epipodial fold in primitive Gastropoda and in 
the Polyplacophora, to the tentacles or arms in the 
Cephalopoda, to the cirrhi of the Seaphopoda and/or 
tò. the labial palps in Lamellibranchs. Also, the close 
similarity of a typical segment of an annelid to that 
of the gill-bearing region in Neopilina invites further 
study. 

it would seem, therefore, that Neopilina should 

| belong to a very ancient stock. In fact, its early 
ancestors are already known. Wenzi? has shown 
that the group of  Cambro-Silurian Patellacea 
characterized by six pairs of muscle sears on their 
shells should be separated to form a special order, 
the Tryblidiacea, which N. Odhner (in Wenz?) was 
even: inclined to regard as quite a separate group, 
tha Monoplacophora. 
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Now, the dorso-ventral muscles in Neopilina are 
arranged in exactly the same way as in these Tryb- 
lidiacea, three sets of muscles combining to form the 
anterior ‘scar’ (the muscle scars in Neopilina are to 
be inferred from the position of the muscles them- 
selves), and five pairs of separate, equidistant, double 
insertions farther back. The shell in the Silurian 
genus Pilina is indeed so much like that of the 
present genus that the differences may prove to be 
of only subgeneric value. 

Two other fossils should be mentioned briefly here 
to show the proposed contents of the class Mono- 
placophora, namely, Scerella Billings, 1872, and 
Stenothecoides Resser, 1938, for both of which Rasetti® 
has described the muscle scars. In Scenella, there 
are three distinct double pairs of muscle scars slightly 
irregularly arranged on the middle of the sides of 
the shell immediately below the apex, whereas the 
whole anterior part of the shell is devoid of scars 
with the exception of one pair of very small pro- 
trusions. Posteriorly, three pairs of smaller, double. .. 
scars are visible. The position of the three pairs of 


main scars seems to me to indicate that they corre... o 


spond to the combined ones in the head of thè- 
Tryblidians—in which group the apex is anterior, 


that is, placed above the fused head ‘segments’, Tho | 


posterior three segments in Sceneila would then 
constitute the rudiments of the later body-metameres, 
of which the Tryblidians have five pairs. In Sten- 
othecoides, the apex has moved still more towards 
the front end of the shell. The scars in the head 
region are not known, but it is tempting to suppose 
that the many strong, apodeme-like scars along the — 
sides of this shell divided that animal into quite a 
number of body-metameres. If so, Stenothecoides 


would become something in between molluscs, — o 


annelids and arthropods. For the moment, however, 
I would prefer to include among the Monoplacophora 
those primitive molluscs or mollusc-like animals 
which have a dorsal shell, a varying degree of meta- 
merism, no torsion but always a certain slight 
asymmetry although in tho main bilaterally sym- 
metrical. The class would comprise the three orders 
Scenellacea, Tryblidiacea and Stenothecoidacea, as 
defined above by differences in their metamerism. 

The striking similarity in the organization of -the 
muscles in Scenella and in primitive gastropod larvie 
just before torsion® is now being studied, but it is 
too early to draw further conclusions from the new 
find. Only, it should be mentioned that the attempt 
by J. B. Knight? to reconstruct the phylogeny of the 
Mollusca can now be evaluated in a way never before 
expected. Some of his assumptions have proved to 
be erroneous but, thanks to his very clear and 
ingenious exposition of the history of that whole 
group, it would now seem possible to reach an 
acceptable explanation of the phylogeny of the whole 
phylum Mollusca. 

I wish to express my gratitude to the editorial 
committee of the Galathea Expedition for permission 
to treat this valuable material, and to many colleagues 
for discussions. Special thanks are due to Dr. Gunnar 
Thorson for demonstrating the presence of the larval 
shell, and to Prof. K.-G. Wingstrand for the excellent 
preparation of sections. 
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elation between the Effects of 
ilic Acid and Indolylacetic Acid on 
Plant Cell Extension 


gibberellic acid, a metabolic product of the 
Gibberella fujikuroi, is applied to growing 
it commonly causes @ marked increase in 
ternode length, mainly attributable to cell 
ion. Some dwarf varieties of pea are particu- 
sitive, visible increases in internode-length 
ing from doses of 0-01 ugm. gibberellic acid 
lant'. Auxins applied in a similar way have 
r no effect; but, since auxins do induce cell 
xtonsion in some circumstances, comparisons of the 
‘physiological effects of auxins and gibberellic acid 
have been made. It hag been shown? that. gibberellic 
d is inactive or of low activity in many con- 
ventional auxin assays, does not stimulate rooting 
cuttings, does not inhibit development of lateral 
ds in decapitated plants, does not prevent leaf 
bscission and neither stimulates nor seriously 
hibits root growth ; similar observations have been 
| made? with the related material gibberellin 4. Thus 
“tho spectrum of activity of gibberellic acid and 
gibberellin A is very different from that of the auxins ; 
Kato? has concluded that the mode of action. is 
different from that of the auxins, but we? have pre- 
‘erred to leave the question undecided in the absence 
-of more: positive evidence. We have recently made 
me observations which throw light on the relation 
auxin activity to that of gibberellic acid. 
We have used a technique adapted from Galston 
Bakert; 5-mm. sections, cut from unextended 
des of dwarf peas (var. Meteor) grown in 
are floated on phosphate buffer (pH 6-1), 
cubated at 15°C. in a light intensity of 800 ft.- 
ndles, and the longitudinal extension of the sections 
after 24 hr. In a series of nineteen experi- 
ith various concentrations of gibberellic acid 
the buffer, only small increases in extension were 
duced, rarely reaching statistical significance ; 
sults were obtained when 2 per cent sucrose 
to the medium. Indolylacetic acid does 
tension of the sections, the optimal con- 
being 10 pgm./ml. In the presence of 
oneentrations of indolylacetic acid, an extra 











able 1. MEAN LENGTH (MM.) OF PEA INTERNODE SECTIONS AFTER 
24 HR. GROWTH IN BUFFER WITH ADDITIONS oF SUCROSE, LYDOLYL- 
ACETIC ACID (10 #GM./ML.) AND GIBBERELLIC ACIC (10 4GM./ML.); 
RESULTS OF THREE EXPERIMENTS, ALL RusULTS BEING MEANS OF 
THIRTY REPLICATES 











Standard error 


i 
Suerose Other additions Ii |} ap TH 
(per cent) 
| None None 6-8 ES, 66 
Indolylacetic acid 82 S6} 80 
Gibberellic acid 6-5 7-0 65 
Indolylacetic acid + gibber- 
ellie acid 90 | gi] 83) 
2 None ; 6-9 76 6-6 
Indolylacetie acid 9-0 ae i 8 
Gibberellic acid | 69 T2] 85 
Indolylacetic acid + gibber- { 
ellie acid 9-6 2-9 | 10-0 
18) 6-15 
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effect is produced by gibberellic acid; the results 
of three experiments are summarized in Table 1. 
Factorial analysis of the data in each case showed. a 
highly significant: interaction between gibberellic acid 
and indolylacetic acid. Thus the former depends on 
the presence of the latter for its effect on cell elonga- 
tion in the system studied, which would appear to 
approximate to eonditions in the normal intact pea 
plant fairly closely. Furthermore, in so far as in the 
presence of optimal concentrations of indolylacetic 
acid still further growth is induced by gibberellic acid, 
it seems reasoneble to conclude that its mode of 
action is differest from that of indolylacetic ‘acid, 
though in some way they are interdependent. 
The concentration of gibberellic acid (10 ugm, jmil.) 


used in the experiments just described is relatively 


high. In the presence of 10 ygm./ml. indolylacetic | 


acid, a significans extension response is produced by 


0-01 ugm. jml. gibberellic acid and a nearly maximum. 
response by 0-1 ugm./ml. Even at 100 ygm./ml. 


gibberellic acid shows no toxic effects. Gibberellic 


acid significantly increases extension in the presence : 


of indolylacetic acid in- concentrations as low as 


0-1 ugm./ml., but the greatest response is obtained | 
in combination with 10 ygm./ml. ; 

Though gibberellic acid alone does not significantly 
increase extensioa in light of internode sections from 
pea plants grown in light, it does induce elongation 
in darkness of sections from etiolated plants**. This 
interesting difference is as yet unexplained. 


P. W. BRIAN 
H. G, HemmING 
Akers Research Laboratories, 
Imperial Chemical Industries, Ltd., 
Welwyn, 
Hertferdshire. 
Jaa. 1. 
‘ Brian, P. W., and Hemming, H, Gi, Physiol. Plantarum, 8, 669 
(1955). 
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8, 889 (1955). 


* Kato, J., Mem. Coll. Sci, Kyoto, B, 20, 189 (1953). 
+ Galston, A, W., and Baker, R. 8., Plant Physiol., 26, 311 (1951). 
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Distribution of Adrenaline and 
Noradreraline in the Hen Adrenal 
Gland 


Recent studies have indicated that the mammalian 
adrenal medulla. contains both adrenaline and nor- 
adrenaline, which can be demonstrated both chem- 
ically and histochemically. In the adrenals of several 
mammalian spezies, specifie chromaffin cell groups 
have been shown to be carriers of most of the 
adrenomedullary noradrenaline, while the other cells 
contain predominantly adrenaline’. Studies on 
vertebrates other than mammals are rather few, but 
a similar secretery dualism has been demonstrated 
in the adrenal medulla of the lizard?, In this animal 
the cord of chromaffin cells embracing the cortical 
tissue peripherally is apparently specialized in the 
secretion of noradrenaline, whereas islets of chrom- 
affin tissue intermingling with the cortical cells them- 
selves apparently contain predominantly adrenaline. 
To my knowledge no report: of the distributions of 
noradrenaline ard adrenaline in the adrenals of birds 
has been published. 

In the course of an investigation of the adrenals 
of various domestic animals, I observed that the 
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Fig. 1. Camera-lucida drawing of the adrenal gland of a hen. 

The cortical tissue is shown black, the chromaffin tissue white. 

Each black dot indicates one noradrenaline cell. Blood vessels 
are marked with vertical lines 


chromaffin tissue of the hen adrenal gland has some 
particularly interesting features, which differ from 
those of all other medullary tissues hitherto examined. 
Adrenals of adult, egg-laying hens were used. Slices 
of fresh adrenals were examined for (1) the chrom- 
afin reaction, which is positive for both noradrenaline 
and adrenaline, (2) the formalin-induced fluorescence’, 
and (3) the iodate reaction‘. Methods (2) and (3) 
selectively demonstrate the cells containing nor- 
adrenaline. Fluorometric determinations of adrenaline 
and noradrenaline, made after chromatographic sep- 
aration of these catechol amines, showed that about 
one-third of the total catechol amines of the hen 
adrenal is noradrenaline. 

The well-known fact was confirmed that the 
chromaffin tissue is intermingled with the cortical 
cells in the adrenals of birds (Fig. 1). The intensity of 
the chromaffin reaction was closely the same in all 
chromaffin cells. The cells containing noradrenaline 
were demonstrated either by the fluorescence method 
or by the iodate method with identical results. The 
distribution of these cells is indicated by dots in 
Fig. 1. The size of each dot corresponds approx- 
imately to the size of each cell. Most of the cells 
containing noradrenaline were solitary in the chrom- 
affin tissue of the hen adrenal and surrounded by 
cortical cells or chromaffin cells which were essen- 
tially iodate-negative and which did not show 
appreciable fluorescence after fixation in formol- 
calcium. Such histochemical properties apply to cells 
which contain and secrete predominantly adrenaline. 
The noradrenaline cells were seemingly distributed 
at random in the tongues and islets of the chromaffin 
tissue. Certainly there was no tendency of the 
noradrenaline cells to predominate in the peripheral 
layers of chromaffin tissue, in contrast to conditions 
in the adrenals of the lizard. 

It is of interest to note that although the cells 
containing noradrenaline tend to gather into groups 
or cell islets in the mammalian adrenal medulla, 
solitary, randomly distributed noradrenaline cells 
have been seen in autografts of the rat adrenal med- 
ulla*. Both in the hen adrenal and in the adrenal 
autografts of the rat, there seems to be no correlation 
between the sites of cells secreting the methylated 
variety of catechol amines and the site or amount 
of cortical tissue. This fact, together with the observa- 
tion that the ratio of noradrenaline to adrenaline 
remains constant during the postnatal development 
of the rat adrenal gland, in spite of a considerable 
increase in the relative size of the cortex (unpublished 
work), suggests that the two kinds of adrenomedullary 
cells are independent of each other, and that the 
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uality of the catechol amine they secrete is not 
decisi ively dependent on the concentration of cortical 
hormones in the blood surrounding them, as has been 
supposed?, 
O. ERÄNKÖ 


Department of Anatomy, 
University of Helsinki, 
Siltavuorenpenger, 
Helsinki. 

Nov. 20. 
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Biological Potency of Zeta-Tocopherol 


t-TocoPpHEROL was first isolated from cereal grains 
by Green, Marcinkiewicz and Watti, and was 
shown to be identical (apart from the presumed 
difference between the natural optically active and 
the synthetic racemic forms) with 5 : 7-dimethyltocol, 
synthesized many years previously by Karrer and 
Fritsche? and by Bergel, Copping, Jacob, Todd and 
Work?. The latter two groups of workers, in a series of 
papers, disputed the biological potency of 5: 7-di- 
methyltocol. Karrer and his co-workers‘ stated 
that the substance had similar activity to B-tocopherol 
(that is, 30-50 per cent of the potency of «-tocopherol) 
whereas the British workers* maintained that 5 : 7-di- 
methyltocol had the same potency as «-tocopherol. 
Both groups used the rat anti-sterility assay as a 
measure of biological activity. Since C-tocopherol 
is an appreciable constituent of the tocopherol com- 
plex in cereals (for example, 44 per cent of the total 
tocopherols in barley), it is important that its potency, 
relative to «-tocopherol, be known. 

We have synthesized px-C-tocopherol by the 
original Karrer method from 2: 6-dimethylhydro- 
quinone and phytol. The crude product was not 
crystallized through the allophanate or p-nitro- 
phenylurethane (since it was suggested by the 
British workers* that the choice of derivative might 
affect the potency of the product) but was purified 
directly by chromatography on alumina (Peter 
Spence, Type ‘0’). Elution with benzene-ethanol 
gave a dark oil, which, on extraction with methanol, 
gave C-tocopherol of 97 per cent purity. The purified 
tocol was acetylated and the acetate distilled to give 
pL-*-tocopheryl acetate (97 per cent pure, 
by two-dimensional paper chromatography’). 

The biological potency of this DL-acetate in the rat 
anti-sterility test was determined, relative to DL-a- 
tocophery] acetate. Duplicate assays gave the relative 
potency as (1) 0-48 (P 95 limits, 0-27-0-96), and 
(2) 0-57 (P 95 limits, 0-31-1-2). These results com- 
bine to give a relative potency of 0-52 (P 95 limits, 
0-33-0-81). px-C-Tocopheryl acetate was also tested 
for its activity in reducing the degree of hemolysis 
of erythrocytes in the dialuric acid test of Gyorgy 
and Rose’. 0:93 mgm. and 0-47 mgm. doses given 
orally to male or female rats deficient in vitamin E 
produced approximately 80 and 50 per cent reduction, 
respectively, in the degree of hemolysis, 24 hr. after 
dosage. In the same test, a 60 per cent reduction 
was effected by either 0-13 mgm. or 0-27 mgm. of 


no. asse February 23, 1957 


is 
pL-«-tocopheryl acetate. No success met our efforts 
to use the dialuric acid test as a quantitative assay, 
but it appears, as has been previously found with 
other non-alpha tocopherols®, that ¢-tocopherol is 
much less active than «-tocopherol in the dialuric 
acid test. 

Some comments on the composition of the vitamin 
E-free diet for the rat assay are worth recording. 
The use of a standard diet consisting mainly of vita- 
min-free casein, starch, sugar and yeast, and contain- 
ing 1 per cent of olive oil, B.P., did not produce 
satisfactory deficiency in rats. It was shown, by 
paper chromatographic assay, that the diet con- 
tained 1 ugm./gm. of total tocopherols (nearly all 
alpha) and that the olive oil contamed 72 ugm./gm. 
of tocopherol (100 per cent alpha). It may be 
noted that Mason and Harris’, recommending 
a standard diet for vitamin E assay, considered 
10 per cent olive oil a suitable alternative to 
10 per cent lard. It may be assumed, therefore, that 
either olive oil of commerce varies considerably ın 
its tocopherol content, or that large amounts of 
olive oil in a diet free from vitamin E can only be 
tolerated if the vitamin A supplement 1s given as 
cod liver oil. In our diets, vitamin A was given as 
a high-potency concentrate, adding practically no 
fat to the ration. When 1 per cent lard replaced 
1 per cent olive oil in our diets, consistent vitamin E 
deficiency was obtained. The lard used was found 
to contain less than 0:03 pgm./gm. of total toco- 
pherols. 

J. Bunyan 
J. GREEN 
P. Mamanris 
S. MARCINKIEWICZ 
Walton Oaks Experimental Station . 
(Vitamins, Lid.), 
Dorking Road, 
Tadworth, Surrey. 
Dec. 6. a 
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A Second Major Constituent of the 
Blood oxidized at the Brain 


GLUTATHIONE was suspected to be involved in 
respiratory or redox processes even before its 
structure was known. Among the very extensive 
subsequent work! there appears, however, to have 
been little attempt to appraise such s role in animals 
by direct determination of the levels of the oxidized 
and reduced forms of glutathione in arterial ~and 
venous blood, which is rich in glutathione. 

A newly developed glyoxalase method? has now 
been applied to determining the two forms of gluta- 
thione in arterial and cerebral venous blood from 
the conscious rabbit (Table 1). The venous blood 
was obtained at the junction of the superior longi- 
tudinel and lateral sinuses (Rodnight, R., unpub- 


NATURE 


419 


Tableyl. CONSTITUENTS OF ALTERIAL (A) AND CEREBRAL VENOUS (F) 
BLOOD OF THE RABBIT 


Samples were taken simultaneously ; values in mgm./100 ml. Hema- 
tocrits, also determined, chowed no arterio-venous difference 









Oxidized 
glutathione 


4,107; V,1 


Reduced 
glutathione Glucose 






I; 1 | A,264; F, 207 6-9 | 4,121; F, 108 
I; 2 4,209: V, 123 | 4; 16-0; V,24-61-4, 98; V, 89 

Bd 1 | A, 25-8; V,199| 4,111; 7, 16:94, 95; V, 85 
ean 


V—A,7 5424 


A-Y, 113-6 








lished work), and the arterial blood from the central 
artery of the ear. Reduced glutathione is seen to be 
oxidized at the bram. The change in glutathione is 
by weight two-thirds of that in glucose, and involves 
the oxidation of 30 per cent of the reduced gluta- 
thione supplied to the brain: a much greater pro- 
portional change, therefore, than in glucose. 

It is very interestng and surprising to find such 
large changes in glutathione at the brain, for calcula- 
tion from data regarding its respiratory and carbo- 
hydrate exchange in vivo has shown this to give an 
almost exact balance in terms of oxygen, glucose, 
lactate, pyruvate and carbon dioxide®. However, 
present results do not seriously disturb this balance, 
as the change of —H to —SS-glutathione uses only 
1/41 of the oxygen needed for complete oxidation 
of the same weight of glucose. Nevertheless, this 
qualitatively very different type of oxidation at the 
brain may contribute to the failure to maintain the 
organ by perfusion with simple solutions, the necessity 
for including erythrocytes in perfusion systems, and 
the advantage accruing in such experiments from 
passing the erythrocyte suspensions through the 
liver’. For presumably the glutathione oxidized at 
the brain is reduced elsewhere in the body (McIlwain, 
H., Martin, H., Rednight, R., and Tresize, M. A., 
unpublished work); as the substance does nob 
appear to leave the red cell rapidly*, carrier systems 
or diffusible oxidizing agents in the plasma must 
be implicated. 

The changes in glutathione recorded in Table 1 
have been confirmed by iodometric titration, by 
recovery of glutazhione added to blood, and by 
different precipitacions and pretreatments of the 
blood samples anazysed. 

We are grateful to the Medical Research Council 
for a grant in support of these studies. | 


H. MARTIN 

R. RODNIGHT 
H. McInwatn 
M. A. TRESIZE_ 


Department of Biochemistry, 
Institute of Pèychiatry 
(British Postgraduate Medical Federation), 
Mauds_ey Hospital, 
London, 8.E.5. 
Dec. 20. 


1 Symposium, “Glutathione” (Academic Press, New York, 1954). 

2 Mellwain, H., Martin. H., and Tresize, M A., Biochem. J., 85, 2P 
(1957); and in preparation. 

3 MelIlwain, H., “Biocaemistry and the Central Nervous System” 
(Churehill, Londor, 1955). 

4 Geiger, A., Magn , Taylor, R. M., and Veralli, M., Amer. J. 

Physiol., 177, Ths (1954). 

5 Mortensen, R. A., Haley, M. I., and Elder, H. A., J. Biol. Chem., 
218, 269 (1968). 


420 


Crystallization Patterns of Sodium 
Chloride in Bovine (Uterine) Cervical 
Mucus as related to its Consistency 


THE presence of fern-like patterns of sodium 
chloride (‘palm leaves’) in dried cervical mucus taken 
from women during the ovulatory phase of the sexual 
cycle becomes less marked during the post- and pre- 
menstruum and gives place to a celluler structure 
in pregnancy. This phenomenon has been used for 
various diagnostic purposes by a number of gynzco- 
logists (P.L. test: see Zondek). Parallel observa- 
tions on the bovine are reported by Pozo Lora? and 
Coluzzi and Battistacci*. At the suggestion of Prof: 
B. Zondek, we have made a study of this method 
as a possible test for bovine pregnancy and other 
hormone-dependent conditions, the results of which 
are being published elsewhere. We have also described 
a bovine pregnancy test ın which the consistency of 
the mucus is determined by measuring the time of 
extrusion (t sec.) of a column of length 1 cm. from a 
small capillary tube (diameter ~ 0-7 mm.) under 
constant pressure (P gm./mm.,*). An index of con- 
sistency, Pt'!?, is found to be independent of pressure 
and, on exceeding a certain magnitude, is indicative 
of pregnancy'. Further validation of this test, which 
18 most efficient at about 28 days after conception, 

will also shortly be published. 

"For the purposes of the ‘P.L.’ test more than 200 
dried mucus samples were subjectively scored, with- 
out knowledge of the consistency, from 1 to 8, 
1 representing very marked fern-like structure, and 
8 highly cellular structure. Though it is not easy to 
establish a criterion for pregnancy on the basis of 
these scores (‘P.L.’ numbers), we have calculated the 
average value of Pt!/? corresponding to each of them 
and have found a highly significant relation. In 
view of the discontinuity and lack of equality of 
mterval in the ‘P.L? scale, a correlation coefficient 
would not be a good statistic and the results are 
best shown in graphical form (Fig. 1). 

The data comprise tests on non-pregnant cows and 
also ın pregnancy, from 17 to about 30 days after 
conception. In pregnancy, quite a few samples have 
too high a consistency to be measured and these are 
assigned a ceiling value (Pi) = 35), which means 
that the highest values of Pd'/? should be increased 
somewhat. This would make the curve remarkably 
linear, using a logarithmic plot for Ptt’, 
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Fig.1 Relation between ‘P.L." numbers and index of consistency 
for 104 Shorthorn and 104 Friesian cows, non-pregnant and in 
early pregnancy 
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We have carried out experiments m which the 
mucus has been diluted two-, three- and six-fold with 
distilled water before drying, and although there is 
some tendency for the ‘P.L.’ numbers to be diminished 
by this treatment, the effect does not begin to com- 
pare with the corresponding changes in consistency. 
Thus the effect cannot be due simply to mechanical 
interference with crystal growth. It is known’ that 
the sodium chloride content of the mucus is high m 
the ovulatory phase, but we have found that ‘P.L. 
numbers cannot be directly related to the amount 
of sodium chloride. The striking relationship with 
consistency thus requires further elucidation. 

GQ. W. Scorr BLAIR 
F. A. GLOVER 
Physics Department, 
National Institute for Research in Dairying, 
Shinfield, Reading. 
Dee. 3. 
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Production of a Hemagglutinin during 
Growth in Tissue Culture of Infectious 
Canine Hepatitis Virus i 


INFECTIOUS canine hepatitis virus has been success- 
fully grown m tissue cultures of dog kidney epithelial 
cells', virulence for the natural host apparently 
becoming reduced by continued passage in vitro’. 
During an attempt to repeat this attenuation pro- 
cedure using several recently isolated strains of the 
virus, an incidental observation was made that tissue 
culture fluids containing virus could agglutinate 
avian erythrocytes under certain conditions. 

In all instances, trypsinized dog kidney cultures 
were prepared by the method of Youngner*, the 
growth medium consisting of Hanks’s solution (80 
parts), heated horse serum (10 parts), 5 per cent 
lactalbumin hydrolysate (10 parts) and containing 
100 ugm. or units each of streptomycm and peni- 
cillin. After eight days meubation at 37°C., the 
resulting cell sheets were infected by-adding approx- 
imately one hundred 50 per cent tissue culture in- 
fectious doses (100 TC50) of virus. Culture fluids 
were harvested when cytopathogenic changes were 
at maximum, usually by the third or fourth day. 
These fluids, when diluted m 0-15 M sodium chloride 
buffered at pH 8-0 with 0-02 M phosphate buffer. 
caused agglutmation of a 0-25 per cent suspension 
of adult fowl erythrocytes. The reaction occurred 
consistently only at 4°C., where titres of the order 
of 1: 160-1: 320 were shown by three strains of 
infectious canme hepatitis virus which were in their 
fifteenth to seventeenth tissue culture passage. At 
pH 17-5 the same fluids gave end-points of 1: 40, 
while at pH levels of 6-0, 6-5 and 7:0 no agglutination 
occurred. Hemagglutinin titres were enhanced by 
several days refrigeration of infected culture fluids, 
particularly when the latter were buffered at pH 6-5 
Following heating at 56°C. for 5 min. (by which 
time infectivity for tissue cultures was abolished), 
the hemagglutmm was found to be reduced by 
50 per cent. After a further 25 min. at this tempera- 
ture, a considerable amount of activity could still 
be demonstrated. 
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Hemagglutination by infectious canine hepatitis 
virus was of the shield type described for a number 
of encephalitis viruses‘. ‘Lhe sedimentation pattern 
in low-dilution tubes was, however, often disturbed 
by formation of cell landslides. The end-point was 
inversely proportional to the concentration of red 
cells present, maximum titres being shown with 
-0-25 per cent suspensions. Of erythrocytes derived 
from a number of animal species and tested at different 
levels of ‘pH and of temperature, only those from- 
newly hatched. chicks and older fowls were specifically 
ageglutiated ‘by infectious canine hepatitis virus. 
Chick embryo red cells failed to react. The ability 
to hemagglutinate fowl cells was related to the virus 
content of a culture fluid and not to any property 
acquired as a result of passage in vitro, a recently 
isolated virus which initially possessed a T'C50 of 
10-15 and a hemagglutmim titre of 1:8 giving the 
corresponding figures of 10-*° and 1: 128 after ten 
transfers in kidney monolayer cultures. 

Hemagglutination was specifically inhibited by 
infectious canine hepatitis immune dog serum when 
the latter, in dilutions up to 1: 320-1: 640, was 
mixed with between ten and twenty agglutinating 
doses of virus prior to the addition of red cells. 
Apart from slight non-specific inhibition in dilutions 
lower than 1:10, normal dog sera did not possess 
this property. The same sera, when assayed for 
their ability to prevent the normal cytopathogenic 
effect of approximately a hundred 50 per cent tissue 
culture infectious doses of virus in tissue cultures, 
could be diluted 1: 4,000 (positive) and less than 
1:10 (negative). The relationship between hæm- 
agglutinin, complement-fixing antigen and infectious 
unit of infectious canine hepatitis virus is now being 
studied. 

L. B. Faster 
Virus Research Department, 
Tasman Vaccine Laboratory, Ltd., 
Upper Hutt, New Zealand. 
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Isolation of Dehydroepiandrosterone from 
an Adrenal Cortical Tumour 


ALTHOUGH it is generally assumed that dehydro- 
epiandrosterone originates from the adrenal cortex}, 
so far as we know it has not yet been isolated from 
human adrenal tissue. 
methods?, we have recently analysed urine specimens 
from a virilized female patient, aged sixty-two. She 
excreted approximately 120 mgm /24 hr. of 17-keto- 
steroids, 70 per cent of which proved to be dehydro- 
epiandrosterone. An adrenal tumour was suspected. 

On operation, a tumour mass weighing (approx- 
imately) 1,500 gm. was removed, rapidly frozen and _ 
stored in a deep-freeze for two months (we thank 
Prof. J. Hellstrom for the opportunity to analyse 
the tumour). It was then disintegrated and ex- 
tracted with ethyl acetate. The extract was kept 
at — 17° C. for four days and the precipitate formed 
was removed by centrifugation at — 12° C. The 
ethyl acetaté was distilled off and the residue was 
submitted to four subsequent counter-current dis- 
tributions between n-hexane and 70 per cent 
methanol, n-hexane and 25 per cent methanol, 
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n-hexane and 70 per cent methanol and n-hexane 
and 20 per cent ethanol. Following treatment with 
Girard’s reagent T 4, the ketonic fraction was sub- 
mitted to chromatographic separation on alumina’. 

From those fractiors, in which dehydroepiandro- 
sterone usually appears, @ crystalline product was 
obtained (approximately 700 ugm., estimated by the 
Zimmermann reaction). Following further purifica-. 
tion by vacuum sublimation, the crystalline material 
and its acetylation product were identified as dehydro- 
eptandrosterone and dshydroepiandrosterone acetate, 
respectively, as showr in Table 1. 


Table 1 


Data for isolated substance as 
compared with data for auth- 


Physico-chemical property 
entic dehydroepiandrosterone 


1. Partition behaviour between n- Same 
hexane and 70 per cent ethanol 

2. Chromatographic behaviour on Same 
aluminium oxide r 

3, Infra-red spectrogram Identical 

4. Melting point 147-54° (reported for DHEA 

137~38° and 153°) 

5. Melting point for acetylction pro- 163-69° (reported for DHEA- 
duct acetate 166-67°) 

6. Chromatographic behaviour of Same as that of DHEA-acetato 
acetylation product 

7. Infra-red spectrogram faz acetyla- Identical with that of DHEA- 
tron product acetate z 

8. Absorption spectrogram. for sul- „Identical 


phuric acid chromoger (method 
of Zaffaroni, ref. 6) 

9. Absorption spectrogram of phos- 
phoric acid chromoger (method 
of Nowaczynskl, ref. 77 


Identical 


The isolation of dehydroepiandrosterone from an 
adrenal tumour gives further support to the con- 
‘clusions reached by Bloch et al.5, and suggests that 
the human adren cortex elaborates dehydroepi- 
androsterone. 
Lars-OLor PLANTIN 
King Gustaf Vth Research Institute, 
Stockholm 60. 
Egon Driozratusy 
Hormone Lsboratory, 
Department of W2>men’s Diseases, 
Karolinska 3jukhuset, 
Stockholm 60. 
GUNNAR BIRKE 
Department of Medicine, 
Karolinska Sjukhuset, 
Stockhclm 60. 
Nov. 28. 
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Enhancement by Deoxyribonucleic Acid 
of the Catalyt c Peroxidation of Pyrogallol 


POLYSACCHARIDE and other non-protein macro- 
molecules have >een found to serve as directive 
surfaces (‘matrices’) in the oxidative polymerization 
of eugenol to Lgn-n??, Other phenolic monomers and 
matrices also form systems exhibiting directed poly- 
merization. Ho-vever, in addition to such effects, 
certain matrix substances accelerate the oxidation or 
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Fig. 1. Time-course'of pyrogallol oxidation by Fet++-hydrogen 
-peroxide measured by appearance of coloured products with 
absorption maximum 4425 mpg. Lower curve, 0-01 m.mole 
Fet++ in reaction mixtures; upper curves, 001 m.mole 
Fet++ plus 1:5 mgm. and 2°5 mgm. deoxyribonucleic acid 
. respectively in addition 
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autoxidation of polyphenols. Particularly striking 
in this connexion is the effect of salmon sperm 
deoxyribonucleic acid on the oxidation by Fet+t+— 
hydrogen peroxide of pyrogallol. When deoxyribo- 
nucleic acid in amounts up to 3 mgm. per 10 ml. 
reaction mixture (pyrogellol, 0-1 mmole; hydrogen 
peroxide, 0-2 m.mole; potassium dihydrogen phos- 
phate, 0-1 mmole; Fet++, 0-01-0-02 m.mole) 


is present, the rate of peroxidation of the phenol — 


is increased over ‘the control-rate for iron alone 
as much as 115 per cent (Fig. 1). 

Oxidation is measured here by direct reading of 
absorption (425 my) after selected time-intervals in 
the Bausch and Lomb Spectromic 20 Colorimeter. 
Deoxyribonucleic acid alone has no effect on pyro- 
gallol oxidation in the absence of iron. 

_ The rate of oxidation of pyrogallol is not ‘a simple 
linear function of deoxyribonucleic acid concentra- 
tion, but ‘exhibits a maximum which is a function 
both of the acid and iron concentrations (Fig. 2). 
Increases in concentration of deoxyribonucleic acid 
beyond those shown here effect further reductions in 
the rate of pyrogallol oxidation; boiling the acid 
solutions for 10-15 min. effected slight increases in 
their oxidizing activity when tested later with 
Fet++ — hydrogen peroxide mixtures. On’ precipita- 
tion of deoxyribonucleic acid from the acid — Fet++ 
mixtures with ammonium sulphate, 98 per cent’of 
the initial oxidizing activity in the deoxyribonucleic 
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Fig. 2. Relative oxidation of pyrogallol after 30 sec. as a function 
of deoxyribonucleic acid concentration at two levels of Fet++ 
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acid precipitate was found to have disappeared, 
indicating a_ weak complexing at best between 
deoxyribonucleic acid and iron. 

Mixtures of Fe+++ with gelatin, histone, methyl- 
cellulose and other macromolecules at low concentra- 
tions were found either to have no effect on iron- 
catalysed peroxidation, or to inhibit it strongly. These 
observations suggest that the effect of deoxyribo-- 
nucleic acid, while not necessarily specific, is never- 
theless not a simple matter of non-specific adsorption 
on & macromolecular surface. 

It would’ be premature to ascribe physiological 
significance to the Fet+t+ — deoxyribonucleic acid 
peroxidase model; however, it is reasonable to sup- 
pose that nucleic acids might possess a variety of 
general catalytic properties of biological interest and 
importance. 

This investigation is being carried out with the 
support of Research Grant C-2730 from the National 
Cancer Institute, National Institutes of Health, 
U.S. Public Health Service. 

S S. M. SIEGEL 
B. Z. SIEGEL 
Department of Biology, 


University of Rochester, 
Rochester, N.Y. 
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` Reactivity of Ionic Detergents with 
Micrococcus lysodeikticus 


WEIBULL has observed that the cell wall of Bacillus 
megaterium can be removed by the action of lysozyme 


‘which, under specified conditions, leaves the bacteria 


otherwise intact4. The protoplasts thus liberated 
have already been the subject of several investiga- 
tions?! and form & convenient system for directly 
investigating the effects of detergents upon the ex- 
posed plasma membrane. In this communication the 
action of a series of ionic detergents, each possessing 
the C,, n alkyl chain, upon Micrococcus lysodeikticus 
and its protoplasts is reported. The protoplasts of this 
organism are stabilized m lM sucrose’. 

M. lysodetkticus was grown in surface culture on 
æ beef tryptic digest agar medium, harvested after 
20 hr. growth at 37° and washed three times in 
distilled water. Treatment with lysozyme at 100 
wem./ml. was carried out for 30 min. at 20° on 
suspensions containing 10 mgm. bacterial dry wt./ml. 
in 1 M sucrose, 0-05 M sodium chloride. The resulting 
protoplasts were centrifuged and, after decanting, 
gently resuspended in  sucrose/sodium chloride 
medium. Protoplast suspensions equivalent to 
0-5 mgm. bacterial dry wt./ml. were treated with 
each of four detergents, over a range of concentra- 
tions. The detergents used were dodecylamine 
hydrochloride, dodecyltrimethyl-ammonium bromide, 
sodium dodecyl sulphate and sodium dodecyl 
sulphonate. The time course of lysis by these 
detergents was followed spectrophotometrically at 
500 mu. à 

In order to compare the lytic activities of the 
detergents, the loss in optical density occurring after 
an arbitrary time of 30 min. was determined from 
the lysis/time curves and plotted as a function of 
detergent concentration (Fig. 1). The detergent 
reactivity sequence is C,,H,,—NHt, > —N(CH;),t> 
—S80,-> —80,-. The lytic activity of the detergents 
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Fig. 1. Reduction of optical density at 500 my of M. lysodeikticus 
protoplast suspensions after 30 min. lysis plotted as a function of 
detergent concentration. 0 5 mgm. bacterial dry wt./ml., 1-0 M 
sucrose, 0:05 M sodium chloride. Temperature 22°. O, Dodecyl- 
amine hydrochloride ; E, _dodecyltrimethy]-ammonium 
bromide; A, sodium dodecyl’ sulphate; Y, sodium dodecyl 
sulphonate, Broken line indicates 90 per cent lysis 


may be expressed in terms of the protoplast lytic 
concentration defined as that concentration of deter- 
gent which, in 30 min., will reduce the optical density 
of protoplast suspensions by 90 per cent of the loss 
observed on complete lysis. For dodecylamine 
hydrochloride, where precipitation with cell con- 
stituents affects the results at the higher detergent 
concentrations, the steep linear portion of the curve 
was extrapolated to obtain the lytic concentration. 
The protoplast lytic concentrations (M x 104) are for 
dodecylamine hydrochloride 1-8, dodecyltrimethyl- 
ammonium bromide 3-2, sodium dodecyl sulphate 
6-0 and sodium dodecyl sulphonate 14:2. . The 
corresponding activities relative to dodecylamine 
hydrochloride are 1-00, 0-54, 0-28 and 0:12 respect- 
ively. ‘ 

The concentrations of the detergents (M x 104) 
required to give 99-9 per cent killing of intact bacteria 
in 30 min. at 25° are for dodecylamine hydrochloride 
2-1, dodecyltrimethyl-ammonium bromide.4-0, sodium 
dodecyl sulphate 12-0 and sodium dodecyl sulphonate 
26-0, the detergents thus showing the same sequence 
as in the lysis of protoplasts. The bactericidal con- 
centrations are higher than the protoplast lytic con- 
centrations, particularly with the anionic detergents. 
This is due to the choice of 99-9 per cent killing as 
against 90 per cent lysis and to the net negative 
charge on the cell wall of the bacteria. The negative 
charge will favour combination of the cationic 
detergents with the cell wall and will be an electro- 
static barrier to the passage of detergent anions to 
the membrane. However, the bactericidal activities 
of dodecyltrimethyl-ammonium bromide relative to 
dodecylamine hydrochloride, 0-53, and of sodium 
dodecyl sulphonate relative to sodium dodecyl 
sulphate, 0-44, are very close to the same ratios for 
protoplast lysis and suggest that the same structure 
1s involved in both type of action. 

The reactivity sequence is different from that ob- 
tamed for hemolysis in which stroma cholesterol is be- 
lieved to be the reactive site towards ionic detergents®. 
Similarly, anionic detergents are more reactive than 
cationic detergents towards proteins such as bovine 
plasma albumin and catalase’® Thus cholesterol, 
even if present, and protein are not likely to be the 
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site of attack ın the plasma membrane. Infra-red 
analysis of the lipid isolated from the membrane of 
M. lysodeikticus has indicated the presence of phos- 
Such lipids, which most probably are 
orientated in the membrane by virtue of the adlinea- 
tion of their hydrocarbon chains, could have their 
organization disrupted by detergents, since they 
possess ionic groups capable of reaction with both 
anionic and cationic detergents. It has been shown 
that lecithin monolayers are more strongly penetrated 
by dodecylamine hydrochloride than by sodium 
dodecyl sulphate’, ani in such interfacial reactions 
negatively charged pkosphatides would exhibit even 
greater. reactivity towards dodecylamine hydro- 
chloride. Hence it is suggested that in both the 
bactericidal action and lysis of protoplasts the site 
of action of ionic desergents is a phosphatide con- 
stituent of the plasms membrane. 

We wish to thank Dr. J. H. Schulman for his 
interest and the Commonwealth Scientific and 
Industrial Research Organization (Australie) for 
an Overseas Studentship (A. R. G.). Í 


A. R. GLBY 
A. V. Few* 
Department of Colloid Science, 
The University, 
Cambridge. _ 
Nov. 26. '! 
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Analysis of Electrophoretic Patterns 


In 1950, we described a method! for the evaluation 
of Tiselius electrophoretic patterns based on geo- 
metrical analysis of the area under individual 
Gaussian curves irto which the whole pattern may 
be broken up. The whole process required the 
measurement of only two parameters. Several related 
methods based on similar principles have been pub- 
lished*, but none sppears to be as simple and at the 
same time to afforc as high a-degree of reproducibility. 
With the advent of zone electrophoresis in filter paper 
and its generalized application in many fields, this 
refined method of analysis attains a new interest. 

The distribution of dye-binding particles on a 
paper pherogram exhibits Gaussian characteristics 
similar to the refractive index gradients in free 
electrophoretic patterns. The actual shape and para- 
meters of the curves, however, are not identical, as 
the causative factors of the distribution are not the 
same. In free electrophoresis, the gradients around 
each boundary will depend on the effects of normal 
diffusion and the electrophoretic heterogeneity. The 
total diffusion g-adient may be represented by a 
Gaussian distribution curve. In zone electrophoresis 
in a solid support, the migrating molecules are subject 
to a number of forces: diffusion, electro-osmosis, 
suction of buffer from the saturated end parts of 
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the supporting medium towards the less-saturated 
centre, and electrophoretic transport with inherent 
variations due to differences in individual mobilities 
and also to different path distances along the tortuous 
capillary channels of the medium. The summation 
of all these forces also produces distribution curves 
of Gaussian characteristics. 

Assuming that the density of dye at each point 
of a stained pherogram is proportional to the protein 
‘concentration, the same mathematical principles may 
be applied to evaluate the areas of gradient curves 
obtained either by free or by zone electrophoresis, 
as well as many other patterns (diffusion, ultra- 
centrifuge, chromatographic scannings) which may 
usually be broken up into a series of Gaussian curves. 

The Gaussian curve may be represented by the 
formula : 





a 
y O27 CE G 2a =) 

the ordinates being measured from the base line, 
where the curve tails off asymptotically, and the 
abscisse from the maximum ordinate. The integral 
a is equal to the area under the curve ; g, the standard 
deviation of the abscissa, is equal to the width of the 
curve at the point of inflexion where the slope is a 
maximum. The height of the curve at its-peak where 
x = 0 is equal to ym Then we get: 





Ym = and a = 2-506 o ym 


S E 

The area œ may thus be calculated from two para- 
meters, o and Ym. Table 1 gives the relation between 
the absciss in units of o and the corresponding ordin- 
ates in percentages of Ym for a series of points on the 
curve which suffice in most cases for recognizing 
the trend of the curve and tracing its hidden part 
down to the base line. The’lowest ordinate in Table 1 
is practically zero, and the base line may be taken 
as 3-36. Many boundaries form symmetrical patterns, 
but where this is not the case, each branch of the 
curve is traced independently, thé arithmetical mean 
of the two sigmas being used for calculating the area 
from our formula, which gives the integral of the 
total curve. Sigma may also be determined from 
any two points on the curve by measuring their 
respective abscisse 2, and x, and their ordinates y, 
and yz and applying the following formula: 


2 2 
gai (= 
nf (rs Yı — log D) 


Several devices may be used for marking the measur- 
ing points on the centre ordinate of each curve: 
a slide-rule may be resorted to, or a table may be 
constructed for the values of 0-883, 0-607, 0-325 and 
0-135 y, corresponding to ordinates within the range 
usually encountered. We recommend a simple geo- 
metrical method: Draw Fig. 1 on a transparent 
piece of paper or directly on a screen of ground or 


s = 


Table 1 
Abscissa Ordinate 
0 100 
06 88 3 
10 60 7 
16 32 5 
2-0 13-5 
2-5 44 
80 1-1 
33 8-4 
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milk glass illuminated from behind. Place the graph- 
of the curve over ,this figure so that the base lines 
coincide. Displace the graph horizontally until the 
indicator line just touches the peak point of the 
maximum ordinate which has to be divided. The 
other rays will then cut the ordinate at the measuring 
points. 

Summing up, we recommend the following steps : 
(1) Fix the base line and draw perpendiculars to it 
through the visible peaks. (2) Divide the maximum 
ordinate of the fastest (albumin) peak into the measur- 
ing distances according to Table 1 and determine 
the best fitting value for sigma by the method of 
trial and error. (3) Complete the first curve down. to 
the base line, marking-its maximum lateral extension 
as 3-30 on the corresponding side of the foot of the 
maximum ordinate, Although most curves will be 
found to be symmetrical, each half of the curve may 
be constructed independently. (4) Note the point 
where the constructed curve leaves the experimental 
tracing. The horizontal distance from this point to 
the nearest peak ordinate corresponds to 3-30 of the 
next Gaussian curve, which may now be constructed 
according to Table 1. (5) Continue in this way until 
the whole pattern has been decomposed into a 
number of best-fittng Gaussian curves. (6) Check 
the sum of the ordinates of overlapping curves at 
several points, correcting the values for ym where 
necessary. (7) Mark any surplus height, that is, any 
difference between the experimental tracing and the 
ordinate sum of the constructed curves as an ordinate 
of-a new curve, thereby disclosing hidden gradients. 


Gunter Hoxrer 
BERNARDO Lio WaAsJCHENBERG 


First Medical Clinic, 
Hospital das Clinicas, 
Sao Paulo, Brazil. 


RAUL MUNGIOLI 


Instituto Butantan, 
São Paulo, Brazil. 
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Effect of Inorganic Complex lons on 
Transmission at a Neuromuscular 
Junction 


Some aspects of the chemical and biological 
activity of the inorganic complex ions have been- 
previously reported by Beccari! and by Dwyer and 
co-workers*-*, These workers have indicated that 
the complex cations show extremely high chemical 
stability, and most probably pass through the 
body unchanged. They also exhibit marked biological 
activity’, and when mjected intraperitoneaully into 
mice? cause paralysis and death by respiratory fail- 
ure suggestive of curariform activity. We have 
investigated their pharmacological mode of action 
on the rat diaphragm-phrenic nerve and toad (Bufo 
marinus) réctus abdominis muscle preparations. 
Investigations have also been carried out, in collab- 
oration with Dr. Rosamond M. Eccles, of the 
Department of Physiology, Australian National Uni- 
versity, using the toad sartorius nerve-muscle 
preparation and the isolated superior cervical gan- 
ghon of the rabbit. 

The following series of inorganic complex ions have 
been used in this investigation. ; 

(4) Amine and ethylenediamine derivatives of 
cobalt (IIT). Here the successive addition of unident- 
ate anionic ligands leads to a progressive reduction 
in the cationic charge by one full unit. This has 
provided ions rangmg from a tervalent cation 
to a univalent anion; for example, [Co(NHs),]**, 
[Co(NH,),(NO,) P+, [Co(NH;),(NO;).]*, [Co(NHs)z 
(NO,)a]~ ; [Co(en),]°-, [Co(en).(NOs)e]*. 

(B) A series of bivalent cations in which metals 
such as iron, nickel, cobalt, ruthonium and osmium 
have been. co-ordinated with neutral chelating agents 
such as 2,2’-bipyridine [Me(bipy),]**, 1,10-phen- 
anthroline [Mo(phen);}?+ and 2,2’,2’-terpyridime 
{Me(trpy).]**. The cations in this series, while they 
have the same overall charge, differ in the distribution 
of the charge over the ligand®-*. Further, they are 
larger than those in series (A), are adsorbed strongly 
on protem and it may be anticipated that both 
coulombie and van der Waals’s forces exert a marked 
influence in their attachment to an active srte. 

Unlike series (A), the van-der Waals’s bindmg of 
these larger cations may be sufficiently strong to 
promote their attachment at a cationic site in spite 
of the anticipated coulombic repulsion. 

The lipophilic character of the organic ligands in 
the cations of series (B) may facilitate penetration 
of biological surfaces by these substances. 

(C) Stable optical antipodes of selected cations ; 
for example, d or l [Ni(phen)s]** ; [Os(bipy)3]*+ ; 
[Co(en)3}**. 

The results of these investigations indicate that: 

(1) Only charged complex ions (cations) exhibit 
curariform activity which 1s antagonized on the rat 
diaphragm—phrenic nerve muscle preparation ‘by 
potassium ion, eserine and neostigmine and poten- 
tiated by atropine. Their action thus resembles that 
of d,tubocurarme rather than decamethonium ion. 

(2) Tha neuromuscular blocking activity of the 
complex cations on both the toad sartorius and rat 
diaphragm nerve -— muscle preparations appears to 
take place at the neuromuscular, junction. The 
muscle still responds readdy to direct stimulation 
when there is complete block to indirect stimulation. 
Normal activity is restored on washing out. How- 
ever, prolonged immersion (20-30 min.) of the 
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directly stimulated toad sartorius muscle produces 
a depression of the aztion potential recorded extra- 
cellularly. 

(3) The complex cations, in doses which do not 
cause contracture, strongly depress the action of 
acetylcholine on the sensitized toad rectus abdominis 
muscle. They also block junctional transmission in 
the isolated superior cervical ganglion of the rabbit. 
The results of post-tetanic stimulation in this latter 
preparation present features suggestive of a d,tubo- 
curarine-like activity*. 

(4) The optically astive forms of the same complex 
cation may show a quantitative difference in their 
degree of curariform activity on the same prepara- 
tion ; for example, d[Ru(phen),]*+ ; d[Ni(phen),]** ; 
d[Os(phen);]?* are 1-5-2 times more potent than 
their corresponding ¢-forms on both the toad rectus 
abdominis and innervated rat diaphragm muscle 
preparations. However, there is no difference 
between the activity of d- and J-[Co(en),]§+. 

(5) The larger complex cations (series B) more 
closely resemble d,tubocurarine when one considers 
both thei potoncy as blocking agents and the 
recovery time of the muscle preparation on washing 
them out, while tke smaller ions (series 4) show 
greater similarity to decamethonium ion, ‘Flaxedil’ 
and succinylcholine in these respects (Table 1). 


EFFECT OF DIVALENT NEUROMUSCULAR BLOOKING AGENTS 


Table 1, 
ON THE INNERVATED RAT DIAPHRAGM MUSCLE 


Average dose 
mem /25 ml.) 
producing com- 
plete block in 
3 mn, 


Substance 


Molarity 


d,Tubocurarine 
(chloride) 
Succinylcholine 
Kuttrpy).] (CIO) 
uU(trpy)s ws 
.[Ru(phen)s]I. 
Decamethonium 


(iodide) 
‘Flaxedil’ (iodide) 
d,l[Bu(bipy)s]I, 
[Co(NH,) (NO,) ]Cl, 


12x10-5 M 


ated 
ONDO Ono a 
emp “po 

a 





(6) Increasing peripheral charge of the complex 
cations of both ssries (A) and (B) is most often 
associated with an increase in curariform activity on 
the innervated rat diaphragm muscle preparation. 
A similar trend has been shown for the direct com- 
petitive action of the complex cations of both series 
with acetylcholine on the toad rectus abdominis 
muscle preparation. The magnitude of these changes 
is more marked ir series (4). The competitive con- 
centration of complex cations (series B) was assessed 
by 6-point assays on this latter preparation. At bath 
concentrations of 0-1, 0-133 and 0-178 pgm./ml of 
acetylcholine, the respective concentrations were 
[Mo(trpy).)**, 1-26; [Me(phen),]*+, 2-5; [Me(bipy),]#+, 
10-0 pgm./ml. 

Although a ccmparison between the action of 
the complex cations on the toad rectus abdominis 
and rat diaphragm — phrenic nerve muscle prepara- 
tions ıs not strictly permissible, it does, however, 

-suggest that these substances may act by direct 
competition with acetylcholine at the junctional 
region. This might be due to a competition of elec- 
trical fields rather than chemical structures, and is in 
keeping with the observations of other workers‘: 

This relationship is also interesting in that it may 
give some further insight into the fundamental mode 
of action of acetylcholine in triggering off events in 


426 


junctional transmission, that is, the initiating action 
of acetylcholine in depolarizing the ‘membrane’ may 
lie in the peripheral charge lodged in its cationic 
head. This is not altogether unreasonable when one 
considers that the excitable ‘membrane’ is thought 
to be composed of @ lipoprotein matrix which would 
be susceptible to the action of charged particles. 
. A full report of these investigations will be pub- 
lished separately. We wish to acknowledge helpful 
advice from Prof. W. P. Rogers, Department of 
Zoology, University of Adelaide, and Dr. J. H. Koch, 
McMaster Laboratory of the Commonwealth Scientific 
and Industrial Research Organization, Sydney. 


F. P. DWYER R. D. Wricur 
ELEANORA ©. GYARFAS A. SHULMAN 


Dopt. of Chemistry, 
University of Sydney. 
N.S.W. 


Dept. of Physiology, 
University of, Melbourne, 
Victoria. 
Oct. 26. 
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Absolute Amount of Ribonucleic Acid in 
Virus and Cytoplasmic Particles 


As Frisch-Niggemeyer' has pointed out, many 
viruses of plant and animal origin seem to contain 
the same quantity of ribonucleic acid, about 2 x 10° 
gm. per mole of virus. Recently, cytoplasmic nucleo- 
protein particles have been isolated from yeast?, pea 
_ root (Tsao, P., et al., personal communication) and rat 
liver’, From the particle weight and percentage of 
nucleic acid found for the particles from either yeast or 
pea root, a value of 1-7 x 10° gm. for the weight of 
ribonucleic acid existing in one mole of nucleoprotein 
may be calculated. A similar amount of ribonucleic 
acid seems to be contained also in the cytoplasmic 
particles from rat liver. Thus, in the normal cyto- 
plasmic nucleoprotein particles of both plant and 
animal origin, the mass of ribonucleic acid appears 
to be the same and coincides with the amount found 
in many plant and animal viruses. In view of the 
diverse origin and very large variations in chemical 
and morphological complexity and in the absolute 
amounts of all other chemical constituents, the 
uniformity of nucleic acid content of these nucleo- 
proteins is felt to be remarkable. 

This regularity suggests that one fundamental 
unit of ribonucleic acid is probably contained in one 
particle of many viruses and cytoplasmic nucleo- 
proteins in plants and animals. For simplicity, one 
would like to consider the unit as one ribonucleic 
acid particle, with a particle weight of about 1-7 x 10°. 
This consideration is tempting in view of the finding‘ 
that despite the varied range of preparative condi- 
tions, the ribonucleic acid isolated from tobacco 
mosaic virus has a consistent particle weight of 
1-7 x 10°. The fact that there is evidence® that 
some viruses contain nucleoprotein sub-units does 
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not necessarily contradict this hypothesis. Perhaps 
in @ virus particle these sub-units form a chain of 
beads, with a thread of the ribonucleic acid particle 
running along the core. 

It has been inferred from crystallographic con- 
„siderations that nucleic-acid in a small virus particle 
of plant, animal or bacterial origin may consist of 
identical sub-units*. The regularity described in the 
present communication also suggests that ribonucleic 
acids of many plant and animal viruses are probably 
made from nucleotides by one and the same mech- 
anism, and that furthermore this mechanism is prob- 
ably the same as that which makes cytoplasmic 
ribonucleic acid of normal plant and animal cells. 


PING-YAO CHENG 


Rockefeller Foundation Virus Laboratories, 
New York. 
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Water and Mucopolysaccharide as 
Structural Components of Connective 
Tissue 


Waite tensile and compressive forces must occur 
throughout an animal body, specific tissues the major 
function of which is to withstand compression, such ' 
as bone, are usually localized. There must be other 
structures which can resist compression, and water, 
as a universally occurring and incompressible fluid, 
could contribute to this property of the structures, 
provided that free flow of liquid under the applied 
pressure was prevented. In cell masses exposed to 
compression, both the colloidal nature of cytoplasm 
and the barriers provided by cell membranes are 
likely to hinder such free flow. 

Partial immobilization of water in connective 
tissue may occur according to the following scheme 
in which three types of frictional interaction are 
postulated : (1) between interstitial water and high 
polymeric substances, such as mucopolysaccharides, 
dissolved in it; (2) between this solution and part- 
icles, such as fibres and cells, dispersed in it; (8) be- 
tween the resultant suspension and the enclosures 
of the tissue space, and also with any strands of 
fibres pervading the space. The resulting structure 
would be visco-elastic, that is, while it could with- 
stand compression it would also slowly flow under 
prolonged application of a pressure gradiént. While 
no proof is available for this model, which links the 
molecular and the microscopic structures by a chain 
of frictional interactions, it is supported by some 
studies on Wharton’s jelly’, a detailed account of 
which will be submitted for publication elsewhere. 

Some solutions of hyaluronic acid will not pass 
through pores of the order of 1p diameter*, and phys- 
ical measurements indicate a considerable hydro- 
dynamic hydration of these polymers®. Such solutions 
have a high viscosity®, and that this will be further 
increased by particles suspended in solution follows 
from both observation and theory. The effective 
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channels in connective tissue are likely to be small, 
at least in one dimension. From the definition of the 
viscosity of fluids it follows that with decreasing size 
of channel the flow of fluid through the channel, 
under a given pressure gradient, will be progressively 
retarded. 

It is interesting that intimate mixtures of fine 
fibres and mucopolysaccharides occur in such larger 
interstitial spaces as the vitreous humour of the 
eye, cock’s comb, Wharton’s jelly, and many em- 
bryonic tissues the partial rigidity of which could be 
explained by the previously mentioned hypothesis. 
The scheme is also consistent with the raising of 
turgid blebs on injecting fluid subcutaneously, or into 
Wharton’s jelly, and their collapse after the action of 
hyaluronidase; the equivalent phenomenor in the 
sex skin of the Rhesus monkey; and the general 
spreading action of hyaluronidase. Day‘ has shown 
that substances susceptible to hyaluronidase are 
held in some meshwork in fascia and that they 
thereby impede the movement of fluid across the 
fascia. The scheme proposed here follows that of 
Day, except that it does not require a definite net- 
work of fibres, for which no evidence could be found 
in Wharton’s jelly, and that Day considered only 
the movement of fluid across the tissue, rather than 
the effect on the resistance to compression of the 
tissue itself. 

While some mucopolysaccharides may have a 
special importance. in this connexion, any other 
polymeric substances which have the necessary 
hydrodynamic properties may act similarly. What 
part of a deformation is directly reversible will 
depend on the frictional interaction between the 
aqueous suspension and the tensile elements. The 
elastic resistance to deformation will depend on the 
total work done in stretching the tensile elements, 
-whatever the disposition of the fibres, whether as 
meshwork or as bladder-like envelopes. 

In summary, the mechanical integrity of connective 
tissue is regarded as depending, in part, on the location 
of interstitial water in sets of sponges, of which the 
first is on the molecular level. It follows that the 
inaccessibility of interstitial water®. may not necessi- 
tate a chemical binding. 

The hypothesis of a structural function of water 
may have wider applications. For example, it would 
seem that a mobile interstitial medium, such as a 
hemocosl .system, is hkely to be found chiefly in 
organisms which are not subject to large internal 
pressure differences, that is, animals which have an 
exoskeleton, ‘or which are supported by buoyancy 
in water, or which are sluggish and only employ 
weak and generally distributed muscular contraction. 

The structural function of partially immobilized 
water must have been recognized long ago, yet I 
could not discover in the literature a formulation of 
the kind here proposed; I apologize to any who 
may have come before me. I thank Dr. A. G. 
Ogston for valuable discussion. 


, J. H. FESSLER 
Department of Biochemistry, 
Oxford. 

Nov. 27. 
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Ascorbic Acid and Carotene in the 
Nutrition of the Desert Locust, ` 
` Schistocerca gregaria Forsk. 


Newry hatched nymphs of Schistocerca gregaria 
have been reared to adults on the semi-synthetic 
diet specified in Table 1. Formulated as a friable 
mixture, the diet was offered in Petri dishes placed 
on moist cotton-wool (providing drinking water) at the 
bottom of 2-Ib. glass jars, with zinc perches above. 
Fresh food and cotton-wool were provided every two 
days when the nymphs were weighed. 


Table 1. A SEMI-SYNTHZTIO DIET FOR THE DESERT Locust 


Cellulose powder 

Glucose 

Sucrose . 
Stecenbock’s salt mixture, Nc. 40 
Casein (B.D.H., fat- and vitsmin-free) 
Dried debittered yeast 


Soadd 


Cholesterol 5 gm. 
Wheat germ oil -0 ml. 
Carotene (Light and Co., Natural 88 per cent f-carotene) 25 mgm 
Ascorbic act 100 mgm 
Choline chloride 100 mgm. 
Water 2°5 m! 


At @ temperature of 32° C. and an external relative 
humidity of 50 per cent, with continuous light, and 
with 5-10 nymphs per jar, development to the adult 
stage required about 34 days, the percentages of 
individuals to becorce adult ranging from 20 to 40. 
Mean weights when newly fledged were approximately 
80 per cent of those of grass-fed controls of which 
30-80 per cent became adult in about 28 days. On 
the artificial diet, nymphs developed a normal, pink 
tinge in thé second instar. In the fourth and fifth in- 
stars they were strongly coloured, though the yellow 
component was subdued compared with that of the 
grass controls. 

If ascorbic acid was omitted from the diet growth 
was retarded from the start and all died by the 
fourth instar. 

Without 8-carotene, growth was retarded, and in 
the second instar no pink tinge occurred. High 
mortality reduced survival to the fifth instar to less 
than 10 per cent. In nymphs which reached the last 
two instars the yellow body colour was almost lacking, 
and the reddish suffusion of legs and pronotum was 
completely absent. In most trials mortality became 
complete during the fifth instar. 

These resulis saggest that ascorbic acid and 
8-carotene, or der-vative substances, are essential 
nutrients for Schistocerca. Ascorbic acid has been 
detected in various insects’, presumably synthesized 
where the diet does not include it?. Improved growth 
followed its dietary use with Ephestia spp.* and 
Bombyx? ; but in the first case this was considered 
a secondary effect due to the protection of essential 
fatty acids. It may prove that for insects, as for 
mammals, ascorbic acid is a vitamin for a few species 
unable to synthesize their own- requirements. 

Vitamin A has not been unequivocally demonstrated. 


‘in any insect, though related carotenoids are of im- 


portance in the pigmentation of many species. 
Fraenkel‘ discussed the possibility of plant carotenoids 
serving a nutritional function for phytophagous 
insects, and Goodwin? surmised that the carotenoid 


- pigments of locusts are derived from 8-carotene m 


their food. These suggestions here receive experi- 
mental support. 

As anticipated from Goodwin’s* account of the 
relationship between pigment chemistry and ex- 
ternal coloration in Schistocerca, the omission of 
carotene from the diet suppressed the yellow colour, 
due to integumental carotenoid pigments, which 
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normally appears in the fourth and fifth instars. If, 
as Goodwin states, the pink colour, normally present 
in the second and third instars, is due to free insecto- 
rubin, its absence when carotene is withheld indicates 
that carotene is involved in the metabolism of 
insectorubin. 

The poor growth which occurred in the absence 
of carotene might be a secondary consequence of a 


dysfunction in pigment metabolism, or an independent ` 


effect. Information bearing on this problem has 
been obtained by substituting vitamin A acetate for 
carotene in the diet specified. In initial trials growth 
and survival were equal to those for the carotene 
diet, but neither the pink nor the yellow colours 
developed. This suggests that the growth-promoting 
function of carotene is independent of its role in 
pigment formation, and may be performed by vitamin 
A. The latter, however, seoms unable to replace 
carotene in pigment metabolism. It is tempting to 
infer from this that vitamin A is required by Schzsto- 
cerca. In view of its apparent absence from the 
tissues’? it is perhaps more likely that a derivative 
common to both carotene and vitamin A is the 
growth factor in question. 

It is hoped to extend this work and publish 
detailed results later. The work has been made 
possible by a grant from the Anti-locust Research 
Centre, to the staff of which, in particular Mr. P. 
Hunter-Jones, my thanks sare due for a constant 
supply of material and much helpful discussion. 

R. H. Dapp 
Department of Zoology and Applied Entomology, 

Imperial College of Science and Technology, 
London, 8.W.7. Dec. 5. 
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An Extractable Factor in Photosynthetic 
Phosphorylation 


ARNON et.al. have shown that chloroplasts are 
able to esterify inorganic phosphate in the light, 
provided certain co-fuctors are added. When aden- 
osine monophosphate was added as a phosphate 
acceptor, adenosine triphosphate was determined as 
the product of the reaction. Thus light energy is 
converted into the chemical energy of adenosine 
triphosphate, in this set of reactions designated 
photosynthetic phosphorylation. 

We have confirmed these observations, following 
the exact procedure described by Arnon eż al.?. The 
reaction was usually followed by measuring the 
change in inorganic phosphate in the system, determ- 
ined by the method of Taussky and Shorr’. Jn 
addition, adenosine triphosphate was identified as 
the major product of the reaction by the highly 
specific luciferin—luciferase assay of McElroy et al.*. 

The Arnon procedure for preparing chloroplasts 
from spinach leaves (grinding, and one wash, in 
0-35 M sodium chloride) yields plastids that are 
highly active in photosynthetic phosphorylation. It 
was found that when these chloroplasts were subjected 
to repeated washings in a buffer solution; either (a) 
0-40 M sucrose, 0:05 M phosphate (pH 7-2) and 
0-01 M potassium chloride; or (b) 0-40 M sucrose, 
0:05 M tris(hydroxymethyljamino methane (iris, 
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REDUCTION AND RESTORATION OF PHOSPHORYLATIVE 
ABILITY OF SPINACH CHLOROPLASTS 


Table 1. 











Experiment | No. of washes | Supernatant | Relative phosphate 
No. added (ml.) uptake* 
1 0 — 100 

3 — 30 

5 — 12 

4 

2 5 — 21 
5 0-10 27 

5 0 40 71 

5 0 95 99 

5 0:95- 14 


olled 





* 100 corresponds to uptake of 95 per cent of the original inorganic 
phosphate added at 25 micromoles per vessel. 

Each vessel contained approximately 0 5 mgm. chlorophyll, in 
3 ml total volume. The supernatant used in this experiment contained 
65 mgm. protein/ml. Incubation was for 1 hr. in the Nght, under 
nitrogen atmosphere, at 15° C. 


pH 8-0) and 0:01 M potassium chloride; their 
phosphorylative ability was progressively lowered. 
After five washes, only a small fraction of the original 
activity is retained (Table 1). 

The activity of these washed chloroplasts can be 
completely restored by the addition of a small amount 
of a soluble chloroplast extract. This extract was 
prepared by resuspending unwashed chloroplasts in 
buffer solution (b) in the cold. The suspension was 
allowed to remain at 0°C. for 30 min. and then 
centrifuged at 17,00 g for 30 min. The supernatant 
from this centrifugation was used as a standard source 
of the extractable factor. 

The factor is destroyed by exposure to 100° C. for 
3 min. (Table 1). Since it remains in the supernatant 
even after centrifuging at 140,000g for 30 min., it 
can be regarded as soluble rather than particulate. 
Its effect is quantitative: the increase in phosphate 
esterified is approximately proportional to the amount 
of factor added until saturation is reached. 

Several enzymes which might conceivably be a 
part of the photosynthetic phosphorylation apparatus 
are now known to be associated with chloroplasts. 
Preliminary tests seemingly rule out three of these as 
the (sole) factor removed by our washing procedure. 

The first of these is adenylic kinase, recently found 
in whole chloroplasts’. Since adenosine monophos- 
phate is the phosphate acceptor used routinely, 
adenylic kinase might be required to convert this 
(with the aid of trace amounts of adenosine triphos- 
phate initially present) to adenosine diphosphate. 
If this is the true phosphate acceptor ın photosynthetic 
phosphorylation, then the process would not proceed 
-without the initial presence of adenylic kinase. How- 
ever, although adenosine diphosphate could be sub- 
stituted entirely for the monophosphate with un- 
washed chloroplasts, it was entirely meffective as 
phosphate acceptor for washed chloroplasts in the 
absence of the supernatant factor. i 

An enzyme was recently discovered which permits 
the net reduction of diphosphopyridine nucleotide by 
granat. This enzyme might conceivably participate in 
photosynthetic phosphorylation. However, the usual 
photosynthetic phosphorylation. factor extract had 
high ability to stimulate washed chloroplasts in 
photosynthetie phosphorylation, but only low activity 
in the reduction of diphosphopyridine nucleotide 
by grana; and conversely, the diphosphopyridine 
nucleotide-reducing factor, partially purified, had high 
activity in diphosphopyridine nucleotide reduction 
but only very low activity in the photosynthetic 
phosphorylation system. 

The third enzyme considered as a: possible com- 
ponent was the chloroplast-reduced triphospho- 
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pyridine nucleotide diaphorase’, which might be a 
part of the electron-transferring chain in photo- 
synthetic phosphorylation. Since the enzyme was 
purified in this laboratory, various fractions during 
the purification scheme were tried. While activity 
was observed in some fractions, the ratio of the act- 
ivities of the various fractions were not at all constant. 

The possibility existed that two or three of the 

. above factors are washed out in our procedure, and 
must be returned simultaneously. However, no 
additional phosphorylation was produced by adding 
all three components to washed chloroplasts. 

The present evidence therefore seems to rule out 
adenylic kinase as the sole factor removed by the 
multiple washes employed. In this respect, photo- 
synthetic phosphorylation by spinach chloroplasts 
differs from that of photosynthetic bacteria®. Experi- 
ments so far performed also indicate that the diphos- 
phopyridine nucleotide reducing factor of San Pietro, 
and reduced triphosphopyridine nucleotide dia- 
phorase, are not the essential factors removed. How- 
ever, it should be pointed out that these experiments 
may be complicated by the possible presence of 
inhibitory factors in the extracts. The possibility 
is also not excluded that one or more of these known 
enzymes are involved together with another, unknown 
factor. Further work on this system is in progress. 

A partially purified preparation of the diphospho- 
pyridine nucleotide-reducing enzyme was kindly 
supplied by Dr. A. San Pietro. Thanks are due to 
Mr. Wm. Rhodes for aid in measuring adenosine 
triphosphate by the luciferase assay. 

The work was supported by grant No. RG-3923 
(C3) M and G from the U.S. Public Health Service, 
National Institutes of Health, Research Grants 
Division, and in part by aid from Grant No. 1298 
from the National Science Foundation. 

M. Avrow 
A. T. JAGENDORT 
McCollum-Pratt Institute and 
Biology Department, 
The Johns Hopkins University, 
Baltimore 18, Maryland. 
Nov. 20. 
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Variations in the Glycosidic Pattern of 
Anthocyanins 


Tar distribution tests devised by the Robinsons! 
have long been in use for determining the glycosidic 
nature of anthocyanin plant pigments. While 
employing paper chromatographic methods? for the 
same purpose, it has now been observed that the 
variation in the number and nature of the sugars 
present in anthocyanins is greater than was originally 


thought}, Anthocyanins have been found which do ’ 


not fit into any of the glycoside classes described 


by the Robinsons. One of these was a pelargonidin, 


derivative present as the major pigment in red tubers 
of cultivated diploid potatoes. Results already 
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reported’* showed tkat this pigment occurred in ` 
association with an acyl group, p-coumaric acid and 
two sugars, arabinose and glucose. The deacylated 
pigment on the basis cf distribution tests and chrom- 
atography in n-butand]-2 N-hydrochloric acid (1:1, 
top layer) and comparison with authentic pelargonin 

(pelargonidin-3 : 5-dig-ucoside) was described as a 
3 : 5-dimonoside. However, when chromatographed 
in 1 per ‘cent aqueous hydrochloric acid it travelled 
farther than the pelacgonin marker,.suggesting that 
it had one more sugar residue present in the mole- 
eule than pelargonin. This was borne out by 
later experiments, ia which four simpler glyco- 
sides were produced from it by controlled acid 
hydrolysis. From ths data, it has been possible to 
assign the deacylated pigment a provisional structure, 
namely, the 3-arabmoglucoside, 5-arabinoside of 
pelargonidin. It is assumed that similar anthocyanin 
pigments, derived from peonidin, petunidin and 
delphinidin, which are also present in diploid potatoes 
are of the same type. Such a glycosidation pattern 
with two sugars in the 3-position and one in the 
5-position has not been described before, but it may 
be expected to occur im other plants, especially where 
3-pentoseglycosides aud 3 : 5-dimonosides are known 
to occur together. In the cultivated diploid potato 
this glycoside is domucant to a 3-pentoseglycoside (the 
3-arabinoglucoside), just as true 3: 5-dimonosides 
and 3-monosides have a dominant-recessive relation- 
ship in some other plants’. 

_ Another example of an unusual anthocyanidin 
glycoside was a cyanidm derivative present in stems 
and leaves of Stregtocarpus species and hybrids 
(Lawrence, W. J. C., unpublished work), and in the 
berries of the elder, Sambucus nigra®*. The pigment 
has now been examined in some detail and appears 
to be a simple mobcular complex of cyanidin-3- 
xyloarabinoside and cyanidin-3-glucoside. 

J. B. HARBORNE 


- John Innes Horticultaral Institution, 


Bayfordbury, Hertford, Herts. 
Dec. & . 
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Role of Nitrogen Concentration on 
Production of Perithecia in Penicillium 
vermiculatum Dangeard 


SEXUAL reproduct.on is sometimes dependent on 
a number of environmental factors. While some fungi 
normally pass from tre vegetative stage to the sexual 
reproduction stage ragardless of their environment, 
there are others which will not undergo sexual 
reproduction unless provided with specifie external 
factors, physical or chemical. Hawker! demonstrated 
that both thiamine and biotin are essential for 
sexual reproduction of Melanospora destruens.” In 
the same species she also found & differential effect 
on sexual reproduction by a number of carbon 
sources. Other workers*, experimenting with a 
number of fungal species, have found numerous 
other factors to be beneficial or indispensable for 
sexual reproduction. 7 

A strain of Pensillium vermiculatum Dangeard 
isolated_from local soil behaved peculiarly as regards 
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its sexual reproduction. While it produced perithecia, 
asci and ascospores on 2 per cent malt extract — agar 
medium, it would not do so in the synthetic modified 
Czapek—Dox agar medium, containing, among other 
ingredients, 4 per cent glucose and 0-2 per cent 
sodium nitrate (0-033 per cent nitrogen), although 
there was luxuriant vegetative growth and good 
asexual reproduction on the latter. 2 per cent malt- 
agar and Czapek—Dox agar, when mixed ‘in equal 
volumes, also did not support sexual reproduction. 
By adding to 1 per cent malt-agar the individual 
ingredients of Czapek—Dox agar in the same propor- 
tions as they are present in that medium, sexual 
reproduction was checked on addition of sodium 
nitrate and glucose, completely by the former and 
partly by the latter. Other ingredients did not inter- 
fere in any way. It was likely, therefore, that glucose 
or sodium nitrate or both influenced perithecial 
formation. 

When, in Czapek—Dox agar, the level of sodium 
nitrate was kept constant at 0-2 per cent and the 
glucose-level varied from 0-5 to 5 per cent, no peri- 
thecia appeared. Keeping, however, the concentra- 
tion of glucose in the Czapek—Dox agar constant at 
4 per cent and varying the concentrations of sodium 
nitrate over the range 0-025, 0-05, 0-1, 0-2 and 0-4 
per cent, sexual reproduction was favoured at 
0:05 per cent and to a less extent at 0-1 per cent. 
The other concentrations of sodium nitrate did not 
allow perithecia to develop. 

Keeping sodium nitrate concentrations constant 
at the above five values and varying glucose over 
the range-levels 0'5, 1-0, 2-0, 3-0, 4-0 and 5-0 per 
cent in the Czapek—Dox agar medium, it was noted 
that perithecia developed only at 0-05 and 0-1 per cent 
sodium nitrate levels. At 0-05 per cent sodium 
nitrate, the optimum concentration of glucose for 
perithecial formation was 1-5 per cent, whereas at 
0-1 per cent it was 2 per cent. i 

It seems clear that for production of perithecia 
in this strain, concentration of nitrogen plays a vital 
and more important part than concentration of 
glucose. When sodium nitrate in Czapek~Dox agar 
was.replaced by several other nitrogen sources or by 
their mixtures in various concentrations, the nitrogen 
concentration favourable for sexual reproduction was 
found to be in ‘the same range, namely, 0:0082- 
0:0165 per cent nitrogen, corresponding respectively 
to 0-05 and 0-1 per cent sodium nitrate. 

Westergaard and Mitchell? studied the role of 
carbon-nitrogen balance on formation of perithecia 
in Neurospora crassa, where low concentrations of 
glucose and potassium nitrate were found to be 
favourable. This finding supports our investigation, 
which suggests that too high a concentration of 
nitrogen in the medium may hinder sexuality in 
many fungi. Q 

We thank Dr. D. M. Bose, director of this Institute, 
for his interest in this investigation, details of which 
will be published elsewhere. 

A. Das GUPTA 
P. N. NANDI 
Microbiology Laborstory, 
Bose Institute, 
Calcutta 9. 
Nov. 21. 
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Hydrogen Evolution from Soy-Bean 
Root Nodules - 


Wilson and Burris! reviewed the evidence impli- 
cating hydrogenase in biological nitrogen fixation and 
suggested two working hypotheses for the mechanism 
of nitrogen fixation which included the participation 
of hydrogenase. The relation between hydrogenase . 
and nitrogen fixation was strengthened further when ~ 
Kamen and Gest? discovered Rhodospirillum rubrum 
to be a nitrogen fixer and found that nitrogen, either 
as such or as ammonium, inhibited its photo- 
production of hydrogen. Purified hydrogenase 
preparations from Clostridium pasteurianum have 
shown spectral changes when exposed to nitrogen 
relative to spectra under hydrogen, oxygen, nitric 
oxide or a vacuum’, Although the initial report‘ of 
hydrogenase in root-nodule bacteria was not verified 
by later, more extensive tests’ with nodules and 
bacteria from nodules, Wilson® recently has reported 
that a preparation of disintegrated soy-bean nodules 
exhibited spectral shifts in the presence, as compared 
to the absence, of hydrogen, suggestive of the activity 
of a hydrogenase. The absence of a clear demonstra- 
tion of hydrogenase in nodules often has been cited 
in discussion of the comparative biochemistry of 
nitrogen fixation as an irregularity. Evidence from 
the present communication removes this irregularity 
and establishes a further point of uniformity among 
nitrogen-fixing agents. 

Excised root nodules of the soy-bean plant have 
been examined for hydrogenase activity with mass 
spectrometric methods. Lincoln variety soy-beans 
were inoculated and grown in sand on nitrogen-free 
solution’ or were grown in the field. The plants were - 
harvested, and the root system washed with tap 
water. The nodules were removed, weighed and 
equal portions put on moist filter paper in 250-ml. 
conical flasks. An attachment for evacuating, 
sampling and rofilling with the desired atmosphere 
was fitted to each flask. 

Gas samples were removed periodically and analysed 
with a Consolidated-Nier isotope-ratio mass spectro- 
meter. All samples were admitted to the mass 
spectrometer at 30 mm. pressure, and voltages 
were’ read for the peaks corresponding to masses 
2, 3 and 4. The background correction for each 
peak was determined before each sample was 
analysed. 

It was anticipated that evidence of hydrogenase 
activity would be demonstrated most readily by 
observing an exchange reaction between deuterium 
in the gas phase and combined hydrogen in the nodules. 
Although the initial data suggested the occurrence 
of such an exchange (the ratio of mass 4 (D) to 
mass 3 (HD) decreased somewhat), it also revealed a 
substantial increase in mass 2 indicative of hydrogen 
liberation. In subsequent experiments, deuterium 
was replaced by helium (mass 4) in the gas phase. 
Results are expressed in Figs. 1 and 2 as the ratio 
of the abundances of mass 2 to mass 4. The helium 
provided an internal standard and served as a carrie: 
to aid uniform sampling and measurement. 

Fig. 1 indicates that hydrogen (mass 2) was evolved 
steadily and -ab a readily measurable rate from 
detached soy-bean nodules in two independent 
experiments. The liberation of hydrogen was enhanced 
greatly in the presence of oxygen. Fig. 1 shows that 
detached, whole nodules exposed to an essentially 
anaerobic atmosphere evolved very little if any 
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Fig. 1. 
nodules of soy-bean. 


Effect of oxygen on the liberation of hydrogen from 
Two independent experiments, A and B, 
are represented 


hydrogen, whereas in the presence of oxygen consider- 
able hydrogen was evolved. 

Fig. 2 records hydrogen evolution from intact, 
sliced and ground nodules. It is apparent that 
sheing the nodules seriously reduces evolution of 
hydrogen, and that grinding the nodules with a 
mortar and pestle destroys it completely. 

Intact nodules exposed to aerobic atmospheres 
containing nitrogen-15 incorporated the nitrogen-15 
consistently. Nodules heated in a boiling water bath 
for 10 min. neither evolved hydrogen nor fixed 
nitrogen-16. j 


INTACT NODULES 


SLICED NODULES 





60 120 240 


Min 
Fig. 2. Liberation of hydrogen from intact, sliced and ground 


soy-bean nodules under a gas mixture of 0 8 atm. helium plus 
0-2 atm. oxygen 
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There are distinct similarities in the hydrogenase 
and the ‘nitrogenase’ of excised soy-bean - nodules. 
Burris eż al.8 found the pO, supporting optimal nitro. ` 
gen fixation to be arcund 0-5 atmosphere. Aprison 
et a@l.° observed that sliced nodules were only about 
25-50 per cent as effective as imtact nodules in 
nitrogen fixation, anc that no significant fixation of 
nitrogen-15 could bə demonstrated with ground 
nodules. The decrease of hydrogenase activity with 
time (Figs. 1 and 2) is reminiscent of the time course 
of nitrogen fixation in excised nodules as illustrated 
earlier’®, It is also interesting to note that the 
ability of the nodules to evolve hydrogen was lost 
when hemoglobin disappeared and was replaced by 
the typical green pigment in the nodules of field- 
gtown soy-beans. 

This communication has the approval of the 
Director of the Wiseonsin Agricultural Experiment 
Station, and was sugported in part by the Research 
Committee of the Graduate School from finds sup- 
plied by the Wisconsin Alumni Research Foundation 
and by a grant from the Rockefeller Foundation. 


G. E. Hoon 
Henry N. LIrrrLe* 
R. H. Burris 


Department of Biochemistry, 
University of Wisconsin, 
Madison 6, Wisconsin. 
Nov. 2g. 
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A Response of Worker Ants to Dead Ants 
of their own Species 


Durg experiments on the foraging methods of 
the ant Monomorium pharaonis (L.) in Nigeria, a 
well-defined response of worker ants to the dead 
bodies of workers of their own species has been 
observed. When some of the workers returning to 
their nest after feeding at a bait were killed by 
crushing, the passage of ants-to and from the bait 
was interrupted at the place where the crushed ant 
lay. A worker ant, whether moving on a trail or 
searching for food independently, which encountered 
the crushed body of another worker, stopped sharply 
about 1 cm. from the body, and after a brief antennal 
palpation of the ax towards the body or of the body 
itself, turned and ran away. The response was to 
the body and not to the act of crushing or to the 
experimeniter’s fingers, as the body of an ant crushed 
elsewhere and placed in a trail with forceps produced 
the same effect. The actual presence of the body is 
not necessary, as the same response was obtained 
at the point where a body had been laid and after- 
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Table 1, BEHAVIOUR OF THE First N ANTS TO ENCOUNTER THE 
CRUSHED BODY OF A WORKER OF THEIR OWN SPXOIRS 


No. of 
ants | 


No that 
turned back 


No. that 
went on 





Body of worker from same 

colony 3 26 
Spot from which body of 

worker from same colony 

hes been removed 2 20 
Body of worker from an- 

other colony 20 





wards removed (Table 1). The response was observed 
equally when the body of a worker from a different 
colony of M. pharaonis was used. The freshly crushed 
bodies of some other species of ant are, however, 
treated as food. 

This response is quite different from that which 
occurs when the physical basis of a trail is removed, 
for example, by wiping it?, When cellulose tape was 
stuck over the trail, the ants collected at each side of 
the obstacle and eventually crossed it, but never fled 
or in any way avoided the tape. When the trail was 
broken by wiping it with cotton-wool soaked in chloro- 
form, ants ran from it at first, presumably while chloro- 
form vapour was still there, but later treated it as they 
had the cellulose tape. The response to a dead ant 
resembles that shown to an unpleasant substance 
such as chloroform, rather than the response to æ 
gap in the physical basis of the trail. The absence 
of discrimination between ants from the same colony 
or from different ones shows that colony odour is 
of no significance in this respect; and, indeed, it may 
not be developed in M. pharaonis, as laboratory 
colonies can be mixed without difficulty. The same 
is true of another widely distributed house ant, 
Tridiomyrmex humilis Mayr?. 

Field observations suggest that the response serves 
to protect the colony against loss of workers to 
predators, in particular other species of ant, by 
preventing trails from forming or persisting in ‘known’ 
dangerous places, where a worker has been killed. 
It can also produce anomalous results in experiments 
in which ants feeding at a bait are prevented from 
returning to the nest by being killed by the experi- 
menter., 

J. H. Supp 

Department of Zoology, 

University College, 
Ibadan, Nigeria. 
Nov. 23. 
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Osmoregulatory Function of the 
Contractile Vesicle of Asplanchna 


Tue contractile vesicle of the rotifer Asplanchna 
priodonta is a thin-walled muscular sac. It receives 
fluid from two ducts, each of which is headed by four 
flame bulbs. When the vesicle contracts it forces the 
fluid through a third duct which opens on the surface 
of the animal. Previous records of the rate of con- 
traction of this vesicle have been in disagreement. 
Masius! states that there are ten contractions per 
min., while Nachtway* says that there are only one or 
two per min. My own observations on freshly 


collected specimens from Regent’s Park Lake show 
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@ mean time of 2 min. 6 sec. for one contraction, in 
lake water at 20°C. Calculation of the rate of output 
in lake water gives a figure of 1,972y* per sec., which 
is more than twice as high as the rate of vacuolar 
output by the largest freshwater ciliates’. The time 
taken to eliminate a volume equal to that of the 
body is about 300 min., which is much longer than 
in most freshwater ciliates and is approached only 
by Frontonia leucas*. 

When the salinity of the external medium is 
increased to 1°/. the time per contraction increases 
to 3 min. 8 sec., and when the salinity is increased 
to 2°/y, the time per contraction becomes 8 min. 
23 sec. During these experimental changes of 
the external medium there were no measurable 
changes in the ultimate diameter of the vesicle. At 
still higher salinities the interval between con- 
tractions becomes too long to observe conveniently. 
This effect of increase in salinity is reversible. 
Fig. 1 shows the effect of transferring an individual 
to a salinity of 4°/,, and then back to lake water. 
Although the contractile vesicle is a complex syn- 
cytial organ, its behaviour in relation to the salinity 
of the external medium is strikingly similar to the 
contractile vacuole of the Ciliata and indicates a 
similar osmoregulatory function. 

J. GREEN 

Bedford College, 

Regent’s Park, 
London, N.W.1. 
Nov. 27. 
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The Archimedes Spiral 


Tu following experimental findings are offered in 
the form of advance information. They are concerned 
with the after-sensation of movement which follows 
visual stimulation by a rotating arithmetic spiral. It 
is hoped that the results to be reported will facilitate 
psychological and clinical research employing the 
phenomenon of apparent movement. 

The apparent movement following PE by 
the spiral is a central phenomenon. Stimulation of 
one eye leads to the post-stimulation after-effect by 
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the non-stimulated contralateral eye. Recent experi- 
ments by me have indicated that transfer values from 
eye to eye are only of the order of 70 per cent—a 
finding which suggests a strong retinal effect. 

The persistence of the apparent’ movement is 
dependent upon fixation. Apparent movement occurs 
after only 5 sec. of prior stimulation but does 
not occur if the fixation point is changed randomly 
over much longer periods. A rank order correlation 
of 1-0 has been determined between the excellence 
of fixation and the persistence of the after-effect on a 
small group. 

The after-sensation is a distortion of some struc- 
tured visual field. No effect is noted if, after stimula- 
tion, the gaze is projected on to an uncontoured 
and relatively untextured surface. 

It is necessary that the same visual areas be used 
in stimulation and post-stimulation conditions. The 
projection of the stationary spiral upon a non- 
stimulated area results in no after-sonsation being 
noted. 

The persistence of the after-effect is curvilinear in 
relation to time. After 5 sec. stimulation the effect 
persists from 5 to 8 sec., after 15 sec. the effect 
persists between 8 and 18 sec., and so on. In two 
experiments asymptotic values have been achieved 
between 80 and 100 sec. ; continuation of stimulation 
up to 5 min. has little further effect upon persistence. 

Individual differences indicate that the persistence 
of the after-effect is a personality variable. On the 
basis of Eysenck’s theory of personality, it has been 
controlled by drugs at acceptable levels of statistical 
differentiation. 

Further experiments have indicated the relative 
unimportance of other variables within the ranges 
at which control was exercised. A factorial design 
has indicated that illumination, visual angle and 
speed of rotation (50-150 r.p.m.) contribute little to 
the total effect. 

Fuller reports and the possible theoretical implica- 
tions of these observations will be published at a 
later date. 

The researches outlined above have been made 
possible by a grant from the Medical Research Council. 


H. ©. HOLLAND 


Institute of Psychiatry 
(University of London), 
Maudsley Hospital, 
Denmark Hill, - 

London, 8.5.5. 
Dec. 5. 


Reflexion of Radio Waves from the Moon 


Kraus! has recently reported the reception of 
impulsive radio signals at a wave-length of 11 metres 
and concludes that these originate in the planet 
Venus. On three occasions, a pulse was followed by 
a weaker one which sounded like an echo. Kraus 
suggests that these ‘echo’ signals travelled from 
Venus to the Earth via the Moon, since the observed 
time differences of about one second between the 
primary and secondary pulses were within 10 per 
cent of the calculated delay times between a direct 
signal and one reflected from the Moon. This echo 
phenomenon is then used for making more definite 
the identification of the radiation as Venusian in 
origin. 
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Kraus points out that a Moon echo of the strength 
observed would require about fifty decibels more 
echo-power than the Moon would provide.as a uni- 
form spherical scatterer of radio waves; in con- 
sequence, he postuletes specular reflexion from a 
large flat or slightly concave area. A calculation 
shows that a flat region would need to be very large 
indeed ; for example, a square-shaped region, with 
the side of the squara at least 160 km. long. More- 
over, at least two such regions would be required to 
account for the observations on different days. 

During the period 1947-48, we carried out an 
extensive series of exDeriments on radar echoes from 
the Moon in this wave-length range (A = 14 metires)*, 
One type of fading was shown to be related to the 
Moon’s libration, in a way that would be expected 
only if the lunar surface behaved as a rough scatter- 
ing surface at this wave-length, with effective 
reflexion taking place over a large proportion of its 
surface. , 

The absolute value of the reflexion coefficient could 
not be determined, owing to uncertain ionospheric 
effects; however, zhe greatest echo amplitude 
recorded over the whole 50-hr. observing period was 
approximately equal (to within 1-2 db.) to the level 
which could be expe2ted from a non-absorbing iso- 
tropic Moon and œ transparent ionosphere. On no 
occasion were there any high peaks which could be 
attributed to specular reflexion from large areas. 
These experiments were carried out at normal 
incidence; but it would be surprising if reflexion 
conditions were sigrificantly different in the cir- 
cumstances, about midway between normal and 
glancing incidence, which would be involved in 
Kraus’s case. Also il is worthy of note that, except 
for one very doubtfil case, the reception of solar 
bursts after reflexion from the Moon has never been. 
reported, in spite of the considerable activity in 
tadio astronomy over the past decade. 

Specular reflexion from a portion of the Moon’s 
surface therefore appears very unlikely as an ex- 
planation of the secondary pulses reported by Kraus, 


and should not be used as evidence for a Venusian . 


origin of the primary pulses. 
F. J. KERR 
C. A. SHAIN 
Division of Radicphysies, 
Commonwealth Scisntific and 
Industrial Research Organization, 
Sydney. 
Oct. 10. 


1 Kraus, J. D. Nature, 178 159 (1956). 
2 Kerr, F. J., and Sham, C. A., Proc. Inst. Rad Eng., 39, 230 (1951). 


As reported m a communication entitled ‘The 
Relation of 11-Metre Solar System Phenomena to 
Solar Disturbances’’ (see Nature, 179, 371; 1957), 
it appears very prodable that the Moon echoes I 
reported previously (Vature, 178, 159; 1956) did not 
take place from the surface of the Moon itself, as 
concluded by Kerr and Shain, but rather from a 
large cloud of charged particles associated temporarily 
with the Moon. Their conclusion indeed lends support 
to the particle cloud hypothesis. 


JoHN D. Kraus 


Radio Observatory, 
_ Ohio State University, 
Columbus 10, Oho. . 
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A Source of Lithium Light 


A STRONGER source of red light than that provided _ 
by the cadmium discharge lamp is desirable for 
rotatory dispersion measurements. Both lithium 
carbonate in a flame and lithium chloride in an are 
have been used to give the 6708 A. line; but the 
first source lacks intensity and the second is unstable. 

Attempts to produce a lithium lamp on the lines 
of the laboratory sodium lamp have proved abortive 
for a number of reasons, the chief of which ‘appeared 
to be the action of-hot lithium on glass. The avail- 
ability of commercial argon in cylinders renders the 
use of a lithium metal arc at normal pressure quite 
feasible. This source is both strong and sufficiently 
stable for polarimetric work. Fig. 1 shows the con- 
struction of the lamp. Both the useful lithium lines 
at 6708 A. and at 6104 A. are given. 

Two points are worthy of note: (a) the ‘Pyrex 
glass shield is not attacked by the hot metal which 
distils on to the cooler parts; (b) the window is 
made of mica sheet, as an ordinary glass sheet cracks 
when the nose-piece of the polarimeter is removed 
from the aperture, due to the sudden advent of cold 
air. 

The lamp in its present form requires cleaning after 
use (the finely divided metal can be removed with a 
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rag), in which case thè glass shield is apparently 
undamaged. If the metal is allowed “to remain on 
the glass in air the glass is etched. Thus it seems 
that the difficulties encountered previously ‘from the 
attacks of the hot metal were due to the presence of 
oxide or nitride on the surface of the metal. Cleaning 
of the lamp could be avoided in a commercial lamp 
by using an all-glass envelope with a magnetically 
operated screw for controlling the arc. The life of 
such a lamp would, however, be limited by the 
distillation of the metal on to the colder parts of the 
envelope. In view of the stability of glass to hot 
lithium metal in argon, it seems probable that further 
development of the normal laboratory-type lamp 
may now be possible. ~ 
M. K. HARGREAVES 
Queen Elizabeth College 7 
(University of London), 
Campden Hill Road, 
London, W.8. 
Nov. 19. 


Gallium Oxide Glasses 


THe preparation and properties of some glasses 
based on the CaO—A1l,0, system have already beon 
described by one of ust, 

Experiments which we have carried out more 
recently have shown that glasses can be made in the 
CaO—Al,0, system with alumina contents between 
38 and 65 per cent. These glasses were melted on a 
scale of approximately 20 mgm. on a resistance- 
heated platinum alloy wire and were rapidly cooled 
by switching off the heating current. It is possible 
that the range of glass formation ıs even wider than 
has been indicated, for the limiting compositions 
were determined by the temperature at which the 
platinum alloy (20 per cent rhodium, 80 per cent 
platinum) wire melted. lf an attempt is made to 
make these glasses on a larger scale, then it is 
necessary to add other oxides. In the work described 
in reference 1, it was found that if about 6 per cent 
silicon dioxide is added to the calcium aluminate 
melts then glasses can be made on a scale of many 
grams without difficulty. These glasses are character- 
ized by fairly good transmission? in the range 1—5y. 
An infra-red absorption curve of æ particular alum- 
inate glass is shown in Fig..1. 

These results, together with our experience with 
other fundamentally new types of glass, encouraged 
us to study glass formation in the CaO-—-Ga,0, 
system, aluminium and gallium being in the same 
group of the Periodic Table. 

The first step was to make microscale melts on the 
heated wire in the Ca0—-Ga,O, system. It was found 
that glasses could be made containing about 60 per 
cent of Ga,O, but the range of glass formation was 
only a few per cent and the glasses devitrified even 
more readily than the aluminate glasses. As expected, 
the glasses became much more stable when silicon 
dioxide was added, and a glass of the composition 
Ca0'33-4, Ga,0, 59-6, and SiO, 7 per cent was made 
on a scale of approximately 5 gm. without much diffi- 
culty, although a glass containing 6 per cent silicon 
dioxide could not be made without some devitrifica- 
tion. The glasses were melted at 1,400° C. for 1-2 hr. 
in platinum and were cast into disks. The glasses 
are yellowish-green in colour and have a refractive 
index of about 1-7. An infra-red absorption curve 
is shown in Fig. 1, and from this it may be seen 
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< Infra-red Jransiniosion curves of (4) a calcium aluminate 
: _ glass; (B) a CaO—Ga,0, glass 


hat the gallium oxide glass has a markedly better 
ission. than the aluminate glass in the region 
Sp 

We wish to thank our colleagues, Mr. J. A. James 
d Mr. C. Whitehead, for carrying out the infra-red 


P. L. Bayyron 
H. Rawson 
J. E. STANWORTH 
on Laboratory, 
‘Thomson-Houston Co., Ltd., 
ugby. Dec. 12. 
E., J. Soe, Glass Tech., 32, 154 (1948). 
EL, The Industrial Chemist (Dee. 1951), 




















Very Early Photographic Observation 
of the Spectrum of the Night Glow 


_. Iv has. generally been. accepted hitherto’ that the 
earliest photographic observations of the spectrum 
o night sky were those made by V. M. Slipher 
ith a small, one-prism spectrograph of effective 
aperture f/1-9, at the Lowell Observatory during 
115-19 2. They were followed by the spectrographic 
ches of Lord Rayleigh on the green ‘auroral’ 
(1920-21) *, and the night-sky continuum 
2m 4 3 and by J. Dufay, in France, also during 
23 


recent examination of some early reports of 
Norman Lockyer, then director of the Solar 
cs Observatory, South Kensington, has brought 
light a reference to what in all probability was the 
pectrographic record of the night glow. 
contained in section IV of a report dated 
90°: “During & recent voyage on sick leave 
diterranean, I tried the effect of exposing 
aphic plate to the spectrum of the cloudless 
y be “the ond of twilight and dawn. The 
exposures on successive: nights were integrated, so 
that at the end no less than 99 hours exposure had 
been given, No exposures were made during moon- 
light. . Before developing the plate the half of the 
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slit which had beer covered during the first exposure 
as-exposed to daylight for 30 seconds, and in this 
fay & suitable comparison spectrum was obtained. 
The resulting specsrum was rather fainter than the 
comparison, but showed no notable differences, and it 
is difficult to say whether it was due to traces of the 
spectrum of twilignt or to the general spectrum of 
starlight. Thè object of the experiment was to 
determine whether skylight was: composed. of any- 
thing but starlight. The instrument used was a... 
direct vision spectrescope, encased in. a light-tight box, 
so arranged that the successive. exposures yg be 
made by simply withdrawing a shutter. In. this 


R.M.S.S. ‘Chimboraze’.”” | es 
The voyage referred to took place in February 
18907; and, in view of the very restricted spectral 
response of photographic emulsions at that time, 
it is not at all surprising that Lockyer failed to detect 
any characteristic features in the spectrum exposed 

during the night kours. 

Nevertheless, it seems worth. while recalling this” 
very early attempé to discover whether or not the 
spectrum of the night glow differed essentially from 
that of direct and scattered starlight. 

. R. BARBER 

Norman Lockyer Observatory, 

University of Exeter, 
Sidmouth, Devon. 

1 Dejardin, G., Rev. Moi. Phys., 8, 1.(1936). Elvey, Cc. En 1» 14, 
142 (1942). Mitra, & K., “the Upper Atmosphere”, Boye wio Rie 
Soc. Bengal, Monograph Series, § (Calcutta, 1948}, 

* Astrophys. J., 49, 266 £1919), 

3 Proc. Roy. Soc., A, 100, 367 (1922). 

$ Proc. Roy. Soe., A, 103, 45 (1928). 

"O.R. Acad. Sci., Paris, 176, 1290 (1923). 


é Appendix to Minutes of Sixty-third Meeting : Report to Solar : 
Physics Committee, London (May 1890). 


?! Lockyer, T. M., and Lockyer, W. L., “Life and Work of Sir Norman 
Lockyer”, 137 (Macmillan, London, 1928). ` 


A Hexagonal Form of Silicon Nitride 


Waen silicon matal is heated, at various tempera- 
tures varying from 1,200° C. to 1,400° C,, in & nitrogen 
atmosphere, a mixture of two forms of nitrides in 
varying proportions is formed and-a typical pattern 
is shown in Fig. 1E. These forms have been separated. 
and are shown in Figs. LA and 1C. The X-ray pattern 
of the first agrees substantially with that indexed 
by Leslie. We have tentatively indexed the second 
on a hexagonal basis, 

Fig. 1C depicts the X-ray pattern of this hexagonal 
type, Table. 1 gives the d-spacings and visually 
observed intensities from the powder photographs, 
taken with cobalt radiation (A = 1-789 A.) using an 
iron filter, and Fig. 2 is a photomicrograph. 


Table 1. POWDER PHOTOGRAPH Data 
A. Inten- A. Inten- A. Inten- A. Inten- 

sity sity sity + sity. 
8-55 m 1-32 w 1-44, w 1-14, vw 
3:30 m 1:76 ms 134e 8 1-14, vw 
3-29 vs 1-59 w 1-32, vw 109, w 
2-67 va 1-65 vw 1-29, m 108, w 
2-48 vs 1-52 w 1-27, w 1 45, m 
2-31 w 1-49 vw 1 Big w 102, w 
217 m 1-46 w 1-15, vw 100, w 


These spacings. give approximate parameters: 
a, 7-60 A. ; c, 15-70 A. A comparison of this pattern 
with that obtained from willemite (Zn,.SiO,) suggests 
a closely similar structure. 

Leslie’s data Zor orthorhombic Si,N, in the 
2-65 and 


experiment I was assisted by the officers of the. ae 
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Fig. 2. 


(x 1,000) 


2-48 A. We have been able to prepare samples 
agreeing in other respects with these data but with 
these two lines entirely absent. lt is evident they 
are the lines we measure as 2°67 and 2-48 A., in 
Table 1, and are due to the presence of a small amount 
of the ‘hexagonal’ phase in Leslie’s sample. 

The other strong lines of Table 1 are close to 
genuine orthorhombic phase lines, and are evidently 
not detected by Leslie, though they are resolved in 
good photographs, and are detectable when the two 
lines mentioned are present. 

B. VASSILIOU 
F. G. WILDE 
The British Ceramic Research Association, 
Queens Road, Penkhull, 
Stoke-on-Trent. 
Nov. 22. 


2 KATIE Index 5—0659. Leslie, U.S. Steel Co., Res. Lab., Kearny, 


Colleges of Advanced Technology 


THE penultimate paragraph of page 3 of the 
editorial article in Nature of January 5 shows once 
again the misconceptions which are prevalent regard- 
ing the work and function of a college of advanced 
technology and its relationship to any nearby 
university or university college. It appears to depend 
on the assumption that a college of advanced tech- 
nology will try to attract students who are qualified 
to enter a university, or that all students who wish 
to take advanced work should travel the short 
distance to the university. It also assumes that the 
future of technician courses has been overlooked. It 
is difficult also to see why Salford has been singled 
out. There are colleges of advanced technology in 
London—none very far from the University of London 
and its colleges. 
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The truth is that the Royal 
‘Technical College, Salford, does 
not wish to dive dents 
qualified to enter a university, 
but it will continue mainly 
to develop the considerable 
amount of exceptional talent 
which the universities cannot 
reach. Thus its rapidly de- 
veloping major sandwich 
courses will continue mainly 
to take apprentices already 
in industry (80-90 per cent of 
whom have the General Cer- 
tificate of Education at ordin- 
ary or advanced level but 
cannot or will not enter a university) after a joint 
interview with the firm and the College, with the 
view of ascertaining those other human qualities 
which everyone agrees are desirable. They will take 
courses which it is hoped will qualify for thé new 
Diploma in Technology. This is ‘broadly equivalent 
to a university honours degree’ (Lord Salisbury). 
These are very carefully selected people and will join 
with equally carefully selected students who have 
progressed ‘the hard way’ via the ordinary national 
certificate to make a very considerable increase in 
the number of technologists which is so much needed 
by Great Britain. - 

Salford will, however, also continue to train 
technicians via the Higher National Certificate 
courses, and will also continue as in the past to help 
the cream of these technicians to reach professional 
status via suitable endorsement subjects. Inside and 
outside Manchester, however, are many other colleges 
which will cater for all kinds and grades of technicians. 
In addition, Salford will continue to share with 
Manchester the post-advanced courses which were 
pioneered in this area before the War. 

How then can the comment that two major 
institutions in close proximity are undesirable be 
justified ? On the contrary, it is easier to argue that 
in a heavily industrialized area, complementary 
major institutions should be in close proximity. Very 
special equipment may well be made available in 
one college to students from the other at suitable 
times, and there are many other possible advantages, 
particularly when Lord Waverley’s hope is realized. 
“What I think is most important in that connection 
(and this is a matter on which other noble Lords 
have touched) is that persons who have not in the 
first instance aspired to a university degree, but have 
obtained some other qualification, either the new 
‘Dip. Tech.’ or recognition by one of the professional 
institutions—the three engineering institutions for 
example—should then be regarded as eligible to go 
forward to @ university for post-graduate work ; and 
that the possession of a lower, a first, university 
degree should not be regarded as a necessary quali- 
fication for such further study, whether for a later 
degree or for research, or whatever it may be” 
(page 469. Hansard). It should also be noted that 
Lord Salisbury referred to the diploma in technology 
as the “‘first of these awards” by the National Council 
for Technological Awards, 


J. BRENTNALL 
(Chairman of the Governors) 


Royal Technical College, 
Salford 5. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the publre) 


Monday, February 25 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Council 
Room of the Science Museum, Exhibition Road, South Kensington, 
London, S.W.7), at 5.30 p.m.—Mr. L. L. Whyte: “R. J. Boscovich, 
S.J., F.R.S. (1711-1787) and Mathematical Atomism”. 

INSTITUTION OF ELEOTRIOAL ENGINEERS (joint meeting with the 
INSTITUTIONS OF CIVIL and MECHANICAL ENGINEERS, at the Institu- 
tion of Cıvıl Engineers, Great George Street. London S.W.1), at 
5.30 p.m.—Discussion on the Report on Eugineering Education in 
the Soviet Union. 

UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 5.30 p.m.—Prof. H. S. W. Massey, F.R.S.: “The Use of Rockets 
and Satellites in the International Geophysical Year’’.* 

UNIVERSITY OF LONDON (in the Gustave Tuck Theatre, University 
College, Gower Street, London, W.C.1), af 530 p.m.—Mr. W. A. 
Munford: ‘'George Birkbeck and the Mechanics’ Institutes’.* 
(Second of three lectures on “Enghsh Libraries, 1800~1850".) 

PRESTRESSED CONORETH DEVELOPMENT GROUP (in the Lecture 
Theatre of the Royal Empire Socrety. Northumberland Avenue, 
London, W.C.2), at 6 p.m.—Monsieur A. Mayer: ‘‘The Construction 
of the New Runway at the Maison Blanche Airfield, Algiers”. 

AUSTRIAN INSTITUTE (at 28 Rutland Gate, London, $.W.7), at 
8.30 p.m.—Prof. R. Mitsche: “Recent Developments ın Austria in 
the fleld of Metallography”’. 

ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the WOOLWICH 
POLYTECHNIO SOIENTIFIC Sooty, at the Woolwich Polytechnic, 
London, 8.E.18), at 7.30 p.m.—Dr. J. D. Kendall: “Organic Chemistry 
in the Photographic Industry”. 


Tuesday, February 26 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Discussion on “The Analysis of Waveforms”, opened by Mr. A. Cooper 
and Mr. D. A. Drew. 

Soomty OF CHEMICAL INDUSTRY, PLASTIOS AND POLYMER GROUP 
(at 14 Belgrave Square, London, S.W.1), at 6.30 p.m.—Mr. R. W. 
Hall, Mr. D. Fraser, Mr. A. L. J. Raum and Mr. P. A. Jenkins: “‘Struc- 
ture and Reactivity of Phenol/Formaldehyde Condensates”. q 


INSTITUTION OF MECHANIOAL ENGINEERS, STEAM GROUP (at 1 
Birdcage Walk, Westminster, London, 8.W.1), at 6.45 p.m.—Dis- 
cussion on “Conversion from Coal to Oil Firing”. 

Soorzty oF INSTRUMENT TECHNOLOGY (at Manson House, Portland 
Place, London, W.1), at 7 p.m —Dr. J. H. Westcott: “The Determ- 
inntlon of Parameters of a Controller by Simple Frequency Measure- 
ments”. 

ROYAL SOCIETY OF MEDICINE, MEDICINE SEOTION (at 1 Wimpole 
Street, London, W.1), at 8 p.m.—Discussion on “Pharmacological , 
and Medical Aspects of Smoking”. Opening speakers: Prof. J. H.. 
Burn, Dr. Richard Doll and Dr. Neville Oswald. 


Wednesday, February 27 


ROYAL Soorety or ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Dr. B. A. Southgate : “Synthetic Detergents— 
a New Pollution Problem”. 

GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1). at 5 p.m.—Prof. A. Wood and Mr. A. J. Smith: “The 
Sedimentation and Sedimentary History of the Aberystwyth Grits 
(Upper Llandovertan)”; Prof. W. D. Gill and Prof. P. H. Kuenen: 
Pao Volcanoes on Slumps in the Namurian Basin of Western Co 

re”. 

ROYAL SOCIETY oF MEDICINE, ENDOCRINOLOGY SECTION (at 1 
Wimpole Street, London, W.1), at 5 p.m.—Discussion on “Hormones 
In Blood”. Opening speakers: Dr. E. B. Astwood, Dr. L. T. Samuels, 
Dr. M. Sonnenberg and Prof. ©. J. O. R. Morns. 

INSTITUTH OF FUEL (at the Institution of Civil Engineers, Great 
George Street, London, 8.\¥.1), at 5.80 p.m.—Mr. E. J. Burton and 
Mr. J. R. Joyce: “Measurements of the Size of Droplets from Con- 
vergent—Divervrent Nozzles used in Oil Burners for Steel Furnaces”; Dr. 
N. Dombrowski, Dr. P. Eis am and Mr. R. P. Fraser: “Flow and 
Disintegration of Thin Sheets of Visco-Elastic Fuels”.* 

BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W.C.1), at 6.30 p m.—Mr E. W. Pulsford and Mr. N. Veall: 
“Some Applications of Nucleonics in Medicine”. 

SOCIETY or CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave 
Square, London, S.W.1), at 6 45 p.m.—Mr. H E. C. Powers: “Sucrose 
Crystal Studies”. - 

Woot EDUCATION Soomty (in the Lecture Hall of the Royal 
Society of Arts, John Adam Street, Adelphi London, W.C.2), at 7 p.m. 
—Dr. C. B. Stevens: “Colour in Wool Fabrics”. 


Thursday, February 28 


ROYAL Sooty (at Burlington House, Piecadilly, London, W.1), 
at 4.30 p.m.—Mr. R. G. West: “Interglacial Deposits at Bobbitshole, 
Ipswich”; Mr. B. W. Sparks: “The Non-marme Mollusca of the 
Interglacial Deposits at Bohbitshole, Ipswich”. 

CHEMICAL SOCIETY (at Burlington House, Preeadilly, London, W.1), 
at 7.80 p.m.—Prof F. A. tong (Cornell University): “Application of 
Acidity Functions to the Mechanisms of Acid Catalysed Reactions”. 

UNIVERSITY OF LONDON (at Swanley Hall, Wye College, Wye, 
Ashford, Kent), at 8.15 p.m.—Prof. J. Z. Young, F.R.S.: “Brains— 
Human and Automatic”’.* 
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Friday, March |} 


SOOIETY FOR ANALYTICAL CHEMISTRY (in the Meeting Room of 
the Royal Society, Furlington House, Piccadilly, London, W.1), at 
2.45 p.m.—Annua! General Meeting, followed by Dr. K. A. Williams- 
Address of Retiring President. 

INSTITUTION OF MECHANICAL ENGINRERS, HYDRAULICS GROUP 
(at 1 Birdeage Walk, Westminster, London, 8.W 1), at 6 45 p.m. 
Discussion on “Problems in Design of Valves for Liquids”. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Mr. H. B. D. Kettlewell: “Industrial Melanism in Moths 
and its Contribution z0 Our Knowledge of Evolution”. 


Saturday, March 2 


BRITISH INTERPLAEETARY Soctety (in the Tudor Room, Caxton 
Hall, Caxton Street, London, 8.W.1), at 6 p.m.—Mr E. T B. South: 
“The Design and Application of Solid Propellant Rocket Motors”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned ; 

NON-MEDICAL ASSISTANT BIOGHEMIST ın the Regional Laboratory 
Service, Royal Northern Infirmary, Inverness—The Secretary and 
Administrative Med.cal Ofheer, Office of the Northern Regional 
Hospital Board, Raigmore, Inverness (March 2). 5 

SENIOR PHysicist (with an honours degree in physics and some 
experience of X-ray or radioisotope work}—-The Secretary. Newcastle 
Karion. Hospital Board, Benfield Road, Newcastle-upon-Tyne 6 

Te le 
LECTURER IN BRITISH ARCHROLOGY ; and a LECTURER IN PRILO- 
sopuy—tThe Registrar, University College, Leicester (March 6). 
EOTURER IN PHYSICS; an ASSISTANT LECTURER IN BOTANY; an 
ASSISTANT LECTUREE IN PHYSICS: and an ASSISTANT LECTURER IN 
ZOOLOGY—The Secretary, Queen Elizabeth College (University of 
London), Campden Hill Road, London, W.8 (March 9). 

LECTURER IN ROMAN-BRITISH HISTORY AND ARCHAOLOGY-—The 
Secretary, The University, 38 North Bailey, Durham (March 9). 

SENIOR LECTURER or LECTURER IN MATHEMATICAL STATISTICS- 
The Registrar, University College, Leicester (March 9). 

STATISTICIAN (with an honours degree in mathematics or science, 
and preferably postgraduate experience in statistical techniques as 
applied to agriculture, horticulture or biology generally) for work in 
connexion with an experimental and research programme on glass- 
house crops, mushrocms, and outdoor flowering plants-—The Secre ary, 
Glasshouse Crops Rasearch Institute, Worthing Road, Rustington, 
Littlehampton, Sussex (March 10). 

Vicn-PRINCIPAL (graduate of good academic standing and admin- 
istrative experience, and preferably a technical or scientific qualifica- 
tion) OF KUMASI COLLEGE OF TECHNOLOGY—Advisory Committee on 
Colonial Colleges, 1 Woburn Square, London, W.C.1 (March 11). 

TUTOR or LEOTURZR (woman, with special qualifications in either 
experimental or theoretical physics) IN Pxysios—The Treasurer, 
Somerville College, Cxtord (March 12). . 

SENIOR LECTUREE (preferably with an interest in experimental 
physics) IN Puysics at the University College of the West Indies— 
The Secretary, Inter-University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1 (March 13). 

LECTURER IN TAEORETICAL CHEMISTRY-~The Registrar, The- 
University, Bristol (March 15). 

LECTURERS (2) IN PHYSICS; and LECTURERS (2) IN CHEMISTRY, 
at Fourah Bay College, Sierra Leone (University of Durham)—-The 
Secretary, Advisory Committee on Colonial Colleges, 1 Woburn Square, 
London W.C.1 (March 15). 

READER IN MATHEMATICS at Royal Holloway College, Engicfleld 
Green, Surrey—The Academie Registrar, University of London, 
Senate House, London. W.C.1 (March 21). 

LECTURER or ASSSTANT LECTURER IN GEOLOGY—The Registrar, 
The University, Notzingham (March 80). 

LECTURERS IN EXPERIMENTAL PHysics—-The Secretary of Univer- 
sity Court, The University, Glasgow (March 30). 

RESEARCH ASSISTANT (honours graduate in chemistry of a British 
university, and preferably some relevant experience: IN PUBLIC HEALTH 
ENGINEERING İn the Department of Civil Engineering—The Registrar, 
King’s College Neweastle-upon-Tyne (March 30) 

UNIVERSITY STUDENTS AND FELLOWS for experimental or theoretical 
research in nuclear and elementary particle physics—-The Professor 
of Natural Philosophy, The University, Glasgow (March 30). 

LECTURERS or ASSISTANT LECTURERS IN MATHEMATICS at the 
University of Mala-a, Singapore—The Secretary, Inter-University 
Council far Higher Education Overseas, 29 Woburn Square, London, 
W.C.1 (March $1) 

WILLIAM DICK CHAIR OF VETERINARY SURGERY in the Royal 
Dick) School of Veterinary Studies—The Secretary, The University, 

dinburgh (April 30°. i 

ROYAL DUTCH Sexi STUDENT (honours graduate in geology, with 
mathematics and/or physics at ancillary level) IN GEOPRYSICS—The 
Registrar, Imperial College of Science and Technology, London, 
8.W.7 (June 1). A 

ASSISTANT, Grade B (preferably honours graduate, with teaching, 
research or industr al experience) in Paysics-—-The Clerk to the 
Governors, Mid-Essex Technical College and School of Art, Market 
Road, Chelmsford. 

ASSISTANT WARDEN (male, with an honours degree in zoology or 
botany, together with a general interest m field subjects. particularly 
marme biology) at Dale Fort Field Centre, Haverfordwest Pembs— 
The Secretary and Treasurer, Field Studies Council, Balfour House, 
119-125 Finsbury Eavement, London, E.C.2. 

CHAIR OF GRoGRsPHY—The Registrar, The University, Bristol. 

Curator (Ph.D. or equivalent with specialized training in 
paleontology) oF GEOLOGY, for duties which metude the classification 
and organization of university collections of fossils, rocks and minerals ; 


438 a Tepe ad 


` 


with an additional light teaching load and responsibility to carry ‘Sut 
research work—The Chairman, Department of Geology, Hamilton: 
College, McMaster University, Hamilton, Canada. E 


+ 


ELECTRONIC ENGINEERS AND PHysIcists (with, or obtaining, ‘at. fra 


first- or second-class honours degree or equivalent with experience 
or interest in radio, radar and communications; instrumentation 
for telemetry and other measurements; electronic devices; applica- 
tion of advanced techniques in other fields, for example, armament) 
at Ministry of Supply Research and Development Departments chiefly 
at Malvern, Worcs; Farnborough, Hampshire; and Sevenoaks, 
Kent—The Ministry of Labour and National Service, Technica] and 
Sienne Register (K), 26 King Street, London, S.W.1, quoting 

EMPIRE RHRUMATISM COUNCIL FELLOWS (2) (with medical or 
seientific qnallfications) to prosecute research in the fleld of rheumatism 
—The Genera! Secretary, Empire Rheumatism Council, Tavistock 
House (N), Tavistock Square, London, W.C.1. 

HEAD OF THE DEPARTMENT OF MATHEWATIOS—The Secretary, Sir 
John Cass College Jewry Street, London, E.C.3. 

LABORATORY SUPERINTENDENT (A.1.M.L.T. and wide experience 
of medical laboratory routine technique) IN THE SIERRA LEONE 
GOVERNMENT MEDICAL DEPARTMENT—The Crown Agents, 4 Millbank, 
London. S W.1, quoting M.$/43925/NF. 

LECTTRER (with research interests in either inorganic or physical 
chemistry) IN INORGANIC CHRMISTRY—The Clerk to the Governors, 
Northern Polytechnic. Holloway, London, N.7. 

LECTURERS (with an engineering or a science degrees, and preferably 
lecturing experience, and a spertalist knowledge of electrical engineer- 
ing, electronics, servo-mechanisms, or guided missiles) AT THE B.E.M.E. 
TRAINING CENTRE, Arborfield—The Ministry of Labour and National 
Service, Technical and Scientific Register (K), 26 King Street, London, 
S.W.1, quoting Ref. D.387/6A. 

SLEEPING SICKNESS CONTROL OFFICER (preferably single, with a 
good general education and agricultural training or knowledge of 
surveying, mapping, entomology or botany) in the Northern Nigeria 
Government Medical Department—The Crown Agents, 4 Millbank, 
London, S.W.1, quoting M.8A/43728/NF. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Building Research Station Digest No. 94 (November, 1956): 
Domestic Heating—Estimation of Seasonal Heat Requirements and 
Fuel Consumption in Houses. Pp. 5. (London: H.M. Stationery 
Office. 1956.) 3d> 1712 

European Brewery Convention. Report of the Barley Committee— 

. Trinls 1955. Pp, 114. (London: Institute of Brewing, 1956) [1712 

Planning.~ Vol. 22, No. 405 (17 December 1956): The Sprak 
Report : a summarised translation of Part 1 Pp 221-244. (London: 
Political and Economic Planning, 1958 ) 2s. 6d. 171 

London and Home Counties Regional Advisory Council for Higher 
Technological Education. Bulletin of Specia! Courses in Higher 
Technology, Incinding Management Studies and Commerce, 1956-57. 
Part 2: Spring and Summer Terms 1956. Pp. 61, (London: London 

and Home Counties Regional Advisory Council for Higher Techno- 
logical Education, 1956.) 1s 6a. : [1712 

University of Birmingham Metahurgies! Society. Annual News- 
letter, 1956. Pp. 48. (Birmingham: The University Metallurelcal 
Society, 1956.) {1712 

Colonial Office. Fishery Publications. No. 8, 1966: Preliminary 
Survey of the Pelagic Fishes of East Africa. By E. Willams. Pp. 
09415 plates. (London: H.M. Stationery Office, 1956.) 155 E 
net, 

The Health of the School Child : Report of the Chlef Medical Officer 
of the Ministry of Education for the years 1954 and 1955. Pp. 187. 
(London: H.M. Stationery Office, 1956.) 6s. net. 111 

Ministry of Fuel and Power. Reports of H.M Inspectors of Mines 
under the Coal Mines Act 1811, for 1955. West Midland and Southern 
Division. By J. E. Henshaw. Pp. H+26+2 plates. (London: 
H.M. Stationery Office, 1956.) 29. ‘net.« [111 

Interpolation and Allied Tables. Saar Fy by H.M. Nantical 
ets Office. Pp. 80. (London: H.M. Stationery Office, ate 

8. net. 

General Register Office. The Registrar General’s quarterly return 
for England and Wales. 8rd Qtr., 1956. Births, Deaths and Mar- 
rlages; Infectious Diseases; Weather; Population Estimates; 
quarter ended 30th September, 1056. Pp. 24. (London: H.M. 
Stationery Office, 1956.) 1s. 6d. net. {111 

Ministry of Agriculture, Fisheries and Food. Bulletin 107: Solis 
and Manures for Fruit. Second edition. Pp. [v+41+12 plates. 
(London: H.M. Stationery Office, 1956.) 3s. 6d. net. 111 

Department of Scientific and Industrial Research: Road Research 
Laboratory. Road Research Technical Paper No, 37: Besearch on 
Injuries sustained In Road Accidents. By Dr. H. J. H. Starks. 
He Y Flipa plates. (London: H.M. Stationery Office, 1900.) 

net. 

Annual Report of the Director of the Meteorological Office for the 
year April 1, 1955, to March 31,1956. Pp. 60+4 plates. (London: 
H.M. Stationery Office, 1956.) 38. 6d. net. {211 


Other Countries 


Report of the South African Museum for the period ended 31 March 
1958. Pp. 28. (Cape Town: South African Museum, 1956.) (1412 
National Art Gallery and Dominion Museum, Wellington: Report 
of the Board of Trustees for the year ended 31 March 1958. Pp. 23. 
(Wellington: Government Printer. 1956.) {1412 
Annualre pour PAn 1957, publié par te Bureau des Longitudes 
avec un Supplément pour pan 1958). Pp. vili+616. (Paris: Gauthier- 
lllars, 1956.) {1412 
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Institut National pour PÉtude Agronomique du Congo Belge, 
Rapport Annuel pour |’Exercice 1955. - Pp. 568. (Bruxelles: Institut 
National pour l'Étude Agronomique du Congo Belge; .1966 ) rei 


nes. 
Instituto de Quimica “Alonso Barba”, Coloquiosobre Prablermas 
de la Sintesis de Diels-Alder, Madrid, 18-17 de Abrilde 1953 (Celebrado 
con Motivo de las Bodas de Oro de la Real Soledad Espanola de Fatca 
ie ) Pp. 117. (Madrid: Instituto de Quimica “Alonso Borha., 


; $ {141 

- Food and Agriculture Organization of the United Nations. 1966 

Forest Seed Directory. Pp. xil+178. (Rome: Food and Agriculture 
Organization of the United Nations; London: H.M. Stationery 
Office, 1956.) 10s ; 2 dollars. G 1412 
Living Conditions and Health: a Medical Quarterly. Vol. 1, No. 1 
1956. Pp. 62. (Published four times a year, appearing in identical 
«form in English, Chinese, French, German, Russian and S ah, 
Annual subscription rate: 26s.; aingle copies 7s 6d. (Vienna: 
Living Conditions and Health, Wollzelle, 29/3; London: Dr. A. Ryle, 
The Cavendish Centre (English edition only), 1956.) 1412 
Berichte des Deutschen Wetterdienstes. Nr. 29 (Band 5): Strah- 
Iungsempfang vertikaler, ebener Flächen; Globalstrahinng von 
Hamburg. Von Kurt Grafe. Pp. 15. (Bad Kissingen; Deutschen 
Wetterdienstes, 1956. 1412" 
Union of South Africa: Department of Commerce and Industries— 
Division of Fisheries Twenty-sixth Annual Report for the pertod 
1st April, 1954 to 31st March, 1955. (Reprint from Commerce and 
ison July, 1956). Pp. 183. (Pretoria: Government Printer, 
Annales de PTnstitut de Physique du Globe de rUniverstfé de 
Paris, et du Bureau Central de Magnétisme Terrestre. Tome 28, 
Pp. iv+142. (Paris: Institut de Physique du Globe de l'Université 
de Parts, 1956.) 1712 

Proceedings of the California Academy 
Vol. 28, No 16 (November 26, 1956). A Collection of Bird Remains 
from the Pliocene of San Diego, California. By Loye Milter. Pp. 
615-621. Vol 29, No. 1 (November 26, 1956)* The Larval pevatop: 
ment of the California Spiny Lobster, Panuliris I tus (Randall), 
with notes on Panuliris Gracilis Streets. Pp. 19. (San Francisco, 
Calif.: California Academy of Sciences, 1956.) 

Records ot the Geological Survey of 
(Lagos: Government Printer; London: Crown 
Governments and Administrations, 1956.) 4s. 6d. { 

Transactions of the American Philosophical Society. New Sertes, 
Vol, 46, Part 4: Klamath Prehtstory ; The Prehistory of the Culture 
of the Klamath Lake Arca, Oregon. By L. 8. Ham G, 
Haag and William S. Laughlin. Pp. i1+375-514. 
American Philosophical Society, 1956.) 2 dollars. 

Pp. 45. an $ 
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Agents for Overaea 


Kumasi College of Technology. 1967 Calendar. 
Kumasi College of Technology, 1956.) 

Fisheries Research Board of Canada. Progress Reports of the 
Atlantic Coast Stations, No. 65. Pp. 26. (Ottawa: Queen’s Printer, 


1956.) 111 

Institut des Parcs Nationaux du Congo Belge. Exploration du 
Parc National de ia Garamba. Mission H. de Saeger en collaboration 
avec P. Baert, G. Demoulin, I. Denisoff, J, Mertin, M. Micha, A. 
Noirfalise, P. Schoemaker, G. Troupin et J. Verschuren (18949-1952). 
Fascicule 6: Le Milleu Ciimatique, Par Albert Noirfalise. Pp ‘75. 
{Bruxelles : Institut des Pares Nationaux du Congo Belge, 1956.) [111 

The Catholic University of America, Biological Studies No. 34: 
A Quantitative Acid-Fast Reaction. By Allen F. Woodhour, Pp. 
vi+28. (Washington, D.C.: Catholic University of America Press, 
1956.) 50 cents. 5 [111 


Catalogues _ 


The British Drug Houses Limited. Laboratory Chemicals and 
Testing Outfits Catalogue. Pp. vili+320. (Poole, Dorset: The 
British Drug Houses, Limited, 1956.) 

Hilger and Watts, Ltd. Scientific and Technical Publications, 
Pp. 12. (London: Hilger and Watts, Lid., 1956.) 

The American Library. Recent Additions. Pp. 14. (London: 
The American Library, 1956.) 

George T., Gurr, Ltd. Accessories for Microscopy and Biological 
Science. Pp. 28. (London: George T. Gurr, Ltd., 1956.) 

Hilger and Watts, Ltd. Apparatus for Spectrochemical Analysis, 
Catalogue CH. 401: General Principles and Bibliography. Pp. 28. 
Catalogue CH. 402: Sources. Pp. 24. Catalogue CH. 403: Photo- 
graphic Spectrographs. Pp. 24. Catalogue CH. 404: Interpretation 
Equipment. Pp. 24. Catalogue CH. 405: Direct-Reading Spectro- 
graphs. Pp. 24. (London: Hilger and Watts, Ltd., 1956.) 

Griffin and George Limited. Chemical Laboratory Apparatus, 
Catalogue 56S. Fp. xvi+696. (Wembley, Mddx.: Griffin and 
George, Ltd., 1956. : 
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SCIENTIFIC AND. TECHNOLOGICAL LIBRARY SERVICES IN BRITAIN 


N its last three annual reports the Advisory 
Council on Scientific Policy has stressed the 
importance of proposals for developing in Britain 
both a central reference library of science and tech- 
nology ‘and a national lending library in that field. 
Such a scheme has been discussed for a long time, 
and it is now some five years since the Government 
of the day approved a plan for a Science Centre in 
London. This Centre was to provide accommodation 
for the Royal Society and other leading scientific 
societies, the Patent Office, the Department of 
Scientific and Industrial Research, and other Govern- 
ment scientific organizations, and would clearly make 
large contributions towards a national library system 
in science and technology. But even the planning of 
the Centre was suspended for reasons of so-called 
economy. In its latest report, the Advisory Council 
could only add: ‘‘We are informed that a decision 
has been taken to place ultimate responsibility for 
the National Science Lending Library on the Depart- 
ment of Scientific and Industrial Research and that 
the Department has been given authority to start 
planning such @ library”. 

A paper which Dr. D. J. Urquhart presented to 
the University and Research Section of the Library 
Association on January 5 provides the first evidence 
of progress ; though it would be premature to suggest 
that it is the concrete evidence for which the Advisory 
Council on Scientific Policy is looking. Within the 
Department of Scientific and Industrial Research, 
Dr. Urquhart said that it has been decided that the 
new library should be called the National Lending 
‘Library for Science and Technology. The purpose of 
his paper, which dealt with some planning problems 
of such a library, was to indicate the trend of thought 
in the Department about the creation of this library, 
and to invite observations and suggestions while ideas 
were still fluid. 

The decision to make the Department of Scientific 
and Industrial Research responsible for the new 
library is in accordance with a recommendation of 
the Panel on Technical Information Services of the 
Committee on Industrial Productivity, which the 
Advisory Council on Scientific Policy endorsed in its 
seventh annual report. It was then recognized, as 
indeed was inherent in the conception of the Science 
Centre, that the work of such a library is comple- 
mentary to that of the Department's Intelligence 
Division and the information services which it pro- 
vides. Furthermore, it was contemplated that the 
new library should be the centre of a regional loans 
system, based on selected municipal libraries, which 
would be expected to stock and lend the three 
hundred or so periodicals that are most used by 
scientists and technologists; although much of the 
material needed by the new library would come from 
the existing collections in the Science Library at 
South Kensington, after providing for the needs of 
the Kensington museums and of the Imperial College 
of Science and Technology. It was also already 


proposed, in the interests of security, to place the 
new library outside London, preferably within easy 
access of the industrial areas of the North and the 
Midlands, for which it would, to a limited extent, 
also serve as a scientific reference hbrary. 

These proposals were made against the back- 
ground of the scheme for a Science Centre and for a 
national reference library in science and technology, 
in which both the Patent Office library and the 
British Museum, as well as the libraries of the learned 
societies, had their parts to play. The proposals are 
not entirely consistent; but although, to a limited 
extent, they are reflected in Dr. Urquhart’s proposals, 
he does little to clarify their inconsistencies. On the 
other hand, the absence of any reference to either 
the Science Censre or to a national reference library 
suggests that the Department has been instructed to 
plan the new lending library without regard to either. 
Once again it would seem that, where science and 
technology are concerned, the Government is penny 
wise, pound foolish ; the major economies of national 
resources inherent in the adoption of a compre- 
hensive scheme at the start have evidently not been 
appreciated. 

These possibilities can be considered, however, in 
relation to particular aspects of the proposals out- 
lined by Dr. Uzquhart, who is perfectly well aware 
that a national lending library for science and tech- 
nology can be neither planned nor operated in 
isolation without great waste of valuable assets. He 
visualizes that the new library will assist the wide 
range of small information services in direct contact 
with specialists in their field which has been developed 


.im the United Kingdom by helping them to obtain 


literature they need. He suggests that ultimately it 
might be the natural way of fillmg gaps in the coverage 
of the existing abstracting services. 

For the present, it is only sought to create a 
lending library which will assist the existing informa- 
tion services and the users of scientific literature. It 
is-not intended shat the collections in the new library 


“should be limited to those fields of pure and applied 


science in which the Department of Scientifie and 
Industrial Research is interested. The fundamental 
responsibility of the new library is to organize and 
promote a lending service for the whole field of pure 
and applied scence; though in some fields, par- 
ticularly medieme, the collections will be limited. 
But it is not yet clear how far the library will be 
concerned with that part of the social sciences for 
which the Department and the Medical Research 
Council are jointly responsible. 

Dr. Urquhart is attempting to plan a library which, 
if possible, will meet the needs of the next hundred 
years, and he is particularly anxious to have assistance 
in forecasting zhe volume of literature which the 
library will receive when it begins to work normally. 
His own estimate is that, to obtain a comprehensive 
collection, the snnual input into the Science Library 
of 10,000 volumes should be doubled. Merely to cater 
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for literature which is abstracted would involve a 
40-60 per cent increase in the input. Furthermore, 
the demand on the lending service already provided 
by the Science Library has been growing more 
rapidly than any other phase of the Library’s work, 
and Dr. Urquhart refers to factors, such as the 
expansion of technological education, which could 
well inerease that demand. ' 

One reason for planning and providing a national 
library service in science and technology is to meet 
the requirements of such an expansion, and at the 
same time facilitate the dissemination and application 
of scientific and technical knowledge. Any such 
service must be able to meet also the linguistic 
problems which the growth of scientific activity in 
the world as a whole may involve. These are problems 
which the new organization must be designed and 
staffed to meet, and already ideas are being examined 
which may assist in solving such problems. 

These do not appear to be the primary problems 
requiring decision. The real difficulties are seen in 
Dr. Urquhart’s remarks on starting the new library. 
He is careful to point out that no specific solution has 
yet been decided ; but it is difficult to see how it is 
possible for the Science Library at South Kensington 
to form the nucleus of a new lending library for 
science and technology outside the London area while 
stul meeting the needs of the growing Imperial 
College of Science and Technology, quite apart from 
those of the national museums in the same area. 
Even if, for example, the new hbrary were to be 
made comprehensive only from some recent date 
such as 1950, as he suggests, that, as his own figures 
indicate, is the very period on which postgraduate 
workers make most demand. It seems clear that half 
the existing stock of the Science Library, which he 
visualizes as ultimately to be transferred, will not 
dominantly consist of even post-1930 stock. 

Had the Science Centre scheme been developed, 
and with it the proposals for a National Reference 
Library in Science and Technology, there might have 
been no insuperable difficulty in meeting the needs of 
the Imperial College. As matters stand, it would seem 
that if the Science Library is to form the nucleus of a 
national lending library, the needs of the Imperial 
College must be met in some other way. If the only 
collections to be transferred to the new hbrary are 
those for which there is only a limited demand, the 
cost of the new library will be needlessly increased. 

There is, however, another factor which Dr. 
Urquhart scarcely considers. Since it will certainly 
be necessary to purchase considerable runs of major 
scientific and technical periodicals to meet the needs 
of the new library, it might well be worth making 
such acquisitions m the form of microcards. Now 
that @ cabinet of such cards occupying less than 
twelve cubic feet can contain upwards of a thousand 
volumes of periodicals, the saving of space in such 
an undertaking as that now being planned is enor- 
mous. Moreover, with the advent of a light portable 
reader, the industrial scientist who, as Dr. Urquhart 
notes, prefers to do his technical reading at home, 
can use the microcard for that purpose. 


NATURE 


March 2, 1957 


VoL, 179 


Greater progress has also been made in the pre- 
paration of normal size copies from microcards than 
Dr. Urquhart’s paper suggests, and the debates in 
Parliament gave some fairly firm assurance that the 
Royal Society’s ‘fair copying agreement’ has been 
written into the new Copyright Act. Rather more 
careful thought is also required in regard to co- 
operation with other libraries and organizations in 
maintaining comprehensive loan collections in par- 
ticular fields. This may well present much more 
difficulty than co-operation in the maintenance of 
reference collections and m giving access to such 
collections. It may be possible to work out some- 
thing on the lines of the Farrington Plan for the 
acquisition of foreign literature and its distribution 
by subjects between American libraries devised im 
the United States, and no doubt such schemes 
will be carefully studied by Dr. Urquhart and his 
colleagues. 

In considering the possible location of the new 
library, postal considerations should be a secondary 
factor; though the mounting cost of postal com- 
munications might well have a very adverse effect 
on the use made of new lending facilities, unless 
microcards or photo-copies are generally adopted for 
such purposes. 

Location of the library in’ proximity to large 
numbers of users is & much more important con- 
sideration, and here is apparent the weakness of 
proceeding to plan such a development in the absence 
of a properly thought-out national and regional 
organization. Dr. Urquhart appears to have in mind 
provision. of a reference, as well as a lending, service. 
That implies duplication of certain stock, for a 
reference library cannot function satisfactorily unless 
the user is sure that a visit to the library will enable 
him to consult the document he requires at any time. 
How far it is necessary or desirable for the new 
library to act also as a reference library cannot well 
be judged until we know, for example, what are the 
prospects of such a reference service being provided 
on the basis of such large municipal library systems 
as those of Liverpool, Leeds, Manchester or Bir- 
mingham. 

Dr. Urquhart has already been challenged on the 
need for such a regional survey, and claimed ın 
reply that an analysis has been made of existing 
library facilities and the extent to which existing 
libraries are meeting their obligation. The survey 
does not appear to have been published, nor did Dr. 
Urquhart indicate in his recent lecture how extensive 
was the analysis to which he referred, Fufthermore, 
it is only on the basis of a detailed survey that we 
can judge how far it might be to the national 
advantage to develop, for example, the technical 
library at Manchester to serve as a reference library 
for the North-West, those at Leeds or Newcastle 
upon Tyne for the North-East, and that at Birming- 
ham for the Midlands. If the Government is prepared 
to make generous grants for such purposes, the 
reference needs might well be met at much less cost 
without needing to develop a reference side at all for 
the new lending library, and the difficulties that 
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i stock, unless that is ab least duplicated, would then 
be avoided. 

Brief reference is PEA by Dr. Urquhart to the 
possibilities of introducing new techniques. He 
recognizes that there are great opportunities of 
economy in space and in accelerating service through 
the adoption of methods which microphotography 
and computers have made possible. He is rightly 
anxious that the new library should not only be a 
library of science and technology but also a scientific 
library staffed by those competent to apply the new 
techniques and able to give the scientist or tech- 
nologist the service he needs. The suggestions that 
readerships should be created and laboratories pro- 
vided for developing suitable techniques for handling 
the growing volume of information are sensible and 
worth exploring. 

The essential problems to which Dr. Urquhart is 
seeking answers at the moment, however, are not 
merely those of ensuring that the design and staff of 
the new organization will be such that full advantage 
can be taken of future technical developments. If 
the new library is to tackle present problems 
realistically, let alone future problems, its functions 
must first be clearly defined in terms that will 
command the support of the scientist and the tech- 
nologist, of industry as well as of the library world. 
Its relationship to the library system of Britain must 
be determined no less realistically and acceptably ; 
and, following that, the future demand on the new 
library must be estimated reasonably enough to 
secure agreement as to the stocks it should hold, its 
location and equipment and also its size. As he 
suggests, these are problems to which scientists, 
librarians and administrators can make invaluable 
contributions, and on the extent to which such 
co-operation is forthcoming the adequacy and 
effinency of the new library will largely depend. 


What must above all be remembered, however, is - 


that the really decisive factors are those outside Dr. 
Urquhart’s control. 

There is no real alternative to the Science Centre 
and to the proposals which the Advisory Council on 
Scientific Policy endorsed more than five years ago. 
Already, however, some scientific societies have had 
to take independent action ‘to meet their needs, and 
apart from the expenditure thus incurred it might 
well prove- more difficult in future to secure the 
co-operation that would have been forthcoming so 
freely ten years ago. It is none the less important to 
press on the Government the weakness of such 
piecemeal projects and the inherent waste of precious 
resources they involve. Professional associations of 
scientists and technologists will no doubt respond to 
Dr. Urquhart’s appeal for co-operation, but never- 
theless they should press the importance of the larger 
scheme approved by the Advisory Council. Every 
possible means should be used to urge on the Govern- 
ment that it ıs only as part of a carefully planned 
and adequately financed national library system that 
the new lending library of science and i technology. 
can function efficiently. 
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ROCKS AND THE EARTH'S 
MAGNETIC FIELD 


Lectures-on Rosk Magnetism 

Bemg the Second Weizmann Memorial Lectures, 
December, 1954. By Prof. P. M. S. Blackett. Pp. 
iv+131. (Jerusalem: Weizmann Science Press of 
Israel; New York: Interscience Publishers, Inc. ; 
London: William Dawson and Sons, Ltd., 1956.) 
5 dollars. 


ROF. P. M. S. BLACKETT’S interest’ in rock 
megnetism was, he says, aroused some years ago 
by a paper showing the possibility of tracing back 
the history of the Earth’s magnetic field into a 
remote geological past by measurements of the 
magnetization of certain types of rocks. If there are 
datable rocks in which the present remanent magnet- 
ization can justifiably be assumed to be the same, at 
least in direction, as that acquired m the Earth’s 
field when they were first formed, then, in principle 
and with long and patient investigation, the course 
of change of direction of the Earth’s field in geo- 
logical tume could be worked out. (The acquirement 
of magnetization would be by cooling in the ambient 
field through the Curie point, or by orientation of 
ferromagnetic particles on sedimentation.) This 
would clearly be of great interest in itself, and also 
of potential valu» in providing important additional 
information to guide theoretical investigations on 
the origin of tha Earth’s magnetism. One of the 
most intriguing discoveries of recent years is that 
the magnetization of many rocks is ‘reversed’, that 
is, it is m the opposite direction to the Earth’s field. 
This suggests thet there may have been reversals in 
the direction of the Earth’s field in the course of its 
long history ; but before this startling possibility can 
be seriously entertained, the various other mechan- 
isms by which magnetization might be reversed must 


“bè thoroughly explored. A. second possible applica- 


tion of studies of rock magnetism is in providing 
supplementary evidence as to the movement of land 
masses during geological time; for the orientation 
of the direction of magnetization of a rock in the 
vertical plane may be conditioned-not by the latitude 
of the land mass now but by its latitude when the 
rock was formed. 

This book is based on a series of lectures given by 
the author some two years ago, but later material 
has been incorporated. It is, as Prof. Blackett says, 
“something of a mixed bag’’, but it gives a good 
impression of varied aspects of this relatively new 
borderline field. The opening chapter outlines the 
wider setting and some of the main theoretical 
principles. Illustrative experimental studies on rock 
magnetism by members of the author’s group and 
by others are then described. Recent results on land 
movements and results bearing on the reversal of the 
Earth’s field are summarized in two further chapters. 
A new and ingenious instrument for measurement of 
the remanence end other characteristics of feebly 
magnetic materials is described in one of the 
appendixes. 

The author almost forestalls criticism by the 
modesty of the claims he makes for this book. It 
should be said, however, that it suffers from some 
faults which may well have been removed by 
incidental commentary in the original lectures. Some 
of the diagrams, for example, are inadequately cap- 
tioned; the geological knowledge assumed is con- 
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siderably greater than most physicists possess; and 
it may well be that most geologists would have 
welcomed a fuller discussion of some of the magnetic 
aspects of the work. It is almost impossible to 
refrain from directing attention to one of the graphs, 
which shows rather widely scattered points with a 
straight lme drawn through them, and has the 
abscissa labelled ‘suspectibility’. 

One of the great difficulties in these studies is that 
the raw materials of the Earth’s crust, the frozen 
lavas, the conglomerated sediments, even when they 
fall into well-characterized types, are usually not 
well defined magnetically. The magnetic properties 
m which interest is centred are often dependent on 
the presence of minute fractions of ferromagnetic 
constituents, difficult even to identify with certainty, 
in states of aggregation in which the low field mag- 
netic behaviour is least well understood, and often 
far from stable chemically. 

It is partly for this reason that in some ways this 
book is disappointing, for the prospect of deriving 
from measurements of rock magnetism the history of 
the Earth’s magnetic field seems more remote than 
when the extensive wark started. Much more must 
be known about the awkward recording instruments, 
the rocks themselves, before reliable conclusions can 
be drawn from their indications; ignotum per 
agnotius perhaps aptly summarizes the present 
positions in regard ta the larger questions. The 
author is undaunted. Here is an extremely important 
problem, he says in effect, calling for the concerted 
efforts of many physicists and chemists, and of 
geologists from all over the world. His boundless 
enthusiasm can be admired and envied, even by 
those who, in connexion with this particular field, 
cannot fully share it. The field, however, is one 
which abounds ın novelty and in which there is great 
scope for further work; and to those already con- 
cerned with the field, or hovering on the edge of it, 
Blackett’s book will undoubtedly provide stimulus 
and inspiration. E. C. STONER 


RESEARCH PROBLEMS IN 
BIOCHEMISTRY 


Essays in Biochemistry 

Edited by Samuel Graff. Pp. x +345. (New York: 
John Wiley and Sons, Inc.; London: Chapman 
and Hall, Ltd., 1956.) 52s. net. 


HESE twenty-five essays were written as a 

tribute to Prof. Hans T. Clarke on his retirement 
from the chair of bicchemistry in the College of 
Physicians and Surgeons, Columbia University. The 
authors, who are all former students or colleagues of 
Prof. Clarke, were given a free hand by the editor, 
and some of them have taken advantage of this and 
have written in a freely speculative vein. Such 
writing tends to be discouraged by the more serious 
scientific journals and it is good, therefore, that this 
opportunity has been taken of thinking aloud about 
the possible future of some research problems. The 
essays include such titles as “The Very Big and the 
Very Small’ (E. Chargaff), “On the Nature of 
Cancer” (S. Graff), “On the Bigness of Enzymes” 
(D. Rittenberg), “Unbalanced Growth and Death” 
(S. S. Cohen). There is a specially interesting account 
of glycogen turnover by D. and M. R. Stetten. They 
gave,doses of glucose, uniformly labelled with radio- 
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active carbon, to rats and rabbits, and then studied 
the distribution of the isotope in the glycogen of the 
body after different periods of time. ‘Che glycogen 
molecule is depicted as a branched structure like a 
tree, in which the branches keep dividing into two as 
they grow out from the centre. By exposure of the 
glycogen alternately to one or other of two suitable 
enzymes, it was possible to remove successive peri- 
pheral layers of the molecule and break it down much 
as an onion might be peeled. It then turned out 
that the radioactivity was not uniformly distributed 
throughout the molecule but was, at first, greatest 
at the periphery. The results showed that the 
glycogen molecule, in acting as a glucose reservoir in 
the body, 1s not broken down and built up as a whole 
molecule, but that branches are added on or lopped 
off at the outside. 

In a theoretical discussion of asymmetric reactions, 
H. Hirschmann puts forward a simple criterion for - 
deciding whether, in a given case, one of two identical 
groups in a molecule can take part selectively in a 
reaction. This discussion starts off from the sug- 
gestion of A. G. Ogston of the possible consequences 
of three-pomt attachment of a substance to 118 
enzyme, a suggestion which, though published only 
as @ short letter (Nature, 162, 963; 1948), not only 
succeeded in reinstating citric acid in the tricarb- 
oxylic cycle of biological oxidation, but also had a 
considerable influence on the theory of asymmetric 
reactions in general. 

Other essays deal with the development of a sub- 
stitute for plasma protein (M. and M, R. Bovarnick), 
steroid hormones (L. L. Engel), bacterial viruses 
(E. A. Evans), peptide synthesis (J. S. Fruton), 
porphyrin synthesis (D. Shemin) and the determina- 
tion of protein structure (W. H. Stein). In the con- 
cluding essay, S. Zamenhof deals with the nature of 
the transforming prmeciple which, when added to 
Haemophilus influenzae, brings about persistent 
changes in the organism. This principle (which is 
almost certainly a form, or forms, of deoxyribonucleic 
acid) is taken up by the bacterial cell and then 
produces changes ın it such as might arise naturally 
by spontaneous mutation. 

It could scarcely be expected that all the essays 


` would reach the high level of some of those men- 


tioned, or that everyone would wish te read right 
through the book; but there is sufficient variety 
among these essays to make them imiteresting to 
every biochemist. D. C. HARRISON 


ADVANCES IN PLANT. 
PHYSIOLOGY 


Annual Review of Plant Physiology 

Edited by Lawrence R. Blinks, in association with 
Leonard Machlis and Jobn G. Torrey. Vol. 7. Pp. 
vili+456. (Palo Alto, Calif.: Annual Reviews, Inc., 
1956.) 7 dollars. 


HIS “Annual Review” contains seventeen 

articles ranging widely, as in previous years, 
over the field of plant physiology. Problems of 
metabolism are reviewed in accounts of energy 
transformations in photosynthesis by L. M. N. 
Duysens, nitrogen fixation by photosynthetic organ- 
isms by G. E. Fogg, the mechanisms of uptake and 
transport of mineral nutrients by E. Epstein, phos- 
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phorus metabolism. and photosynthesis by D. I. 
Arnon, mechanisms of carbohydrate breakdown by 
B. Axelrod and H. Beevers, and iron chlorosis by 
J. C. Brown. An account of our present know- 
ledge of plant proteins is contributed by C. E. 
Danielsen. = 

In the space available it is not possible to deal 
with the contents of these individual reviews, but 
perhaps that of Axelrod and Beevers deserves special 
mention as it contains an account of the evidence, 
mostly very recent, for the existence in plants of 
what is known by a variety of terms such as the 
pentose phosphate pathway, the hexosemonophos- 
phate shunt, the oxidative gly¢olysis pathway and 
the phosphoglutonate shunt. These terms all refer 
to the sequence of reactions, recognized in animai 
tissues twenty years ago, in which 6-phospho- 

=glutonate, produced by the oxidation of glucose-6- 
phosphate, is subject to decarboxylation with the 
evolution of carbon dioxide and the formation of a 
pentose (ribose) phosphate. A series of transforma- 
tions leads to the re-formation of hexose phosphate, 
five molecules being re-formed for every six involved 
in the initial oxidation and six molecules of carbon 
dioxide being evolved for every molecule of hexdse 
lost in the cycle. The pentose shunt thus provides a 
pathway for the production of carbon dioxide from 
hexose alternative to the well-known glycolytic 
pathway of the Embden—Meyerhof theory. 

A number of reviews deal with the physiology of 
germination and growth. Among the latter, E. 
Bunning considers the obscure and difficult subject 
of endogenous rhythms in plants, and P. F. Wareing 
the somewhat neglected subject of photoperiodism 
in woody plants. The physiology of cell division is 
reviewed by H. Stern and that of root elongation by 
J. G. Torrey. J. van Overbeek deals with the 
absorption and translocation of plant regulators. 
E. H. Toole, S. B. Hendricks, H. A. Borthwick and 
Vivian K. Toole report on recent work on seed 
germination, including the striking results obtained 
recently on the photo-reactions controlling the 
germination of light-sensitive seeds. It is interesting 
to read this review in conjunction with that by E. C. 
Wassink and J. A. J. Stolwijk on the effect of light 
quality on plant growth. 

Other reviews in this voltime are on obligate 
parasitism by C. E. Yarwood and biological relations 
of plant viruses by C. W. Bennett. The final article 
in the review is an account of recent advances in 
plant physiology in the U.S.S.R.-by A. L. Kursanov, 
of the Timiriazev Institute of Plant Physiology in 
Moscow. The researches summarized in this article 
cover a wide field, and the literature list consists of 
four hundred citations. This summary, though brief, 
should prove useful to many readers not having 
easy access to the original publications. i 

With this volume the editorship has passed from 
Dr. D. I. Arnon to Dr. L. R. Blinks ;~ but we are 
told that the planning of the volume was largely the 

` work of its previous editor. The thanks of planb. 
physiologists are due to the contributors to this 
volume and particularly to Dr. Arnon for the leading 
part he has taken in establishing the “Annual Review 
of Plant Physiology” as a periodical essential to all 
those who wish to keep abreast with the developments 
in this sphere. To Dr. Blinks and his editorial cọl- 
leagues the present writer wishes every success for 
the future of the “Annual Review”. 

WALTER STILES 
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PHYSICS AND PHILOSOPHY -:. 


The Language of Modern Physics 

An Introductior to the Philosophy of Science. By 
Ernest H. Hutten. Pp. 275. (London: George 
Allen and Unwin, Ltd. ; New York: The Macmillan 
Compeny, 1956.) 21s. net. 


N the course cf this book Dr. Hutten observes with 
some truth that it is notorious that scientists find 
very little resemblance between scientific method as 
it is described in books on the philosophy of science, 
and the methods that scientists believe themselves to 
follow. The chief merit, and it is a considerable one, 
of Hutten’s own discussion is that he pays close 
attention to the empirical data of this science, and 
hence is able to state with some clarity the theoretical 
and conceptual difficulties to which these data give 
rise. He adopts the sensible method of first stating 
the logical and philosophical concepts which he takes 
to be relevant to such an inquiry, and then employs 
them to give an analysis of classical physics, 
relativity, thermodynamics, and quantum physics. 
The final chapter consists of a general account of 
scientific methad which is based on the preceding 
discussion of various types of theory. 

This approach enables Hutten to illustrate the 
nature of problems in physics, and to give an illum- 
inating account of the ways in which they are solved. 
He treats this ssience not as a corpus of ascertained 
facts and theories, but as a continually growing body 
of knowledge, no part of which is more than highly 
probable, and the whole of which is capable of 
fundamental revision. This seems to be the right way 
to conceive of physics, of any other natural science, 
and on this grcund I think that the book deserves 
to be commended to all who wish to reflect upon, or 
to inform themselves about, the nature of physical 
theory. : 

However, some criticisms need to be made. I do 
not think that a book which confines itself to prob- 
lems of physical theory should be described, ag this 
is, as an introduction to the philosophy of science. 
Admittedly physics is, by general consent, the most 
developed of all natural sciences, so that a study of 
its methods and. principles will inevitably throw some 
light on all other sciences and putative sciences.- But 
by confining hirnself to physics, Hutten has ruled out 
many important problems that should at least be 
mentioned in an mtroduction to ,the philosophy of 
science, for example, the questions that are raised 
by boundary disputes between the sciences, and the 
conceptual difficulties which arise in sciences other 
than physics, such as biology. 

The. logical categories in terms of which Hutten 
analyses the thsories of physics are mainly derived 
from the work of Carnap. Fundamental to this 
scheme ıs the sharp distinction between issues that 
are factual (‘semantic’) and logical (‘syntactic’). 
Unfortunately, Hutten uses the word ‘semantic’ in 
two quite different senses which he does not dis- 
tinguish, thereby infringing the standards of 
linguistic precision which he himself lays down. 
Usually he employs the word to make the contrast 
just mentioned, but sometimes, for example, on 
pp. 142 and 57, it is used as the name for this whole 
method of analysing scientific knowledge. This in 
itself is more controversial than Hutten’s.employ- 
ment of it suggests. Few logicians would agree that 
the symbols the relations of which they investigate 
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are “merely shapes or marks on paper” (p. 17), and 
` it is also debatable whether the choice of a language 
system involves no assumptions about the nature of 
facts (p. 244). 

There is an index, but no bibliography, which 
would: be useful in a book of this sort. On p. 255 
there is a misprint: ‘than’ should read ‘that’. . 

C. K. GRANT - 


THE STUDY OF PLASTICITY IN 
RUSSIA 


Plasticité (Déformations Elastico-plastiques) 

Par A.-A. Tliouchine. (Traduit du Russe par A. 
Popoff et P. Thomé.) Pp. v+376. (Paris: Editions 
Eyrolles, 1956.) 5520 francs. 


‘ROM just before the First World War, and for 
about a decade thereafter, work on the mathe- 
matical theory of plasticity was confined almost 
entirely to Germany. In about 1933 the centre of 
. interest shifted, apparently, to the United Kingdom, 
` and then to the United States, work ceasing almost 
entirely in Germany with the scattering of the 
German mathematicians. 
maticians, notably Prager (who has done much to 
publicize Russian work in the field), have now settled 
in the United States, and have made notable con- 
tributions to plasticity. From the early ’thirties, 
then, until after the Second World War, the number 
of papers published on mathematical theory declined, 
although interest grew. slowly in the structural 
engineering application of plasticity, culminating in 
England in Baker’s work leading to a plastic design 
method for steel-framed structures. i 
In fact, it is now clear that Russian work on 
plasticity started abous 1934, using the German 
work as foundation. Being published in Russian, 
these pre-war papers went almost unnoticed; to 
give one example, as early as 1938 Belyaev and 
Sinitsky published an important solution of the gun 
barrel problem. After the Second World War, 
Russian papers, sometimes in summary form, began 
to reach the outside world again, and the name of 
Ilyushin appears first in the early ‘forties, with dis- 
cussions on the bending of plates and shells. (Two 
chapters of the present book are devoted -to this 
topic.) Ilyushin really comes out fighting in 1949 ; 
in that year he addressed the Academy of Sciences 
of the U.S.S.R., both surveying the field of plasticity 
and attacking severely (and apparently justifiably) 
certain critics, among whom a certain Kuznetsov 
must still be smarting from the cfy: ‘There are 
experts on the physics of solids in cities other 
than Tomsk”. But, apart from the polemic, this 
address of Ilyushin makes clear the distinction 
between ‘physical’ and ‘technical’ plasticity. The 
physicist starts from a single metal crystal, and hopes 
eventually to derive the laws governing plastic 
deformation of the metal as a whole. The engineer 
starts from the laws of deformation, and hopes to 
solve certain structural problems. Ideally the 
physically derived laws should come first; m prac- 
tice, the mathematical theory of plasticity has to be 
founded on empirical laws, and the laws checked and 
modified by experiment. 5 
Mathematical plasticity can thus be attacked from 
two quarters: by the physicists, who claim that a 
technical science not founded on the findings of 


a NATURE 


Some of these mathe- ° 


March 2, 1957 vow. 179 


physics must be invalid; and by the mathe- 
maticians, who are dissatisfied with the empirical 
nature of the subject. In fact, Ilyushin himself, and 
the Russian workers in general, appear to have a 
very balanced view of the accuracy and mathe- 
matical exactness required. For most practical 
problems, @ solution within 10 per cent of the true 
value is the most that is needed, or indeed the most 
that can be expected from an experiment. Thus a 
law of plastic deformation is acceptable if experi- 
mental results designed to check the law agree 
within 10 per cent. The law itself must not lead, of 
course, to mathematical absurdities. 

The present book was first published in Russian m 
1948, and the first chapter contains a critical ex- 
position of most of the fundamental empirical laws 
for small deformations developed up to that date. 
Ilyushin, following Prager, shows that all these laws 
may be reduced to scalar relations between the 
invariants of the stress and strain tensors, and that 
further; all these relations coincide in one simple 
equation, which cannot be in error by more than 
7 per cent. Particularly valuable is the large number 
of experimental results which are collected and 
presented graphically. - In the second chapter the 
theory of the plastic potential is developed, and there 
is some discussion of the minimum work principle, 
of proportional loading, and of unloading. These 
two chapters comprise about one-third of the book, 
and the results derived are applied in subsequent 
chapters to specific problems. 

The flexure of a prismatic bar, and the Engesser— 
Kármán stability solution for a bar under axial 
loading are discussed in Chapter 3. In the same 
chapter results are presented for the torsion of a 
circular cylinder, for a sphere under internal pressure, 


-and for symmetrical deformations of thick tubes. In 


Chapter 4 is developed an extensive theory for plates 
and shells, and solutions to a number of problems on 
rectangular and. circular plates are given. Sym- 
metrical deformations (without bending) of shells of 
revolution are considered, of which tube drawing and 
extrusion are given as special cases, and cylindrical 
tubes (with bending) are considered under various 
loading conditions. The stability solutions for plates 
and shells derived in Chapter 5 are “interpreted 
numerically (for a ‘mild steel) for the following 
problems: axially loaded column (Chapter 3), wide 
plate with two ends simply supported, narrow rect- 
angular plate simply supported on the edges and 
compressed m the long direction, square plate simply 
supported and compressed in one direction, and 
cylindrical tube under axial compression and lateral 
pressure. Results are also given (stable solutions) for 
the encastred circular plate under lateral pressure 
and the tube without axial load. Chapters 6 and 7 
are short and deal respectively with indentation 
problems, and with dynamic problems including non- 
linear wave propagation. This latter treatment 
appears to be original. = 
Comparison is inevitable between Ilyushin’s book 
and those of Hill (Oxford University Press, 1950), 
Prager and Hodge (Wiley, 1951) and Sokolovsky 
(Moscow, 1946; new edition, 1950). Ilyushin’s first 
two chapters are written with the utmost clarity, 
and anyone who masters these two chapters will be 
equipped to deal with any application of plastic 
theory. Ilyushin achieves this lucidity at the expense 
of covering less ground than Hill, and in places he is 
not so rigorous. The two chapters on plates and 
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shells are of great interest, and these, with the intro- 
ductory chapters, form the bulk of the book. Both 
Hill and Prager and Hodge deal with a wider range 
of problems, but as an introductory text-book 
Ilyushin has great merits. Ilyushin uses tensors 
(without summation convention) and vectors through- 
out; Sokolovsky uses ‘engineering’ notation, and we 
may perhaps look forward to æ translation of this 
more practical work on plasticity. 

Editions Eyrolles are to be congratulated on their 
high standard of printing and mathematical type 
setting. e JAOQUES HEYMAN 


INSECT PESTS OF NORTH 
AMERICA 


Insect Pests of Farm, Garden, and Orchard 

By Leonard Marion Peairs and Ralph Howard 
Davidson. Fifth edition. Pp ix+661. (New York: 
John Wiley and Sons, Inc.; London: Chapman and 
Hall, Ltd., 1956.) 68s. net. 


HIS is the fifth edition of a book first published 
in 1912, and originally written by E. Dwight 
Sanderson. The fourth edition, in 1941, was revised 
by L. M. Peairs. Although Dr. Peairs’s name appears 
here as the senior author, his illness and death 
prevented him from taking an active part in the 


latest revision, for which R. H. Davidson, of Ohio’ 


State University, is responsible. The new edition is 
largely rewritten, various pest insects are included 
for the first time, and much new information on 
insecticides and control measures has been included. 

This book is -intended primarily for students 
attending college courses in economic entomology. 
The first fifty pages deal with insect morphology, 
physiology, development and systematics. This is 
intended to serve readers with little previous training 
in general zoology and entomology. Though this 
introduction is well written, and could serve as a 
useful revision for those who may have been out of 
touch with the subject for a time, it seems a very 
inadequate substitute for a proper grounding in 
zoology and entomology, which is surely necessary 
for anyone making a career in agricultural entomology. 

Some seventy pages are devoted to a general dis- 
cussion of insect control by natural, biological and 
chemical means. A lot of useful ‘information has 
been compressed into a small space. The chapters 
on insecticides and therr use are up to date at the 
time of publication, but new work will almost cer- 
tainly make the recommendations obsolete in a very 
few years. It is perhaps unwise to include such 
information in a text-book, particularly one like this 
which is expensive and may be kept by its purchaser 
for many years. 

The bulk of the volume (some 540 pages) deals 
with insects which are injurious to crops, to stored 
products and to property; more briefly, there 1s 
some description of insects injurious to men and to 
domestic animals. Several hundred species are 
included. This means that, as a rule, -the descriptions 
of the morphology are so brief as to be of little 
assistance in identification, and the accounts of the 
biology are far from adequate. The disadvantage of 
the sketchy descriptions would be less if the illus- 
trations were good. Unfortunately, they are not. 
There are no less than 577 figures, the majority of 
which are reproduced from publications of the 
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United States Department of Agriculture. Many are 
smudgy photographs of little value, others are tmy 
and indistinct line drawings which illustrate few of 
the relevant cheracteristics. 

The major criticism of this book is that it attempts 
the impossible. There are so many pest msects in 
North America that it is not practicable to deal 
adequately with their anatomy, life-history and 
control, together with various general problems, in 
one volume. This publication does at least give a 
list of the insecss of importance to an agricultural 
entomologist in North America (the fauna of Europe 
is sufficiently different for this to be of little use in 
that continents) and it sometimes indicates where 
more adequate Information may be sought. 

KENNETH MELLANBY 


BACTERIAL PHYSIOLOGY 


The Life of Bacteria 

Their Growth, Metabolism, and Relationships. By 
Prof. Kenneth V Thimann. Pp. xviii+775. (New York 
and London: The Macmillan Company, 1955.) 65s. 


HIS book deals, as its sub-title indicates, with 

the physiobgy, anatomy and biochemistry of 
bactena. It treats these subjects lucidly, and on the 
whole fairly, on generally conventional lines. The 
subject is rather attractively introduced in the first 
chapter by a Historical introduction which should 
succeed in making students realize that the subject 
has been something of an adventure. Some of the 
more modern _adventures are, however, passed, over 
m silence. 

After the introduction there is an interesting and 
extremely well-ilustrated section on the classification 
and structure o? bacteria. Many readers in Britain 
at least will find the nomenclature a little unfor- 
tunate, and will not care much for B. coli and Bac. 
subtilis ; but this is a detail in a book full of inter- 
esting observations and comments. The author 
appears to ac@pt rather readily the thesis that 
bacteria contaicr chromosomes. 

The descriptive and experimental parts are in general 
excellent, but in questions which involve physico- 
chemical principles the author sometimes seems a 
little out of his element. In Chapter 4, for example, 
there is a serious confusion between rate and equi- 
librium. constans. The ‘heat of reaction’ is certainly 
not the parameter which determines the change of rate 
constent with temperature. 

In a more suktle way the discussion of the approx- 
imately logarithmic law of population decline is 
inadequate. Ths author states that departures from 
the law are explained by varying sensitivity of dif- 
ferent individual cells. The main problem is, how- 
ever, not why there are departures from the law, 
but why the law-is ever nearly true at all. This section ` 
also illustrates a failing of an otherwise good book, 
namely, that tha reader may not infrequently be led 
to suppose thas highly complex and controversial 
matters are in fact much simpler than they are. 

The biochemistry of bacteria is fully dealt with, 
and there are zood accounts of oxidation and of 
carbohydrate metabolism and of nitrogen fixation. 
Probably the biochemical section, which is the largest 
part of the book, is the most judicious and balanced. 

The last 150 pages deal with growth and synthesis. 
The present bcok has the advantage over many 
works on bacteria that the enormous mass of intricate 


446 


and fascinating phenomena which occur in these 
processes is made evident. Most of the main fields 
of work are touched upon and there are plenty of 
interesting comments; though some attempt at a 
more coherent general treatment would have been 
welcome, and in some controversial matters perhaps 
a slightly more impartial attitude might have been 
adopted. Perhaps the least satisfactory treatment is 
that of the phase of decline of cells and populations. 
All said and done, however, the book is a valuable 
addition to the library of anyone interested in the 
world ‘of bacterial life. C. N. HINSHELWOOD 


THEORY OF FLIGHT 


Wing Theory : 
By Prof. A. Robinson and J. A. Laurmann. (Cam- 
bridge Aeronautical Series.) Pp. ix+569. (Cam- 
bridge: At the University Press, 1956.) 75s. net. 


NTIL the publication of the present book, no 

treatise on wing theory more recent than the 
work of Kármán and Burgers, which was published 
in Durand’s “Aerodynamics Theory” in 1935, was 
available. Since then many important advances in 
subsonic wing theory have been made and nearly 
all supersonic wing theory has been developed, in 
association with the need to design wings for flight 
at and above the speed of sound. The range of wing 
shapes considered for use in aircraft has greatly 
extended in recent years: up to 1945 aeroplane 
wings were always of large span in relation to the 
chord, but during the 1940’s the use of sweepback 
for postponing the difficulties of flight near the speed 
of sound was evolved and the delta and related wing 
shapes were’ devised. This variety has led to a 
development of analysis suitable to deal with their 
special characteristics, and a collected account of 
these methods is welcome. 

The first chapter gives a summary of the mathe- 
matical analysis of the fundamental hydrodynamics 
which are used in the book. This is followed by a 
chapter on two-dimensional aerofoils in incom- 
pressible fluid flow, in which the linearized theory of 
thin- aerofoils is treated by conjugate Fourier series, 
thotigh possibly not in the most satisfactory way. 
Brief accounts of aerofoils in cascade and of the 
calculation of profile drag are given ; the latter does 
not include the improvements made already by 1950 
in the boundary layer analysis for drag calculations 
and it is a pity that this was not done, 

Chapter 3 gives an excellent account of three- 
dimensional wings at low speeds. The careful treat- 
ment of ‘leading edge suction’ in this chapter and 
elsewhere is very welcome. The methods used in 
lifting line theory are explained, but a table of 
coefficients for the application of Multhopp’s method 
might have been inserted. The theory of flow over 
compound lifting units such as wings with end-plates 
and over wings with finite aspect ratio is thorough, 
as might have been expected from the authors’ 
original contributions in this field. 

Chapter 4 is an extensive treatment (180 pages) of 
aerofoils in compressible flow. The governing equa- 
tions are derived and the hodograph and its appli- 
cation are explained. For the linearized theory of 
supersonic theory the account of Hadamard’s method 
using the finite part of an infinite integral is valuable, 
as the method is clearly described, which has not 
been done in a book on aerodynamics before. This 
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is followed by discussions of two-dimensional flow, 
source distribution methods, Robinson’s own method 
of special co-ordinates, and conical flow; these 
sections reflect the authors’ special interest in this 
branch of the subject. The last chapter gives an 
account of aerofoils in unsteady motion both at low 
and at high speeds. 

The authérs have done their work well and have 
succeeded in their aim of presenting the most im- 
portant methods and results of mathematical theory 
in a single volume. The book will become a standard 
reference work and is a valuable addition to the 
literature of flight. H. B. Squire 
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THE NURSERY SCHOOL 


The Education of Young Children 
By D. E. M. Gardner. Pp. 118. (London: Methuen 
and Co., Ltd., 1956.) 7s. 6d. net. 


T could be claimed with much justification that no 
edutational institution in Britain exemplifies 
sounder educational principles than the nursery 
A number of circumstances have placed the 
nursery school in a favourable position. Social 
demands are in many ways less insistent on young 
children than on their elders. They are not expected, 
for example, ‘to learn ‘the three R’s’ as children in 
junior schools are, or to pass examinations, as are 
grammar school pupils. The children’s own needs 
are therefore more clearly recognized. Moreover, the 
special importance of the pre-school years has been 
emphasized by medical men and psychologists and the 
early years of development have been illuminated by 
a great deal of research. Nursery school teachers 
have been able to draw freely on the scientific study _ 
of children to refine their own professional arts. 

To such teachers Miss Gardner is an excellent 
guide, and it is for them her book is mainly written. 
An experienced observer and teacher of young 
children herself, her sensitive insight into children’s 
needs is made more acute and more penetrating by 
the use she makes of the findings of research, par- 
ticularly that of clinical psychologists. She uses 
psychology to illumine or confirm her own experience, 
and one of the best features of her little book is the 
‘fund of apt illustrations and instances, many of them 
charming and touching, which she adduces from 
her experience. There is little that is novel in the 
book, but the reader will find here a simple and sane 
account of the best educational theory and practice 
of nursery school education. The point of view might 
be described as ‘progressive’: the emphasis tends to 
be on children’s emotional needs and their social 


‘development ; but Miss Gardner makes the ‘activity 


versus formal’ controversies of recent years seem 
unreal and unprofitable. She sees children in the 
round, and some of her wisest advice is about the 
importance of intellectual achievement for children’s | 
emotional development. Parents of children. between 
the ages of two and five, as well as teachers, would 
find much sound advice, as well as appreciation, „in 
this book. 

An appendix by Miss Gardner’s co-workers, on the 
home conditions of children on the waiting lists of 
nursery schools, provides striking evidence of the 
need of many children for the nursery schools that 
the present standstill policy is preventing from being 
built. R. A. C. OLIVER 
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: Techniques in Blood Grouping ' 

- By Ivor Dunsford and C. Christopher Bowley. Pp. 
oxiv-+250+6 plates. (Edinburgh and London: 
Olver and Boyd, Ltd., 1955.) 21s. net. 


7 Ta leading position which Britain now holds in 
; the theoretical investigation of blood groups, 
“and in the practical application of the results to 

-plood transfusion, can be traced to many causes ; 

-c þut-on the personal side a large share of credit must 
be given to the late Dr. G. L. Taylor for the meticulous 
rological. techniques upon which he insisted and 
ich, albeit with many small modifications and 
ements, form the main basis of the methods 
1 Britain to-day. Much of the burden of main- 
ining high serological standards is borne by the 
laboratories of the National Blood Transfusion 
rvice, and prominent among these is that of 
sheffield, the director and senior scientific officer of 
which have laid serologists and transfusion officers 
further under their debt by writing a detailed 
description of the methods used by them. 

After a preface by Dr. R. R. Race and an intro- 

duction by the authors, the book begins with a 

section of 86 pages on general principles. Here we 

re given as much of blood group theory as is neces- 
or the intelligent performance of grouping tests 
ids, but the section has an essentially prac- 
1s. Much useful information is also given 
he organization and running of a transfusion 
service. The second section, of 146 pages, describes 
in full detail eighty techniques used in the Sheffield 
< Jaboratory, from the oldest and simplest to the most 
up-to-date and elaborate. It is almost impossible to 
n blood grouping entirely from a book, but there 
xan. scarcely be another book which can so fully 
supplement the minimum necessary amount of basic 
uining. ‘The methods described are essentially 
ose used throughout Britain and by many workers 
verseas who have been taught in Britain, but they 
re, so far as detail is concerned, the methods of one 
oratory. There is not, for example, any insistence 

he very small serum volumes of about 0-01 ml. 

test now used as a routine in many laboratories. 

final section of the book is a useful glossary of 
bout six hundred terms. 

It would be easy to criticize the literary style, but 

the language is seldom ambiguous. The book can be 

strongly recommended to all practical blood group 
workers. — A. E. MOURANT 






































































Iron Ores of India 

By Dr. M. S. Krishnan. Pp. vii+175+6 plates. 
(Calcutta : Indian Association for the Cultivation of 
Science, 1955.) Rs. 5; 1.50 dollars; 10s. 6d. 


T: interesting littlo book is based on three 
-À lectures delivered in 1953 by the Director of the 
_ Geological Survey of India in his capacity as Ripon 
professor of the Indian Association for the Cultivation 
of Science, the subjects being: (1) ancient Indian 
iron; (2) Indian deposits of iron-ores ; (3) the 
modern iron and steel industry in India. In the book 
brief introductory sections have been added, dealing 
with the. geochemistry of iron, its ores and their 
modes of origin. Dr. M. S. Krishnan has obviously 
been fascinated by the history of iron and steel- 
-< making in prehistoric and ancient times, and many 

readers will find this. part of his bodk of special 

interest. Tron is known to have been used in Egypt 

about 8,000 years ago. In India it has been worked 
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at least since Vedic times, say for about 3,800 years. 
The author desczibes remarkable examplés of non- 
rusting iron whieh have been discovered in various 
parts of the country, ranging from the prehistoric 
implements and weapons of Madras to the celebrated “ 
Delhi Pillar. The latter consists of skilfully welded 
iron which is practically pure; it bears several 
inscriptions, all cf which have successfully withstood 
exposure to weathering, and in the case of the oldest 
for well over 1,500 years: Although the erud 
smelting process then in use entailed enormous 
of ore, fuel and. time, the resulting iron | 
nounced by Sir Robert Hadfield to be 
quality to anything of the kind that could 
duced eommercislly in 1925. a 
Other readers will appreciate the short but well- 
documented acceunt of the geology of Indian iron. 
ores and their varied modes of origin. A good sum- 
mary is given of the many early attempts to begin a 
modern industry, starting from about 1774. As a 
result of various adverse circumstances, most of these. 
enterprises were unable to compete successfully and 
their sole survivor in 1889 was the Bengal Iron 
Works. Since then, however, very . considerable 
progress has been made, the significant details, of 
which in the various districts concerned are. fully 
recorded. The Tata Iron and Steel Co. was registered 
in 1907, and in 1952 it produced about two-thirds of 
India’s steel output of 1-2 million tons for that year. 
This rate of prod.ction is now being rapidly increased 
and, as India is generously endowed with large 
reserves of iron ore and of the chief raw materials 
for smelting, there are good grounds for the curr 
expectation that within the next quarter of a ce 
steel production in India will expand to bet 
and 20 million tons per annum. 




















ARTHUR HOLMES 


Hurricanes 
Their Nature and History, particularly those of 
West Indies and the Southern Coasts of the 


States. By Ivan Ray Tannehill. Ninth, revis 
edition. Pp. x+3808. (Princeton, N.J.: Princeton 
University Press; London: Oxford University” 


Press, 1956.) 36s. net. 


HE ninth edition of this well-known book, 

revised and extended to bring the chronological 
data complete u2 to October 1955, gives an excellent 
account of the phenomena of cyclones, their nature 
and the paths they follow. It would be a vain 
effort to try to summarize a book so full of well- 
authenticated facts. Rather would the present 
reviewer recommend anyone who is interested in 
tropical cyclones to read the book from cover to 
cover. Ses 

Mr. I. R. Tarmehill has spent twenty years in 
United States Weather Bureau on hurricane wi 
work, and his familiarity with all aspects — 
behaviour of hurricanes’ is made evident on 
page of this book. The charts of paths follow 
hurricanes are by far the most complete availabl 
in any book, while the description of: : 
done by individual hurricanes gives a vivid pictur 
of the tremendous store of energy which).th 
possess. 

This is a bock to have on one’s bookshelves 
one that shoulc be read and re-read. The present 
reviewer found it fascinating from beginning to end. 
It has been produced in a manner fully worthy of 
the Princeton University Press. D. BRUNT. 
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“Sh SOME SUBMICROSCOPIC STRUCTURAL FEATURES 


OF BACTERIA 
: 
By Dr. ERNA GROSSBARD* and Pror. R. D. PRESTON, F.R.S. 


> > 
: C ICAL studies of bacteria have provided 
son of the existence of a rigid envelope 
surroundi cytoplasm, which by analogy with 
similar structures in higher plants is called the cell 
wall. As a result of the investigations of Salton’ and 
is collaborators and of other workers, much informa- 
tion is available on the chemical composition of the 
__ bacterial cell wall. However, only isolated attempts 
have been made—confined chiefly to electron micro- 
scopy—to apply the parallel biophysical procedure 
for the elucidation of the structural interrelationships 
between the various substances present in the bacterial 
cell and in the cell wall. We? have shown recently 
that X-ray diffraction techniques can be used both 
on intact cells and on cell wall preparations of 
bacteria in spite of the opinion, quoted by Hurst’, 
that the thinness of the membranes in cell walls 
would render them unsuitable for X-ray diffraction 
ies. of this article is to describe 
work on these lines. A more detailed account 
given elsewhere. 
E - cultures of bacteria were studied: Bacillus 
i $ j is Marburg strain N.C.T.C. 3610, Bacillus 
ap Si rioogterium strain KM, kindly supplied by Dr. 
; R. J. Salton, Bacillus cereus and Bacillus alvei 
e tory strains, kindly supplied by Mr. Wolf, 
: ichia coli N.C.T.C. 5928, kindly aa va by 
mi D. Dagley, and Proteus vulgaris, a laboratory 
kindly supplied by Dr. W. H. Hughes. 
_ For the X-ray diffraction studies, B. subtilis, B. 
bad megaterium, E. coli and P. vulgaris only were used. 
“The cells, after harvesting, were thoroughly washed, 
ê dried in a vacuum desiccator, packed tightly into a 
0-5-mm. hole in the imen holder of an X-ray 
spectrometer and exposed for 10-15 hr. to the X-ray 
beam (copper Ka). The resulting powder diagrams 
_of all four bacteria were on the whole fairly similar 
(Fig. la). 
Ditention is directed to three major diffraction 
rings. The first is wide and somewhat diffuse with 
intermolecular spacing of 4-4-4-6 A., varying with 
ism. We ascribe this ring provisionally to 
though it might feasibly also include other 
s. The two other rings, with spacings of 
and 4-2A., respectively, can be more 
ically referred to lipids, as lipids commonly 
eontain molecular planes with spacings of 3-73 A. 
and 4-13 A. In the case of E. coli we provided con- 
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mation regarding the lipid nature of these rings 
ig. | » below). A greater intensity of these 
fed s was noted in the two Gram-negative 

bacteria, Æ. coli and P. vulgaris, as compared with 
Gram-positive. From this we infer that the per- 
JE eritage of lipids may be greater in Gram-negative 
» than in Gram-positive bacteria. Salton? came to 
resent address: ‘The Grassland Research Institnte, Hurley, near 

, Berks, 

~ Y 
= 


Department of Botany, The University of Leeds 





(a) (b) 


Fig. 1. (a) X-ray diffraction powder of dried tions 
of intact cells OF E. coli. Note ‘ee tesa halo A r 


with the two narrow rings at 4:2 A. and 3:8 A.; (b) X-ra 

diffraction powder diagram of dried cell wall mcs of B. 

coli after ia y with pyridine, Note ras the two rings at 
missing 


2A. 3-8 A. are 


similar conclusions as a result of his biochemical 
investigations of bacterial cell walls. 

Salton! has shown that lipids occur in the cell wall 
of bacteria. It is therefore important to determine 
whether the cell wall is the site of the crystalline 
lipids shown in our X-ray diagrams and, if so, 
whether these lipids are preferentially orientated. 
Such a demonstration of orientation, even in intact 
cells, would itself indicate the presence of these 
crystalline lipids in or near the cell wall. 

In order to detect orientation, a thick ion 
of well-washed, intact bacterial cells of each of the 
four cultures was pressed between two glass plates 
(thinly coated with ‘Formvar’) in a book press and 
allowed to dry there for 8-11 days. The ‘Formvar'’ 
film was then cut into strips of about 1 mm. width 
and 4-5 mm. length and the strips were piled one on 
another. The resulting bundle was exposed for 25 hr. 
to an X-ray beam directed parallel to the flat faces 
of the strips, that is, to the flattened longitudinal 
surfaces of the bacteria. In the resulting photo-» 
graphs the planes of spacing 4-4-4-6 A. corresponding 
to proteins show no orientation, but the ring at _ 
3-9A. is replaced by two ares lying along the 
meridian. As this ring lies outside the diffuse 
4-4-4-6 A. ring it is better reproduced than the 
inner ring at 4-2 A., which, however, can also be seen 
often to be similarly oriented. Since the molecular 
planes of these spacings in lipids lie parallel to the 
hydrocarbon chains, it follows that in these flattened — 
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bacteria these chains lie normal to the surface. . This 
furnishes strong presumptive evidence that the lipids 
concerned lie in or near the cell wall. Meridional 
orientation of the lipid rings was observed in all 
cultures, the arcs being often sharper in the Gram- 
positive than the Gram-negative bacteria. 

In order to obtain information on structural inter- 
relationships of various substances in the cell wall 
itself, preparations were made of cell wall material of 
B. subtilis and E. coli by the method described by 
Salton and Horne‘ with some slight modifications. 
Relative freedom from electron-dense cytoplasmic 
material was checked by electron microscopy. X-ray 
diagrams of walls of B. subtilis were essentially the 
same as those of the intact cells, but in the case of 
E. coli the 4-2 A. lipid ring was far more prominent 
sa PO = extraction of the cell wall material with 
pyridi ring disappeared completely (Fig. 1b). 
This furnishes clear evidence that the cell wall of 
E. coli contains crystalline lipids, at least in the dried 
preparations. Further, ‘Formvar’ strips were pre- 
pared from Æ. coli cell wall suspensions on glass 
plates, pressed and irradiated as described for intact 
cells. A representative orientation diagram is shown 
in Fig. 3. ‘The length of the ‘Formvar’ strips lies 
parallel to the longer edge of the page and, clearly, 
the lipids are represented by arcs along the meridian 
only. The diagram presented in Fig. 3 yields also 
evidence concerning the chain length of the lipid. 
This will be discussed elsewhere. 

From this we may conclude that, at least in the 
case of E. coli, and most probably also with other 
bacteria, the crystalline lipids are situated in the cell 
wall and the hydrocarbon chains lie normal to the 
cell surface. This is further supported by the fact 
that the width of the diffraction lines of the lipid 
rings in Ẹ. coli can be taken to indicate that the 

ine regions are at least 200 A. wide. Con- 
sidering that, as stated by Salton’, the cell walls of 
E. coli are not more than 100 A. thick, the implication 
is that the lipid chains lie at right angles to the cell 
surface forming one lamella or more, completely 
enveloping that part of the bacterium which lies 


___ This confirms by direct observation the suggestion 

of Hurst? that in Æ. coli the lipid chains lie normal 
to the cell surface. He based these conclusions on 
electron diffraction pictures of intact cells of Æ. coli 





Fig. 2. X-ray diffraction powder diagram of dried cell wall 
preparations of E. coli 
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Fig. 3. X-ray diffraction orientation diagram of dried and pressed 
x cell wall preparations of Æ. coli 


by correlating the degree of cell flattening with the 
sharpening of the diffraction pattern. Though we do 
not feel that these correlations are necessarily sig- 
nificant, his final conclusions fit in with our 
observations. 

Concerning tha location of such a lamella in the 
wall, we cannot be precise. Measurements of the 
zeta potentials of Æ. coli by Davies, Hayden and 
Rideal* indicate that the external surface of these 
cells consists of a polysaccharide which these authors 1 
claim is an arabate, though Salton? reports kr 
presence of glucese and galactose only in the 
lytic products of cell walls of Æ. coli. If this isso, #8 
then the lipid layer must lie internally to this poly- s= | 
saccharide layer. It does not reveal itself by any 
marked birefringence under the polarizing micro- 


scope. In dry mounts of well-washed cells of allsix = | 
bacterial cultures the surfaces show, to var , 
degrees, the phenomena associated with birefri JP 


These disappear almost completely, however, whên — 









- 


any liquid (pola? or non-polar) which we have tried -~ _ 
is added. It seems likely that the phenomena | 
observed in dry mounts are due to reflexion depolar- ‘ 
ization and that the layer in question is too tenuous -= 


to be observed through its intrinsic birefringence. 
On the other band, spores of B. cereus and B. alvei 
show true birefringence of a kind suggesting the 
presence of a second, non-lipid orientated layer in 4 
bacterial surfaces. 

In the course of this work it became apparent that 
the polarizing microscope greatly facilitates the 
observation of mon-stained preparations of bacteria 
as compared with an ordinary optical microscope at _ 
the same magnification. Pee 

We wish to thank the Medical Research Cou p 
and the Royal Society for grants which 
research possible. Grateful acknowledgment i 
of the most valuable collaboration of Mr. G. W 
Ripley, especialy with the observations under the 


electron microscope, and of the technical assistanc: aa 
by Mr. B. Windsor. e- S DA 
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THE ROYAL TECHNICAL COLLEGE OF EAST AFRICA 
By Major-Generat C. BULLARD, C.B., C.B.E. 


Principal 





A DESCRIPTION of the Royal Technical College 
; of East Africa should be prefaced by some 
account of the recent development in higher educa- 
tion. in British Africa as a whole. Since the First 
World War, there has been an increasingly strong 
trend upwards in social evolution, and since the 

Second World War this has shown marked accelera- 

tion, One of the most immediately recognizable 

symptoms of this immense change is the thirst for 
education in all its forms, particularly for higher 
“education, and much is already under way to meet 
the need. University Colleges are established, at 
Makerere in Uganda, Achimota in the Gold Coast, 
Ibadan in Nigeria, and Fourah Bay in Sierra Leone. 
tomplementary to these university colleges, there 
are colleges of arts, science and technology, Such 
colleges offer courses which do not conform entirely 
with those normally the province of their more 
traditional British counterparts. Such courses afford 
study in architecture, commerce, engineering and 
other professions, but there is also a place for the 
humanities.in order to provide a broad cultural back- 
und for the prospective professional men. Colleges 
his nature have already been established at 
iin the Gold Coast and in the three provinces 
geria. The latest addition is the Royal Technical 
ollege of East Africa. 
After the formation of the East African Association 
' Engineers in 1945, it became clear to this body 
that there was a need for technical education in East 
‘Africa. A scheme for technical education in Kenya 

ut forward by a committee appointed by Sir 
ip Mitchell, then Governor of the Colony, and 
accepted in principle by the Kenya Government, 
ch submitted it to the Secretary of State. The 
dvisory Committee on Colonial Colleges of Arts, 
Science and Technology, however, recommended the 
“substitution of a scheme which would meet the needs 
ef East Africa as a whole, and which would have the 
“assistance of the Colonial Development and Welfare 

Finds. Accordingly, plans were drawn up and 
implemented, and the Royal Technical College was 
ncorporated on April 24, 1954, by enactment of the 
East Africa High Commission. 

Funds for the College have been subscribed by the 
British Government, the Governments of East 
“ Afvica-and the Gandhi Memorial Academy Society ; 
titer body has by private donation and without 
ions of any sort regarding race or creed, 
about £400,000. Valuable lands have 
ven by the Kenya Government and other 
nd has been purchased. The initial total area of 
College estate is about 65 acres, which includes 

z fields as well as building sites. 

ọ main tuition and administrative block is 
tuated. near the heart of the City of Nairobi. It 
n imposing modern building of five stories, with 
@ red, white and grey exterior finish; it contains 
classrooms, lecture theatres, science and engineering 
laboratories, architecture studios, a domestic science 
ction and a large assembly hall which can be used 
cinema. There are also administrative offices 























































and academic staff studies. The men’s and women’s 
halls of residence are some six minutes walk away, 
and the houses and flats for teaching staff are dis- 


tributed in the residential areas of Nairobi. There is _ 


immediate need for additional tuition and residential: 


buildings and extensions are being planned so far as a 


ground space at present available allows. Be 
In the Faculties of Architecture (including Survey). 
and Engineering, students have begun a five-year. 
course, and in the Faculty of Commerce, two- and 
three-year courses are offered in accountancy, 
economics and allied subjects, all leading to British 
professional qualifications. 


designed to produce domestic science teachers. The 
policy with regard to the Faculties of Arts and 
Science is not yet defined, as these subjects are 
already studied to degree standard at Makerere 
College and duplication has to be avoided so long as 


the existing capacity is adequate. The needs of kast 


Africa in these fields are being considered by the 
appropriate authorities in East Africa and London. 


At the moment, students in these faculties are 
preparing for the University of London (Advanced: 


Level) examinations for the General Certificate of | 
Education, a 
Academic staff, to the number of forty, have been 


recruited mainly from the United Kingdom and) 


various Colonial colleges. There are, however, two 
Asian lecturers and one African. 

The College is multi-racial and admits African, 
Asian and European students on equal terms, the 
only condition of acceptance being academic quali- 
fications. Students come from Kenya, Tanganyika, 
Uganda and Zanzibar, twenty-five different African 
tribes being represented, and religious faiths including 
all Christian denominations, Jewish, Mohammedan, 
Hindu and their variations. 

Two hundred and fifteen students, including 
twenty-six women, have been enrolled for the first 
academic year, and the following figures give a broad 
analysis of this total: 


Territory Race Faculty 

Kenya 141 African ` 105 Architecture 33 
Uganda 45 Asian 100 Arts 20 
Tanganyika 26 Goan Commerce 62 
Zanzibar 3 European 10 Engineering 49 
Science 43 

Domestic science 8 

215 215 215 


The problem of catering for residential students 
with varied dietary customs has bsen overcome as 
the result of goodwill and co-operation. There is 
always a vegetarian alternative to meat dishes, and 
estimating is facilitated by a register in which there 
are four groups: (a) students who are always. 
vegetarian ; (b) students who are vegetarian when the 
meat is pork ; (c) students who are vegetarian when 
the meat is beef; (d) students who always eat meat.” 

Such factors as these constitute a challenge not 
normally met in other Colonial colleges, but the 
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welding of different races and religions and the 
attempt to create a corporate college spirit has been 
astonishingly successful. There is evidence of good- 
will from all races, and perhaps the most disappointing 
feature is the comparatively small number of Euro- 
poan students who have enrolled. This is partly 
accounted for by the fact that pupils in the European 
schools already take the Cambridge Higher School 
Certificate examination. Nevertheless, it is believed 
that when the standards of the Collegé, both academic 
and cultural, become better known, a higher repre- 
sentation of the European section of the community 
will be obtained. 

The normal academic and social attributes of a 
residential college are in a formative state. Full use 
has been made of the limited area available for 
sports and a Student Society has been formed, to 
which are affiliated various student clubs. There 1s 
a students’ refectory in the main block, a senior 
common room is in existence, and the first phase of 
the library. is completed, containing 8,000 volumes 
and 3,000 periodicals. 

An introductory term began on April 23, 1956, 
during which, on July 12, 1956, the Vice-President 
of India, Dr. Radhakrishnan, opened the part of 
the College which has been designated the Gandhi 
Memorial Academy. Himself a philosopher of high 
repute, the Vice-President delivered a memorable 
address concerning the vast problems and respons- 
ibilities of education in East Africa. 
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During the frst term of the College year proper, 
which began on October 1, 1956, the College was 
honoured by a visit from H.R.H. Princess Margaret, 
who performed the formal opening ceremony of the 
whole College on October 24. In her speech, the 
Princess referred to the importance of a college of 
this nature to territories the activities of which, 
whether agricultural, commercial or industrial, are 


increasing so rapidly. Prmcess Margaret said that 
“the College had a twofold task: first, to produce 


men and women trained in a specialized and practical - 
field; and secondly, to send out into the world 
people with wide interests who have, by their 
association with their fellow-students, been set 
firmly on the road leading to wise citizenship.’ 
Princess Margaret showed a warm and lively regard 
for all aspects of life and work at the College and spoke 
to several of the students about their own problems 
and interests. 

The Royal Technical College, having been launched 
thus happily and auspiciously, and the eagerness for 
work and the goodwill of the first entry of students 
having been displayed so encouragingly, the staff of 
the College facas the future of this farsighted enter- 
prise with confidence. Ther only anxiety is that this . 
project, so warmly greeted by the young people of 
East Africa and so vital to the development of their 
country, will not be checked or impaired by lack of 
financial support for its urgently needed capital 
development. 


CRYSTAL DYNAMICS ~ 


URING the second week of January the Physical 
Society held a two-day Conference at Queen 


“Mary College, London, on “Crystal Dynamics”. There 


was a large attendance to hear more than twenty 
contributions from many leading British physicists. 
It is an indication of the growth of interest in the 
theory of solids that a whole conference could be 
devoted so successfully to such a relatively specialized 
branch of the subject. Many of the topics that 
were dealt with have long histories such as the 
specific heat of crystals associated with lattice 
vibrations, and the thermal expansion resulting from 
anharmonicity.. Other fields discussed were entirely 
unknown before the Second World War, for example, 
the determination of frequency spectra by means of 
neutron diffraction. In yet a third group of topics 
old problems were dealt with on which new light has 
been shed in recent years by extensive experimental 
and theoretical research. An example of this group 
1s electron-phonon interaction which, in some cir- 
cumstances, dominates the electrical and thermal 
conductivity of metals at low temperatures. 

The Conference was divided into four sessions, each 
of which was opened by a lecture in which the subject 
of the session was reviewed, thus placing the audience 
in a position to appreciate the shorter specialized con- 
tributions, describing recerit work, which followed. 

The first session was opened by Dr. M. Blackman 
(Imperial College of Science and Technology, London), 
who reviewed the types of vibrational spectra of 
crystals which have been obtained theoretacally, and 
the heat capacity curves deduced from them. The 
Debye T? law was discussed from the theoretical and 
experimental point of view and it was pointed out 


that only in one or two cases was 1t really certain 
that the T? region had been reached in experimental 
measurements. 

An mterestng contribution came from Prof. 
M. H. L. Pryce (Bristol), who dealt with a new form 
of lattice statics. He reported calculations which 
have been carried out to determine atomic displace- 
ments caused by defects such as vacancies, inter- 
stitial atoms, impurity atoms and dislocations. The 
method uses Fourier transforms, as in the determ- 
ination of the normal modes of the lattice. It has 
the advantage that the discrete character and the 
elastic anisotropy of the crystal are automatically 
taken care of. The results are promising and should 
be better than zalculations based on an elastic theory 
of a contmuum supplemented by the localized 
relaxation of « few atoms. 

In a short zontribution Prof. ©. Domb (King’s 
College, London) dealt with the calculation of the an- 
harmonic properties of a solid such as thermal expan- 
sion and compressibility. A simple attempt at dealing 
with this prob:em was made by assuming a Debye 
model in which the 9-value was dependent on volume. 
However, the results did not agree well with experi- 
ment. For en extremely anharmonic solid, like 
helium, there was marked disagreement with experi- 
ment. Even for solid argon, 1ecent experimental 
results obtained at Queen Mary College differed 
appreciably from theory. Accordingly, a different 
approach due to Henkel, which is a generalization of 
the Einstein model for a harmonic solid, was adopted. 
The results were in surprisingly good agreement with 
experiment whan a Lennard-Jones 6,12 potential was 
used. 
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In a contribution entitled “Solid Argon as a Model 
Substance”, Dr, ©. R. Dobbs (Queen Mary College, 
London) surveyed experimental techniques used to 
obtain accurate measurements of the expansivity, com- 


pressibility and Specific heat of poly-crystalline argon, < 


A comparison With the theoretical calculations of 
Domb and Zucker showed that their assumption of 
anharmonic lattice vibrations in a modified Einstein 
model was in agreement with the experimental 
results for expansivity and compressibility but, not 
unexpectedly, failed to account for the variation of 
the specific heat at low temperatures. 

Another contribution to the first session was made 
by Dr. D. Bijl (St. Andrews), who pointed out that 
the customary method of using a temperature- 
dependent or effective Debye temperature has serious 
disadvantages. A better method is to plot the ratio 
_ between the measured specific heat and the Debye 

specific heat calculated with a characteristic tem- 
perature obtained from the true J" region. 

The second session, on ‘Vibrational Spectra”, was 
opened by Dr. G. L. Squires (Cambridge), who dis- 
cussed the method by which the frequencies of the 
normal vibrations of a crystal may be determined. 
These frequencies can be determined by measuring 
the momentum changes of slow neutrons which have 
been scattered inelastically by the crystal. A neutron 
excites or de-excites a phonon in @ crystal lattice, 
and the resulting change of energy, being of the same 
order as the initial energy, was readily measurable. 
The inelastic scattering of X-rays was said to be not 
so suitable for measuring phonon frequencies because 
the change in the energy of the X-ray quantum was 
of the order of 10-5 of its initial energy. Such small 
changes in energy are not at present detectable and 
the phonon frequencies have to be deduced from 
intensity measurements. So far, owing to the com- 
parative weakness of neutron sources, most of the 
measurements of phonon frequencies have come from 
X-ray experiments, but as high-flux reactors, such. as 
DIDO at Harwell, become available it was expected 
that the neutron method would be used increasingly. 

Dame Kathleen Lonsdale (University College, 
London); in a short contribution, discussed methods 
of determining the anisotropic vibrations in crystals. 
Diffraction methods enabled one to determine the 
values of the mean square amplitudes of individual 
ions or atoms in different directions relative to the 
crystal axes. In the case of molecular crystals it was 
of particular interest to distinguish thermal move- 
ments of the molecules relative to each other from 
intra-molecular vibrations. There are several dif- 
ferent ways of approaching the problem: diffuse 
scattering on photographs of stationary crystals ; 
coherent scattering of neutrons or X-rays leading to 
a Fourier analysis; or measurements at varying 
temperatures. The first gave much information, but 
at present could not be interpreted except in the 
case of very simple and symmetrical structures. The 
second is the standard method. The third has 


provided useful confirmation of the results obtained . 


and gives promise of leading to good estimates of 
zero-point energies. 

Dr. D. H. Martin (Queen Mary College) outlined 
the need for information about the absorption spectra 
of ionic crystals in the very far infra-red, and dis- 
cussed the feasibility of observing such spectra with 
good results by making use of the super-conducting 
bolometer. 


An interesting theoretical contribution was made 


by Dr. G. V. Chester (Birmingham), who dealt with 
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inelastic neutron scattering in crystals, The theory 
of the coherent inelastic scattering of neutrons by a - 
single crystal showed that, for every process in which, 
the neutron absorbs or emits a single phonon, the 
neutrons are scattered in all directions, and the 
intensity of scattered neutrons in any given direction 
shows sharp peaks when plotted as a function of 
energy. Because of mutual scattering and other 
effects, phonons had only a finite lifetime and, there- 
fore, their energies were not precisely defined in 
accordance with the Uncertainty Principle. This 
resulted in a broadening of the-peaks in the neutron 
diffraction pattern. From the line width it was 
possible to determine the total scattering cross- 
section for a phonon both as a function of wave 
number and polarization. It was thought that the 
main applications of this method would lie in the 
study of phonon-phonon and electron-phonon 
scattering. 

The third session, at which the chair was taken by 
Prof. R. E. Peierls, was opened by a review of thermal 
conductivity given jointly by Dr. J. M. Ziman (Cam- 
bridge) and Dr. R. Berman (Oxford). Dr. Ziman 
consideréd. the theory of the various effects which led 
to thermal resistance in crystals: interstitial atoms ; 
vacancies ; substitutional impurities; dislocations ; 
stacking faults; and surface roughness. He was able 
to show what might be expected for the temperature- 
dependence of the thermal conductivity due to each 
of these causes. Dr. Berman dealt with experimental 
data relating to the thermal conductivity of dielec-, 
trics at very low temperatures and was able to 
correlate this data with the theoretical predictions 
previously discussed by Dr. Ziman. 

In a short contribution Dr. H. M. Rosenberg 
(Oxford) described experimental results concerning 
the electronic thermal conductivity of the metals 
zinc and cadmium. He was able to relate the 
observations to the known variation of the 6p-values 


- with temperature in the region of very low tem- 


peratures. 

Dr. J. Wilks (Oxford) described experiments on 
the thermal boundary resistance between metals and 
liquid helium IT which showed that the dependence 
of this resistance on temperature is similar to that of 
the thermal contact resistance between two solids. 
Theory predicts a heat transfer which varies as T°, 
and which depends on the properties of the metal 
and the liquid helium. Agreement with experiment 
18 far from satisfactory ; the observed dependerice on 
temperature is nearer to T*. It was suggested that 
this discrepancy may be due to the theoretical 
treatment, which assumes that the media are con- 
timuous. 

Two other short contributions were made by Dr. 
R. Furth (Birkbeck College, London), who spoke 
on’ the theory of fluctuations of strain and stress in 
crystals, and by Dr. E. H. Sondheimer (Queen Mary 
College), who discussed a point- hitherto overlooked 
in the theory of the thermal conductivity of metals 
m strong magnetic fields. 

The final session, with Prof. N. F. Mott in the chair, 
was opened by Prof. Harvey Brooks (Harvard), who 
reviewed the theory of electron-phonon interaction 
in metals. A searching analysis was given of the 
various attempts which have been made to calculate . 
the matrix of the scattering potential for electrons 
in metals. Particular attention was paid to the self- 
consistent method of Bardeen and the more recent 
method of the deformation potential. An interesting 
point which emerged was that, even at what are 
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normally considered low temperatures, Umklapp- 
processes are frequent in metallic sodium, and that at 
room temperatures such processes account for some 
90 per cent of the resistivity. 

Prof. G. O. Jones (Queen Mary College) sum- 
marized the work which has been carried out on 
super-conductivity at pressures of 10,000 atmo- 
spheres and above. Although the electron~phonon 
interaction: theory of superconductivity, developed 
by Frohlich and Bardeen, had appeared to account 
more or less exactly for the change in transition 
temperatures with change in isotopic mass, the 
effect of varying the volume is by no means straight- 
forward. For metals which would be regarded as 
normal with respect to their ordinary electrical 
properties under high pressure, having a resistivity 
which varies approximately as V*”, where y 18 the 
Grimeisen constant, the superconducting behaviour 
varies enormously. In some cases the transition 
temperature varies according .to expectation as VY, 
but ın others the variation is more nearly propor- 
tional to V^r, and in one-caso (thallium) there 1s a 
reversal in the sense of the variation at about 1,000 
atmospheres. 
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In a short contribution, Dr. P. G. Klemens (Syd- 
ney) spoke of she conduction properties of mono- 
valent metals at very low temperatures and ex- 
plained a discrepancy which appears to exist between 
thermal and electrical: conductivity. Dr. A. E 
Pippard (Cambzidge) in a final contribution dealt 
with acoustic absorption in metal crystals. He ' 
described how an analysis, by standard methods of 
conduction theory, of the attenuation of a longi- 
tudmal ultrasonic wave shows that, so long as the 
electronic free gath is shorter than the wave-length, 
the attenuation varies as the square of the frequency, 
but, when the =ree path is long compared with the 
wave-length, the attenuation is proportional to the 
frequency and independent of free path. The 
transition region has been investigated by Bommel 
and found to show qualitative agreement with 
theory. The result for a long free path is identical 
with that derived by the arguments used to describe 
electron—phonor interaction in quantum theory of 
conduction. It seems hkely, then, that the result 
derived ‘classically’ by consideration of electron 
trajectories is valid over the whole range of free 
paths. H. JoNES 


- OBITUARIES 


Dr. J. H. Partridge 


Joun HENRY PARTRIDGE, a senior member of the 
Research Laboratories of the General Electric Com- 
pany, Ltd., died on November 30, 1956, at the age 
of fifty-three. For many years Partridge had been 
head of the department of the Laboratories con- 
cerned with glass, refractories and ceramics. He was 
a man who loved to do things with his own hands 
and he was always anxious to translate, as rapidly 
as possible, laboratory findings into works’ applica- 
tion. He was very frequently to be found in the 
works both of his own Company and of other firms 
in the glass industry, giving his help generously. He 
had suffered from a heart attack some six years ago, 
and the restraint which his medical adviser attempted 
to impose upon him he found very hard to bear. It 
was very difficult to stop him trying to carry out a 
full programme of works’ visits and society meetings, 
when in the interest of his health he should at times 
have been taking life more quietly. His ill-health 
never interfered with his great sense of fun, and he 
was a delightful colleague with whom to travel either 
to a works of the Company or to some international 
congress. 

Partridge was a most conscientious man, and this 
virtue was reflected in his record of service to scientific 
and technical societies. He was a member of the 
Council of the Society of Glass Technology for several 
periods since 1934, and was honorary secretary of the 
Society during 1946-49. At the time of his death he 
was in office as president, having been elected in 
April 1956; election to this office was an honour 
which Partridge deeply appreciated, and he had 
undertaken the duties with characteristic energy. 

«He was a member of the Ceramic Society and a 
Founder Fellow of the Institute of Ceramics; he 
had travelled much on the Continent to attend 
international congresses on glass. 

In the G.E.C. Laboratories he had done a great 
deal of work on the development of new glasses and 


refractories ; he was the author of two monographs, 
one on “Refraczory Materials for the Glass Industry” 
and the other on “Glass-to-Metal Seals”. He had 
written many papers on these and related subjects. 

Dr. Partridge was educated at King Edward VI 
Grammar Schcol, Birmingham, and in 1921 he 
entered the School of Metallurgy in the University 
of Birmingham. and in due course he obtained the 
degree of Ph.D During the period 1925~26 he was 
awarded a grart from the Department of Scientific 
and Industrial Research, and a Carnegie Scholarship 
from the Iron and Steel Institute. In 1947 he received 
his D.Sc. for his contribution to scientific and tech- 
nological knowledge in the fields of glass and 
refractories. 

His colleagues in the General Electric Company 
and a much w-der circle of colleagues in the glass 
industry in Brizain and abroad will feel keenly the 
loss of a man whose enthusiasm and good humour 
had endeared him to them—a man whose enjoyment 
of life was so irfectious. His friends will have great 
sympathy for kis wife and three children. 

R. W. Doveras 


Prof. Joseph Varga 


Pror. JOSEPH VARGA, a member of the Hungarian 
Scientific Academy and professor of chemical tech- 
nology in the Technical University in Budapest, died 
at the age of sixty-five on December 28. He received 
his degree in chemical engineering in 1908 at the 
Technical University in Budapest, and then he was 
appointed assistant there. In 1920 he was appointed 
Privatedocent, aad in 1923 professor in the Institute 
for Chemical Technology. He worked in the field of 
the hydrogenat.on of coal and coal-tars and made 
several valuable contributions to the scientific prob- 
lems involved snd industrial applications. Arguing 
with Bergius—vho first liquefied coal—he proved by 
classical experiments that the hydrogenation of coal is 
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a catalytic process. He found, first, that the molyb- 
denum and tungsten sulphide catalysts are not 
poisoned by sulphur compounds. On the contrary, the 
presence of sulphur compounds is advantageous. This 
discovery has been embraced in many foreign patents 
(Britain, United States and France) and is referred 
to in the scientific literature as the ‘Varga effect’. 
Prof. Varga’s main purpose in life was the develop- 
ment of the Hungarian chemical industry, on which 
he also worked as Minister of Industry during 1939-43. 
Students always enjoyed his lectures, which showed 
not only the real connexion between science and 
technology, but—through the industrial life of the 
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country and by picturing the industrial development 
in the free world—also the right way to be followed 
in the dark days of oppression. 

In 1932 he was elected a member of the Hungarian 
Scientific Academy, and he also received many other 
scientific distinctions. 

His last studies concerned hydrogen transfer 
reactions, which have been applied for the mild 
pressure hydrogenation of highly asphaltic crudes 
with high sulphur content. After successful laboratory 
experiments, a pilot plant was built, the results of 
which he reported to the sixth World Power Con- 
ference at Vienna in 1956. 


S 


NEWS and VIEWS 


Prof. H. A. -Brück :` Astronomer Royal for Scot- 
land i 


Pror. H. A. Brtox, whose appointment as 
Astronomer Royal for Scotland and professor of 
astronomy in the University of Edinburgh in suec- 
cession to the late Prof. W. M. H. Greaves has just 
been announced, was formerly a pupil of Sommerfeld 
in Munich. His career in astronomy began at the 
Astrophysical Observatcry, Potsdam, where in 1930 
he became a member of the assistant staff. There he 
worked on a number of problems concerning the solar 
spectrum, in co-operation with E. Finlay Freundlich, 
and also took an important part in the Potsdam 
survey of stellar spectra in the Kapteyn Areas of‘the 
southern sky. In 1936 political difficulties forced him 
to leave Germany. After a short stay at the Vatican 
Observatory, he went to Cambridge, first as a junior 
observer at the Solar Physics Observatory, later 
becoming assistant director of the Observatory and 
John Couch Adams Astronomer. During these years 
he undertook pioneer work on the photoelectric 
measurement of line profiles in the solar spectrum. 
He also collaborated with W. Moss in an early 
investigation of Ha and D, lines in solar prominences, 
and afterwards with F. Ruttlant attempted the 
extremely difficult problem of detecting photo- 
graphically a displaced calcium K line from matter 
ejected by a chromospheric flare. 

In 1947 the Irish Government -decided to revive 
the Dunsink Observatory, which had been closed for 
many years, to form a part of the Dublin Institute 
for Advanced Studies, and Briick agreed to become 
the director. Under his guidance a new solar telescope 
and a large spectrograph were built, and work on 
photoelectric photometry of stars, including studies 
of star scintillation, was started. A co-operative 
agreement with the Armagh and Harvard Observ- 
atories was made, to allow Dunsink a share of the 
24-36-in. Baker-Schmidt telescope at Bloemfontein, 
South Africa. Among many other activities Briick 
himself found time to go with D. A. Jackson to 
Khartoum for the 1952 total solar eclipse, where they 
measured chromospheric line widths interferometric- 
ally in difficult conditions. In 1955 the International 
Astronomical Union met in Dublin, and much of 
the success of these meetings was due to Brtick’s 
enthusiasm and tact as the local organizer. In this 
exacting task he was ably assisted by Mrs. Bruck, 


who is herself an experienced solar physicist. Prof. ` 


Brück will take up his new appointment with the 
good wishes of an unusually wide circle of astro- 
nomical friends. 


Structural Engineering in the University of Man- 
chester: ’ Dr. W. Merchant 


Dr. WiryreD Murouant has been appointed to 
the recently established chair of structural engineering 
in the Faculty of Technology of the University of 
Manchester. Dr. Merchant graduated with first-class 
honours in engineering science at Oxford in 1933. He 
then spent four years in gaining industrial and 
municipal experience in the design and detail of steel 
and reinforced concrete frames and foundations. In 
1937 he was elected to a.Commonwealth Fellowship 
which he held at the Massachusetts Institute of 
Technology, specializing in soil mechanics. Dur- 
ing the War, Dr. Merchant was engaged on the 
development of jet engines in the Gas Turbine 
Engineering Department at Metropolitan-Vickers, 
Ltd., Manchester, and joined the staff of the Man- 
chester College of Science and Technology in 1946 
as a lecturer in structural engineering. Since his 
appointment there, his research work has been 
mainly concerned with structures, though he remains 
a member of committees of the Aeronautical Research 
Council and the Gas Turbine Collaboration Com- 
mittee. In 1951 he was promoted to a readership in 
applied mechanics and he proceeded to the degree of 
D.Sc. in 1955. Dr. Merchant has published a number 
of papers and reports on soil mechanics, on aero- 
dynamics and on structures in various scientific 
journals and is joint author of a recently published 
volume entitled “An Introduction to the Theory of 
Structures”. i 


Nuclear Research and Development in Europe 


M. Louis Armand (France), Herr Franz Etzel 
(Germany) and Prof. Francisco Giordani (Italy) have 
been visiting the United Kingdom on behalf of the 
six governments now negotiating the Euratom 
Treaty—Belgium, France, the Federal Republic of 
Germany, Italy, Luxembourg and the Netherlands— 
to “report on the amount of atomic energy that can 
be produced in the six countries in the near future 
and on the means whereby this can be achieved”. 
They have already visited the member-countries of 
the proposed Euratom Treaty, and recently visited 
the United States for talks with the United States 
Atomic Energy Commission. M. Armand is director- 
general of the French State Railways and president 
of the Industrial Equipment Committee of the 
French Atomic Energy Commission; Herr Etzel is 
senior vice-president of the High Authority of the 
Coal and Steel Community ; Prof. Giordani is presi- 
dent of the Italian National Research Council and 
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an authority on the development of nuclear energy 
resources. 

In a written answer in the House of Commons on 
February 18, the Parliamentary Secretary to the 
Ministry of Works, as representing the Lord President 
of the Council, reported that substantial progress has 
been made in the construction of the laboratory and 
apparatus for the European Organization for Nuclear 
Research. The first accelerator should be in operation 
in the second half of this year. Recruitment is 
proceeding satisfactorily and the staff now numbers 
some 480. The research activities of the Organization 
are intended to be complementary to those of member 
countries, and in deciding its research programme the 
Council of the Organization takes fully into account 
research proceeding or proposed in member countries. 


Nuclear Power at the Imperial College 

A SPECIAL one-year postgraduate course in nuclear 
power has been arranged at the Imperial College of 
Science and ‘Technology following the recent appoint- 


ment there of Dr. J. M. Kay as professor of nuclear _ 


power. The course is based on the belief that nuclear 
power is not a distinct technology but a new field for 
the application of existing branches of engineering 
and applied science. Entry to the course, which will 
start in October, will be open to those having a good 
honours degree in mechanical, civil, electrical, or 
chemical engineering. The principal aim of the course, 
in fact, will be to meet the needs of the engineering 
mdustry engaged in the field of nuclear power. 
Students taking part will be eligible for Department 
of Scientific and Industrial Research Advanced 
Course Studentships. 

The syllabus wul include a number of backbone 
lecture courses on basic nuclear physics, nuclear 
reactor theory, nuclear fuel technology, biological 
effects of radiation, and the design and construction 
of nuclear reactors for power generation. Optional 
lecture courses will cover such subjects as advanced 
fluid mechanics and heat transfer, the mathematical 
theory of neutron diffusion and transport theory, 
properties of special materials and unusual metals, 
isotope separation, fuel cycles, thermal design of 
nuclear power plants and steam cycles, instrumenta- 
tion and control theory, and the design of ‘re- 
inforeed concrete structures. Laboratory work will 
include the demonstration of neutron sources and 
gamma radiations, methods of detection of neutrons 
and radiation, counting equipment, measurements of 
neutron diffusion, the use of a reactor simulator, 
experimental work on fluid flow and heat transfer, 
and a number of other mechanical engineering 
problems. 

The course will be under the direction of Prof. Kay 
m association with Profs. Ball (physical metallurgy) ; 
Blackett (physics); Danckwerts (chemical engineer- 
ing science); Newitt (chemical engineering); Saun- 
ders (mechanical engineering) ; and Tustin (electrical 
engineering). Further particulars may be obtained 
from the Registrar, Imperial College, London, 8.W.7. 


National Economic Statistics 


Iw his budget speech on April 17 last year, Mr. 
Macmillan said that he was considering ways of 
improving our economic statistics, and on August 1 
he made a further detailed statement outlining seven 
ways in which the existing information could be 
improved, meluding quicker returns from industry 
and. the collection of new or improved information in 
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six different fields. The need for greater guidance as 
to where to obtain statistics and how to use them 
was stressed bz Prof. R. G. D. Allen in an article 
in Heonomica last November. <A: broadsheet from 
Political and Sconomic Planning, “Statistics for 
Government” (No. 406; January 28, 1957), reviews 
briefly developments since 1944, including the major 
advances in the past four years and Mr. Macmillan’s 
proposals, and evaluates the success achieved im 
carrying out the recommendations of a White Paper 
on Employment in 1944. The main criticisms made 
of our nationa. economics statistics are that too 
long a time elapses between collection and pub- 
lication ; that revisions are made too frequently ; 
that there is insufficient analysis and official statist- 
icians are over-eautious and afraid to commit them- 
selves; and zhat presentation and publication 
require more aztention. More specifically, Britain 
needs quarterly estimates of the national income 
like those already published m the United States, 
Canada and the Netherlands. These criticisms are 
not entirely consistent, and Political and Economic 
Planning concludes that the statistical services are 
faced with a complex of requirements that are often 
self-contradictory. The quality needed above all in 
the statistical Civisions is flexibility, and this may 
sometimes be hempered by official modes of operation 
which are-not readily adapted to public relations 
work in securing the co-operation of industry. There 
is need for fulle? notes explaining how the published 
statistics can be used, and in particular, for a work 
which will not only act as a reference source outlining 
the sources and methods of compilation of the 
statistical tables, but which will also discuss more 
fully the nature, uses and limitations of the statistics. 
Finally, the dependence of the statistical services on 
the co-operation of industry is stressed. 


Christian Responsibility in the Nuclear Age 


In an article cn “Nuclear Knowledge and Christian 
Responsibility” in the London Quarterly for January 
1957, Prof. C. A. Coulson emphasizes that if the 
under-developed countries are also to enjoy the 
benefits of crvilization, or indeed if our civilization is 
to continue, a fair and reasonable distribution of 
nuclear energy is an absolute necessity. For those 
who come to the nuclear age with real elasticity of 
mind, its problems afford stimulating and creative 
opportunities, and he argues that it is a Christian 
responsibility ta see that nuclear energy, like any 
other scientific discovery, is rightly used. That 
responsibility is inherent in the neture of man and 
in our relationskip to the material world, There are 
certain questions, not of a purely scientific character, 
which must be enswered before we know how to use 
science properly God, he argues, will not be fully 
known until He is found in a developed knowledge 
of the universe :n which we live, and that therefore 
all science is a religious activity. Urging that we 
should be profoundly grateful for our nuclear know- 
ledge, Prof. Coulson indicates some of the ways in 
which we should share and develop nuclear energy 
and its applications. We should look to the time 
when we shall harvest crops within the Arctic Circle 
and our control of biological techniques shall enable 
us to exploit tke agricultural possibilities of every 
part of the wor.d. Nothing less can cope with the 
rising world population and its demand for food. 
We should also rejoice in new possibilities for curing 
disease and improving health m parts of the world 
where disease is rampant and health poor and should 
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see that no one makes personal profit out of this 
situation to the detriment of the world-wide dis- 
tribution of the new products. 


Edison’s Birthday 

To commemorate the 110th anniversary of the 
birth of Thomas Alva Edison, which took place on 
February 11, 1847, Science Service of America has 
produced a booklet for all its Science Clubs indicating 
experiments connected with Edison’s work which 
` could be carried out by young people. The booklet 


shows how exhibits of important Edison inventions - 


could be cheaply made and how they could be used 
at local exhibitions arranged in connexion with the 
National Edison Birthday Celebration of February 
ll. Industries had been asked to open their 
factories and research laboratories to visiting students 
on that day. The National Edison Birthday Cele- 
bration has been conceived as an annual event in 
order to encourage young people to take advantage 
of growing opportunities for careers in science and 
engineering, to direct national attention to the 
critical shortage of scientifically trained people and 
to stimulate greater interest in science. 


Nuclear Instruments 

Nuclear Instruments is a new international journal, 
published by the North-Holland Publishing Co., 
Amsterdam, and edited by Prof. K. Siegbahn, of the 
University of Upsala. It is, therefore, a companion 
journal to Nuclear Physics, now entering its third 
volume. Again, tho editorial board is representative 
of many countries, and contributions are accepted in 
English, French or German, with abstracts in English. 
Developments in accelerators, particle detection, 
isotope separators, mass spectrometers and related 
fields require at least as much research effort as the 
nuclear experiments which they make possible, and 
need to be reported in specialist papers. The purpose 
of Nuclear Instruments `s to attract such papers, 
together with survey articles and book reviews. The 
first issue of fifty-six pages (January 1957) contains 
reports of the C.E.R.N. Symposium of June 1956, 
authoritative papers on regenerative béam extraction 
from, accelerators, a proportional counter system with 
small wall effect, aberrations in a 180° double focusing 
magnetic spectrometer, short notes on evaporation 
crucibles for beta-spectrometer samples and diverging 
electrostatic lenses in accelerators, and two book 
reviews. The journal has an opportunity to fill an 
important need. It is well laid out, and the standards 
of printing and reproduction of diagrams are excel- 
lent. The subscription price is £6 10s., or 17 dollars, 
for each volume of 360 pages, and publication is 
bi-monthly. 


Bird Ringing 

Iy a journal entirely devoted to the ringing of 
birds, the editor, Dr. W. Rydzewski, directs atten- 
tion to the increasing number of inadequately 
addressed rings which are being reported by finders 
in many countries (The Ring, No. 9; November 
1956), despite the fact that officially recognized 
rings are easily obtainable for ‘applicants with 
adequate ornithological knowledge. These ‘unofficial’ 
rings often mean that ‘bird-recoveries’ are lost both 
to the ringer and the finder. To help to minimize 
this loss, Rydzewski suggests the compilation of an 
index of as many non-ornithological rings as possible 
and that this should then be made widely known. 
He has already begun to build up a collection 
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of this sort. All who are interested should get in 
touch with Dr. Rydzewski at 1 Altyre Road, 
Croydon, Surrey. The Ring, which is published from 
that address, appears quarterly in February, May, 
August and November, and costs 16s., post paid. 


United States Radio Astronomy Observatory 
Tue National Science Foundation has entered into 
& contract with Associated Universities, Ine., for the 
conduct of basic research in the field of radio 
astronomy. The agreement provides for the estab- 
lishment of a radio astronomy observatory at Green 
Bank, Pocahontas County, West Virginia. Associated 
Universities, Inc., will construct and provide for the 
“management, operation and maintenance of the 
observatory with the primary purpose of making its 
facilities available for visiting scientists’’.~ The 
National Science Foundation will provide 4 million 
dollars during 1957 for the necessary facilities and 
equipment, including a radio telescope with a dia- 
meter of approximately 140 ft. Associated Univer- 
sities, Inc., an educational corporation, initially 
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.organized under the State Board of Regents of New 


York, operates Brookhaven National Laboratory at 
Upton, New York, under contract to the Atomic 
Energy Commission. The corporation is sponsored 
by nine ‘niversities: Columbia, Cornell, Harvard, 
Johns Hopkins, Massachusetts Institute of Tech- 
nology, Princeton, University of Pennsylvania, 
University of Rochester, and Yale. 


Fusarium Isolates from Soils 

W. L. Gorpon, of the Plant Pathology Laboratory, 
Winnipeg, Manitoba (Canad. J. Bot., 34, 833 ; 1956), 
has given an account of a taxonomie study of 1,348 
isolates of Fusarium found in 206 soil samples col- 
lected in 1946; 143 (approximately 70 per cent of 
the samples) were obtained from 127 localities in 
Manitoba; the remaining 63 (30 per cent) came ` 
from seven other provinces. Of 25,973 colonies of 
fungi that developed. on the 2,060 soil-dilution plates 
involved in this study, Fusarium accounted for 
approximately 5 per cent. A total of fourteen species 
and varieties of Fusarium, classified in nine sections 
of the genus, were isolated. F. oxysporum, F'. oxy- 
sporum var. redolens, F. equisete and F. solani 
accounted for approximately 90 per cent of the total 
Fusarium isolates. F. oxysporum was by far the 
most prevalent species isolated. ` 


Ophthalmic Trial Case Lenses 

THe unanimous report of the Committee on Trial 
Case Lenses appointed by the Minister of Health in 
December 1954 to review standards for the lenses 
used in carrying out sight tests and the method of 
measuring lens powers has now been published 


(“Trial Case Lenses”. Pp. 25. London: H.M. 
Stationery Office, 1956. ls. 9d. net). The chairman 
of the Committee was Sir Stewart Duke-Elder. The 


ophthalmic trial case first appeared in approximately 
its present form about ninety years ago, when the 
introduction of routine testing for astigmatism 
brought complexity into what had hitherto been a 
comparatively simple process. The report, which is 
somewhat technical, is m two parts. In Part 1 the 
Committee sets out the reasons which lead it to 
recommend that the back vertex system of expressing 
and measuring lens powers becomes the accepted 
standard. It states that there is evidence that the 
manufacturing industry would welcome back vertex 
standardization and that most firms are now equipped 
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- with vertex focimeters. In Part 2 the various forms 
and design of all the individual lens and prism units 
of the trial case are discussed in some detail, and the 
Committee suggests a new basis of design whereby, 
among other advantages, the aggregate effect of 
several lenses used in combination can be accurately 
and quickly ascertained by the practitioner. With 
regard to plano prisms, it 1s recommended that the 
prism dioptre be the unit of prism power and that 
the deviation be measured for light mncident normally 
at one surface of the prism. For both trial case lenses 
and prisms the power should be expressed and 
measured with respect to lght of wave-length 
corresponding to the yellow d line of the helium 
spectrum. 


Tramway Museum Society 


A Tramway Museum Society has been formed to 
take over and administer the present collections of 
historic tramcars and to co-operate with the transport 
and electrical industries in establishing a representa- 
tive historical collection of British electric tramcars 
and equipment in the form of a tramway museum. 
In the United States are more than a hundred historic 
electric cars, similar collections exist in the Nether- 
lands, Germany and Scandinavia, and a transport 
museum has recently been set up in Belfast. It ıs of 
particular importance that public vehicles, and 
especially tramcars, should be preserved in Britain. 
Further information concerning the Society can be 
obtained from the honorary secretary, Mr. J. H. 
Price, 15 Kingslyn Crescent, Upper Norwood, 
London, 8.H.19. 


Field Studies and Teaching Methods 


To show the part that field studies could play in 
the teaching of science m schools, a field excursion 
has been undertaken by a group of graduate students 
who are reading for the diploma in education at the 
University College of Swansea (School Nature Study, 
51; October 1956). The students taking part in the 
field work were geologists, biologists and geographers, 
and the area selected for investigation was the 
Oxwich peninsula, which is situated on the south 
side of the Gower peninsula in west Wales. As the 
work progressed, ıt offered ample problems for 
individual investigations and an appreciation of 
scientific method. It was generally agreed that such 
work would be valuable for use in schools. One of 
the most important points was that much preliminary 
work was necessary. This entailed not only careful 
planning in the field by the teacher but also some 
training beforehand in field methods, preferably on 
local sample studies, and some background know- 
ledge. In the grammar school such a study should 
be possible at advanced level. Some of the examining 
boards require individual or group investigation work, 
and this type of study would be eminently suitable. 
At a more junior level, the importance of this type 
of work cannot be over-stressed. 


Industrial Engineering at Loughborough College 


Amona the courses being presented at Lough- 
borough College of Technology is a one-year resi- 
dential postgraduate course in industrial engineering, 
intended for senior personnel from all branches of 
industry. ‘The course, which offers advanced educa- 
tional and training facilities for production adminis- 
tration and management, is open to graduates in 
science or holders of the Higher National Certificate 
in engineering with at least one year’s industrial 
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experience, wio are nominated by their respective 
companies. Students qualifying by examination at 
the end of the year will be awarded the Associateship 
of Loughborough College (A.L.C.) in industrial . 
engineering. . The course includes lectures on indus- 
trial, financial, factory and personnel management, 
automation, nuclear energy, work study, statistics, 
economics, law, industrial psychology and production 
development, design and distribution. Inquiries 
should be addressed to the Head of the Department 
of Industrial Engineering, College of Technology, 
Loughborough. A 


British Council Courses for Overseas Specialists 


More than seven hundred overseas spécialists are 
expected to visit the United Kingdom this year 
to take part in courses organized by the British 
Council in conjunction with British organizations, 
including universities, government departments and 
learned societias. Twenty-nine courses of from two 
to three weeks duration have been arranged, to take 
place in nineteen centres m Britain between February 
and next January. Because of their popularity in 
previous years, the Council is repeating a number of 
courses, and several subjects have been included in 
the programme for the first time. Among these are 
radioisotopes ın medicme, diseases in poultry, and 
the uses of concrete and of digital computers. The 
British Council also assists in receiving applications’ 
for summer schools organized by the Universities of 
Birmingham, London and Oxford and by the Scottish 
universities, intended primarily for postgraduate 
students from the United States, European and 
Commonwealtk universities. 


Leverhulme Associates of the Royal Society of 
Medicine 


Tue Council of the Royal Society of Medicine, 
through the generosity of the Trustees of the Lever- 
hulme Trust Fund, is able to appomt annually one 
hundred Leverhulme Associates who, without pay- 
ment of any subscription, enjoy nearly all the 
privileges of Fellows of the Society. Men and women 
are eligible provided that they are not already 
Fellows of the Royal Society of Medicine; that they 
hold a full-time clinical or non-clinical teaching or 
research appointment in a medical, dental or veter- 
inary department of a British university; and that 
their total income from academic or professional 
sources does not exceed £1,500 per annum. Awards 
are for one year in the first instance, and may be 
extended annually to a maximum of three years. 
Forms of app-ication may be obtained from the 
deans of medical schools or from the Secretary, 
Royal Society of Medicine, 1 Wimpole Street, 
London, W.1. 


Society of General Microbiology 


Tax twenty-courth general meeting of the Society 
of General Microbiology will be held in the Royal 
Institution, Albemarle Street, London, W.1, during 
April 15-17. Gn April 15 there will be morning and 
afternoon sessions for the presentation of original 
papers, and at 6 p.m. the third Marjory Stephenson 
Memorial Lecture will be given by Dr. André Lwoff, 
of the Pasteur Institute, Paris. This Lecture will be 
given in the Royal Institution and will be open to 
non-members. The subject will be “The Notion of 
Virus”. During April 16 and 17 there will be a 
symposium on “Microbial Ecology”. The principal 
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, contributions have been collected and will be pub- 
lished by the Cambridge University Press as a book, 
which will be made available to members approx- 
imately three weeks before the meeting begins. Pub- 
heation to the general public will take place on the 
first day of the meeting. At the meeting the published 
papers will be taken as read and the two days devoted 
mainly to discussions following short commentaries 
by the authors concerned. Inquiries should be 
addressed to the Secretary, Society for General 
Microbiology, c/o Institute of Biology, 41 Queen’s 
Gate, London, S.W.7. 


Oversea Service Division, Colonial Office 


Tue following appointments have recently been 
made in the Oversea Service Division, Colonial Office : 
H. C. Miller (chairman of the Yallahs Valley Land 
Authority, Jamaica), director of agriculture, Jamaica ; 
W. G. Stuart (chief agricultural officer, Jamaica), 
deputy director of agriculture (research), Jamaica ; 
A. J. Brownmg (senior assistant conservator of 
forests, Sierra Leone), senior assistant conservator of 
forests, Cyprus ; J. A. N. Burra (assistant conservator 
of forests, Cyprus), conservator of forests, Jamaica ; 
J. L. A. Seward (principal forester, Northern 
Rhodesia), assistant conservator of forests, Northern 

. Rhodesia; R. B. McVilly (chief surveyor, grade 2, 
Federation of Malaya), deputy director of Federal 
‘surveys, Federation of Nigeria; A. D. Campbell 
(veterinary officer, Eastern Nigeria), prmcipal veter- 
inary officer, Eastern Nigeria; D. C. Hague (veter- 
inary officer, Kenya), provincial veterinary officer, 
Kenya; R. L. Wooldridge (veterinary officer, Kenya), 
provincial veterinary officer, Kenya; R. S. Pitt, 
agricultural officer, British Honduras ; C. T., Bundy, 
assistant conservator of forests, Nyasaland ; R. R. H. 
Lemon, geologist, Gold Coast; A. E. Wright, geo- 
logist, Geological Survey Department, Tanganyika ; 
Dr. C. G. Johnson, senior principal scientific officer, 
West Africa Cacao Research Institute, Gold Coast ; 
D. G. Earnshaw, veterinary investigation officer, 
Northern Nigeria; J. B. Peters, vetermary officer, 
Uganda; V. W. Smith, veterinary research officer, 
Federation of Nigeria; B. Anderson, soils chemist, 
Tanganyika; Miss R. Arnstein, statistician, East 
Africa High Commission; M. J. Cole, botanist, plant 
breeder, Tanganyika ; F. E. Dean, prmcipal scientific 
officer, Kast Africa High Commission. 


Announcements 


Dr. Leo Manton, director of the Division of Pure 
Chemistry, National Research Council of Canada, has 
been made an honorary member of the Société 
Chimique de France. Dr. Marion is the first Canadian 
to receive this honour. s 


Dr, WALTER A. Woop, director of the Arctic 
Institute of North America in New York, has been 
elected president of the American Geographical 
Society. Dr. Wood has been a member of the 
Society’s Council since 1954, but his participation in 
the Society’s affairs is of considerably longer standing. 
For some years he was a member of its staff, and 
during 1939-42 served as head of its Department of 
Exploration and Field Research. 


Mr. R. C. Dioxrm, chief chemist of Marchon 
Products, Ltd., of Whitehaven, has been appomted 
an additional member of the Standing Technical 
Committee on Synthetic Detergents (see Nature, 
179, 237; 1957). 
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' Tax Metal Physics Committee of the Institute of 
Metals is organizing a discussion on “The Metal 
Physies of Corrosion and Oxidation”, to be held at 
Church House, Great Smith Street, London, S.W.1, 
on April 30, starting at 2.30 p.m. Visitors will be 
welcome; tickets of admission are not required. 


A CONFERENCE of the Oil and Colour Chemists’ 
Association on “Catalytic Processes relating to the 
Surface-Coating Industries” will be held at Torquay 
during May 21-25. Further details can be obtained 
from Mr. R. H. Hamblin, Oil and Colour Chemists’ 
Association, Memorial Hal, Farringdon Street, 
London, E.C.4. 


Tae sixty-second Annual Congress of the South- 
Eastern Union of Scientific Societies will be held at 
Hastings, in the Lower Hall, White Rock Pavilion, 
during April 25-28. Further details may be obtained 
from the hon. local secretary, Mrs. K. N. Quarterman, 
59 Braybrook Road, Hastings. 


A somnr meeting of the Clay Minerals Group of the 
Mineralogical Society and the Basic Science Group 
of the British Ceramic Society will be held in Balliol 
College, Oxford, during April 11-13, the subject 
being “Clay Minerals and Ceramics”. Further details 
can be obtained from Dr. R. M. S. Perrin, School of 
Agriculture, University of Cambridge. 


A CONFERENCE on the “Rheology of Elastomers”, 
organized by the British Society of Rheology, is to 
be held at the British Rubber Producers’ Research 
Association, Welwyn Garden City, during May 29-31. 
Inquiries should be addressed to the hon. secretary, 
Mr. N. Wookey, 52 Tavistock Road, Edgware, 
Middlesex. 


A CoNFERENOE and Open Day for grammar school 
teachers is bemg held in the Departments of Botany 
and Zoology, University College of Swansea, during 
March 29-30. Prof. C. D. Darlington will open a 
discussion on ‘‘Objectives in the Teaching of High 
School Biology” under the chairmanship of Principal 
J. S. Fulton, and Dr. I. Isaac will open one on 
“Advanced Level Botany” under the chairmanship of 
Prof. H. E. Street. Further information can be 
obtained from the Secretary, Botany Department, 
University College of Swansea, Singleton Park, 
Swansea. 


Tue International Geographical Union is to hold a 
Regional Conference in Tokyo and Nara during 
August 29-September 3, organized jointly with the 
Scientific Council of Japan. The programme includes 
the presentation of papers (in English and French) in 
the several fields of geography, cartographical 
exhibitions and excursions to various parts of Japan. 
Abstracts of papers should be submitted, before 
March 1, to the Secretariat of the Conference Orgen- 
izing Committee, Science Council of Japan, Ueno 
Park, Tokyo, from which further information can 
also be obtained. 


Mr. L. L. Wayte writes: ‘“Owmg to a misunder- 
standing, the dates of R. J. Boscovich were printed 
on p. 284 (Feb. 9, 1957) as 1711 ?-1787, as in the 
‘Encyclopedia Britannica’. In fact, there is no 
uncertainty. Boscovich was born on May 18, 1711, 
in Ragusa, and died on February 13, 1787, in Milan 
(V. Variéak, Engl. transl. of review of 1922 edition 
of ‘Theoria’, Bull. int. Acad. yougosl. Sci., Zagreb, 
1924, p. 45). The date of birth given in the 1922 
Latin-English edition of his “Theoria ...’ is in- 
correct”. 
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> EAST AFRICA HIGH COMM. SSION 
REPORT FOR 1955 


HE annual report on the East Africa High 
Commission for 1955* follows a different pattern 
” from its predecessors. The general review is omitted, 
and the seven chapters in Part 1 deal successively 
with financial matters, social services, legislation, 
communications, research and scientific services, 
economic services and defence. Part 2 consists of 
two chapters, the first giving a brief history of the 
Commission, while the second sets forth its con- 
stitution, scope and legislative powers. Despite staff 
shortages, the East African Statistical Department 
was able to maintain the collection of statistics of 
industrial production started in 1954, and an attempt 
is being made to develop the library of-the Depart- 
ment into the best economic and statistical library 
in East and Central Africa. 

Most of the information of scientific interest is to 
be found in the chapter on research and scientific 
services. The first phase of the development of the 
East African Agriculture and Forestry Research 
Organization, which now has twenty-seven senior 
research officers in fifteen scientific divisions, ended 
in 1955. The Soil Physics Division continued its 
study of the soil-water relations in the Lower Rufiji 
Basin of Tanganyika and is also investigatmg the 
influence of different types of vegetation and land 
management on the amount and uniformity of 
stream flow out of catchment areas. The Soil 
Chemustry Division is studying factors which control 
-tho humus content of East African souls, particularly 
those which determine the rate of conversion of 
organic matter to carbon dioxide. Work on the 
chemistry of sulphur in forest soils has shown that 
much of the sulphur is being returned to the soil by 
the forest litter as soluble sulphate. The Plant 
Physiology Section concluded its examination of the 
effect of rainfall distribution on the yield of maize in 
Kenya, and the existence of two genes of value in 
giving resistance against American maize rust has 
been established. The breeding programme on 
cassava and the survey of East African forest insect 
pests both continued. Work proceeded on the 
estimation of the productivity of pastures and on the 
digestibilities of animal feeding stuffs, and a relation- 
ship has been established between the crude protein 
content of hays and green fodders and their apparent 
digestibility. 

Special stress is laid on the value of the training 
course in rabies held in the laboratories of the East 
African Veterinary Research Organization in July 
1955. The Division of Virus Diseases has concen- 
trated on rinderpest research and the production of 
rinderpest vaccines for the East African and. adjacent 
territories. The East African Inland Fishery Research 
Organization began its deep-water investigations of 
the potentialities of Lake Victoria as a source of food 
in 1956, and the survey of East African coastal waters 
was continued. The East African Council for Medical 
Research met for the first time in January 1955. 
The renamed East African Institute of Malaria and 
Vector-Borne Diseases has organized a malaria con- 
trol project in the Tavita~Pare area. The most 
important work of the East African Virus Research 

* Colonial Office. Annual Report of the East Africa High Com- 
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H.M. Stationery Office, 1956.) 5s. 6d. net. 


Institute was a study of the behaviour of Rift Valley 
fever virus in the laboratory mouse. Another basic 
study was concerned with the behaviour on the 
Moengo strain >f encephalomyocarditis virus in the 
animal host. The first phase of a survey of the health 
of the East African population was completed during 
the year by tae East African Medical Survey and 
Research Institute. ` 

` The Lake V:ctoria Fisheries Service was seriously 
concerned about illegal fishing, but during the year 
the Lake was restocked with 12,150 Tilapia zillii. 
Considerable progress was made with the reorgan- . 
ization of the East African Tsetse and Trypano- 
somiasis Research and Reclamation Organization. 
At Shinyanga laboratory studies were directed to the 
reaction of tsetse flies to changes in the humidity of 
the air, while the Lambwe Valley Field Station is 
seeking a cheap and productive method of eliminating 
thickets which form the habitat of Glossina pallidipes. 
Work at Tinde has demonstrated that the twenty- 
one year old stain of Trypanosoma rhodesiense, 
transmitted throughout by the tsetse fly, remains 
infective to men; but another strain, derived from 
the Tinde strain seventeen years ago and since main- 
tained in England by syringe transmission, has lost 
its infectivity so man. 

Under the East African Industrial Research 
Organization which came into existence on April 1, 
1955, investigations on coffee processing have 
assumed increesing importance. The investigation 
into extractior of hecogenin from sisal waste has 
been completed and cetyl alcohol was prepared in 
pellet form for ase by the Meteorological Department 
m reducing evaporation from reservoirs. The East 
African. _Industzial Research Board has been recon- 
stituted with fresh terms of reference. 


QUEUEING: THEORY AND ~- 
PRACTICE 


HE mathematical theory of queues and of allied 

congestion phenomena was created about fifty 
years ago by the Danish telephone engineer, A. K. 
Erlang, but ita relevance to a wide range of other 
problems in incustry was not fully appreciated until 
quite recently. The realization that a single class of 
abstract probability problems could be recognized in 
a wide variety of practical situations has been the 
main driving fcrce behind a revival of interest in the 
mathematical theory ; this had been further advanced. 
by F. Pollaczek, A. Khintchine and others in the 
nineteen-thirties, but had not been adequately related 
to the modern sheory of stochastic processes. 

During the past five years a great number of 
mathematical papers has appeared in this field, and 
it was with the object of translating these results of 
mathematical research into industrial practice that 
the University of Birmingham’s Institute for Engin- 
eering Productzon held a five-day residential course 
during January on “Queueing Theory and Practice” 
for about thirty senior executives from industry. 
The course was organized by R. S. Gander, staff tutor 
in operational zesearch at the Institute. - 
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The mathematical foundations of the subject were 
covered in a core of six lectures by D. G. Kendall 
and supported by a further four by F. Downton and 
R. R. P. Jackson, and ths applications of the theory 
to ‘machine interference’ and to other practical 
problems were explained in nine further lectures by 
F. Benson and others. Two representatives of the 
Mathematisch Centrum, Amsterdam, also attended 
the course and contributed greatly to its success. 

To one observer the course illustrated the growing 
importance of applied probability theory as a subject 
in its own right, and also demonstrated the encour- 
aging fact that, when sufficient trouble is taken, the 
mathematical subtleties of the theory ‘of stochastic 
processes can be expounded in & form acceptable to 
the industrial mathematician. It is generally felt 
that the course was @ success, and a repetition is 
now being planned to take place in July of the present 

year. 


“SCIENCE IN FRANCE 


N article entitled “Science in France” by Dr. 
A. C. Copisarow, who is scientific attaché at 
the British Embassy in Paris, appeared in the winter 
issue of Britain and France, the quarterly journal 
of the Franco-British Society (Vol. 12, 1956; 1s. 
net). Research in France 1s organized at three levels. 
First, under the control of the Ministry of National 
Education are the universities, the Grandes Ecoles 
and the forty laboratories throughout the country 
administered by the Centra Nationale de la Recherche 
Scientifique, which corresponds roughly to the British 
Department of Scientific and Industrial Research. 
The Association Nationale de la Recherche Tech- 
nique, the main French technological research com- 
plex, has no counterpart in Britam. Secondly, there 
are some thirty industrial co-operative research 
organizations, financed by the industries they serve. 
Finally, there are a number of private establishments, 
ranging from the Pasteur Institute to the research 
departments of individual companies. 

The development of nuclear power in France began 
slowly after the Second World War, but in 1955 M. 
Gaston Palewski prepared a comprehensive plan and 
obtained for the Atomic Energy Commission the 
equivalent of £100 million for research and develop- 
ment during 1955-58, to ba spent chiefly on industrial 
contracts. At present, about 1,800 technologists are 
employed in work on atomic energy in France, as 
compared with 1,000 for the rest of western Europe, 
5,000 in Britain and 15,000 in the United States. 
The first nuclear reactor is in small-scale operation 
at Marcoule, near Avignon, a second is scheduled to 
begin later this year, and a third in 1958, when a 
total of 50,000 kW. of electric power from nuclear 
sources will be added to the national grid system. 
The 200 lb. of plutonium produced annually by the 
three reactors at Marcoule will be used industrially ; 
it is not intended to manufacture bombs, but the 
design of nuclear marine and submarine engines is 
being investigated. 

There is a severe shortage of scientific man-power 
in France, due chiefly to post-war disorganization of 
the educational system. Of 151,000 students enrolled 
in 1954, only 29,000 were studying science or engin- 
eering: of these, only 3,900 reached the standard 
required for the diploma and æ mere 650 continued 
as rerearch students. The recent Landucci Com- 
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mission on Scientific Man-power recommended that 
the number of scientific and engineering students 
should be doubled within the next decade and that 
more grants should be provided for postgraduate 
work. The Higher Council for Scientific Research 
and Technical Progress, under the chairmanship of 
Prof. Henri Longchambon, has also undertaken a | 
detailed inquiry into the deployment of French tech- 
nological resources. It has initiated a comprehensive 
stocktaking of the nation’s scientific potential in men 
and materials, defining and financing a number of 
national research objectives; it is investigating the 
existing conditions of training scientists and the 
industrial exploitation of their discoveriés ; and it is 
examining the co-ordination of research and the 
communication of information between the various 
research organizations. 


FORECASTING TORNADOES AND 
SEVERE THUNDERSTORMS 


HE publication by the United States Weather 

Bureau of “Forecasting Guide No. 1”*, the first of 
@ series, stimulates thought on the degree of official 
guidance given to weather forecasters. Directors of 
meteorological services have never, so far as is known 
to the writer, considered ıt advisable to lay down 
fixed rules of forecasting procedure. They have 
recognized that it is impossible to legislate for all the 
complex details of the weather and that the fore- 
caster must be given all the information likely to be 
helpful to him and then offered every encouragement. 
to use his best judgment. ‘This new ‘forecasting 
guide’ is unusual in that it seems to be the first time 
a major meteorological service has produced a pub- 
lication with so definite an indication of official 
approval of a code of practice as is implied in the 
title ‘guide’. It is, however, an aid to decision, not 
& set of rules. We find, in fact, the sentences: ‘In 
common with other types of weather forecasting the 
formulation of a tornado forecast does not entail a 
simple weighing of parameters or direct application 
of rules. Instead, the ‘forecaster must arrive at some 
decision, or series of decisions, in each individual 
situation regarding the combined relative importance 
of the climatological, synoptic, thermodynamic and 
dynamic factors previously discussed”. 

Tornadoes cause great damage in central North 
America but are very infrequent at any one place. 
During June, between 3 p.m. and 9 p.m., in which 
tornadoes: are most frequent in Kansas, the over- 
all probability that one will appear in an area of 
20,000 sq. miles on a day chosen at random is only 
0-04. This is much lower than the climatological 
probability of other phenomena covered in weather 
forecasts. Tornado warnings enable some useful 
protective steps to be taken, such as sheltering under- 
ground and alerting first-aid workers, yet a warning 
naturally causes great anxiety which should only be 
aroused for very good reason. The guide includes a 
history of tornado forecasting which shows that, 
after some tentative efforts at forecasting in the 
nineteenth century, the United States Weather 
Bureau from 1905 until 1938 specifically prohibited 
mention of the word ‘tornado’ in the forecasts because 

* United States Department of Commerce: Weather Bureau. 
Forecasting Guide No.1: Forecasting Tornadoes and Severe Thunder- 


storms. Edited by Jay 8. Winston. Pp. v+34. (Washington, D.0.: 
U.S. Department of Commerce, 1956.) 
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of the alarm ıb caused. Forecasters were, however, 
instructed to predict ‘severe local storms’. From 
1938, however, the word ‘tornado’ has been per- 
mitted, and a strenuous effort has been made to 
specify more exactly the meteorological conditions 
favourable for the formation of tornadoes. The latest 
stage was the setting up by the United States Weather 
Bureau in 1952 of a research unit called the Severe 
Local Storms Centre, which formed at Washington 
and moved to Kansas City, in the heart of tornado 
country, ın 1954. 

The booklet under review is the first publication 
of the Centre. The climatology of tornadoes in time 
and space is described in some detail. Next are given 
the favourable air mass types in terms of the vertical 
distributions of temperature and water vapour. These 
are all naturally unstable in oné way or another. 
The most important type of air mass is one with 
convective instability in which condensation begins 
at the bottom if the air mass is lifted. Once con- 
densation has begun in the lower part, the upper 
part cools on lifting at the dry adiabatic rate com- 
pared with the smaller saturated adiabatic rate of 
the lower part so that the degree of instability quickly 
increases. Tornadoes are nearly always associated 
with thunderstorms and with the south-east sector 
of a depression. They seem to be associated with 
definite centres of low pressure and do not occur in 
sporadic ‘air mass’ or ‘heat’ thunderstorms. The 
instability has to be released by vertical ascent and 
the variations of wind speed with height favourable 
for convergence and vertical movement have been 
studied at the Centre. The forecast is formulated 
from consideration of the advection of heat and water 
vapour to produce a suitable vertical distribution and 
of the suitability of the wind structure for con- 
vergence. It is stated that ın the first seven months 
of 1955, 1 in 3 of all areas for which tornadoes were 
forecast, each area averaging 20,000 sq. miles, con- 
tained at least one tornado during the period of the 
forecast. For so exceptional a phenomenon this 
seems æ very useful proportion. 

No mention whatever is made in the booklet of 
how a tornado actually forms ; everything is devoted 
to determining the likelihood of convective over- 
turning. This is certainly necessary, but is it 
sufficient ? Lamb (Meteorological Office Geophysical 
Memoir 99, in the press) has suggested that surface 
features producing opposing winds are source points 
for tornadoes. The distribution of formation points 
of tornadoes might be worth examining for points of 
concentration. 


MINERAL NUTRITION AND 
AMINO-ACIDS IN TOMATO 


HE level and the quantitative composition of 

the free amino-acid fraction of tomato plants 
grown in full nutrient and in cultures deficient in 
zine, copper, manganese, iron and molybdenum have 
been determmed by J. V. Possingham (Austral. J. 
Biol. Sci., 9, 539; 1956). 

The methods used in the investigation include the 
quantitative estimation’ of amino-acids by a tech- 
nique involving paper chromatography, and the cul- 
ture of tomato plants in highly purified nutrient 


solutions. All the deficiencies mvestigated except - 


that of molybdenum brought about increases in the 
free amino-acid fraction. In every case there was a 
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change in the quantitative composition of this 
fraction. Iron and zine deficiencies were associated 
with large increases in the free levels of the two 
amides asparagine and glutamine, while with copper 
and manganess deficiencies many individual amino- 
acids increased in concentration, but not the two 
amides. The level of total free amino-acids and 
amides was low in molybdenum-deficient plants. The 
qualitative differences between deficient- and full- 
culture plants were not large, but included the 
accumulation of $-alanine with deficiency of zinc, 
copper or molybdenum, and of pipecolinie acid with 
deficiency of manganese or iron. Other differences 
were the absence of histidine with copper, manganese, 
iron and molybdenum deficiency, of phenylalanine 
with copper ceficiency, and of lysine with copper, 
manganese and molybdenum deficiencies. Addition- 
ally many quantitative changes in ammo-acid con- 
centration were found. In the deficient plants there 
were changes in the concentration of most amino- 
acids relatrve to the levels in the controls. These 
changes were not uniform, and the relative amounts 
of the differert amino-acids were altered with- each 
deficiency. 

The significance of these experimental results is dis- 
cussed m relation to the known interactions between 
the mmeral nttrition and the amino-acid composition 
of plants. Although a characteristic spectrum of free 
amino-acids :s - associated with each individual 
deficiency, the differences are not considered suffi- 
ciently large to make analysis for these compounds 
an additional method for the diagnosis of mineral 
deficiencies in this plant. 


‘L FORMS’ OF BACTERIA 


HE members of the “Réunion sur les Formes L 

et sur les formes évolutives des bactéries”, held 
in Lausanne durmg May 17-18, 1956, have issued 
the following statement : 

(1) Numeroas cycles of different bacteria have 
been described under different names—L forms, 
filtrable invisinle forms, evolution forms, etc. Often 
enough, all these bacterial forms have been described 
under the name of ‘L cycle’. At the present state 
of our knowledge, it seems preferable to use different 
designations,.in order to describe phenomena and 
appearances which are perhaps not the same. 

(2) E. Klieneberger-Nobel has used in all her 
papers published in English the expression ‘L forms’ 
in order to designate bacterial colonies of new 
appearance which occur in vitro spontaneously or by 
stimulation. It seems, however, that the English ~ 
word ‘form’ has been interpreted incorrectly by a 
number of microbiologists using Latin languages. 
They have used this expression for the ‘individual 
morphology cf bacterial elements’. This incorrect 
interpretation. manifests itself to-day when in the 
written or spcken language the following expressions 
are used: ‘formes L naines’, ‘formes L globuleuses’, 
etc. (Klieneberger-Nobel herself has occasionally 
made a similar mistake by using the expression ‘L 
elements’.) E. Klieneberger-Nobel rejects completely 
the translation of the English ‘form’ into the French 
‘forme’ and desires that it should be translated by 
the French word ‘formation’ and in German by 
‘Phase’. She is of opinion that one should designate 
as ‘formation L’ (L = Lister), ‘L form’, 'L Phase’, 
the growth-fcrm which can arise spontaneously or 
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by stimulation and is characterized by a colony of 
special appearance showing a dense centre and 
lighter periphery on media not containing stimulating 
substances. The micro-organisms composing this L 
form must not assume the morphology of the parent 
culture. > 

(3) So long as the mechanism of this development 
and the structure of the elements of the L form are 
not completely elucidated we must avoid designating 
the pleomorphic bacteria, the globular forms, the 
granulations and the filterable forms, etc., by the 
term ‘L form’. These forms must keep their proper 
designations such as pleomorphic bacteria, globular 
forms, filterable forms, etc., in order to avoid con- 
fusion. 

(4) P. Hauduroy has designated ‘formes filtrantes 
et invisibles des bactéries’ elements which he obtained 
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by means of bacteriophage action and which he also 
discovered in certain natural and pathological 
products. These elements reproduce the original 
bacteria when subcultured according to a special 
technique. Therefore, they are not stable forms but 
are stages probably of a developmental cycle. 

Finally, ıt should be pointed out that differences 
exist between the PPLO (pleuropneumonia-like 
organisms) and L forms as they have been defined 
above, and at the present moment there is no point 
in mixing up what seems to represent two types of 
organisms. The terms which are liable to cause 
confusion should be avoided. 

The members at the meeting were Dr. J. Basser- 
mann, Prof. L. Carrére, Prof. R. Fasquelle, Prof. 
P. Hauduroy,-Mme. E. Klieneberger-Nobel, Prof. 
G. Penso, Prof. J. Roux and Dr. Z. M. Tungman. 
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STEREOCHEMISTRY OF CUPRIC COMPOUNDS 


By Dr. L. E. ORGEL 


Department of Theoretical Chemistry, 
University of Cambridge 


HE stereochemistry of cupric compounds is 

unusual in thet a regular octahedral environ- 
ment of the cupric ion rarely, if ever, ocours. Three 
types of environment are encountered : (1) distorted 
octahedral with four short and two long bonds; 
(2) square coplanar; (3) tetrahedral. The tetra- 
hedral compounds are few in number. They have 
been discussed -recently by Felsenfeld’ and will not 
be mentioned further here. Types (1) and (2) com- 
prise the vast majority of cupric compounds and, 
since the planar compounds can be regarded as a 
limiting case of (1) with two ligands removed com- 
pletely, they can be considered together as a single 
class. Some examples of distorted octahedral co- 
ordination are presented in Table 1. 

According to Pauling’s valence-bond theory of 
metal complexes’, the planar compounds involve 
dsp? hybridization of the orbitals on the cupric ion. 
Since only four 3d-orbitals are left available for 
occupancy by nine electrons, the extra electron is 
regarded as occupying the 4p,-orbital. Pauling did 
not discuss the distorted octahedral compounds, but 


Table 1. INTERATOMIC DISTANCES IN SOME CUPRIO COMPOUNDS 
Distances to nearest neighbours 
(in A.) 


Crystal Ref. 
Copper oxide 40 at 1-95 (a) 
Cu,(OH),CO 40(OH) at 1-98, 20 at 2-71 (b) 
{malachite 40(0H} at 2-01, 20H at 2-41 

Cu bis-dimethylglyoxime ` 4N at 1-92 (e) 
Copper chloride - 4Cl at 2°80, 2C1 at 2-95 (18) 
Sopper bromide 4Br at 2 40, 2Br at 3-18 (d) 
Cl, 4Cl at 2:30, 201 at 2 65 18) 
Copper chloride.2H,0 2H,0 at 2:01, 2C1 at 2-31, 2Cl at 2-98 (12) 


2H,0 at 2-01, 201 at 2-26, 2Cl at 2 92 13} 
2H,0 at 1-97, 2Cl at 2-32, 2Cl at 2-95 (17 


K,CuCl,.2H,0 2 

Copper acetate.H,0 40 at 1:97, H,O at 2 20, Cu at 2-64 y. 
Copper formate.4H,O 40 at 2-00, 2H,0 at 2-36 J) 
Copper proline.2H,0 _ 2N at 1-99, 20 at 2 03, 2H,0 at 2-52 (g) 
CuCl,.2-pyridine 2N at 2-02, 2Cl at 2-28, 2Cl at 3-05 (14) 


Numbered references are mentioned in the text. Lettered references 
are: 
(a) Tunell, G., Posnjak, E., and Ksanda, C. J., Z. Krist., 90, 120 (1935) 
b) Wells, A. F., Acta Cryst., 4, 200 (1951). 

¢) Bezzi, S., Bua, E., and Schiavinato, G., Gazzetta, 81, 856 (1951). 

d) Helmholz, L., J. Amer. Chem. Soe., 69, 886 (1947). 

e) ven A kerk, J. N., and Schoening, F. R. L., Acta Cryst., 6, 227 
(J) Kiriyama, R., Ibamoto, H., and Matsuo, K., Acta Cryst., 7, 482 


(1964). 
(9) Mathieson, A. McL , and Welsh, H. K., Acta Cryst., 5, 599 (1952). 


AND 


Dr. J. D. DUNITZ 


Davy Faraday Research Laboratory, 
Royal Institution, London 


Wells? suggests that the odd 4p electron may be 
responsible for the two additional weak bonds. The 
presence of an unpaired 4p-electron is, however, 
incompatible with recent evidence from paramagnetic 
resonance’ and optical studies®*, and is in any event 
difficult to reconcile with the marked resistance of 
cupric copper to further oxidation. Alternative sug- 
gestions, that they are derived from 4s4p74d* hybrid- 
ization, or that they are simple ionic complexes, do 
not explain the marked deviations from octahedral 
symmetry. i 

A different theory has been outlined by one of us’, 
wherein all cupric compounds are regarded, as retain- 
ing their full complement of nine 3d-electrons. The 
unusual stereochemical effects are related to the 
distortions discussed by Jahn and Teller®. It will not 
be necessary to discuss their rather abstract pra- 
sentation here, since the relevant issues can be dealt 
with in a fairly simple fashion. We give below an 
elementary account of this theory and apply it both 
to the published data and to some new experimental 
evidence. g 

The physical basis of the theory is explained as 
follows. In an octahedral field the set of d-orbitals 
is split into two groups, a lower triplet t,9, and an 
upper doublet eg (Fig. 1). The e,-orbitals are the 
dz: and d;:-orbitals, the former pointing towards 
the ligands in the gy-plane and the latter towards 
those along the z-axis. The é,,-orbitals are dzy, dzz 
and dyz, which have a high density between the lines 
joining the central ion to the ligands. The splitting 
arises from the tendency of the metal electrons to 
avoid those regions where the field due to the attached 
ligands is greatest and hence to concentrate in regions 
where this field is least. For the cupric ion in an 
octahedral field, the lower triplet of orbitals is com- 
pletely filled and the remaining three electrons must 
be placed in the upper doublet either as (3dz)* 
(8dq242)! or as (3d,2)(3d_:42)*. The cupric ion in a 
regular octahedral field thus has an orbitally degen- 
erate electronic ground state. Now Jahn and Teller 
have shown® that if the electronic state of a non- 
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REGULAR DISTORTED 
OCTAHEDRAL FIELD 


ISOLATED 10H 


Fig 1. Orbital energy-level scheme for octahedral and distorted 
octahedral cupric ion 


linear molecule is degenerate, then there is always at 
least one vibrational co-ordinate along which the 
molecule may become distorted so as to lower uts 
energy, the extent of the distortion increasing with 
the bonding or anti-bonding power of the degenerate 
electrons. Applying this idea to the octahedral 
cupric complex, we can see that if the four ligands 
jn the zy-plane move towards the metal and the two 
along the z-axis simultaneously move away, then by 
argaments similar to those used before, the eg-doublet 
splits into two levels, dz: being somewhat stabilized 
and dẹ destabilized. A corresponding splitting of 
the lower triplet also occurs, leading to the situation 
shown in Fig. 1. The cupric complex can thus 
achieve extra stability by becoming distorted from 
regular octahedral symmetry so as to leave the 
uppermost dzy: orbital only singly occupied, and 
the distortion proceeds until any further stability 
gained is. just balanced by the energy required to 
stretch and compress the bonds. 

In the Jahn~Teller effect proper, there are usually 
sets of equivalent distortions in different directions. 
An isolated octahedral complex, for example, could 
become distorted along any one of three mutually 
perpendicular directions, and the molecule would 
then spend one-third of the time in each distorted 
configuration. In a crystal, if the distortion is large, 
the lattice may adjust itself to one particular dis- 
tortion and effectively trap the molecules in one 
configuration. This 1s what has happened in each of 
our examples. A very interesting case where trapping 
occurs at low temperatures but not at higher ones 
has been discussed by Bleaney and Bowers’. 

It must be pointed out that the Jahn-Teller 
theorem does not determine the direction in which a 
molecule with a degenerate ground state will become 
distorted. For example, a cupric complex with two 
short and four long bonds would be quite compatible 
with the theory. The apparent absence of such com- 
plexes depends on features of the variation of the 
electronic energy with configuration which are not at 
present fully understood. 

If the six ligands are not identical, a regular octa- 
hedral environment is by definition impossible. None 
the less, the physical picture is unchanged although 
the e¢,-orbitals are no longer strictly degenerate. In 
these circumstances, there will be a tendency for 


those ligands which havé the smallest fields to be « 


farthest from the metal and vice versa. The relative 
magnitudes of the fields produced by different ligands 
can be assessed from spectral studies. In order of 
mereasing field-strength for ligands which are com- 
monly associated with the cupric ion we have: 


bromide < chloride < water < pyridine < 
: ammonia < ethylene diamine" 
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Since we have neglected all factors other than the 
d-orbital energies, this theory is incomplete and it 
cannot be expected to apply where extraneous 
features such és steric hindrance, chelation, double 
bonding, etc., sre present. Nevertheless, it provides 
a useful rationelization of the data of Table 1 (and of 
our new expermental data, vide infra), since if two 
ligands are present the long bonds are always directed 
to the one with the weaker field. 

Van Vleck! has studied the Jahn-Teller effect tor 
the d! and d? configurations which have degenerate 
ground-states snd has found it to be small. This 
does not invalidate the present approach, for in the 
cases studied by Van Vleck the degeneracy is due to 
tag electrons. From molecular orbital theory it can 
be shown thas the ¢s,-electrons are non-bonding, 
whereas the e,electrons are strongly anti-bonding. 
Accordingly, degeneracy of t,g-electrons will produce 
only small distortions from octahedral symmetry, 
while degenersecy of eg electrons should produce 
larger ones. 'Lhis argument leads to the prediction that 
large distortiors from octahedral symmetry should 
occur only for the configurations (teg)°(eg)?, (teg)®(eg)* 
and (f2g)*(eg)*: that is, for four 3d electrons all 
unpaired (high spin Cr?+, Mn*+), for six 3d electrons 
paired in ¢,g ani one unpaired in eg (low spin Co*+), 
and for nine 3d electrons (Cu*t). No structural 
information ic available except for the cupric 
compounds. 

We have shown that the occurrence of distorted 
octahedral or planar complexes of cupric ion can be 
understood if tae single hole in the 3d-shell occurs m 
the d_,-orbital. This, in the electrostatic theory, 
leads to less skielding of ligands in the ry-plane than 
of those along she z-axis, and hence to the formation 
of four short ard two long bonds. A similar explana- 
tion holds in molecular-orbital theory, since the 
anti-bonding combination involving the dz:_,:-orbital 
contains only one electron whereas that involving 
the d,:-orbital contains two. 

Our argumerts are strengthened by two examples 
where substitution of the cupric ion for another . 
divalent ion results in the formation of a related 
though significantly different structure in which a 
distorted octakedral environment of the cupric ion 
1s attained. ‘The first example comes from a com- 
parison of the crystal structures of CoCl,.2H,0 ™ and 
CuCl,.2H,0 1217, which are very closely related. The 
former is monoelinic,a = 7-31,6 = 8-54,c = 3:58 A., 
B = 97° 30’, space group C2/m; the latter is ortho- 
rhombic, @ = 7:38, b = 8:04, c = 3:72 A., space 
group Pbmn. Both unit cells contain two molecules. 
Despite the difference in the crystal class, the two 
structures prozected down their respective c-axes 
appear to be a most identical. Both structures con- 
sist of chains running parallel to the c-axis, but there 
is an important difference. The square coplanar 
arrangement of the four chlorine atoms about each 
cobalt atom is replaced by a rectangular arrange- 
ment in the copper structure. In both cases the 
water molecules are situated on lines normal to the 
planes containing the chlorine atoms. The structures 
are representec diagrammatically in Fig. 2 and the 
relevant interasomic distances (in A.) sre: 


CoCl,.2H,0 40l at 2:53, 2H,0 at 1-93 
CuCl,.2H,0 251 at 2-26, 2 Cl at 2-92, 
2H,0 at 2-01 28 
; 2Cl at 2-31, 2Cl at 2-98, 
2H,0 at 2-01 * 


puan" e i 
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a) (2) (3) 


Fig. 2. Comparison of structures of CoCl,.2H,O and CuCl,.2H,0 : 

w structures projected down respective c-axes ; (2) projection of 

Cl,.2H,O chain down b-axis; (3) projection of CuCl,.2H,O 
chain down b-axis 


Two independent determinations are available for 
CuCl,.2H,0. 

Our second example arises from a redetermination 
of the crystal structures of cobalt dipyridine di- 
chloride and of copper dipyridine dichloride, both 
of which were earlier reported to be square coplanar 
complexes!*, The new results show that the former 
is monoclinic, with a pseudo-orthorhombic C-centred 
unit cell, a = 34-42,b = 17-38, c = 3-66 A., y = 90°, 
containing eight molécules, space group (of corre- 
sponding primitive cell) P2/b; the latter is mono- 
clinic, @ = 17-00, b = 8-59, c = 3-87 A., B = 91° 52’, 
space group P2,/n, containing two molecules. 
Although there is an obvious relationship between 
the two unit cells, the symmetry elements are 





4 a sine 








Fig. 3. Electron density projections of copper dipyrtdine chloride (above) and cobalt dipyridine 


chloride (below) down their respective c-axes 
+ 
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(1) 


(2) 


Fig. 4. Projections of (1) Cupy,Cl, and (2) Copy,Cl, chains down 
the respective b-axes 


different (note that the symmetry axis is c in the 
former and b in the latter). In the cobalt structure 
there are two formally non-equivalent sets of mole- 
cules which possess two-fold axes of symmetry; in 
the copper structure the molecules are centro- 
symmetric. As in the former example, the two 
structures appear virtually identical when viewed 
in projection down their respective c-axes (Fig. 3), but 
they are significantly different when the z-co-ordin- 
ates are taken into account (Fig. 4). Both structures 
contain polymeric chains similar to those in the 
corresponding dihydrates, pyridine taking the place’ 
of the water molecules, with consequent alteration in 
the packing of the chains. Once again the environ- 
ment of the copper atoms is a distorted version of 
the more regular environment of the cobalt atoms, 
80 as to achieve four short bonds in a plane with two 
weaker bonds normal to this plane. The interatomic 
distances (in A.) are: 


Copy,Cl, 4Clat 2-49, 2N at 2-14 
Cupy2Cl, 2Clat 2-28, 2Cl at 3-05, 
2N at 2-02 ~- 


The shorter copper—chlorine 
distances appear to be remark- 
ably constant throughout the 
series of compounds, CuCl, 
(2-30 A.) 4, CuCl,.2H,0- (2-31 #2 
and 2-26 A.}* from two separate 
determinations), K,CuCl,.2H,O 
(2-32°A.)??7, CsCuCl, (2:30 A), 
Cupy,Cl, (2-28 A.)*, varying by 
scarcely more than the individual 
errors of measurement. The 
distances to the more weakly 
bound chlorine atoms, 2-95, 2-98 
(2-92), 2 95, 2-65 and 3-05 A., 
respectively, extend over a larger 
range, but this is only to be 
expected from the general man- 
ner in which potential energy 
varies with internuclear dist- 
ance. 

Full details of the crystal 
structures of cobalt dipyridine 
chloride and copper dipyridine 
dichloride have been submitted 
for publication elsewhere!4, 

Notes added in proof, Our 
attention has been directed to 
transition-metal oxides by a 
paper? on the structure of 
CuFe,0,. It is a tetragonally 
distorted inverse spinel in which 
the oxygen octahedra about 
the Cu?+ ions are elongated 
in the c-direction. (The FeO, 
tetrahedra are, however, quite 
regular.) A search .of the 
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hterature has revealed a number of Mn** oxides 
which have similar distorted structures, for ex- 
ample, Mn?+Mn,*+O, (hausmannite)**, ZnMn,O, 
(hetarolite)**, y-Mn,O, ** and MnO(OH) (manganite)**. 
These results confirm our prediction’ that a large 
Jahn-Teller distortion should occur for the d! con- 
figuration. Distortions from cubic symmetry are 
either absent or extremely small in octehedrally 
co-ordinated oxides of metal ions which have 3, 5, 
6, 7 or 8 d-electrons. This also is in agreement with 
the theory. Two further examples of complexes con- 
taining 4 and 9 d-electrons respectively, which become 
distorted in the way which our theory predicts, have 
just been reported. Manganic fluoride**, MnF,, is a 
distorted form of the VF;-type transition metal tri- 
fluoride structure™, while copper fluoride, CuF,, has a 
distorted rutile-type structure? in contrast to the 
undistorted rutile structures?! of Mn¥F,, FoF, CoF, 
and NiF, 2°. 

1 Felsenfeld, G., Proc. Roy. Soc., A, 286, 506 (1956). 
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MOLECULAR STRUCTURE AND CARCINOGENIC ACTIVITY OF 
1.2:8.9 DIBENZACRIDINE 


By R. MASON 
Department of Chemical Crystallography, University College, London, W.C.1 


GREEMENT between crystallographic determ- 
inations and. theoretical predictions of 
bond-lengths in aromatic molecules has not been 
quantitative, although the usefulness of the frac- 
tional bond-order concept has boen confirmed. Such 
discrepancies as do exist can be accounted for in 
threo ways: (1) the bond-lengths as measured in the 
solid state may not be identical with those for ‘free’ 
molecules ; (2) the experimental method may be less 
accurate than previous estimates of accuracy would 
imply; (3) the theoretical predictions are derived 
from approximations which may not closely repre- 
sent the real situation in the molecules, and may not 
be adequately allowed for in the empirical bond- 
order — bond-length curve. 

If the last of these explanations is responsible for 
the majority of the supposedly significant dis- 
erepancies, any theories of biological activity which 
relate this activity to particular ` properties of 
molecular structure must be open to considerable 
doubt. Theories of carcinogenic activity in terms of 
the electron distribution and associated properties of 
polycyclic aromatic molecules have been summarized 
recently by Pullman and Pullman’. These theories 
rely on small differences in local electronic dis- 
tribution to explain considerable variation of physio- 
pathological activity. : 

To assess the validity of these theories, the crystal 
and molecular structures of the carcinogenic methyl 
1.2-benzanthracenes and the biscycle dibenzacridines 
have been investigated. The methyl benzanthracenes, 
- however, do not constitute suitable material for 
accurate molecular structure analysis and have only 
been investigated to @ stage where the concept of 


` 


‘incumbrance area’ and its relation to activity could 
be commented upon’, 

The biseyclic dibenzacridines are an interesting 
group of isomers since, in addition to demonstrating 
® variation of carcinogenic activity, they form well- 
defined crystelline complexes with purines and 
nucleic acids”. Accurate molecular structure analysis 
of the carcinegen and carcinogen—purine complex 
could therefore be used not only to test the Pullman 
theory, but also to indicate the nature of the inter- 
molecular forcəs within the complex. This in turn 
might throw some light on the mechanism of 
carcinogenesis. 

The prelimimary crystal data for the dibenzacrid- 
ines have already been published*. The refinement 
of 1.2: 8.9-did5enzacridine is virtually complete (the 
conventional discrepancy factor for this kind of 


Z| [Zo] — 


analysis, R = Ke l, has been reduced to 


Qo 
3-5 per cent) and we may compare the molecular 
dimensions thus determined with the theoretical 
model which Dr. H. O. Pritchard and I have cal- 
culated, the full details of which will be published 
later. 

Experimental values for the chemically identical 
but crystallogrmphically non-equivalent bonds of the 
molecule are given in the first column of Table 1. 
Usual statistical methods suggest an average probable 
error of 0-010 A. for these lengths (average estimated 
standard devistion 0-003 A.). For two chemically 
equivalent bords, the maximum deviation from the 
mean value & 0-009A., the root mean square 
deviation being 0-005 A. 





Fig. L 


x-Bond-orders have been calculated by the simple 
linear combination of atomic orbital—molecular 
orbital approximation with parameters (x + 0-5 B) 
and (« + 0:18) for nitrogen and carbon!, respectively. 
Two procedures for converting these bond-orders 
into theoretical bond-lengths will be discussed. 

(1) The lengths may be obtained by using the 
equation 





l+x c= 5#) j 


whero S and D are the single- and double-bond 
distances, respectively, between carbon atoms in an 
sp* state of hybridization and O, is the mobile 
bond-order for the bond between any two atoms 7 
and j. Evidence from C—H bond-lengths with carbon 
in various states of hybridization suggests the values 
of 1-510 A. and 1-353 A. for S and D, respectively ; 
the best value of x which will minimize the devia- 
tions between the experimental and calculated 
lengths for this investigation is 0-85. The root 
mean square deviation of the calculated lengths 
(Table 1, A) from the mean observed lengths is 
0-007, A. This 1s fairly satisfactory, but several 
individual differences exist which in æ statistical 
sense are significantly larger than experimental 
errors can account for. This applies particularly to 
the bonds C(3)—C(4) and C(4)—C(12), for which 
the deviations between experiment and theory are 
0:012 A. and 0-014. A., respectively. It is clear that 
these bond-lengths are not adequately predicted by 
the simple theoretical method if equation (1) con- 
stitutes a wholly satisfactory method of -deriving 
bond-lengths from bond-orders. 

(2) Bond-lengths may also be derived from the 
bond-orders by evaluating a mean experimental 
bond-order —bond-length relation. The total bond- 
orders (the o-bond-order is assumed to be constant 
and equal to unity) of all the C—C bonds are plotted 














Table 1 
Experimental Calculated 
bond-lengths (A.) bond-lengths (A.) 
Bond B (from 
(see Unwelghted A (from experimental 
Fig. mean equation 1) bond-order- 
1) bond-length 
curve) 
11-N | 1:362 and 1 355 1:358 1-358 1-358 
1-11] 1 449 and 1 435 1-442 1-432 1-446 
1-15| 1 418 and 1-418 1 418 1-411 1 410 
15-16 | 1:377 and 1:393 1-385 1:3905 1 386 
16-17 | 1 399 and 1 406 1-403 1-406 1-402 
17-18} 1 378 and 1 394 1-386 1 394 1-386 
18-2 | 1 403 and 1-421 1-412 1-413 1-412 
2-8 | 1-423 and 1 428 1 426 1 426 1-485 
3-4 | 1 369 and 1:373 1-371 1 383 1 371 
4-12; 1 489 and 1-441 1-440 1 426 1 436 
12-5 | 1:399 and 1-410 1-405 1-408 1-406 
1-2 | 1-427 and 1-429 428 1-419 1-423 
11-12 | 1:423 and 1 433 1 428 1-428 1-430 
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1-380 1-400 1:420 1:440 
Bond-length (A.) 
Fig. 2 


against the average experimental lengths and the 
order—length relation for this particular molecule is 
derived by finding the best curve through these 
points. This procedure is legitimate, because there 
are only three theoretical parameters, S, D and x, 
to be derived from twelve experimental observations. 
This experimental curve (Fig. 2) predicts a bond- 
length of 1:393 A. for benzene as compared with 
1:392 A. determined by X-ray crystallographic 
measurements’ and 1-397 A. measured spectro- 
scopically* ; graphite’has a predicted carbon-carbon 
distance of 1-425 A. (experiment 1-421 A.)7. The 
root mean square deviation of the calculated lengths 
from the mean experimental lengths in 1.2: 8.9- 
dibenzecridine is now 0:004.A., and there are no 
significant differences between theoretical and experi- 
mental lengths for any bond in the molecule. 

The present results therefore suggest that choice 
of an appropriate bond-order~bond-length relation 
is a matter of importance, which is contrary to 
the conclusions reached by Pritchard and Sumner 
in their investigations of the bond-lengths in 
anthracene and naphthalene’. A re-investigation of 
the molecular structure of anthracene by Cruick- 
shank using the original three-dimensional data has 
recently been completed’; Dr. H. J. Grenville-Wells 
and I, using new experimental data, have shown that 
the more sophisticated modifications of the molecular 
orbital method which Pritchard and Sumner sug- 
gested for anthracene agree well with our present 
experimental values, but our structure refinement is 
not yet complete. ; 

Within.the experimental errors of the investigation, 
the molecule of 1.2 : 8.9-dibenzacridine is planar, and 
chemically equivalent bonds are indistinguishable. 
Our results suggest that the molecules we have 
investigated retam their chemical symmetry in the 
crystal lattice, which, when considered with results 
such as those mentioned earlier for benzene, indicate 
that bond-lengths measured accurately by X-ray 
diffraction techniques are identical, within experi- 
mental error, with those measured in the vapour 
phase. It is only when major steric hindrance effects 
determine the molecular packing in the crystal lattice 
that this may not apply. 

It can be concluded that bond-orders calculated 
by simple molecular orbital approximations will give 
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n bond-lengths which are correct to 0-01A. More 
- detailed theoretical calculations such as those for 
naphthalene and anthracene may be needed before 
“small differences of electronic distribution within the 
_ molecules can be accepted as an explanation of 
variations of biological activity. 

These investigations are being carried out during 
the tenure of a research grant of the British Empire 

Cancer Campaign. 


No. 4557 

































‘LECTROPHORETICALLY distinct hemoglobins 
3 have been found among human. beings! and 
ep’. Using paper electrophoresis, Cabannes and 
ir a have shown that adult. bovine hemoglobin 
two types among Algerian hill cattle. The 
present article offers data to show the mode of 
eritance,.and the distribution among different 
s, of the factors controlling the presence of two 
“types of adult bovine hemoglobin. 
The genetical studies were made on the data from 
150. matings of three local. herds in which both 
moglobins occurred. Information on the breed 
it a of the hemoglobin types was ) obtained 


El C plioresia separations were carried out on 
zontal strips of Whatman 531 filter paper soaked 


‘ops of size l-5 microlitres of an approximately 
r cont solution of hemoglobin were put on the 
r with a wire loop. Runs were made in an 
ymbient: temperature of 5° C. with a d.c. potential of 
y olta ‘per centimetre applied for 18-hr. The papers 
stained for two minutes with 2 per cent light 
(Messrs. George T. Gurr, Ltd.) in 3 per cent 
tacetic acid’ and washed to a white back- 
4 per cent acetic acid. 

tion to each other the two hemoglobins 
called Bov. A and Bov. B. This nomen- 
is intended to anticipate the description of 
other electrophoretically distinct hemoglobins in 
Bovide and yet avoid confusion with the established 
Iphabetic series for human hemoglobins. The 
mobility of the Bov. B hemoglobin was greater than 
ihat of the Bov. A, which, in turn, was slightly less 
than human type A. These results accord with those 
of Cabannes and Serain®. 

A ‘preliminary survey showed that the hemoglobin 
ype Bov. B could be confused electrophoretically 
with a type found in new-born Shorthorn calves. 
This latter type was thought to be foetal hemoglobin 
since it -was observed to disappear in from 50 to 70 
_ days, coinciding with the loss of a very rapidly 
— denatured hemoglobin fraction as tested with N/10 
sodium hydroxide. In order to avoid any possible 
confusion, therefore, only animals more than 
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DISTRIBUTION OF ELECTROPHORETICALLY DIFFERENT. 
_ HAMOGLOBINS AMONG CATTLE BREEDS 
OF GREAT BRITAIN 


By A. D. BANGHAM 
: Agricultural Research Counsil, Institute of Animal Physiology, Babraham Hall, Babraham, Cambridge 











Table 1. CROSS AND THEIR RkorrRooars : Sinz, DAM AND DAUGHTERS 
IN JERSEY AND GUERNSEY HERD 
Genosype Offspring 
Bov. A! BoY. A] Bove Bj 
Parents Bov. A Bov. B Bov: B- 
“Boy. . A/Bov. A x Bov. 4/Bov, A $ 
Bovy. 4/Bov. A x Bov. A/Bov. B 15 13 
Bov. Aj Bov, B z Bov. A/Bov. B 3 22 5 
Bov. A/Bov. A = Bov. B/Bov. B 38 
Bov. A/Bov. B x Bov. B/Bov. B 23 23 
Bov, B/Boy. B x Boy. B/Bov, B- 7 


three months old’ were included in the genetical | 
data. ; 
Table 1 descr.bes the types of hemoglobin in num. 
bers of matings from one Guernsey and five Joey 
herds. It will bẹ seen that a calf did not possess a 
hemoglobin lacking in its parents, and that each 
hemoglobin could exist in the presence of the other.. 
From this it is inferred that the different hemo- 


globins of these animals could be controlled by a 
pair of allelomorphic genes, neither of which shows 


either dominance or recessivity. and ‘both being 
readily recognizable in the heterozygote. : 
Table 2 gives the type of hemoglobin found in 271 , 
stud bulls in artificial insemination centres of common 
breeds of the British Isles... It will be seen that 
hemoglobin type Bov. B was found only in the 
Jersey, Guernsey and South Devon breeds. Though 
a rather small number of animals were examined, it 
should be pointed out that each animal is con- ` 
tributing one or other gone to a thousand or so head: 

of cattle per arnum'. 
Table 2 





i Nos. with hæmoglobin type 
Phenotype 















1 Boy. B/Bov. B | Bov. Aj Bov. BY Bov. Al Bov Ato 
Shorthorn 33 
Ayrshire 38 
Friesian f 35 
Hereford i 28 
Weish Black f T 
Aberdeen Angus | 13 
Narth Devon 19 
Red Poll 5 
Sussex 4 
Dexter 6 
Galloway 1 
Jersey 4 22 10 
Guernsey 2 10 Zi 
South Davon 1 5 : 7 





Total T 87 i 227 f 
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From the results given, there emerge two 
points of some interest. First, one is legitimately 
entitled to speculate about the genealogy of the 
Jersey, Guernsey and South Devon cattle. Dis- 
cussing the Jersey breed, Boston’ traces one slender 
but probable line from the cattle of the Indus valley, 
through Mesopotamia, Egypt and North Africa into 
Southern Spain. These speculations assume a more 
interesting aspect when we realize that Cabannes and 
Serain? described two variants of hemoglobin in 
unselected Algerian Hill cattle. Our results, there- 
fore, invite a search for other living common ancestors 
to the Jersey, Guernsey and South Devon breeds. 

Secondly, unlike the situation in human beings, 
where possession of a double dose of any one of the 
genes Hb S, C and E is associated with degrees of 
disease, one has not observed nor been informed of 
any ill health in any examples of homozygous animals 
examined. It is possible, of course, that the presence 
of one or other h#moglobins may confer some 
advantage or disadvantage to health in other parts 
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of the world, and it would be of economic importance 
to know whether the Bov. B gene was in some way 
associated with the ability of Jersey, Guernsey and 
South Devon eattle to produce milk having unusually 
high butter-fat percentages. 

Among the many people I should like to acknow- 
ledge in the preparation of this article are Sir Alan 
Drury and Dr. J. G. Hall for criticism, advice and 
encouragement ; Sir Claude Frankau, Mr. H. D. Wal- | 
ston and Mr. I. H. Lamb for acéess to their herds ; to 
Mr. G. F. Smith, of the Milk Marketing Board, for 
arranging access to the Board’s bulls; and loyal 
and patient technical help from Mr. A. Bernard. 
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AGE DETERMINATION OF THE INDIAN MAJOR CARP CIRRHINA 
MRIGALA (HAM.) BY MEANS OF SCALES 


By Dg. V. G. JHINGRAN 
Central Inland Fisheries Research Sub-station, Allahabad, India 


URING the course of work on the fisheries 

biology of the Indian major carp, Cirrhina 
mrigala (Ham.), from the River Ganga at Buxar, in 
Bihar, certain concentric markings on its scales were 
observed in 1952 (Fig. 1). These markings, dis- 
cernible from the adjacent portions of the scales, 
due to either closer packing of these markings or 
breaks in their continuity, are believed to have 
significance as indicators of the age of this fish. In 
the absence of any hitherto known tool of age 
determination of mrigal, and pending results of a 
study of the scales for age determination, the length- 
frequency distribution has been studied in order to 
elucidate the behaviour of year- 
classes and the growth of this 
species. 

A total of 5,179 specimens of all 
available sizes in the commercial 
catches was measured and weighed 
during the period June 1952—July 
1956. These monthly data were 
utilized for verifying the results 
obtained by scale studies of this 
species. For the latter, four 
thousand scales, from 807 specimens 
of the size range 103-0-1,010-0 mm. 
in total length, collected in various 
months during the period June 
1952—October 1955, all picked from 
the region directly below the dorsal 
fin and above the lateral! line, were 
examined. Since the scales attain a 
fairly large size, the only optical aid 
occasionally felt necessary to de- 
marcate annuli-like markings was 
an ordinary magnifying lens. In the 
majority of cases, however, the 
checks were clearly visible to the 


Fig. 1. 


these prints. 


naked eye when the scales were held against an open 
window or a door in an otherwise darkened room. 
Appropriate linear measurements of the distance be- 
tween the scale foci and the approximate mid-points of 
the various annuli and the scale margins, along the 
antero-posterior axes at the scale centres, were taken 
directly on the scale surface by means of a scale 
divided into half-millimetres. Intermediate lengths 
were calculated for each fish individually after 
statistically ascertaining a direct proportion between 
size of scale and length of fish, using the formula: 


L, = i ` 3 where L is the length of the fish from 








Photographs of scales of two mrigal measuring 762-0 mm. and 997-3 mm., 
showing four and nine annuli, respectively. Scalea were used as negatives for making 


Magnification: a, about 2 x ; b, about 1'3 x 
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les were taken; J, is the length of the fish 
ime of formation of an annulus; J is the 
of the scale from the focus to the anterior 
pex of the scale and 1, is the distance between the 
-< focus and each annulus. A correlation coefficient of 
cot 0-96 was found between scale-lengths (focus to 
margin) and fish-lengths (total length) based on 764 
bservations. ‘Lhe value of r would undoubtedly be 
closer to. unity were scales from exactly the same 
ocation taken for the study of this correla:ion. But, 
since in the present work the scales were picked from 
general location a value of r of + 0-96 is 
dered high enough to warrant the use of the 
ula stated above. A frequency distribution of 
es of fish at the time of formation 
ious | checks, which may be tentatively 
‘age-in-years’, has therefore been drawn 














ye 

While in the cases of specimens older than about 
our years tho annuli located towards the periphery 
f the scale were rather crowded together, in a large 
umber of cases. of younger fish the outermost 
annulus was found close to, or at, the margin of tho 

le in samples collected during the months March- 
une. From this it was tentatively inferred that the 
rè laid down in spring or summer months. 
bable reasons for this will be mentioned later. In 
therefore, to compare the growth picture, 
icidated ‘by a study of the scales (Fig. 2B), with 
t obtained by the length-frequency distribution 
ethod, the data collected for the latter during the 
‘months March—June in the four-year period 1953-56 
ere: pooled, and the combined data are shown 
graphically i in Fig. 2A. It will be noticed from this 
figure that the modes for fish older than two years 
-rather ill-defined. This is probably due to the 
inherent drawback of overlapping of year-classes in 
length—-frequency distribution study, and also 
ause the samples examined are believed to be 
presentative. of the population and the relative 
umbers of fish, so that the modes may reflect 
mortality: obtaining between successive year-classes. 
-This fishery has been intensely practised for genera- 
tions, and there i is little wonder that the bulk of the 











NATURE 





ie 2 2. Comparison of sizes attained by mrigal at the time of formation of 
the frst: Ae annuli (B) with the modes observed in length-frequency dis- 


469 


catches consist of juvenile forms: In 
Fig. 2B all the six curves are drawn by 


tive heights of the peaks in the last: 
three years. This figure, being based on 


at the time of formation of the first six -. 


clese correspondence -of ‘the . modes, 
especially. those. representing the earlier 
years (which are customarily used in- 


arnuli. 


very nearly the same results, it is highly. 
probable that mrigal scales show true: 
age-rings on their surface. The line of 

approach presented here. is rather m- 


will only be oktained when proper marking experi- 
ments are conducted or the so-called ‘known age — 
method’ used by Van Oosten! and Applegate? is ap- 
plied, or further correlations with length—frequency 
data pursuing - individual good brood years are 
studied. 

Investigations extending over a full year on the © 
feeding of mrigal, conducted by another worker of 





this sub-station, have. shown: that in mrigal, of all a 


sizes, intensity of feeding is very low during spring 
and summer months. ‘This suggests that the cause 
of annulus formation is probably starvation. 


bottom, but whether starvation is due to want of 
food supply in she environment or some other cause 
is at present nos known. It is known, however, that 
the gonads of two-year and older fish rapidly mature 
or revive during the spring and summer months, and — 
the fish breeds as soon as the monsoons break in late 
June or early July. 

Not much critical work on age determination of 


Indian species ef fish, by means of their scales, has« > 


been done, although references to markings on 


scales, possibly of significance in age determinations, _ 


have been made by a number of Indian workers. 
Delsman? and Hardenbergt have expressed very 
sceptical views on age determination of tropical 
fishes. However, the investigations of Seshappa and 
Bhimachar* and. Pillay’, and that reported here, go- 
to prove the ccntrary. The successful age determ- — 
ination of mrigcl opens new fields of investigation of 
the natural hissory of this species, and it is hoped 
that it will lead to the evolution of a sound manage- 
ment policy of the fishery of this important Indian 
freshwater fish. A detailed account of the present 
investigation, with an account of growth of mrigal, 
are being published elsewhere. 


1 Van Oosten, J., Zoologica (1923). 
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* Pillay, T. V. R., Proc, Nat. Inst. Sei., India, 20, No. 2 (1954). 





visual inspection, retaining the positions 
of the modes accurately but not the rela- > 


the calculations of intermediate lengths 
of an arbitrarily chosen number of fish, = 


amnuli, does not reflect the mortality in 
the population, and in that respect isnot. ©. 
comparable with Fig. 2A. However, the 





such studies), is clearly seen in Fig. 2, ne 
and is regarded as evidence that the __ 
markings are correctly interpreted: as 


Since these alternative methods of me 


inquiry, which are absolutely inde: o ; 
pendent of each other, have led too 


dizect, and a final verdict on the issue ce 








The 
fish feeds largely on decaying organic debris on the 
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AMMONIA FORMATION IN BRAIN CORTEX SLICES 
By Dr. R. VRBA, JAROSLAVA FOLBERGR 
AND 


V. KANTUREK 


Institute of Industrial Hygiene and 


INCE 1922, when Tashiro’ discovered that a 
stimulated nerve in -vitro releases increased 
< amounts of ammonia, results of many experiments 
-o have been published showing that activity of nervous 
tissue such as reaction to stimuli is connected with 
the formation of ammonia. These facts have been 
reviewed several times recently’. 

In an attempt to discover the source of this 
ammonia, we have come to the conclusion, based on 
n experiments in vive, that its source is an amidic 
_. funetional group of brain proteins’. In the experi- 
ments to be reported here, we have used guinea pig 
‘brain cortex slices, as these form on incubation in 
Krebs-Ringer saline (no substrate added) consider- 

ble amounts of ammonia‘, We have found that about 
one-quarter of the ammonia formed during incubation 


oO for 4 hr. of guinea pig brain cortex slices may be 


_ accounted for by the splitting of protein-bound 

amidie bonds. 

As may be: seen from Table 1, during incubation 

f slices appreciable accumulation of ammonia occurs 
wa). At the same time, the protein-bound amide 

nitrogen shows a tendency to decrease; but these 

-amide bonds account only for about a quarter of the 
-ammonia formed. In another set of experiments we 


: -observed that after incubation for 6 hr. of slices in 
> absence of added substrate, about half the ammonia 


‘formed may be accounted for by the splitting of 
these amide bonds. We assume that the observed 

“decrease of protein-bound amide bonds is not caused 
by glutamine splitting off from proteins in the course 
of ‘usual proteolytic processes. During incubation of 
guinea pig brain cortex slices in absence of added 
substrate no free glutamine accumulates in the media, 
-as was shown by Weil-Malherbe and Green’, The 


ae -same authors have demonstrated that free glutamine 
Gs not the source of ammonia in incubated brain 
|- cortex slices. 


; This means that free ammonia accum- 
' mision in the media should not be considered only 
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as a secondary consequence. of the splitting of free 
glutamine formed by processes of proteolysis. Our 
interpretation is supporied by the fact that we did 
not observe a statistically significant decrease of 
trichloracetic acid—non-soluble nitrogen in incubated 
slices, which shows that processes of proteolysis are 
very slow, indeed almost. negligible, in our experi- 
ments. In agreement with this is the finding that 
the amount of accumulated non-protein nitrogen in 
this set of experiments (Tablo 1) is only about 1-5 per 
cent of the whole trichloracetic acid-non-soluble 
nitrogen of slices, and this too shows. insignificant 
proteolysis in the slices.of our experiments. Further- 
more, these experiments show that the splitting of a © 
protein-bound amide bond may account for a part 
of the ammonia formed, but that ammonia formation. 
in brain slices is a complex process, ammonia being 
formed from several, at least two, sources. This is 
in accordance with the experiments of Weil-Malherbe 
and Green’, who showed the complexity of ammonia, 
formation in guinea pig brain cortex slices. ; 
We have further observed. in our otporima ii that 
during the incubation of brain slices there occurs s- 
considerable increase in the amount of ‘lipid nitrogen’, 
that is, there is an increase in the amount of nitrogen- 
containing substances extractable with organic sol- 
vents at room temperature (Table 2). The extraction 
was carried out successively with acetone, alcohol- 
ether (3 : 1 v/v), chloroform—methanol (2: 1 v/v) and 
ether. We assume that decomposition of a complex 
between proteins and lipids occurs, following which 
there is an increase in the amount of ‘lipid nitrogen’, 
that is, nitrogen substances, extractable with organic 
solvents. It is well known that complexes between 
lipids and proteins exist (see ref. 6), though at present 
little is known of the physiological significance of 
these complexes. During the incubation of guinea 
pig brain cortex slices, an increase of ‘lipid nitrogen’ 
takes place, which obviously is a consequence of 















Tabie i CHANGES OF AMMONIA NITROGEN, NON-PROTEIN NITROGEN, PROTEIN-BOUND AMIDE NITROGEN AND TRICHLORAOETIO ACID-NON-SOLUBLE 


oe NITROGEN IN GUINEA Pic Brain CORTEX SLICES DURING 4 HR, INCUBATION IN KREBS-RINGER PHOSPHATE WITHOUT ADDED SUBSTRATE 
: Results expressed in zmoles nitrogen/gm. fresh weight of slices 
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+ ¢, test of differences of means between paired observations 
+t average of differences 

" mean error of mean of average difference 
aus + mean error of mean of average difference 











| yd? : Average k 
i | Initial | Final difference | Probability* it 

wee NH,-N | No of observations 17 i 17 | | 

H | average 6-9 i 23°8 | + 16-9 P< 0-01 24-1 

i i range 4-5-9-7 142-31 -8 | + 0-7 
boi ; NPN | No. of observations 17 17 | 

s a} average 165- 199-1 | +3382 | P< 0-01 5-35 

; i range 139 0-242 3 132 -0-2732 | +62 i i | 
# | NPN corrected (NPN. No. of observations | 47 17 | | i | \ 

minus NHN) average 169-1 | 1745 | +1b4 | Poo | 265 | 

! range 130: 6 zas: 3 i 100-7-241-4 | +58 i ! 
a | Protein-hound No. of observations 15 i | | i 
3 =- amide-N average 79-5 f ~ 3-8 | P < 002 254 | 

i co. range | 73 ioo 2 74:3-101 0 £15 | i 

| -TCA-non-soluble N | Ne. of observations 14 i i 
eo | average | 1015 968 -471 | P=og01 | 149 | 

| range | 905-1, 143 895-1,092 l + 32-0 | | | 
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Table 2. CHANGES OF ‘Lipm-NrrRoGEN’ IN GUINEA Pig BRAIN 

CORTEX SLICES DURING 4- HR. INCUBATION IN KREBS-RINGER PHOS- 
! PHATE WITHOUT ADDED SUBSTRATE 

‘Results expressed in pmoles ‘lipid-nitrogen’/em. fresh weight of slices 
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No. of observations 9 

Average ‘lipid-N’ 4 | 91-37 
» Mean error of mean* | + 23 | + 5:5 

Range of values l 43-62 i 65-126 








JERROLD 
w = ELP << b-001 (Student's t-test) 
Jegradation processes. At the same time, ammonia 
formation occurs. Ib is possible that these two pro- 
43 are inseparable. But at present we can only 
hat though a part of the ammonia formed 
< incubation of guinea pig brain cortex 
may be accounted for by the splitting of 
-bound amide bonds, the source of the larger 
ion of ammonia is not yet known. But it 
be of importance for our understanding of the 
hanism of ammonia formation that though the 
splitting of protein-bound amide bonds shows no 
close correlation with the concentration of potassium 
ions in the medium, the other and larger part of the 
monia formed shows a marked dependence on the 
omposition of the incubation medium. 
a known that brain slices, incubated in the 
f added substrate, lose their intracellular 
o, which diffuses into the surrounding 
cubation medium’. At the same time, ammonia 
ccumulation in the medium occurs**. If these two 
processes are inseparable, an increase of potassium 
n. concentration in the surrounding medium might 
expected to lead not only to a decrease in the 
fusion rate of intracellular potassium into the 
medium, but also at the same time to a decrease in 
the rate of ammonia accumulation. The results of 
- experiments agree with this assumption. 
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“Fig. 1. Effect of various concentrations of potassium ions on 
ammonia accumulation in guinea pig brain cortex slices. = 
Krebs-Ringer phosphate saline. col. a also KH,PO, replaced 

D with NaH,PO, 
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Each experimental batch of guinea pig brain cortex 
slices was divided into six parts. One part ~was 
deproteinized immediately, at zero time, with 
chloracetic acic., and the initial ammonia estimated. 
The other five parts of the batch were divided into 
Warburg flasks, containing 4 ml. Krebs-Ringer 
phosphate salixe or a modified medium containing 
different conceatrations of potassium ions (sodium 


salts were replaced with potassium salts, or 
vice versa). All media used were practically 
isotonic. : 


The experimental results recorded in Fig. 1 show 
that the larger the extracellular concentration of 
potassium ions, the slower the rate of ammonia 
accumulation, and vice versa, diminution. of the 
concentration of potassium. ions (with parallel: 
increase of sodiam ion concentration) in the medium 
increases the rate of ammonia accumulation... When 
the initial coneertration of potassium ions in the 
medium amounts to 153-1 mM, there occurs a 
marked reductien of ammonia formation, but never- 
theless a measurable amount of ammonia accum- 
ulates. The initial potassium ion concentration in 
this medium is eertainly higher than the intracellular 
potassium concentration of the slices, and free. efflux: 
of potassium iors from the slices cannot be expected, 
Yet, even under these conditions, an appreciable 
accumulation cf ammonia was observed. This 
indicates that, although a great part of the accumula- 
tion of ammonia is due to a process apparently 
inseparable from the diffusion of potassium ions into 
the medium, part of the ammonia sceumulates 
independently cf potassium ion movements. This 
again indicates that ammonia formation in brain 
slices is a complex process, ammonia being formed 
from various soarces during the incubation of brain 
slices. At the same time, the experiments presented 
here show that ammonia formation in brain slices 
cannot be considered to be a consequence of the usual 
proteolytic processes. Thus. we have observed that 
increased potassium ion concentration in the 
medium, though inhibiting ammonia formation, 
does not decrease the accumulation of non-protein 
nitrogen. 

The ammonia in‘ this work was estimated in 
Conway units, estimation of protein-bound amide 
bonds was based-on ammonia estimation after hydro- 
lysis of the trichloracetic acid—non-soluble fraction of 
slices with 20 per cent w/v hydrochloric acid for 3 hr. 
at 100° C., and’ the nitrogen of all other fractions 
in Conway units in aliquots after kjeldahliza- 
tion. 

We are now investigating the effects of ions on 
the metabolism of nitrogenous substances in brain 
slices and the mcre definite characterization of labile 
protein-bound amide bonds. Details of this work will 
appear in due course. 

We are gratefel to Mrs. Rosa Ehrmann for tech- 
nical assistance. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
Jor opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Histochemical Evidence of Increased Activity 
of Hydrolytic Enzymes in the Cells of Old 
Animals 


HISTOCHEMICAL studies, mainly of dephosphoryl- 
ating enzymes, have been made on sixteen different 
organs in young (three-months old) and old (three- 
years old) rats. Substrates used were glycerophosphate, 
estrone phosphate, cortisone phosphate, pyridoxal 
phosphate, carbamyl phosphate and ethanolamine 
phosphate, and the pH used was 9-0. Evidence has 
been published!* (or has been obtained but not yet 
published) from this laboratory that these com- 
pounds are dephosphorylated probably by specific 
enzymes. 

The steroid phosphates and ethanolamine and 
carbamyl phosphates are dephosphorylated mainly 
in the nuclei. ‘This activity is greater in the cells of 

old than in those of young animals. In addition 

- there is increased activity in the cytoplasm in the 
former. Pyridoxal phosphate, which is dephos- 
phorylated mainly in the cytoplasm, also gives an 
increased reaction in old animals when it is used as a 
substrate and this is so also for glycerophosphate. 
Similar results have been obtained for simple esterase. 





(a) 


(b) 


Fig.1. Ethanolamine hatase preparations of cells from region 

of origin of motor root of Sth nerve in young (a) and old (b) rats. 

Greater intensity of reaction in both nucleus and cytoplasm is 
apparent in the latter 


Byrbye and Kirk* have shown increased ß- 
glucuronidase activity and Zorzoli‘ increased acid 
hatase activity in the cells of old animals. 

It is of interest in this connexion that Weinbach 
and Garbus' have found a decrease in oxidative 
phosphorylation in liver but not in brain in old 
animals, but no change in either organ in the level of 
glycolytic phosphorylation. They also found no 
decrease in respiratory level in liver and brain in old 
animals. This latter finding can be supported from 
my observations’? that there is no histochemical 
evidence of decrease in succinic dehydro; or 
cytochrome oxidase activity in the tissues of old 
animals and that in fact there is some evidence of 
increase. 

Irrespective of whether oxidative phosphorylation 

or remains constant, a progressively in- 
ereasing rate of dephosphorylation of metabolically 
important substances would lead to a similarly 
progressive decrease in concentration of these sub- 
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_ stances in old cells resulting in inadequate functioning 


and eventually in death. It is possible, therefore, 
that this may be one of the fundamental processes 
involved in cellular senescence. 
The present results will be presented in greater 
detail elsewhere. 
GEOFFREY H. BOURNE 


Department of Histology, 
London Hospital Medical College, E.1. 
Dee. 14. 


ìi Bourne, G. H., J. Physiol., 124, 410 (1954). 
* Bourne, G. H., Quart. J. Micro. Sci., 95, 359 (1954). 
3 Byrbye, M., and Kirk, J. E., J. Geront., 11, 33 (1956). 
į Zorzoli, A., J. Geront., 10, 156 (1955). 
Weinbach, E. C., and Garbus, J., Nature, 178, 1225 (1958). 
* Bourne, G. H., Proc, Euroj Conf. Gerontology, Experientia, 
Supp. IV, 61 (Birkhiuse: P aael. 1957). e, 
? Bourne, G. H., Gerontologia (in the press). 


In vitro Effect of Growth Hormone on 
the Glucose Uptake of Isolated Rat 
Diaphragm 

THERE is a disagreement in the literature concerning 
the in vitro action of growth hormone on the glucose 
uptake of the isolated diaphragm of the normal rat. 
Ottaway! has reported that growth hormone added 
to the Stadie—Zapp buffer? will stimulate the glucose 
uptake of the isolated rat diaphragm. Park et al.* 
using Krebs-Henseleit bicarbonate buffer’ and Randle 
and Young* using Gey and Gey buffer’, which is 
qualitatively similar to the Krebs-Henseleit buffer, 
have reported that growth hormone in vitro is without 
effect on the glucose uptake of the isolated diaphragm 
from normal rats. It was of interest, therefore, to 
compare the effect of growth hormone added in vitro 
on the glucose uptake of the isolated rat diaphragm 
incubated either in Stadie~Zapp buffer* or in Gey 
and Gey buffer’. 

Normal female albino rats weighing 90-120 gm. 
were used. After a fasting period of 18-20 hr. each 
rat was killed by decapitation, the diaphragm 
removed, divided into two approximately equal por- 
tions and allowed to remain in freshly gassed buffer 
containing 250 mgm. of glucose/100 ml. for about 
10 min. The Gey and Gey buffer was gassed with 
93 per cent oxygen — 7 per cent carbon dioxide and 
the Stadie-Zapp buffer with 100 per cent oxygen. 
Each hemi-diaphragm was blotted gently and trans- 
ferred to a beaker containing 1 ml. of the type of 
buffer in which it had been soaked. The hemi- 
diaphragms were incubated in a Dubnoff metabolic 
shaker at 37° C. for the next 60 min. The gas phase 
for each buffer was as shown above. Growth hormone, 
where indicated, was dissolved in the appropriate 
buffer just before it was used. The hormone was 
never in solution for more than 60 min. before the 
beginning of the incubation. At the end of the 
incubation period the glucose content of each beaker 
was measured by the method of Somogyi’. Each 
hemi-diaphragm was blotted and weighed on a torsion 
balance. The glucose uptake was as mgm. 
glucose disappearing from the medium/gm. of wet 
diaphragm/hr. of incubation. 

The results of the experiments are shown in Table 1. 
When the incubation was carried out in Stadie-Zapp 
buffer, a significant increase in the glucose uptake of 
the isolated rat diaphragm occurred in the presence 
of growth hormone at concentrations of 25 pgm, and 
50 ugm. In no case did the addition of growth 
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Table 1. 
THE ISOLATED RAT DIAPHRAGM 











Batch No. Glucose uptake, mgm. glucosejgm. of wet dia aphragm, of incubation. 
o growth Mean + S.E. of mean. In fel presence of G.H. a! a concentration of: 
ormone 
(G.H.) 0 pgm jmi, 10 pgm.jml. 25 ugm.jm]. 50 vem.fml. | 100 ugm.fml. 
(4A) In Stadie-Zapp buffer (ref. 3) 
48 G.H.1 | 307 40-19 | 8-45 + 0-17 | 8-66 + 0-17* | 3:94 + 0-19f 
56 GH.1 | 2-86 + 0-19 — 3°72 + 0 21* 3:71 + 018} 8 35 + 0-17 
56 G.H.1 | 3-42 09 — 4 06 + 0-1 — 








1 compares G.H. 
T figure is the mesn of six observations. 

(A) Stadie-Zapp (ref 8) buffer-composition : 

MgCl, 0 90s Mi N: 0208 M 


group to control group. 


hormone to the Gey and Gey buffer produce a sig- 
nificant change in the glucose uptake of the isolated 
diaphragm. . 
It is apparent from these observations that at 

least a part of the difference between tha reports 
indicating that growth hormone in vitro stimulates 
glucose uptake’? and those showing that growth 
hormone ıs without effect in vitro+® may be accounted 
for on the basis of the composition of the buffer 
media employed for the incubations. These investiga- 
tions indicate that the composition of the buffer 
media may be of paramount importance in investiga- 
tions of the im vitro effect of hormones on isolated 
tissues. 

P. J. RANDLE 

J. E. Wurrney* 


Department of Biochemistry, 
University of Cambridge. Nov. 26. 


* Fellow in Cancer Research ot the American Cancer Society recom- 
mended by the Committee on Growth, National Research Council 
Present address : Medical Centre, University of Arkansas, Little Rock, 


2 Ottaway, J, H., Biochim. Biophys. Acta, 11, 443 (1953), 
* Ottaway, J. H., and Bulbrook, R. D., J. Endocrinol., 12, 50 (1955). 
* Stadie, W. C., and Zapp, J. A., J. Biol. Chem., 170, 55 (1947). 


1 Park, e R., a encephorus Metabolism”, 2, 634, Edit. McElroy, 
W.D g and Glass, B. (Johns Hopkins Press, T052). 


‘Krebs, H. A., and Henseleit, K., Z. physiol. Chem., 210, 33 (1932) 
5 Randle, P, J., and Young, F. G., J. Endocrinol., 13, 335 (1956). 

? Qey, G. O., and Gey, M. K., Amer. J. Cancer, 27, 45 (1836). 

2 Somogyi, M., J. Biol. Chem., 195, 19 (1952). 


Effect of the Growth Hormone of the 
Anterior Lobe of the Pituitary on the 
Reticulo-Endothelial System 


Moon et al.1- found that prolonged administration 
of growth hormone to rats results m more neoplasms 
arising in the pulmonary and lymphatic tissues. 
adrenal glands and reproductive organs than would 
be expected to occur spontaneously. They also 
showed that hypophysectomy prevents the develop- 
ment of spontaneous and growth hormone-induced 
tumours? and effectively inhibits the carcinogenic 

_ effect of methyl cholanthrene'. 

Further, it has been stated that the reticulo- 
endothelial system is an important defence against 
melignant growths, for if the system is blocked the 
incidence of new growths is increased, whereas if it is 
stimulated the incidence is dimmished®’. 


t 
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> 0-01 compares G.H. group to control group. 
> 0 001 compares G.H. group to control group. 


sodium phosphate buffer pH 7:40, 0:04 M; 
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In view of the above reports the 
effect of growth hormone on the 
reticulo-endothelial system was in- 
vestigated. 

Nineteen male guinea pigs, aged 
about one year, were used in the 
investigation. The reticulo-endo- 
thelial macrophages were studied 
by giving all the animals one 
daily injection of trypan blue 
subcutaneously for the last six 
days prior to being killed by 
chloroform. The dosage of the 
dye was calculated on the basis 
of 0-8 ml. of a 1 per cent solu- 
tion in distilled water per 100 
gm. body-weight. Seven of the 
animals were given dye only and 
were used as controls, The remain- 
ing animals were divided into 
two groups of six and given growth- 
hormone (Organon) in addition to the dye. The 
growth hormone was dissolved in olive oil and given 
once daily by ictramuscular injection. Six animals 
received 100 ugn. of growth hormone once daily for 
one week and the remaining six were given 100 ugm. 
daily for three weeks. Specimens were taken from 
the spleen, liver and lymph nodes and fixed in 
Heidenhain’s ‘Susa’ fluid. Sections were cut at 10u 
thick and stained with weak eosin, dilute carbol 
fuchsin or alum earmine. The activity of the reticulo- 
endothelial system in the organs studied was assessed 
by the number of dye-bearmg cells and the intensity 
of the vital staining. - 

The results were as follows: Three of the six 
animals which received 100 ugm. of growth hormone 
for one week showed a reduction in the intensity of 
vital stainmg in the macrophages of the spleen but 
the vital staining appearances in the liver and lymph 
nodes remained similar to the controls. The three 
remaining animels of this group showed vital staining 
appearances similar to those of the controls. In the 
group of six animals which received 100 pgm. of 
growth hormone for three weeks the nuniber of dye- 
bearing cells and the intensity of the vital staining 
were practically identical to those seen in the control 
animals. 

The above results indicate that growth hormone 
has little or no effect on the phagocytic activity of 
the reticulo-endothelial system. 

For this research we gratefully acknowledge the 
gift of growth hormone from Dr. Tindall of Organon 
Laboratories, Led. 


410 +0 51 


R. S. SNELL 
T. Nicou 
Department af Anatomy, 
King’s College, : 
London, W.C.2. 
Dec. 6. 
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Creatine Synthesis by Liver Slices in 
Hyperthyroid Rats 


Conprrions of hyperthyroidism are always 
associated with variations in creatinic metabolism ; 
nevertheless, it is not known whether these variations 
affect likewise the ability of liver to synthesize 
creatine. 

In this work some results are reported concerning 
such an ability by liver slices in animals treated with 
thyroxine and antithyroid drugs. 

Male rats weighing 110-130 gm. were injected 
intramuscularly with 0-25 mgm. of DL-thyroxine 
every day for 20 days (Groups B, C, D and E of 
Tables 1 and 2). 

The animals of Group O also received 0:25 gm. 
methylthiouracil, those of Group D 0:10 gm. 
2-carbethoxythio-1-methylglyoxaline, those of Group 
E 0-5 gm. Du-methionine. All the substances were 
given per os daily. 

On the twentieth day of treatment, the animals 
were killed by draining the blood and the livers were 
removed aseptically. For each half-liver creatine 
content was determined by the direct method of 
Ennor and Stocken!. Soon after killing, the bicipital 
muscles of the femurs were removed; the muscles 
were then freed from fat and fascia and then dried 
in an air oven for 24 hr. at 105°C. After drying, the 
parts were put into a 4 per cent trichloracetic acid 
solution and finally the creatine content of this 
extract was determined by the Hawk method*. The 
results are shown in Table 1. 


Table 1. CREATINE CONTENT IN LIVER AND IN MusoLp 


Creatine content 
In musclo | In liver 
(mgm./gm. of fresh tissue) (ugm /gm. of fresh tissue) 


Animal 
groups 





* Control group. Each group consisted of 8 animals 


The remaining half of each liver was cut mto 
slices weighing each 0:3 gm. Ability of liver to syn- 
thesize creatine in vitro was then determined by the 
method of Borsook and Dubnoff*, incubating the 
slices for 2 hr. at 37°C. and adding in the substrate 
0-2 mgm. of guanidinacetic acid for each slice to 
half of them and 0-2 mgm. of guanidinacetic acid 
and 1 mgm. DL-methionine for each slice to the 
remaining ones. The results of this treatment are 
shown in Table 2. i 

It was therefore possible to show that the livers 
of hyperthyroid animals contained a smaller quantity 
of creatine than normal animals. As might be fore- 
seen, creatine had lessened in the muscles of hyper- 
thyroid animals. Antithyroid drugs prevent de- 
pression in muscular creatine-rate but not in hepatic 


Table 2. CREATINE SYNTHESIS BY LIVER SLICES 





Synthesized creatine (ugm./gm. of fresh tissue) 
Animal From guanidinacetic From guanidinacetic 
groups acid only acid and methionine 


58 6 + 1 1176 +19 
oes ` 








2 
Q 
1 
1 





* Control group. Each group consisted of eight animals 
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creatine-rate, while methionine prevents depression 
in liver but not in muscle creatine-rate. 

In vitro, liver slices from hyperthyroid animals 
show & remarkable loss of their ability to synthesize 
creatine when incubated with guanidinacetic acid 
only, while such an ability is nearly restored when 
incubated with methionine and guanidinacetic acid. 
Antithyroid drugs and methionine administered 
in vwo cause small changes only. 

Therefore, it seems to be clear that the changes 
noted in creatine synthesis-rate by liver slices are 
associated with depression in liver methylizing 
functions, as previously observed in other experi- 
mental conditions* 5. 

: E. MASOITELLI-CORIANDOLI 
R. BOLDRINI 

Research Department, 3 
Istituto Biochimico Nazionale, 
Rome. 
Dec. 6. 


1 Ennor, A. H., and Stocken, L. A., Biochem, J., 42, 557 (1948). 


2 Hawk, P. B., et al , “Practical Physiological Chemistry” (Blakiston 
Co., Philadelphia, 1949). 


3 Borsook, H., and Dubnoff, J. W., J. Bol. Chem., 182, 559 (1940). 
‘Rabbi, A., et al., Boll. Soc. Ital. Biol Sper., 29, 318 (1953). 
è Mascltelli-Corlandoli, E , et al., Arch. Farmacol. Sper , 81, 132 (1953). 


Oxytocic Effect of some d-Lysergic Acid 
cycloAlkylamides 


ERGOMETRINE (d-lysergic acid x1(+)-propanol- 
amude-(2)) and wmethylergometrine (methylergo- 
basine, d-lysergic acid (+)-butanolamide-(2) ) exhibit 
a pronounced oxytocie effect}, On the other hand, 
the oxytocic effect of d-lysergic acid diethylamide is 
very small’. It has been shown’ that the pharmaco- 
logical properties of ergot alkaloids are profoundly 
changed by a relatively slight modification of the 
molecular structure. Saturation of the double bond 
in ring D of the molecule of ergotamine and alka- 
loids of the ergotoxine group causes a loss of the 
oxytocic effect and potentiation of the sympatholytic 
activity. Prolongation of the side-chain of ergo- 
metrine causes in the case of methylergometrine a 
potentiation of the oxytocie effect. 

In our experiments, an attempt was made to 
determine the oxytocic effect of a group of d-lysergic 
acid eycloaikylamides. “The synthesis of these com- 
pounds is being described elsewhere*. Their formule 
are shown in Table 1. 

Prelimmary tests were carried out on the isolated 
rabbit and guinea pig uterus. Quantitative determ- 
inations of the oxytocic effect were performed on 
anesthetized rabbits by the method described by 
Rothlin’. The uterus in situ was connected through 
the opened abdominal cavity with a lever, by means 
of a fine thread, and the contractions of the uterus 
were registered on the drum. Blood pressure from 
the arteria carotis and respiration from the trachea 
were also registered. Ergometrine hydrogen maleate 
and d-lysergic acid diethylamide in the form of normal 
tartaric salt were used as standards. All the d-lysergic 
acid cycloalkylamides tested were used in the form 
of acid maleic salts, and the doses: were expressed 
as the amount of the alkaloid base. 

Fig. 1 shows the oxytocic effect of d-lysergic acid 
cyclopentylamide (C,AL) compared with ergometrine 
as an example of our experiments. 

In order to make an exact comparison of the effects 
of the compounds tested possible, intravenous in- 
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jections were performed. at half-hour intervals. All 
drugs and standards were administered in the dose 
` of 20 pgm. per kgm. and the order of administration 
was varied. A quantitative estimate of the activity 
of the compounds tested was obtained from experi- 
ments performed on five rabbits which exhibited 
constant reactivity. On the kymograph tracing, the 
area between the base line and the curve of the con- 
traction was measured. The results are shown in 
Fig. 2. The columns indicate the areas, found for 
the drugs tested, expressed as a percentage of the 
-areg for the compound C,AD. The height of the 
column does not express the relative oxytocic 
activity of the compounds in general, but only pro- 
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LSD CaAl. OyAL CAL CAL GAL ERGOMETRIN 


Fig. 2 


vides informatic on their relative oxytocic activity 
at a dose of 20 pgm. per kgm. The highest oxytocic 
effect was prodaced by compound C,AL. 

In addition so this series of experiments, the 
oxytocic effect cf the compounds was tested in higher 
doses in order to determine their relative potency 
in absolute terms. Compound C,AL is about eight 
times as active as C,4£ and about five times as 
active as ergomstrine (Fig. 1). 

A similar ordar of activity of the compounds was 
„also found ın ezperıments with rats and guinea pigs 
using the same method. Sensitivity of the uterus 
in these species was lower than in rabbits. In order 
to obtain contractions of the same degree, doses of 
100 ugm. per kgm. of C,AL or 500 pgm. per kgm. of 
ergometrine were required. 

In the tests o2 the isolated uterus of rabbit, | guinea 
pig and rat, the compounds C,AL, C,AL and C,AL 
strongly enhanced the tone and rhythmic contractions 
at concentrations of 10-*-10~7. 


Z. VOTAVA 
I. PODVALOVÁ 
M. SEMONSKÝ 
Pharmaceutical and Biochemical 
Research Institute, 
Prague. 
Nov. 28. 


1 Rothlin, E , Schweiz. Med. Wechr., 65, 947 (1935). 


' Graham, d: D. P., and Khalidi, A. i , J. Fac. Medw. Baghdad, 18, 1 


? Rothlin, E., Schwrz. Med. Wschr., 76, 1254 (1946). 


t Semonsky, N. Zikán, V., and Votava, Z., Chem. Listy (in the press); 
Coll. Czech. (in. the ‘press). 


* Rothlin, E., Schweiz. Med. Wechr., 68, 971 (1938). 


a-AminomethyImuconic Acid as a Possible 
Precursor of Niacin 


Tue exact rcute for the biological transformation 
of 3-hydroxyanthranilic acid to nicotinic acid has not 
been established with certainty. 

That involv-ng fission, with or without prior. 
hydroxylation at C, between positions 3 and 4, has 
been proposed+*, The suggestion of Mortimer? of 
fission between positions 1 and 2 has been criticized). 
An unsupported suggestion by Hankes et al. en- 
visaged fission between carbon atoms 2 and 3 with 
recyclization to isocinchomeronic acid and sub- 
sequent decarkoxylation to niacin. The failure of 
this substance to replace niacm was considered not 
to support this path. However, a close analysis of 
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this last route by the mechanism indicated below 
produces «-aminomethyl-trans-cis-muconie acid (IIT) 
as a possible intermediate. This substance by prior, 
concomitant, or subsequent decarboxylation and ring 
closure would yield directly tetrahydronicotinic acid 
(IV). The most important consideration for facile 
ring formation demands a trans-configuration for the 
«B-double bond. Thus ın order to test partially this 
hypothesis the more readily accessible «-amino- 
methyl-irans-trans-nauconic acid has been synthesized 
and tested biologically. 

«-Methylmuconie acid prepared by the method of 
Kuhn and Michel® has the trans-irans-configuration 
since it may be recovered unchanged from hot 95 per 
cent concentrated sulphuric acid (cf. Linstead et al.’). 
This was converted by treatment with diazomethane 
to the dimethyl ester which crystallized from ether~ 
methanol as colourless crystals with melting point 
46~47°, Amax, 276 my (log « 4:17). (Found: C, 58-9; 
H, 6-6. C,H,.0, requires C, 58-7; H, 6-5 per cent.) 

Dimethyl-«-methylmuconate on fusion with N- 
bromosuccinimide in the presence of benzoyl per- 
oxide yielded dimethyl-«-bromomethyl muconate 
with melting point 97-98°, Amax 280 my (log ¢ 4-38). 
(Found: C, 40:9; H, 4:2. ©,H,,0,Br requires 
C, 41-0; H, 4-2 per cent.) 

Dimethyl-«-bromomethyl with potassium phthal- 
mide gave dimethyl-«-phthalimidomethylmuconate 
with melting point 134°, Amax 272 my (log e 4-41). 
(Found: ©, 61:9; H, 4-6. C,,H,,0,N requires C, 
62:0; H, 4:6 per cent.) 

Prior cold alcoholic alkaline hydrolysis followed 
by hydrolysis with hydrochloric acid gave «-amino- 
methyl-trans-trans-muconic acid hydrochloride, which 
separated from concentrated hydrochloric acid as 
colourless crystals with melting point 212° (decomp.), 
Amax. 264 mu (log £ 4-12). (Found: C, 40-8; H, 4-7. 
C,H,,O,NCI requires C, 40-9; H, 4-9 per cent.) 

In order to obtain biological evidence in support 
of the above mechanism the amino-acid was tested 
as an essential metabolite for growth of a bacterium, 
Xanthomonas pruni (National Type Culture). This 
organism, which requires tryptophan, 3-hydroxy- 
anthranilic acid or nicotinic acid for growth, has 
previously been used to test a possible maem 
precursor’, 

Standard solutions of the amino-acid hydrochloride, 
tryptophan and niacin were prepared and incor- 
porated separately in the basal medium advocated 
by Starr”. 

Control tubes were inoculated to test for carry- 
over of growth-promoting substances. The cultural, 
microscopic and staming characteristics of the 
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48 br + ® 








+, Full growth; —, no growth; ®, light growth. 
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organism were checked at all stages. The results 
obtained are summarized in Table 1. 

Although in these experiments the trans-trans-acid 
has been employed and the slight growth in one of 
the control tubes does not exclude the possibility of 
an adaptive mechanism, these prelummary results 
support the hypothesis developed above. 

These results will be published more fully elsewhere 


J. O. Harris 
F. BINNS j 


The Laboratory, 

The Newcastle Breweries, Ltd., 
and 
King’s College, 
Newcastle upon Tyne. 
Jan. 11. 
* Henderson, J. Biol. Chem , 178, 1005 (1949). Bonner and Yanofsky, 
Proc. U S. Nat. Acad. Sci., 85, 576 (1949). 

2 Makino, et al., Nature, 167, 115 (1951). 
3 Mortimer, Nature, 172, 74 (1953). 
* Robinson, Nature, 172, 344 (1953). 
5 Hankes, Lyman and Elevehjem, J. Biol. Chem , 187, 547 (1950). 
€ Kuhn and Michel, Ber., 71 B, 1119 (1938). 
7 Linstead, et al., J. Chem Soc., 2228 (1950) 
è Henderson, et al., Proc. Soc. Exp. Biol. and Med , 78, 441 (1051). 
? Starr, J Bact , 61, 131 (1946). 


Metal and Hydrogen-lon Binding Properties 
of O-Phosphoserine 


As pointed out by Mellander!, organic phosphoryl 
compounds derived from phosphoproteins may 
behave as effective chelating agents and therefore’ 
may be of great biological importance. For the 
study of the chelating ability of such compounds, 
synthetic model substances of similar structure are 
under investigation. Apparent ionization constants 
of synthetic O-phosphoserine, 


CH,—CH—COOH 
ier, + 
o=¥—0- 
bu 


and apparent stability constants of some metal 
complexes of that compound have been examined. 

The procedure employed in the synthesis of 
phosphoserine was similar to the method used by 
Canali et al.2. Racemic serine was treated with 
polyphosphoric acid at 130° ©. The resultant product 
was precipitated with acetone. The precipitate was 
dissolved in 2N hydrochloric acid and refluxed for 
2 hr. Inorganic phosphate compounds were then 
precipitated in the form of barium salts. The im- 
purities of the remaining solution were removed by 
& cation exchanger. Finally, after evaporating the 
eluate to a small volume, phosphoserine crystallized 
on adding ethanol and was recrystallized from an 
ethanol-water mixture. Analyses: calculated for 
C,H,O,NP: N, 7-57; P, 16-76 per cent; found: 
N, 7-44; P, 17-17 per cent. The purity was further 
checked by paper chromatography. 

Investigations of acid-base and metal-binding 
equilibria were carried out by potentiometric titra- 
tion at 25°C. and 0-15 ionic strength with a glass 
electrode (G@102B) and a potentiometer (type 
PHM 32) manufactured by Radiometer, Copenhagen. 
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2:0 30 
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Fig. 1. Potentiometric titrations of 6 8 x 1073 M O-phospho- 
serine at 25° and 0-15 ionic strength with 1 006 x 10°N 
potassium hydroxide without complex-forming metal 10n (H) 
and ın the presence of the following complex-formin meral 1008: 


3:2 x 107° M calera chloride (Ca), 4:0 x 1078 esum 
ee (Mg), 3-5 x 107° M manganeso chloride (M ) and 

3-5 x 107° M Sint chloride (Cu). The Fo): -curva was de- 
termined under the same conditions with 2-1 x 107° Q- 


phosphoserine and 48 x 10M ferne lorie titrated with 
1 006 x 107? N potassium hydroxide 


Phosphoserme appeared to have a strongly ionized 
group. The apparent p-value for the carboxyl, the 
last phosphate and the amino-ionizations of this 
compound were found to be 2 08, 5-65 and 9°74, 
respectively. 

Titration of the ligand in the presence of metal 
ions forming complexes indicated formation of more 
than one complex with every metal investigated 
(Fig. 1). The molar ratio, ligand to complex-forming 
metal ion, was 2:1 and 4:1 respectively for di- 
valent and tri-valent metals. If L represents the tri- 
negative phosphoserine anion and M the complex- 
forming metal ion, the structures of the calcium(IT)-, 
magnesium(I[)- and manganese(II)-complexes ex- 
amined were probably MHL and ML; those of 
the copper(II)- and 1ron(IIT)-complexes were prob- 
ably MHL,ML,ML, and MEL,ML, respectively. 
Using Bjerrum’s* method, the logarithms of the 
apparent stability constants of the ML-complexes 
were calculated to be: caleium(Il), 2:3; mag- 
nesium(II), 2-4; manganese(IT), 3-9; copper(It), 
9-6; and iron(II), greater than 13. 

After prolonged standing of the titrated solution, 
when the ligand was titrated in the presence of 
iron(II) at low pH values, a greenish precipitate 
developed, probably the Fe(IIT)D complex. At high 
pH values the rron(III) titration curve shows 
successive combining of hydroxyl ions with iron({IT) 
and dissociation of the Fe(III)L, complex, which is 
the only apparent complex in this pH region. This 
was further indicated since a yellow-red precipitate 
appeared at pH greater than 10-5. The Fe(III)L, 
complex was found to be considerably more soluble 
than the Fe(III)L complex. The former complex 
also exists at a physiological pH. For the combina- 
tion of the last ligand, the logarithm of the apparent 
stability constant of this complex was calculated to 


NATURE í 


477 


be about 7. Accordmgly, in the Fe(IIT)£, complex 
phosphoserine will bind iron(ITI) more strongly than 
any other metal mvestigated. This mdicates that 
phosphoserine under physiological conditions may 
compete powerfully for iron(II) ions. 

A more detailed account of this investigation will 
be published elsewhere. 

R. ÖSTERBERG 
Department of Medical Biochemistry, 
University of Gothenburg. 
Dez. 22. 
1 Mellander, O., Nutrion Remews, 18, 161 (1855). 
3 Canalı, V., Casciotti G , De Luca, R., and Baldantoni, A., Boll. Soc. 
Ital. Brol. Sper., 27, 1479 (1951). 


3 Bjerrum, J., “Meta Amine Formation in Aqueous Solution” (P. 
Haase and Sons, Copenhagen, 1941). 


Humas Embryo Hemoglobins 


Halbrecht and Klibanski! have reported recently 
that they were able to examine the hemoglobin of a 
10-weeks old human embryo by means of paper 
electrophoresis. They demonstrated that this hamo- 
globin under definite experimental conditions showed 
an electrophoretic mobility unequivocally slower than 
the mobility exhibited by adult hemoglobin. ~The 
blood of a 20-weeks old human fœtus was found to 
contam a hæmoglobin moving identically slowly on 
paper electrophoretic examination. Moreover, this 
hemoglobin sowed an electrophoretic mobility 
which was definitely slower than the mobility of cord 
hemoglobin of a full-term newly born. Based on 
the findings deseribed, the authors suggest that there 
is a third type of hemoglobin in early embryonic 
life besides the two hitherto known normal types of 
human hemoglebin, referred to as foetal hæmoglobin 
and adult hemoglobin. 

This conclusion supplements our findings in such 
a remarkable vay that it seems justifiable to refer 
to these studies*. We investigated at that time the 
hemoglobin of a larger series of human foetuses by 
means of alkai-denaturation and determined the 
change ın colour of oxyhemoglobin solutions, after 
adding sodium hydroxide electrophotometrically, in 
the red wave-length range. Thus in human feetuses, 
7-12 weeks of age, the existence of a hemoglobin 
was shown, the alkali-resistance of which was 
approximately midway between foetal and adult 
hemoglobin. Therefore we concluded then, as 
Halbrecht and Klibanski? did, that there must be 
in early humar foetal life a third, hitherto unknown 
type of hemoglobin. 

It seems ressonable to assume that the hamo- 
globins discovered independently and by means of 


‘ different methods in the blood of rather small human 


foetuses by us aid Halbrecht and Khbanski! are in fact 
identical. In case this should be true, the existence 
of three different types of hemoglobin in the course 
of normal human development have to be considered. 
Allison’ likewise discovered recently a new type of 
hemoglobin in small human foetuses but has, to the 
best of our knowledge, not yet reported full details 
of his investigasions. He proposed the term ‘‘primitive 
type P” for tkis normal hemoglobin. 

At a glance it may be surprising that there exist 
three different types of hemoglobin during normal 
human development. We feel that this fact is more 
easily understood by taking into account the morpho- 
logically characteristic features of footal hamopoiesis. 
As is well known, there can be distinguished three 
definitely separable periods of foetal hzmopoiesis : 
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the mesoblastic, the hepatic and the medullary 
period. Perhaps these three periods relieve one an- 
other—in sequence as mentioned—corresponding to 
the appearance of thé three types of hemoglobin. 
Provided that there are really correlations, one must 
distribute one of the hemoglobin types to each of 
the three periods of foetal heemopoiesis. 
W. Kunzer 
Universitéts-Kinderklinik, 

Wurzburg. 

Nov. 30. 
1 Halbrecht, J., and Klibanski, C., Nature, 178, 794 (1956). 


? Drescher, H., and Kunzer, W., Klin. Wschr., 82, 92 (1054). 
3 Allison, A., Scvence, 122, 640 (1955). 


Blood Group Antigens Mi? and Vw and `' 


their Relation to the MNSs System | 


Tue blood group antigen Mi? was discovered by 
Levine, Stock, Kuhmichel and Bronikovsky? in 1951. 
Anti-Mi®, the antibody necessary for the identification 
of the antigen, was made by a mother in response 
to immunization by her Mi(a+) foetus which, as a 
result, had severe hemolytic disease. The antigen 
was shown to be inherited as a dominant character. 
The antigen was evidently rare, for no example was 
found in testing 425 random people. 

The blood group antigen Vw was discovered by 
van der Hart, Bosman and van Loghem? in 1954. 
The antibody, anti-Vw, was made by a mother in 
response to immunization by her fœtus.. The father 
had the antigen and so had several members of his 
family. The antigen was not present in 740 blood 
samples from random Dutch people. The antigen 
was shown to be inherited as a dominant character. 
Sanger, studying the pedigree, noticed that the gene 
Vw was linked to the JZNSs locus and was travelling 
with Ns: there were 12 non-cross-overs and no 
cross-overs. 

It was then found® that those members of the 
Dutch family who were Vw+ were also Mi(a+), so 
it was naturally assumed that Vw was identical with 
the antigen Mis, discovered several years before. 

We find that the antigens Mie and Vw, though 
related, are not the same: about half Mi(a+) people 
are Vw+ and about half are Vw—. No Mi(a—) 
Vw-+ person has been found m several thousand 
tests on white people. 

Though the antigens are rare (the combined inci- 
dence of the two phenotypes is one in about a 
thousand white people) the antibody anti-Mia is 
relatively common and, rather surprisingly, can be 
present in the serum of people who have not been 
exposed to either antigen by pregnancy or by 
transfusion. g 

From tests on families it has become clear that the 
gene or genes responsible for both phenotypes, 
Mi(ja+) Vw+ and Mi(a+) Vw —, are linked to the 
MNSs locus. The linkage is of the extremely close 
type found between the CDE genes and between the 
JINSs genes: this was suggested by the absence of 
cross-overs in the families and confirmed by the 
observation that in all chromosomes so far analysed 
the gene or genes responsible for the Mifa+) Vw+ 
reaction are accompanied by N and s, while those 
responsible for the Mi(ja+) Vw— reaction are accom- 
panied by M and S. f 

Because of the rarity of the two phenotypes it 
may be some time before their precise genetic baek- 
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ground is establıshed. We can think of three possi- 
bilities. The genes responsible could be alleles : they 
would fit the CC¥ behaviour in the Rh system. (The 
antigen Mı could be like C and the antigen Vw like 
Cw; anti-Mi could be lke anti-C, which reacts with 
Ce and with Cc, and anti-Vw could be like anti-Ov, 
which reacts only with Cv.) On the other hand, the 
genes may be representatives of adjacent loci like 
D and C in the Rh system. (The antigen Mi* could 
be lke D and the antigen Vw hke C; anti-Mia 
could be like anti-D+C and anti-Vw like anti-C.) 
The available genetical and serological details would 
fit ether arrangement; they would not fit so well 
the third possibility that one gene alone is responsible 
and that the difference between Mi(a+) Vw+ and 
Mi(a+) Vw— reflects a position effect exerted by the 
Ne and by the MS genes respectively. 

The antigens Mia and Vw, together with the 
antigens Hu and He, are demonstrating the com- 
plexity of the region of chromosome responsible for 
the MNSs blood groups and it now appears that at 
least four loci must be involved. 7 

We are grateful to Dr. Philip Levine, Dr. J. J. van 
Loghem, jun., and Dr. A. E. Mourant for some of the, 
antisera used in this work. The details of the investiga- 
tion will be submitted for publication elsewhere. 

~- J. WALLACE 
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The Diego Blood Factor in Negroid 
Populations 


A GREAT number of the Negroes brought to South 
American shores during Colonial times came from 
West Africa (Gold Coast, Guinea, Dahomey, Nigeria, 
etc.)?. These Negroes mixed in large proportion with 
Indians and Caucasoids, mainly Spaniards and 
Portuguese. The racial intermixture was so intense 
that to-day it is almost impossible to find a pure 
Negro population m any South American country, 
including Venezuela. Indian admixture was assumed 
by Layrisse and Arends* as an explanation of the 
eleven Diego-positive cases found in 150 random 
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adult Negro inhabitants of Curiepe, a village in the 
State of Miranda, Venezuela. 

Recently, we have had the opportunity of studying 
the incidence of the Di? antigen among two other 
Negro populations: one represented by 119 blood 
samples from three little villages (Farriar, Aguas 
Negras and Palmarejo) located in the State of 
Yaracuy approximately 400 km. from Curiepe. The 
other population was represented by 107 blood 
samples of various Negro tribes of the Gold Coast: 
Ga öl per cent, Twi 10 per cent, Ewe 9 per cent, - 
Busanga 4'6 per cent, Fanti 4-6 per cent, Andagbe 
3°7 per cent, whereas other tribes were only 
represented by-one or two individuals. 

Table 1 shows the incidence of the ABO, Rh and 
Diego blood systems found in the three groups of 
Negroes tested. As comparative data we include the 
incidence of the same blood groups in two Venezuelan 
Indian tribes, 

The frequency of ABO and Bh,(D) ï in the Negroes 
from the Gold Coast studied by us is practically the 
seme as in the general average of the West African 
Negroes already reported’. On the contrary the 
two groups of Venezuelan Negroes showed different, 
figures. Concerning the ABO system and the gene O 
expressed as r was 76-45 per cent in people from 
Curiepe and 77:23 per cent in Yaracuy State. This 
finding is indicative of an admixture with another 
race carrying a high incidence of group O. Venezuelan 
Indians have precisely this characteristic. The 
frequency of the Rh,(D) factor was 90 per cent in 
both groups, an incidence which is similar to that 
found in most West African Negroes. This relatively 
low incidence could be explained as a balanced result 
of admixture with Caucasoid populations and 
Venezuelan Indians. 

There is a striking difference between the negative 
findings of the Di* antigen in African Negroes and the 
positive incidence in Venezuelan Negroes. . This ob- 
servation suggests that the Gold Coast Negroes either 
do not carry this antigen or that it is present in a very 
low incidence only. It suggests as well that the 
Diego-positive cases in Venezuelan Negroes are not 
original to the Negroes themselves but due to their 
Indian admixture. The difference of incidence in 
these two groups could be related to the admixture 
with Caribs in the group of Curiepe and with Caribs 
as well as with Arawacs in the group of the State of 
Yaracuy. ‘This concept is in agreement with the 
historical tradition‘. 

Up to date the frequency of the Di® antigen has 
been studied in various groups of the three grand 
sub-species of the world population. It has been 
demonstrated to be negative in 2,600 Caucasoids’. It 
is present in Mongoloids*: ten American Indian 
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wac Indians) 162 3-94 1-81 0 94-74 1:19 0°67 98-18 
Carib Indians 170 0,58 0 0 99-4 0:29 0 99:7 
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stocks, ‘two groups of Japanese and one group of 
Chinese with variable incidence from 3 to 45 per cent. 
In Venezuelan hybrid populations with Indian ad- 
mixture the factor was also present, ranging from 
0-6 to 7 per cenz. The Negroid populations have not 
been studied sufficiently. From the results presented 
here it can be stated that the factor was negative in 
African Negroes from the Gold Coast and that the- 
positive inciderce in the two Venezuelan Negro 
populations wac probably due to the Indians with 
whom they intermarried. 

These new studies confirm the anthropological 
significance of the Diego factor suggested in the 
original article af Layrisse and Arends, who indicated 
its capacity to distinguish some Mongoloid populations 
from Caucasoids and probably Negroids. The factor 
could be of great help in studies of hybrid 
populations. 

We are specially grateful to Dr. G. M. Edington 
for his collaboration in the study of the African 
Negroes, 

2 MIGUEL LAYRISSE 
TULIO ARENDS 
Banco de Sangre, 
Caracas, Venezuela. 
Nov. 22. 
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Polyploidy and Radiosensitivity 


Conger and Johnston? have concluded, from studies 
of the effects of X-radiation in a flower bud of 
Tradescantia paludosa containing a mixed population 
of diploid and haploid microspores, that chromosomal 
radiosensitivity or sensitivity per unit length of 
chromosome is identical in haploid and diploid cells, 
The results of different workers in which radiation 
sensitivity of cells of polyploid plants has been 
found to be equal to, greater or less than comparable 
diploids have been attributed by them to intrinsic 
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Table 1. OBROMOSOME ABRERRATIONS IN Triticum SPECIES IRRA- 
DIATED WITA X-Rays, §-PARTIOLES AND Fast NEUTRONS 











Radiation and No. of cells Aberrations per cell 
material studied {exchange and deletions) 
Range Mean +se. 
X-rays 
Diploid 152 0-S | 036 + 0-087 
Tetraploid 192 Q-14 057 + 0-137 
Hexaploid 218 0-32 11 +0 212 
&-particles from 
phosphorus-32 
Diploid 140 0-6 16 +0 279 
Tetraplaid 153 0-28 247 +0°388 
Hexaploid 471 0-42 2-53 + 0'318 
Fast | eutrons 
Diploid 568 0-20 0-498 + 0 079 
Tetraplotd 540 0-28 1-460 + 0 169 
Hexaploid 1,033 0-66 9°700 + 0 517 








differences in species sensitivity rather than to the 
effect of polyploidy itself. In a comparative study of 
the frequency of chromosome aberrations induced by 
different types of radiations on diploid, tetraploid 
and hexaploid Triticum species, we observed that 
the results obtained varied with the type of radiation 
used. 

Dry seeds of T. monococcum, T. dicoccum and 
T., aestivum were exposed to 11,000 r. of X-rays, and 
to fast neutrons of source strength 10° ny/em.?/sec. 
over & 27 solid angle for three hours. For 8-radiation, 
the seeds of the three species were soaked in phos- 
phorus-32 solution for 24 hr., the dose used being 
5 uc. per seed. Cytological studies were carried out 
in root tip smears prepared from material fixed 24, 
48 and 72 hr. after germination (Table 1). The total 
lengths of the chromosome complements of diploid, 
tetraploid and hexaploid wheats determined in com- 
parable preparations were 172-2, 282-0 and 353-2u, 
respectively, and the number of aberrations per 100u 
of chromosome length was calculated for all the 


No of beaks per 100% chromosome length 





X-rays 





-particles Fast neutrons 


Fig 1. Effect of the type of radiation on the number of aberrations 

per unit chromosome length in diploid, tetraploid and hexaploid 

Triticum species. Lined, diploid ; black, tetraploid; stippled, 
exaploid - 
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treatments. The data were subjected to a test of 
significance by Fisher’s Behrens test. This showed 
that sensitivity per unit length of chromosome was :_ 
(a) identical in all the three species in the case of 
X-ray treatment; (b) identical in the diploid and 


“tetraploid but significantly different in the hexaploid 


with phosphorus-32 treatment; (e) significantly 
different in all the three species irradiated with fast 
neutrons. Differences in the rate of absorption of 


~ phosphorus-32 may be one of the factors influencing 


g 


the results obtained with this isotope. In the case 
of fast neutron radiation, however, the dosage given 
was exactly similar and it is clear that the hexaploid 
and tetraploid species had very many more breaks 
than can be accounted for by their polyploid 
chromosome length (Fig. 1). 

The results obtained by Konzak and Singleton? in 
diploid, tetraploid and hexaploid Avena and Triticum 
species irradiated with X-rays and thermal neutrons 
are of interest in this connexion. They observed 
that while the hexaploids showed the greatest resist- 
ance to a given dose of X-rays, the tetraploids were 
more resistant than the hexaploids to the thermal 
neutron radiation. While no cytological data are 
reported in their study, it is likely that the occurrence 
of extensive chromosome aberrations, as found in our 
material exposed to fast neutrons, offsets the ad- 
vantage of ploidy in the hexaploids irradiated with 
thermal neutrons. It thus seems possible that the 
simple relationship between ploidy and chromosomal 
radiosensitivity outlined by Conger and Johnston? 
in X-ray treated material may not hold good in 
experiments involving the use of more densely 
ionizing radiations. It will no doubt be interesting if 
a comparativé study of the relationship between 
polyploidy and chromosome sensitivity to different 
types of radiations could be undertaken in such ideal 
material as used by them. 

M. S. SWAMINATHAN 
A. T. NATARAJAN 


Indian Agricultural Research Institute, 
New Delhi 12. 
Dec. 13. 
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Vacuolated Neurones in Sheep affected 
with Scrapie 


VACUOLATED nerve cells (neurones) have frequently 
been described in the medulla of sheep affected with 
scrapie'-*, Recently, similar vacuolation has been 
reported in clinically normal sheep*. Whether or not 
the vacuolation is directly associated with scrapie is 
therefore open to question, although in my ex- 
perience the kind of vacuoles to be described later 
do not occur in healthy animals. 

Investigations have been made into the contents 
of these vacuoles. Bertrand et al.* regarded them 
as being empty, but Holman and Pattison? described 
occasional contents consisting of homogeneous gran- 
ules staining pink with eosin. In the present study, 
bodies were found inside the vacuoles in 8 sheep 
suffering from scrapie. In ‘Celloidin’ sections these 
bodies were generally spheroidal in shape and 
measured 2-12 in diameter. They were present 
in frozen sections and in paraffin-embedded material 
and were stained most effectively with eosin or 
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_ Fig. 1. Bodies inside vacuolated neurone from the cervical cord 
of a sheep affected with jie. Haematoxylin and phioxine, 
z. celloldin. (x 750) 


ph . Within the bodies small eosinophilic 
granules were sometimes observed. The bodies did 
not stain with the periodic acid — Schiff reaction‘, 

the Feulgen reaction, 1-green-pyronin® or with 
the neutral fat stain ‘Fettrot’ (Ciba), but they gave 
_ & positive coupled tetrazonium reaction’. On occasions 


such bodies were also found in the cytoplasm of 
parently non-vacuolated neurones of the affected 


The occurrence of bodies within vacuoles poses an 
interesting problem as to their nature; they may 
represent degenerative products in the neurone or 
a form of inclusion body. Further investigations of 
this problem are being made. 

This work was undertaken with the aid of a 
Veterinary Clinical Research Fellowship kindly 
awarded by the Agricultural Research Council. 


Queen Square, London, for advice and for providing 
facilities. I am grateful for the technical assistance 
of Mr. I. K. Gauld; Mr. J. A. Mills was responsible 
_ for the photomicrograph. 
A. C. PALMER 


Department of Veterinary Clinical Studies, 
-School of Veterinary Medicine, 
University of Cambridge. 
Dec. 6. 
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Heat Resistance of Bacterial Spores at 
Various Water Activities 


Tue wide range in the heat resistance of bacterial 
spores in dilute neutral solutions is well known but 
still unexplained. Studies of spores having a wide 
range of heat resistance (greater than 10*-fold) in 
phosphate buffer (0:05 M, pH 7) have shown that 
these differences in heat resistance largely disappear 
when the spores are heated in a substantially dry 
state. 
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Spores, harvested from suitable media, were 
washed in water snd 0-2-ml. aliquots dried from the 


frozen state. The dried spores (about 10’/tube) were _ 


then equilibrated in vacuo with saturated solutions 
of known water activity (@,)'. After equilibration 
for periods of one to six weeks in the dark at 25° + 
0-05° C., the section of the tube containing the spores 
was separated from the controlling solution by sealing 


the restriction between the two sections without 


releasing the vacuum. The ampoules were 
heated in an oil-oath controlled to + 0-05°C., the 
contents rehydrated in 2 ml. of phosphate buffer, and 
viable counts made after dilution in the same fluid. 
Estimates of the time ired to obtain a ten-fold 
reduction in the viable count (decimal reduction 
time) were made from plots of the logarithm of the 
viable counts against the time of heating. 

Some typical results are shown in Fig. 1, in which 
the logarithm of the decimal reduction time at 
110° C. is plotted against @» of the controlling solution 
at 25°C. The values plotted at the extreme right- 
hand side of the graph represent determinations made 
by heating prev-ously dried spores resuspended in 
the phosphate buffer, a, 0-998. Values on the 
extreme left-hand side are for spores exposed in 
vacuo over phosphorus pentoxide. The results for 
Bacillus stearothermophilus and Clostridium botulinum 
type E were obtsined with mixed suspensions which 
were dried together, but enumerated separately on 
different media. This procedure ensured that the 
spores of both organisms were subjected to the same 
conditions during equilibration and heating. Other 
results for B. coagulans, Cl. botulinum type B and 
Cl. bifermentans have been found to give curves of a 
similar type, generally within the extreme values 
shown. 

The most striking feature of the results is tho 
extent to which drying has increased the heat resist- 


Logarithm of decimal reduction time (min.) at 110° C. 


00 02 0-4 06 0-8 10 
a, at 25°C. 


Fig. 1. Heat-resissance of spores of three organisms equili- 
brated in bee ae oe sa eg oe at 25° C. C Bolles 
us 7953). A, Bacillus ey yt Knaysi, 

, Cornell, CL). C, Clostridium botulinum type (ATCCOBO4) 
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solution, For example, the heat resistance of Cl. 
botulinum type E was increased about -30,000 times 
by equilibration at 25° C., to an a, of about 0-8. The 
same treatment increased the heat resistance of 
spores of B. megaterium and B, stearothermophilus by 
factors of about 3,000 and 10 respectively. In the 
dilute buffer solution, the resistance of spores of 
B. stearothermophilua was some 30,000 times the 
> resistance of spores of Cl. botulinum type E, but 
after controlled drying this ratio was reduced to 
about 10. 

For each type of spore there was a range of ay 
at which tho resistance to heat was appreciably 
greater than in the phosphate buffer. Qualitatively, 
this situation is well known, as spores have long 
been known to be more readily destroyed by ‘moist’ 
heat than by ‘dry’ heat. It may be noted, however, 
that the most rigorous drying, namely, storage over 
-~ phosphorus pentoxide, did not cause the greatest 

increase in heat resistance. In general, the greatest 
heat resistance was found with spores equilibrated 
at about ay 0:-8-0-9, the maximum resistance being 
10-100 times the value obtained with the very dry 
spores. For Bacillus megaterium the resistance in- 
creased steadily as Øy increased from zero to about 0:9. 
~ For B. stearothermophilus and Cl. botulinum type E 
there was a fairly wide zone between a, 0-2 and 0-85 
in which the resistance did not change greatly. 
i. These results support the hypothesis that the heat 
resistance of bacterial spores in dilute solution is 
largely dependent on the maintenance of some part 
of the spore contents in a relatively dry state. 

Further details of these results, together with a 
> discussion of some of the implications relevant to 
an understanding of heat resistance, will be published 
elsewhere. 

W. G. MURRELL 
W. J. Scorr 
Division of Food Preservation and Transport, 
Commonwealth Scientific and 
Industrial Research Organization, 
Homebush, New South Wales. 
Dec. 7. 
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Embryology of X Organs in Crangon 
allmanni 
RECENTLY, I have shown the presence of true paired 
‘ontal organs in species of Decapoda Natantia 
‘where the sensory pore X organ? was simultaneously 
well developed®?. Consequently, the supposed homo- 
“logy between the paired frontal organs of lower 
Crustacea and the sensory pore X organ and eye 
papilla can no longer be accepted, and interest in 
the derivation of the X organs is renewed. As 
information on their ontogeny is scanty and mostly 
refers to late stages*4, investigations on embryo- 
logical material of Crangon allmanni were carried out. 
Both the cells of the sensory pore X organ and those 
of the medulla terminalis ganglionic X organ! are 
derived from neuroblasts in the anterior wall of the 
medulla terminalis ganglion layer. The first onion 
body appears approximately simultaneously with 
the compound eye pigment. This agrees with 
observations made on Birgus by Orlamiinder*®; but 


“nothing emerged in support of his view that the 


sensory pore X organ is induced by the wandering 


plasm and probably form a syncytium’. I could not 
trace the course of the axons concerned with the 
formation of these very early onion bodies. The cells 
of the future medulla terminalis ganglionic X organ 
at this stage are of a nouroblastic type with large 
vesicular nuclei and very little cytoplasm. Staining 
reactions with Gomori hematoxylin and phloxin and 
with the Gabe paraldehyde fuchsin give no indications 
of neurosecretory activity in these cells. The sensory 
cells of the sensory pore cannot yet be identified but 
the mantle cells* begin to appear early and are closely 
connected with the interstitial tissue between the 
medulla interna and externa and between the 
medulla interna and terminalis. When the sensory 
cells begin to appear in late embryonic stages they 
are derived from the medulla terminalis ganglion 
layer. In the free-swimming larva the organization 
of the X organs and the sensory pore complex is 
essentially similar to that found in the adults. 

The investigation throws light on the discussion 
of the derivation of neurosecretory cells from nerve 
cells or vice versat. The neurectoderm forming 
the medulla terminalis ganglion layer also produces 
the cells of the hypodermis of the corresponding |. 
region of the eye-stalk and part of the mantle cells. 
mentioned above. The neurosecretory cells are ` 
formed from neuroblasts which have already wandered.: 
in. But they are not formed directly from neuros 
blasts; the latter first develop into young nerve cells 
the axons of which are formed and could in many -> 
cases be traced to the medulla terminalis before any ` 
signs of neurosecretory activity in the cytoplasm 
became evident. 

Err DAHL 
Zoological Institute, 
Lund. Dec, 12. 
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The Australasian Barnacle, Elminius 
modestus, in France 


Tue Australasian barnacle Elminius modestus 
Darwin has been recently recorded from several 
localities in northern France'. In September 1954, - 
we carried out independent surveys along the whole. 
of the Channel and Atlantic coasts of France to... 
define the limits of distribution. of this immigrant | 
species. The observations made show that E. modestus 
was established over two large areas of the French 
coast. These extend from the Belgian frontier to 
Cap de la Hague and from the estuary of the Jaudy 
to the Rade de Brest (Fig. 1). 

In the first of these areas much of the coastline is | 
characterized by gently. sloping sandy or shingle 
beaches, but HE. modestus. could be found wherever 
there were suitable surfaces for settling and was 
almost as common on the open coast as in the 
sheltered harbours and estuaries. It was notably 
abundant.at Le Havre, Trouville, Omaha Beach 
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: Map of porthor France with coastal areas in which 
minius modestus was well established in 1954 shown in heavy 
tiline. KB, Etretat ; S, estuary of the Seine ; A, Allied invasion 
ches, 1944; H, Gap de la Hague; C, Concale ; T, estuary 
of the Trienx : J, estuary of tho Jaudy ; B, Rade de Brest ; 
rien 





. and Utah Beach, but was found less frequently east 
of oar and in general was less common than the 
native. Batons. balanoides Linnaeus. In the second 









ne. is rocky and exposed and here Ẹ. modestus 
` wag restricted to sheltered bays and estuaries. It 
appeared to be abundant throughout the Rade de 
Brest. Except for these two areas E. modestus was 
-very rare. Between Cap de la Hague and the estuary 
of the Jaudy isolated individuals were found at 
auville, Siouville, Coutainville, Granville, the 
Rance Estuary, Notre Dame-du-Guildo and Binic, 
“but nowhere did these form an established and 
xpanding population. The apparent absence of the 
pecies from the Trieux contrasts strongly with its 
abundance in the nearby Jaudy. South of the Rade 
Brest individual specimens were found at Camaret, 
orgat, Douarnenez, Audierne, Pont- Abbé and 
ient, but with the exception of a single specimen 
St. Jean-de-Luz, were not observed farther south. 
‘seems probable that physical conditions, such 
as strong tidal currents, the exposed nature of the 
coast and the lack of sheltered inlets, have prevented 
a stward spread. of Æ. modestus from Cap de la 
ague. The predominantly sandy shores on the 
eastern side of the Gulf of St. Malo are also unsuit- 
_ able for the species.. From Concale to the Trieux, 
however, there are numerous suitable habitats, and 
“we believe that the present failure of E. modestus to 
< colonize this part of the coast may be associated 
with the exceptionally large tides which occur there?. 
~ The. great movement of water during each tidal cycle 
would tend to disperse planktonic larv over a wide 
“area and in particular would prevent their retention 
in bays and estuaries. In these circumstances it 
would be difficult for an immigrant barnacle to build 
up a sufficient population of adults to form a stable 
community’. This thesis is supported by our observa- 
: tion that E. modestus has not appreciably increased 
in its abundance in the Rance estuary between 1953 
and 1955. The failure of the species to spread south- 
wards on the Atlantic coast is, however, more diffi- 
cult to explain, for there appear to be numerous suit- 
able habitats on this coast and adequate coastal 
shipping to aid dissemination. 
There is little doubt that colonization of the coast 
of north-western Brittany has occurred independently 
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of that east of Cap de la Hague, though the origins 
of both populations. are obscure and there is no 
evidence to indicate which occurred first. The 
western population probably arose from specimens 
that were introduced into. Brest by shipping from 
England and were able to reproduce rapidly in the 
sheltered waters cf the Rade. The eastern population 
may have origirated from the Allied invasion of 
France in 1944 4 for E. modestus must have been 
common in southern England at that time’ and. is 
now well represented on wreckage that remains on 
the Normandy beaches. These. beaches, however, 
appear to be unsuitable as centres of colonization 
on account of their open sandy nature, and it is ; 
able that successiul establishment first. took p 
the region of Le Havre, Trouville and ‘the | 





estuary, where Ẹ. modestus: is now very abundant, _ 


although other ports, such as Cherbourg, may 
been independertly colonized. There is ce 





ly 


no evidence thet this part of the French “coast 


was colonized by westward spread from. the Low 
Countries: on she contrary, the strong eastward 


currents which prevail through the Straits of Dover — 
would make this very unlikely. The colonization of. 
the Belgian and Dutch coasts? may, indeed, have 


taken place from France, but more. likely emanated 
from a separate centre of colonization in the region 
of the Hook of Holland. 

A fuller account of this work is now in preparation. 
One of us (M. W. H. B.) is greatly indebted to the 
Royal Society for a grant from the Browne Fund 
to help defray his expenses. 

Marcus W. H. Bissor* 
D. J. Crisp 
Marine Biology Station, 
University College of North Wales, 
Bangor. Nov. 20. 

* Present address: National Institute for Medical Research, Mill 

Hill, London, N.W.7 
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Fusion of Uredospore Germ Tube 
Puccinia graminis 


Rodenhiser and Hurd-Karrer?, working wi 
Puccinia graminis tritici, observed the fusion 
spherical ‘fusion bodies’ produced by certain ge 
tubes with gerra tubes of other uredospores. 
noted that “the body envelopes the contacted hy 
as would a visceus drop”; in some cases dissolution 
of the germ tebe wall at the point of contact was 
seen. In one cese movement of the granular contents 
of the hypha with which contact was made into the 
fusion body was observed. The work of Nelson, Wil- 
coxson and Christensen? provided genetical evidence 
for fusion between germ tubes, but although they 
observed fusions they gave no cytological details. 

To our knowlsdge, there has been no report describ- 
ing fusion between germ tubes without the prior 
formation of ‘fusion bodies’. In the course of recent 





experiments on the germ tube development of- 


P. g. tritici uredospores the sequence of events in- 
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Fig. J. 


Fusion between two germ tatios (A and B) in Puccinia 
graminis tritici. (x 1,000) 


volved in such a fusion was observed. The solution 
employed for spore germination was 0:5 M sucrose 
contained in a cavity slide. The appearance of the 
fusing germ tubes is illustrated in Fig. 1. One germ 
tube (4) is seen to be tapered towards the tip, which 
has fused with a second germ tube (B), which was 
slightly below it. The movement of granules between 
the two germ tubes was observed over a period of two 
hours, most of the movement being towards the 
lower tube. Rodenhiser and Hurd-Karrer’ also 
s reported that movement was predominantly in one 
direction (towards the ‘fusion body’). Movement of 
Ra S th granules was rapid when first seen, but gradually 
owed down over the period of observation. This 
t well have been due to lack of oxygen, since a 
__ eover-slip was placed over the solution at the be- 
g of the observation period to enable an oil 
sion objective to be used (during our germina- 
eriments it was noted that the placing of a 
p on a drop containing germinating spores 
Ws caused a cessation of germination). 
s demonstration that not only the ‘fusion 
s’ of Rodenhiser and Hurd-Karrer? but also 
germ tubes may fuse indicates that nuclear 
in the uredospore stage may be relatively 
t, and hence of considerable genetical import- 









This observation was made in the course of a study 
on the physiology of P. g. tritici, the results of which 
= will be published elsewhere later. Our thanks are 
due to Mr. F. A. Barrett for the photograph. 
J. G. MANNERS 
S. S. BamMpron 
Botany Department, 
The University, 
Southampton. 
4 Nov. 24. 
» ‘Rodenhlser, H. A., and Hurd-Karrer, A. M., Phytopath., 37, 744 
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Comparison of Salicylate and 2:4-Dinitro- 
phenol on the Growth of Wheat Coleoptiles 


SALICYLATE is a powerful metabolic stimulant. 
It increases oxygen consumption by man, both in 
health! and diseaset* A also by laboratory 
animals*-§, This stimulant action was located at 
cellular level when the drug was found to increase 
the oxygen uptake of liver and brain slices*, In 
these respects salicylate resembles 2 : 4-dinitrophenol 
and the resemblance becomes all the more remarkable 
with the recent demonstration that salicylate also 
inhibits oxidative phosphorylation by mitochondrial 
preparations’. ‘This is the essential biochemical 
action of 2:4-dinitrophenol**, and the fact that 
salicylate possesses similar properties may explain 
their common effects. Further exploration of this 
possibility has been carried out in another field by 
comparing simultaneously the effect of salicylate 
and 2: 4-dinitrophenol on wheat coleoptile growth ; 
it has already been established that 2: 4-dinitro- 
phenol in low concentrations inhibits growth of corn 
coleoptiles*’, 

The straight-growth test of wheat coleoptiles 
modified by Hancock and Barlow?! and revised by 
Heath and Clark’? was employed. Wheat was 
germinated on vermiculite in darkness within an 
incubator maintained at 24-5°C. Five coleoptile 
sections, each 1 cm. long, were cut in filtered light 
(Wratten filter OA) and placed in a small tube 
2 in. x Ẹ in. containing 0-5 ml. distilled water or test 
solution. The coleoptiles were assigned at random 
to the tubes which were stoppered with corks covered 
with pure paraffin wax. After 24 hr., lying hori- 
zontally in darkness on a rotating drum within the 
incubator, the length of each coleoptile was measured 
to the nearest 0-5 mm. and the mean of the five 
coleoptiles was taken for comparison of results. ‘The 
growth response to a wide range of molar concentra- 
tions of sodium salicylate, salicylic acid and the 
sodium salt of 2 : 4-dinitrophenol has been determined 
and compared with growth in distilled water and in 
an effective concentration of sodium «-naphthalene 
acetate. 

Sodium salicylate and salicylic acid had the same 
effect: both limited growth in proportion to con- 
centration over the range 4 x 10+ M to 1 x 10 M. 
In this respect they resembled 2: 4-dinitrophenol, 
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which also inhibited growth in concentrations of 

ə x 105M to 5x10+M (Fig. 1), though the 
effective concentration of salicylate was about twenty 
times that of 2:4-dinitrophenol. The respective 
concentrations of salicylate and 2: 4-dinitrophenol 
_ for curtailment of growth are of the same order as 
_ for other common effects like inhibition of oxidative 
_ phosphorylation by mitochondria and the accom- 
| panying increased oxygen consumption by cells, 
_ animals and man himself. This finding provides 
yet another example of the remarkable similarity in 
: biological action. It also suggests that the 
mmon biological effects of salicylate and 2: 4- 
itrophenol all emanate from their actions on 
cidative phosphorylation. 
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_. A Simple and Safe Procedure for the 
Removal of Holotrich Ciliates from the 
Rumen of an Adult Fistulated Sheep 


DURING recent years, increasing attention has been 
aid to the role of the rumen ciliate protozoa in 
ruminant nutrition, particularly with regard to the 
fermentative activity of the holotrich protozoa which 
contribute to the production of lactic and volatile 
$ idgt?. It has, however, become evident that 
ther progress in this direction cannot be made 
ntil the contribution of each component species of 
the rumen microfauna can be studied separately both 
in vitro and in vivo. Attempts to cultivate the rumen 
liates tn vitro have hitherto not met with outstanding 
cess. Gutierrez? managed to separate the two 
sh genera in vitro but only to give a limited 
The differences in fermentation reactions 
vitro found by Gutierrez between Isotricha Sten 
and Dasytricha Schuberg (cf. Oxford?) seem to justify 
attempts to establish single species of holotrichs in 
vivo unmixed with other species. A method is re- 
quired which would be as effective as, but less drastic 
than, the use of prolonged starvation and copper 
sulphate administration‘. This objective has so far 
been reached by us in the one sheep used, to the ex- 
tent that all three species of holotrichs and the large 
< oligotrichs originally present were removed, leaving 
only the smaller oligotrich Diplodinium dentatum 
Stein and a few Entodinia spp. Following this, 
Dasytricha ruminantium has successfully been re- 
established in the rumen so that fairly large ‘pure’ 
samples of this organism in the living state can now 
be obtained for in vitro studies, by the normal 
separation process of Heald, Oxford and Sugden‘. 
The. method employed was basically to empty the 
rumen contents from the sheep by way of the rumen 
canula, to wash out the rumen repeatedly by a 
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method most likely to remove or kill the ciliates and 
several hours laser to return some of the original 
rumen liquor wh:ch had, in the interim, been heated 
to a temperature which was- fatal to the ciliates but 
not particularly harmful to the bacteria, Direct 
emptying of the rumen is a routine procedure in 
physiological experiments? and does not appear to 
harm the animal. 

The sheep was first starved for 48 hr. to render 
the ciliates less active and reduce the solid material 
in the rumen. The contents were then removed and 
the first three litres: were kept.. The rumen was 
repeatedly washed out first with water and then with 
0-9 per cent saline all at. 39°C, Up to 30 litres of 
washing fluid were used and 4 litres of saline we) j 
in the rumen. Feur hours later, washing was T 
and the rumen was then left empty for 14 hr. -F hae 
since the ciliates are very sensitive to hypotonicity, = 
2 litres of soft tap water were left in the rum 
half an hour before returning the rumen contents. 

It was hoped that. this water would kill any ciliates. 
still present in she rumen, and particularly that it | 
might penetrate to the more inaccessible omasum. | 
The water was present for so short a period that it 

did not appear to harm the.sheep. 

The 3 litres of ramen contents had been strained” 
through surgica. gauze and were heated in three 
l-litre quantities in 2-litre beakers in a water- 
bath at 50°C. and maintained at this temperature 
for 15 min. with constant stirring. After this time 9% x, 
no ciliates were found alive. The fluid was then a 
cooled to 38°C. and maintained at this temperature 
before being resurned to the rumen of the sheep 
6 hr. after the original emptying. 

The sheep, which was carefully isolated from direct 
contact with other ruminants, was then given access 
to food and appatite was soon regained. No ciliates 
were noted unsil 13 days after the defaunation 
attempt. As only oligotrich species appeared, the 
animal was suitable for our purposes ; but it is very 
probable that if the process had been repeated while 
the population was still small the removal of all 
ciliate species could have been effected. Dasytricha 
ruminantium wes easily re-established in the rume 
some time later by the introduction of about: 10 
living organisms separated under the microscope 
from the washed holotrichs from another shee 
At this present. date, 11 months after the: part 
defaunation proeess had been carried out, D. 7 
antium is still the only holotrich species preset 
its population is of the order of 12,000/ml. of 
contents (cf. Gutierrez*), The animal has in t 
meantime been maintained on good quality mead: 
hay only and has remained perfectly healthy. T] 
total rumen velatile fatty acid content is ab 
100 m.equiv. per gm. of wet contents-—a perf 
normal figure. 
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Protohydra and iborhyntha 
in Africa 


ALONG the southern shores of South Africa there 
are streams which, flowing into sunken valleys, form 
lagoons only open to the sea at intervals of months 
or years. Their mouths are closed by wide bars over 

a Which the dunes move in their march along the coast. 
At high tides in stormy weather, waves wash over 
the bar and in time the waters of the lagoon rise 
above sea-level, When floods from the land make 
the river rise rapidly, the bar is breached and the 
waters of the lagoon pour out into the sea until it 
becomes a shallow estuary and so remains for a few 

» Weeks. 

ach a lagoon is formed at the mouth of the 
Greater Kleinemond River in the Bathurst District. 

„It has a rich fauna. The salinity, ascertained by 

“the Knudson method, is normally between 23-3 and 
34-0 per mille, but it has reached 41-2 per mille during 
a long drought when the mouth was closed for 
several years. 

Recently, when studying the psammophilous com- 
munity, several specimens of Echinoderella' sp. nov., 
one of the Kinorhyncha closely related to the 
Mediterranean E. capitata Z., were obtained and with 
them two specimens of a Protohydra not unlike 
P. leuckarti Greef. Although Kinorhyncha are 

widely distributed, the only recorded African species? 

Echinoderes ehlersi Zelinka,? from Zanzibar, an 

‘island with an interesting fauna differing in many 

; ys from that of the mainland. Protohydra is con- 

aired to be monotypic by Ewert and to be confined 
to the northern Palæarctic. 

Nothing is known of the mode of locomotion of 
P. leuckarti. My two specimens of Protohydra were 
noticed because they erawled like Kinorhyncha ; 
they were collected in the belief that they belonged 

to that class. They resembled Echinoderella in size 

{about 0-6 mm.), shape and colour. They had a 

pseudo-segmentation and auteriorly they possessed 

a light-coloured, pulsating, roughened vesicle which, 

although lacking long ‘hairs’, might have been the 
head of some undescribed Kinorhyncha. 

Kinorhyncha move by extruding and retracting 

introvert covered with hair-like processes known 

They move forwards in a series of short 

ith a pause between each. Animals living 

r mud often move in like manner. 

ta such as Glycera spp. draw themselves 

y means of their pharynx, while Solen spp. 

he Mollusca move rapidly by using the elong- 

«i foot. The anatomical mechanism is different 

these examples; and Protohydra has yet another 
ay of producing a similar movement. 

en crawling, Protehydra sp. is contracted until 
it if about one-third its length when at rest and fully 
extended. The hind region is narrow, the middle 
corrugated externally so having a segmented appear- 
ance, and the ccelenteron is at times somewhat 
expanded by fluid; the anterior region is short and 
has thinner walls. At more or less regular intervals 
contraction of the wall of the ccelenteron forces the 
fluid content forwards and the anterior region is 
distended to form a thin-walled vesicle from which 
the nematocysts project and produce a roughening 
easily visible. (These nematocysts, kindly measured 
for me by Dr. R. F. Ewer, are of two types as in 

. P. leuckarti, the stenoteles being similar to those of 

Hydra. They are 9-10u x 7p, and the isorhizas are 

9u in length. Both, therefore, differ from those of 
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of this roughened vesicle, pushing it forwards and 
pulling it backwards, moves the animal forwards in 
a manner very similar to but more slowly than that 
of Echinoderella. I know of no other coelenterate 
which moves in this way so very different from that 
of other Hydroidea. 

This work was done with the aid of a grant from the 
South African Council for Scientific and Industrial 
Research, 
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Lichen Terminology 


WALLROTH! 
describe the green cells found in lichens. They were 
considered to be ‘brood cells’ or organs of repro- 


duction of the lichen-fungus. This interpretation ofo: 


their function was accepted until the appearance of 
the classic work of Schwendener*. Although it was to 
be many years before the theory of the dual nature 


of lichens, proposed by Schwendener, was universally 


accepted, the gradual realization of the identity of — 
the gonidia with free-living algae, brought about a 
complete change in meaning of this term. No longer 


‘could it retain its original application to cells which _ 
were thought to take part in the reproduction of the = 


fungal component, but came to be accepted as a term 
applied to an organism, capable of independent 
existence, and in no way connected with reproduction 
of the lichen-fungus. Its continued use has been 
fostered by convenience at the expense of termino- 
logical exactitude. 

Rapid development, during recent years, in know- 
ledge of lichen physiology and morphology has 
brought an ever-increasing awareness of the in- 
sufficiency and ambiguity of the term ‘gonidia’ ; 
indeed, the lack of suitable descriptive terms applic- 
able to diverse instances of associations, as well as 


those of particular interest to the lichenologist, is ~~ 


likewise becoming evident. ihe 

Any term for describing the respective components 
of the lichen thallus (including the bacteria which are 
known to occur in certain cases) cannot find universal 
acceptance unless it bears no implication of the nature 
of the association. We are far from agreement on 
this point; but such knowledge as we do possess is 
sufficient to undermine any belief that there exists 
but a single form of association between alga and 
fungus, be it true symbiosis or parasitism of either 
organism upon the other. It is for these reasons 
that the terms ‘algal host’, ‘algal symbiont’ and 
‘fungal symbiont’, although finding increasing use 
by lichenologists, should, together with ‘gonidia’, be 
discarded. 

Three new terms are here proposed as substitutes 
for the various misleading terms referred to above. 
They are: (1) ‘phycobiont’, applicable to an alga in. 
association with a fungus in the formation of a lichen ; 
(2) ‘mycobiont’, applicable to a fungus in association 


introduced the term ‘gonidia’ to 


Soano March 2-1987 


with an alga in the formation of a lichen; (3) 
‘schizobiont’, applicable to a bacterium living 
within, or in any way associated with, the lichen 


lus. 

The scope of each of these terms may be extended to 
“include associations of algae, fungi and bacteria with 
plants of higher organization, with animals, or with 
members of the same class. Thus, for example, 
phycobiont may be applied to the algae associated 
with Cycas, Gunnera, Blasia, etc., mycobiont may be 
applied to mycorrhizal associations and to parasitic 
fungi, and schizobiont to root nodule and pathogenic 

The sole implication in using these terms is thus 
that the alga, fungus or bacterium takes part in an 
association, of undefined nature, with some other 
organism. 
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Normal Stress Effects in Tetralin 
Solutions of Polyisobutylene 


CoN¥FLicTiInG reports have been published by 
Greensmith and Rivlin! and by Roberts? of the spacial 
distribution of stress in tetralin solutions of poly- 
isobutylene subject to a torsional lamina shear. It 
appeared desirable to clear up this discrepancy in 
the experimental results because of their importance 
in resolving the disagreement between theoretical 
workers in the field of visco-elasticity and the review 
by Truesdell’, 

_ Accordingly, a small new series of experiments has 
been made under exactly controlled conditions. Great 
care was taken to ensure high accuracy and to avoid 
possible disturbances from time effects from the 
of inertia and gravity, from incorrect boundary 
conditions and from faulty alignment. 
. Tetralin solution of polyisobutylene (‘Oppanol’ 
B50), suitably coloured for use of photography, 
was subjected to stationary torsional laminar shear- 
ing motions in a conical gap of the type introduced by 
Mooney‘. The special boundary to the material was 
itself with free surface with the atmosphere, so that 
there was an even radial pressure of one atmosphere 
all along the rim of the gap. The top plate was 
machined to optical limits and pressure-recording 
capillary tubes were drilled with sharp edges per- 
pendicularly to the plate. The main bearing in which 
the lower cone rotated had an accuracy in the 
vertical direction of approximately five micro-inches 
and in the horizontal direction of about twenty-five 
micro-inches. Tho axis of rotation of this bearing 
was aligned at right-angles to the plate to within 
0-002°. This accuracy was such that with solutions 
containing up to 8 per cent by weight of B100 
polytsobutylene, reversal of the direction of rotation 
of the cone had no detectable effect on the height of 
the liquid in any capillary tube. The rate of rotation 
was restricted to 6 rev./min. and the angle of gap 
to not greater than 4° to ensure that effects due to 
centrifugal and gravity forces were negligible. 
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Distribution of normal stress across the gap 





Fig. 1. 


Measurements of the pressures Ps, normal to the 
top plate were made with the capillary gauges at 
various radial distances and at various rates of shear. 
It was observed that, at the free boundary, the 
normal component of stress in the radial direction 
(P33) was equal so that in the axial direction (Pgs), 
Fig. 1. 

At the rim, the equality of the two stress com- 
ponents can be seen directly, since both are there 
equal to one atmosphere, Ps, as the pressure across 
a free boundary and P, as the pressure indica 
by the pressure-level of the outer capillary 
Confirmation of this was given by extrapolati 


the rim of the stress distribution shown by ‘the — 


capillary gauges. Absence of negative pressures near 
the rim was indicated by the fact that at no 

the experiments was air drawn through the á 
tubes into the gap. The distribution shown in Fig. 1 
was reached by a gradual rise of the liquid within. 
the capillary tubes, and this could not have occurred 
near the rim if there had been negative stresses 
present in the axial direction. ‘The build-up 

35 min. to reach equilibrium, and the pa of 
the distribution then remained steady when the 
shearing action was continued for a further period 
of three hours (this subsequent stability depends only 
on the resistance of the material to breakdown by 
shear), 

The experimental results obtained with these 
liquids are incompatible with the theory of Reiner 
and Rivlin* and are in accordance with the pre- 
diction of Weissenberg’ and of Lodge (private com- 
munication). Tnese results are also special cases of 
the theories of Mooney* and Oldroyd’. 

_The experiments have been seen by Greensmith, 
and he is of the opinion that the discrepancy between 
these experiments and those of Greensmith and 
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Rivlin’ is probably due to effects occurring 
with the latter. á ag 
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Preparative Column Electrophoresis of 
Polysaccharides 


IN recent years borate buffer for the electro- 
phoretie separation of neutral polysaccharides has 
been used in a Tiselius apparatus! and for the 
qualitative and quantitative separations obtained by 
zone electrophoresis using strip supports of filter 

© paper, silk and glass fibre paper**. The method 

described here extends this work to a quantitative 

> preparative method in an electrophoretic column of 
the type described by Poratht*. 

The column was filled with glass powder prepared 
from glass wool. The glass wool soaked in water was 
cut into 1-2 cm. lengths and ground under water 
in a mechanical mortar until the mass looked homo- 
geneous; then it was ground in water in a ball mill 
for 3 hr. The resultant fine powder was washed with 
water and fractionally sedimented to remove very 
small and relatively large particles. The powder used 
is shown in Fig. 1; approximately 50 per cent of 
the particles were 12—204 x 14-17p and 50 per cent 
28-140u x 14-17u. The outer diameter of the 
electrophoretic column was 2-5 cm. and its overall 
length 100 cm., of which 80 cm. was filled with the 

powder (vol. 330 ml.). 172 ml. of glass powder 
used so that approximately l-cm. length of the 
column contained 2 ml. of the liquid phase. . The 
volume of buffer in the open tube was 1,490 ml. 
ap the total distance from anode to cathode was 
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Fig. 1. 


Glass powder prepared from glass wool, 


(x 60) 
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Fig. 2. Electrophoresis of a mixture of approximately 20 mgm. 
of yeast mannan and 20 mgm, yeast glycogen coloured with 
brom-cresol green in 0-05 M borate buffer, pH 9-2 at approx- 

imately 1-8 V./cm. for 24 hr. 


250 em. The electrodes were platinum, 0:2 mm. 
thick x 25 em.*; each electrode compartment held 
5 1. of buffer (0-05 M crystalline sodium borate, 
pH 9-2). The column was filled by suspending the 
glass powder in water and pouring it straight into the 
column in one operation, keeping the mass gently 
stirred as it settled and slowly withdrawing the stirring 
rod, The glass powder was allowed to settle (approx- 
imately 30 min.) and then the borate buffer run 
slowly through it for 3-4 days before use. The poly- 
saccharides were applied to the column as a 1-2 ml. 
aliquot of a 2-5 per cent solution in the buffer, care 
being taken not to disturb the surface of the glass 
powder. It was washed into the column using about 
five 2-ml. portions of buffer. A drop of brom-cresol 
green dissolved in buffer was added to the poly- 
saccharide solution ; this enabled the initial zone of 
the material to be clearly seen and also during the 
subsequent electrophoresis and elution it served as a 
clear reference point in the column (Figs. 2 and 3). 
The column was connected to a small head of buffer 
and the initial boundary run slowly down to an 
appropriate position, depending on the subsequent 
electrophoretic movements of the applied poly- 
saccharides. During the movement of the zone by 
elution, the boundary, as indicated by the brom- 
cresol green, spread; during the electrophoretic 
movement it initially became narrower, but spread 
again after a few hours. ‘The electrophoresis was 
generally maintained for 24 hr. at approximately 
450 V. (1-8 V./em.) and 28-30 m.amp. 

The results of two experiments are shown in 
Figs. 2 and 3. The separation shown in Fig. 2 was 
that of a mixture of yeast glycogen and yeast man- 
nan applied as 1 ml. of a 2 per cent and 1 ml. of a 
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. 3. Electrophoresis of a mixture of approximately 10 mgm. 
east glycogen, 10 m. Yeast mannan, 10 mgm. snail galatan 
inulin (0-5 ml. saturated solution) coloured with brom-cresol 
nin O55 M borate buffer, pH 9-2 at approximately 3 V./cm. 
for 9 hr. and 1-8 V./em. for 12 hr. 


; Solution in the buffer respectively. The 
e was run in for approximately 9-5 em. 
from its centre) from the upper surface 
glass powder. Electrophoresis at 450 V. and 
amp. was maintained for 24 hr, when the brom- 
green had moved upward in the column, that 

ds the anode (the lower end of the column 
aced in the cathode compartment), so that it 
4 cm. from the upper surface of the glass 
‘der and the distance moved was 5-1 em. measured 
om the centre of the coloured zone. After the 
lectrophoresis the materials were eluted from the 
mn under a slight pressure (150 cm. water) by 
rate buffer and 5-ml. fractions were collected 
ered tubes so that No. 1 was the first fraction 
from the bottom of the column. Each 
rresponded to 2-5 em. of the length of the 
About 160 ml. of eluate was collected in 
(approximately 10-12 min./fraction). 0-5-ml. 

ots of the fractions were used for the determina- 
on of the sugars by anthrone at 620 my in a Unicam 
er, The histogram obtained is shown in 
. 2. The addition of dilute iodine solution gave 
ed colour with fractions 17-24 only. The solution 
tubes. 26-28 gave a gelatinous precipitate when 
pated with hot Fehling’s solution. After removal 
the borate buffer‘, fractions 18-20 and 25-27 were 

rolysed with 3 per cent hydrochloric acid for 

the neutralized hydrolysates were investi- 
n a chromatogram, using pyridine/ethyl 
tate/water as a solvent’. Fractions 18-20 showed 
‘the presence of glucose only, and fractions 25-27 





showed mannose only. ; 
Fig. 3 shows the separation of a mixture of 0-5 ml. 
of a saturated solition of inulin at room temperature, 
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0-5 ml. of a 2 per cent solution of yeast glycogen, — 
0-5 ml. of ‘a 2 per cent solution of yeast mannan 
and 0-5 ml. of a 2 per cent solution of snail galatan. 
The characterissics of these polysaccharides were 
identical to those given by Fuller and Northcote®. © 
The solution was coloured: with brom-cresol green and 
run into the column 10-5 em. from the upper surface 
of the glass powder. Electrophoresis was maintained 
for 9 hr. at 750 V. and 40 m.amp. (3 V./em.) and a 
subsequent 12 br. at 460 V. and 30 m.amp. 






V./em.). The histogram was obtained as in the 
vious experiment. After removal of borate, buffer 
the fractions were hydrolysed and the hydrolysates 


investigated on chromatograms, so that the identity © 
of the polysaccharides in the fractions was obtained — 
and these are shown in Fig. 3. The relative positions _ 
of the separated. polysaccharides are similar to thos 
obtained on glass fibre paper and in the Tiseliu 
apparatus*. oe 
‘The method is being used at present for purifying 
the alkali-soluble polysaccharides obtained from Chlor- 
ella pyrenoidosa . a separation of the starch compon- 
ent into amylopectin and amylose has been obta: : 
together with the isolation of a material which gives’ 
a single peak m the Perkin-Elmer electrophoresis 
apparatus’ and which contains galactose, mannose; 
arabinose, xylos2 and rhamnose on hydrolysis. 
One of us (B J. H.) wishes to thank the British 
Council for a grant during the tenure of which this 
work was done. : 
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Photo-reduction of. Pteridines 


‘THE recent communication by Prof. A. Albert? on 
the photo-reduction of pteridines prompts me to 
record another example. In tho preparation of 
2 - amino - -hydroxy - pteridine-6 - aldehyde by the =. 
method of Waller et al? it was found that if the © 
initial decomposition of pteroyl-t-glutamie acid to- 
dihydro-2-amino-4-hydroxy-pteridine-6-aldehyde was 
done in the dark only a poor yield was obtained 
{as judged by the amount of 2-amino-4-hydroxy- 
pteridine-6-aldetyde formed on subsequent oxida- 
tion). If the reacting solution was irradiated with 
light from a 180-W. bulb then a good yield was 
obtained. It thus seems that the decomposition of 
pteroyl-L-glutamic acid to the dihydro aldehyde 
is a light-catalysed intramolecular hydrogen transfer 
from the 9:10 position followed by hydrolysis of 
the resulting anil It has been previously reported that 
pteroyl-L-glutamic acid is decomposed by ultra-violet 
light to 2-amine - 4-hydroxy - pteridine - 6-aldehyde*. 
The position of the hydrogen atoms of the dihydro 
2-amino-4-hydroxy-pteridine-6-aldehyde in the pyra- 

































__ žine ring has not been established ; but this aldehyde 

“would scem to be a possible intermediate in the 

biological synthesis of the yellow fluorescent eye 

pigment‘ of Drosophila and possibly also of the red 
pteridine pigments‘. The primary step in the de- 
gradation of pteroyl-t-glutamic acid would seem to 
be hydrogen transfer intramolecularly to the pyrazine 
ting or intermolecularly to a suitable hydrogen 
acceptor (for example, oxygen® or methylene blue‘). 

k J. A. BLAIR 
University College of the Gold Coast, 
Achimota, Gold Coast. 

i Dec. 12. 
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Steric Effects in the Gas — Liquid Chromato- 
graphy of some Alkylbiphenyls 


. Recewr ultra-violet spectroscopic studies of the 
effects of substitution on the biphenyl chromophore 
ed to the preparation of a number of alkyl-substituted 
biphenyls, and the purity of these compounds and 
Of others prepared elsewhere were checked by the 
use of the gas-liquid chromatographic apparatus 
available in this Institute. It was immediately 
apparent that the considerable changes in the ultra- 


: violet absorption spectra which accompany sub- 
. stitution in the ortho positions of the biphenyl 


“system! were closely paralleled by correspondingly 

large changes in the relative retention volumes of 
“the compounds. 

The retention volume of any compound is a function 
of its molecular weight and its degree of interaction 
with the stationary phase employed*. In this pre- 

- liminary study a single stationary phase has been 
sed, ‘Apiezon M’, which behaves as a largely non- 
polar material, though it. is somewhat more polar 
than, for example, paraffin wax. Column tempera- 
tures of 197°C. were used throughout. In Table 1 
are listed. the retention volumes {F p), relative to 
biphenyl itself, of 24 allsyl-substituted biphenyls, and 
-= also the: retention volume-increments (i) for each 
additional carbon atom (CH,-separation factor®).. For 
a biphenyl derivative with 12 -+ n carbon atoms 
ae VR 
it may be seen that for all compounds unsubstituted 
in the 2 or 6 (ortho) positions, values for i vary from 
146 to 1-69, whereas if substitution occurs in these 
positions values for.¢ do not exceed 1-26 even in the 
presence of additional substitution elsewhere. For 
normal straight-chain aliphatic hydrocarbons the 
retention volume increment for each additional car- 
‘ben atom in the chain under the same conditions 
ig 1-54, and the substitution of alkyl groups in the 
meta and para positions of biphenyl therefore gives 
values of i which may be regarded as normal, or 
nearly so. The values for para substitution (1-56— 
1-65) are in fact somewhat greater than those for 
meta substitution (1-46-1-55); this might be antici- 





_ pated, since the overall conjugation and hence degree 


of interaction with the stationary phase is somewhat 
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Table 1 
No. of | ‘| Retention | Retention | 
sub- volume |- volame 
stituent relative toj increment 
carbon Substituted biphenyl! biphenyl | per car- 
atoms (VR) bon atom 
i : (i) 
BN: ies PEIE aR 
1 | 2-Methyl 0-96 0-06 
; 3-Methyl 1-55 1-55 
| 4-Methyl 1-65 1-65 
2 | 2:2"-Dimethyl | 1-005 | 1-002 
3: 8’-Dimethyl 2-40 1-55 
4: 4’-Dimethy! 2°69 1:64 
| 2:6-Dimethyl ` 1-09 1-044 
| 2-Ethyl | 192 | 1-46 
8-Ethyl! 2-19 | 1°48 
4-Kthyl 2:45 157 
3 2:6: 2’-Trimethy! 117 | 1053 
| 2-n-Propyl 156 | 116 
2-iso-Propyl | 1-30 1-09 
pen es Laud Poe sae See 
4 2:4:2': 4’-Petramethy! i 2-50 1-26 
3:4:3: 4’-Tetramethyl | 8-10 1-69 
2:8:2% : 6’-Tetramethyl 1:33 1-07 
2: 2’-Diethyl i 172 1-145 
3: 8’-Diethy] 4-55 1-46 
4: 4’-Diethyl 5-95 1-56 
2-dsoPropyl-5-methyl } 1-91 1-175 
2-n-Butyl | : 1: 
6 $2:4:6:2': 4: 6’-Hexamethyl | 1 
2: 2’-Diisepropyl j 1: 
& 2: 2-Di-tert.-Butyi 
EE <I end eee CERT EA 
- Phenanthrene 
9: 10-Dihydrophenanthrene 
Pyrene 
1 ; 2-Dihydropyrene i 
1:2:6: 7-Tetrahydropyrene i 
à 

















increased in the para-substituted biphenyls by hyper- 
conjugation. 

The greatly reduced relative retention volumes of 
ortho-substituted alkylbiphenyls are presumably due 
to a correspondingly reduced degree of interaction: 
with the stationary phase, and it is reasonable to 
attribute this to the reduction in overall biphenyl- 
type conjugation in these sterically hindered com- 
pounds, where the minimum possible angle between 
the benzene ring planes is quite large’. The relation- 
ship between conjugation and retention volume can 
be demonstrated by comparing the chromatographic 
behaviour in the vapour phase of various partially 
reduced polycyclic aromatie hydrocarbons (for ex- 
ample, phenanthrene or pyrene), where decreased 
conjugation produces large decreases in retention 
volume (Table 1, bottom), 
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Fig. 1. Plot of logarithm retention volume {F p) versus number of : 

substituent carbon atoms in alkylbiphenyls (n), The dotted ne 

has a slope corresponding toa value for i of 1-54, and divides the. 
ortho-substituted from. the non-ortho-substituted biphenyls 
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The effects of increasing the size of individual 
substituent groups are also in accord with this view. 
Thus an isopropyl group in the ortho position has a 
greater steric effect than an n-propyl group and the 

retention volume is correspondingly considerably 
= smaller. Tho retention volume increments for each 
_ additional carbon atom in the series of 2-n-alkyl- 
-biphenyls form a sequence which increases through- 
out from-0-96 for the first carbon atom to 1-44 for 
ie fourth, a value approaching the normal aliphatic 
inerement. Successive increases in the chain length 
obviously be accompanied by diminishing con- 
itions to the steric hindrance of the ortho 
ibstituent, and the corresponding retention volume 
increments appear to reflect this very well. 
. By using appropriate values for i obtained from 
simple substituted biphenyls the relative retention 
yolumes of the ‘more heavily substituted biphenyls 
y be estimated with moderate accuracy. Vicinal 
bstitution appears to increase the retention volumes, 
a in other aromatic compounds’, and this is par- 
cularly. apparent in the 3: 4:3’: 4’-tetramethyl- 
diphenyl. 
Ten.of the substituted biphenyls used in this work 
| prepared in this laboratory, and for gifts of the 
i compounds we are indebted to Prof. E. E. 
urner and Dr. D.M. Hall, Bedford College, London, 
> U.S. National Advisory Committee for Aero- 
ics, to Dr. KE. A. Coulson, Chemical Research 
tory, Teddington, to Dr, R. A. Friedel, U.S. 
urean of Mines, and to the Monsanto Chemical Co., 
t. Louis, United States. 
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facuum Deposition of Aminoanthraquinone 
Compounds on Quartz 


THE technique of vacuum deposition is eminently 
suitable for the formation of thin films of metals and 
etallie oxides upon solid surfaces. The cleanliness of 
he surface is of much importance in the preparation 

satisfactory films, but otherwise the nature of the 
urface is not wholly significant and such surfaces 
ı textiles and paper have been successfully coated. 
Wo have recently been interested in the application 
_of this technique in the preparation of transparent 
ye films on thin quartz plates, with the view inter 
alia of comparing the absorption spectra of such 
olid films with those of dyed films obtained by the 
oration from alcohol solution of transparent films 
lulose acetate (deplasticized, British Celanese) 
jon (no. plasticizer, hexamethylene diamine- 
seid, Du Pont de Nemours). Some of our 
s obtained with aminoanthraquinone com- 
ds, purified. by recrystallization from ethyl 
_ alcohol six times, are of interest. Before deposition 
the quartz plates were cleaned by boiling in soap 
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Fig. 1. Absorption spectrum of 2 aminoanthraquinone : (a) and 


(b) deposited on quartz; (e) Lp on cellulose acetate film 
(d} dyed on nylon film 
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solution, standing in chromic acid for 24 hr., and 


boiling in concentrated hydrochloric acid for lihr, 
with intermediate and final washing treatments; 


they were then dried in a vacuum oven ai 80°C. 


An Edwards high-vacuum coating unit was used. a 


for the deposition experiments, the quartz plate 


being placed symmetrically above the dye, which ee 


was contained in a platinum crucible. The heating — 
current passing through the coil supporting the 
crucible and the distance between the crucible and 
the quartz plate appear to be the most important 
factors in the production of level transparent dye 
films. In some: cases with the simpler aminoanthra- 
quinone compounds hazy films resulted in which the 
ultra-violet absorption spectrum was not very well 


defined and the visible spectrum was without char- “°° 
acter. A typicel example of this is shown in curve boo - 
of Fig. 1 with. a deposited film of 2-aminoanthra- 
quinone. However, on increasing the heating current 


(and hence reducing the time of deposition) and aiso 
the distance between the quartz plate and the crucible ` 
much more satisfactory results were obtained, as‘ is 
seen in curve @ of Fig. 1. The haziness and tho diffuse 
nature of the absorption’ spectrum in curve b are 
presumably the consequence of light scattering by 
colloidal particles, but it is rather interesting to note 
that with this and other films on quartz the absorp- 
tion bands always seem to be much more sharply 
defined in the ultra-violet than in the visible region. 
The absorption spectrum of 2-aminoanthraquinone 
deposited on quartz is quantitatively very similar to 
that of the dyeing on cellulose acetate film (Fig. I, 


curve c), there being only minute differences in the ~_ 


positions of the absorption maxima. On nylon film 
(Fig. 1, curve di, however, there is relatively a batho- 
chromic shift in the only two absorption peaks which 
it was possible to measure. The absorption of the 
nylon film, itself, precluded measurements below 
2500 A. Practical difficulties made it impossible to 
produce the same concentration of dye in each of 
the films illustrated in Fig. 1, but the qualitative 
differences are obvious. 

It was observed that the more complex amino- 
anthraquinone compounds (for example, 1:4: 5 tri- 
amino-) gave satisfactory transparent films over a 
wider range of deposition conditions than did 1- and 
2-aminoanthraguinone. An interesting observation 


with 1:4 di-, 1:4:5 tri- and 1:4:5:8 tetra 


aminoanthraqumone was that while all these com- 
pounds show twin absorption peaks somewhere in 


the region between 5500 and 6600 A. when dyed on 
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either cellulose acetate ‘or nylon film, no ‘evidence was 


found of twin peaks with these dyes deposited on 
quartz, but instead justa general absorption band 
somewhere between 5100 and 6500 A. All these three 
dyes on quartz exhibit a very marked absorption 
maximum in the neighbourhood of 2500 A. 
Absorption spectra were measured on a Unicam 
SP500 quartz spectrophotometer. j 


G. S. EGERTON 
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Department of Textile Chemistry, 
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Variable-Energy Particle Accelerators 


CONSIDERABLE interest has recently been shown 
in the heavy-particle, and in particular proton, 
accelerators that are capable of delivering, with a 
narrow spectrum, a wide range of output energies. 
Interest has been focused on two ranges of préton 
energies: 3-15 or 20 MeV. and 3-50 MeV., with an 
easing of the requirements concerning permissible 
width of spectrum at the higher energies. 

For the lower range, two 6-MeV. Van de Graaff 
generators, operating in tandem, have been proposed. 
: Negative ions would be accelerated through the first 
generator and then stripped, by passing through a 
foil, and accelerated as protons, through the second 
- generator, to the final energy. i 

“An alternative proposal is to design a special 
cyclotron employing a large magnet and low magnetic 
field-strength'. This design, based on the work on 
. the Medical Research Council cyclotron, aimed at 
| achieving the specified narrow spectrum by a rigid 





= control of the accelerating voltage, magnetic field- 
` strength, etc., and restriction of the phase-width of 


the beam near the region of the ion source*. 

For the higher energy-range, a proton synchrotron 
las been proposed, incorporating Prof. P. B. Moon's 
suggestion? for increasing the beam current by inject- 
ing molecular ions (H,t) into a static, or nearly 
static, magnetic field and: dissociating them into 
protons by passage through a gas. 

_ An examination of the relationship between pitch 
‘and phase velocity for a helical wave-guide (Fig. 1) 
shows that, for a given pitch, the phase velocity 
"| varies with the frequency of the input power. It has 

been suggested’ that this fact might be utilized for 
constructing a variable-energy helical wave-guide 
It is likely that such an accelerator 
Would possess a sufficiently narrow spectrum, and the 
absence of extraction problems and accessibility of 
the input give a decided advantage over the syn- 
-ghrotron and cyclotron. The maximum energy of 

50 MeV. or greater also gives it an advantage over 

the Van de Graaff machine. As with all types of 

linear accelerator, the output intensity would depend 
- largely upon the degree of success that attended the 
solution ‘of the focusing problem. 

The curves of Fig. 1 have been plotted using the 

sheath theory*, and it will be observed that, for the 
. higher frequencies, the region over which the curves 
depart from linearity is somewhat larger. It follows 
that the conditions governing phase oscillation will 

-vary with frequency. and may lead to loss of beam 
= gurrent.. Whether the more exact tape theory*® shows 
greater or less. linearity is. being investigated, but 
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Fig. 1, Curves for various values of ratio ajå : (1)1-0; (2)0-016; 
(3) 0-010 ; (4) 0-002 ; (6) 0-0002 ; where a is helix radius and å the 
free space wave-length 


the qualitative solution of the problem is to use as 
high an injection energy as possible. 

These considerations assume that the accelerator is 
rectilinear and employs, say, the strong focusing 
system suggested by Blewett’. For the spiral accel- 
erator put forward by Sinelnikov et al.8 and me’, 
the conditions are more stringent; for without 
variable magnetic shimming it is necessary that the 
pitch versus phase velocity relationships be of the 
form of straight lines passing through the origin. 
From Fig. 1, it may be seen that this is approximately 
true for the range 2 x 10-* < aji < 2 x 10-3, The“ 
use of variable magnetic shimming is, of course, not 
impossible, but it introduces an unwelcome com- 
plication. 

The spiral accelerator utilizes the transverse electric 
forces of the electromagnetic wave, that are normally 
defocusing, as focusing forces, in addition to those 
produced by the constant gradient magnetic field. 
The defocusing forces are therefore those due to space 
charge, inhomogeneities in the magnetic field, gas 
collisions and, indirectly, those due to errors in con- 
struction. These are present in both the.rectilinear 
and spiral accelerators although the errors in con- 
struction are likely to be greater in the latter. 

In the light of this new interest in variable-energy 
output, it may well prove profitable to re-examine the 
engineering feasibility of wide-band travelling-wave 
structures such as the helix. 

My thanks are due to the Medical Research Council 
and the National Research Development Corporation 
for sponsoring this work and for permission to 
publish this communication. 

J. W. GALLOP 


National Research Development Corporation, 
1 Tilney Street, 
London, W.1. 
Dee. 7. 
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Oxidation of Barium: 
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a Confirmation of 
Mott’s Theory of Oxidation 


MEASUREMENTS of the rate of taking up of oxygen 
by barium films? have been continued in an attempt 
to discover the mechanism of the growth of the oxide 
layer. The results obtained support the ionic theory 
of oxidation of metals developed by Mott*. In this 
theory it is supposed that positive metal ions and 
electrons diffuse from the metal through the oxide, 
the metal ions moving via interstitial positions in 
the oxide lattice. At the free surface of the oxide, 
these ions combine with adsorbed oxygen. In this 
way the thickness of the oxide layer is increased. In 
oxide films less than about 50 A. thick, the move- 
ment of ions is influenced principally by the strong 
electric field which is set up across the oxide because 
of the contact potential difference between the metal 
and the adsorbed oxygen. In thicker films the move- 
ment of ions, and hence the rate of growth of the 
oxide, is influenced chiefly by temperature. From 
the theory it is further predicted that, whatever the 
thickness of oxide, the movement of ions becomes 
controlled by temperature when this is raised above 
a critical value. ‘Therefore, above the critical tem- 
perature the oxide layer should continue to grow 
until all the metal has been oxidized. Below the 
critical temperature, it is predicted that the growth 
of oxide stops at a limiting thickness. Further, the 
limiting thickness itself should vary with temperature 
when this is less than the critical value. 

In the present work measurements have been made, 
at different temperatures, of the amounts of oxygen 
gas taken up by barium films. These amounts are 
proportional to the thickness of oxide layer formed. 
The critical temperature has been found to be 35° C. 
The thickness of the protective oxide layer formed 
at ambient temperature (20°C.) was found to be 
about 25 monolayers, that is, about 50 A. The thick- 
ness of the protective oxide layer decreased with 
temperature below 35°C., as foretold by Mott’s 
theory. At temperatures above 35° C., the thickness 
of oxide depended only upon that of the barium film, 
for the metal oxidized right through, becoming 
translucent. The rate of growth of the oxide layer 
has been found to vary with temperature in different 
manners above and below the critical temperature, 
again in agreement with Mott’s theory. 

The speed of pumping of oxygen per unit area of 
barium film (litres sec.-' em.~*) increased with tem- 
perature only above 35°C., but the actual speeds 
of pumping were merely about 1/25 of what they 
would have been if every oxygen molecule striking 
the oxide surface had stuck. Interpreting these two 
results with the aid of Mott’s theory, it is concluded 
that the speed of pumping of oxygen by barium is 
limited by the superficial density of interstitial barium 
in the oxide. This conclusion has been confirmed by 
experiments in which the speed «f pumping per unit 
area has been increased, up to five-fold, by depositing 
the barium upon a particular substrate material (a 
mixture of barium and strontium oxides, formed from 
the carbonates as in oxide-coated thermionic cathodes) 
selected to cause lattice imperfections’. 

The formation of the first monolayer or two of oxide 
is outside the scope of Mott’s theory, which concerns 
the laws of further thickening of an oxide layer. It 
has been found that the speed of pumping at first 
inereased in proportion with the square root of the 
time for which the barium was exposed to oxygen. 
‘Also, the rate of rise of speed was independent of 
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the temperature of the barium film. The amount of 
oxygen taken up while the speed was increasing 
according to the parabolic law was found to be that 
to give a single monolayer. These results are ex- 
plained by the idea that oxidation starts at nucleation 
centres in the barium surface, followed by a spreading 
across the surface to form a complete monolayer. 
‘Thereafter the speed remains constant, and the 
oxidation proceeds in the manner described by 
Mott’s theory. 

It is hoped to publish this work more fully else- 
where. 

I wish to thanx Mr. B. M. Cox, who has done the 
experimental work, Mr. M. E. Haine, for advice and 
encouragement, and Dr. T. E. Allibone, director of 
this Laboratory, for permission to publish. 


R. N. BLOOMER 
Research Laboratory, 
Associated Electrical Industries, Ltd., 
Aldermaston Court, 
Aldermaston, Berks. 
Dec. 14. 
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A New Type of Zinc Sulphide Crystals 


By sublimation of zinc sulphide in an atmosphere 
of hydrogen, I have obtained a new kind of zine 
sulphide erystals. Fig. 1 shows two different views of 
a beautiful sample of these crystals. 

While some similarity is apparent with the spiroidal 
zine sulphide crystals prepared by W. W. Piper and 
described by W. L. Roth’, the newly observed crystals 
are peculiar for being definitely non-planar, for the 
intriguing changes in the direction of growth, and for 
developing from @ common point in two different 
directions after completing a few loops. For the 
sample illustrated in Fig. 1 this happens twice, 
after approximately five loops and on the end loop. 





Fig. 1. (x 7) 
















same luminescent grade zinc sulphide, non-prefired, 
yielded, in the same operating conditions, beautiful 
“hexagonal needles many millimetres long. 
-=o I wish to thank Dr. M. H. Aven of this laboratory 
for supplying me with the zinc sulphide powder 
purified in hydrogen sulphide. 
ARRIGO ADDAMIANO 


Lamp Research Laboratory, 
Lamp Division, 
General Electric Company, 
Nela Park, 
Cleveland, Ohio. 

Dec. 5. 
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A Method of measuring the Adhesion of 
Organic Coatings to Metals 


WE have recently devised a method for measuring 
the adhesion of organic coatings to metal surfaces, 
which, unlike many others!*, enables the adhesion 
to be distinguished from the mechanical properties 
of the coatings and also, since it does not need to be 

operated in a vacuum as do some methods**, may be 
used to study the effects of various atmospheric and 


ether conditions on adhesion. 


The method consists of decelerating coated metal 
a high velocity in such a way as to apply a 
force to the coating which causes it to fly off the 
< metal surface. A ‘bullet’ in the form of a thin steel 
disk, punched from a panel coated with the substance 
under test, and with an annulus of coating removed 
so as to leave a spot of coating in the centre, is fired 
from an air gun at a hard steel target having a hole 
in line with the coated spot of the ‘bullet’, The 
‘bullet’ is kept straight in the gun by a brass sleeve. 





. The coating is decelerated by the force generated 


- when the ‘bullet’ is stopped, and, if the force is high 
-enough, becomes detached by its own momentum. 
< By firing ‘bullets’ at different velocities, the threshold 


re velocity at which the coating becomes detached can 


be determined. The force is highest at the interface 
with the substrate, an advantage which the method 
shares with those of Malloy, Soller and Roberts? and 


ee of Moses and Witt‘. 


It has so far not been possible, because of the 
complex deformations that occur, to calculate the 
deceleration of the ‘bullet’ from incident velocity. 
It has therefore been determined experimentally by 
measuring the change in capacitance due to the 
approach of the ‘bullet’ to a probe inserted into the 
hole of the target, and the results agree fairly well 
with such theoretical predictions as have been made. 
The maximum deceleration obtainable is about 
310? g, which yields a force of 1-5 x 108 dynes/cm.? 
for a coating 5 x 10-* em. thick and a density of 
1 +0-gm./e.c. This force is sufficient for the measure- 
-ment of the adhesion of good paints, and we have 


obtained results between 5 x 10? dynes/em.? and 


: 10° dynes/em.?, similar to those reported by Malloy, 
Soller and Roberts’. 

~The measurement is repeatable to about + 10 per 
gent, and the method has shown an agreement of 
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+12 per cent with direct tensile measurements of 
the adhesion of coatings which were amenable to 
both methods. A more detailed account of the 
method will be published elsewhere. 


W. D. May ; 
N. D. P. Sumu o 
C. I. Snow ; 
L.C.L. Paints Division, 
Wexham Road, 
Slough, Bucks. 
Dec. 4. 


1 Rolle, C. J., and Dietrich, T. L., Anal. Chem., 21 (1.949). 

* Rossman, E., Fédération d’Association de Techniciens des Industries. 
des Peintures, Vernis, Emaux et Encres d’imprimerie de l'Europe 
Continentale Congress, 1953. ia 


3 Malloy, A. M., Soller, W., and Roberts, A. G., Paint, Oi and Chem: 
Rev., 128 (18) (1953). ha 
t Moses, 8., and Witt, R. K., Indust. Eng. Chem., 41, No. 10 (1949). 0) 


Colour Photomicrography of Colourless 
Objects 


COLOURED photomicrographs of yeast cells have. 
been produced without. special apparatus (such ag a 
interference microscope). i : 

Since the internal structure of yeast cells is usually 
changed by fixation and staining, living cells were. _ 
used, and some quite pleasing results were obtained: _ 
when cells from a malt-grown culture were vital- 
stained with strong aqueous janus green and photo- 
graphed in yellow light (Wratten No. 15 filter). E 

Next, an attempt was made to use Rheinberg 
illumination’. This is a modified form of dark-ground 
illumination in which the sub-stage condenser stop. 
is replaced by a transparent darkly coloured disk, | 
and the surrounding annulus is filled by a secon 
filter of paler but contrasting colour. Objects viewed, 
through the microscope under low powers reflect 
the colour of the annulus, while the background 
takes the colour of the stop; but with increasing 
powers of objectives, the system becomes increasingly | 
difficult to set up, and it will not operate with 2 mm.” 
objectives. 

However, a modification was discovered which can. 
be used only—and very effectively—with 4 mm. and 
2mm. objectives. Two filters of contrasting colours 
were placed side by side with their adjacent edges 
in contact, in the beam of parallel light which enters 
the substage condenser of the microscope. When 
the condenser had been focused for critical illumina- 
tion, the filters were arranged so that the two colours 
filled exact halves of the low-power field. Under 
these conditions, an effect similar to Rheinberg illum- 
ination was obtained by the overlap of the two 
colours, when an object was viewed under high power. 
A variety of effects could be obtained by making 
small lateral movements of the filters, and these 
ranged from one background colour with contrasting 
cells to the opposite colour combination. 

The method has been used successfully for photo- 
micrography of yeast cells, when red (Wratten No. 25) 
and green (Wratten No. 58) filters were used, and 
it should be applicable to any colourless objects of 
less than about 50u in diameter. 













J. D. Levi 
Research and Development Department, 
Distillers Company, Ltd., 
Great Burgh, 
Epsom, Surrey. Dec. 4. 


1 Olliver, C. W., “The Intelligent Use of the Microscope”, 89 (Chapman 
and Hall, London, 1947). i ee 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk * are open to the public) 


Monday, March 4 


UNIVERSITY COLLEGE, LONDON (in the gency Theatre, Gower 
Street, London, W.C.1), at 5 p.m.—Dr. G. Popják: “The Biochem- 
plat or] of Fatty Acids and Gotten . (Further lectures on March 11 


ale SOCIETY FOR THE HISTORY OF SOIENOR, PHILOSOPHY OF 
Sorence GROUP (in the Joint Staff Common Room, University College, 
Gower Street, London, W.C.1), at 4 30 p.m Annual General Meeting. 
5.30 p.m Prof. 8. Korner: “Reference, Vagueness and Necessity”. 

INSTITUTION OF ELECTRICAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Informal evening on ‘Electronics in Admunistration—a Survey”. 
Talk by Mr, D. C. Espley. 

Soormry OF ENGINEERS (at the Geological Society, Burlin: 
House, Piccadilly, London, W.1), at 5.30 p.m.—The Bight Hon. rd 
Ventry : “Airships and Balloons”. 

{coos OF CHEMICAL INDUSTRY, LONDON SEOTION (at 14 Belgrave 

uare, London, S.W.1), at 6.30 p.m.—Three-Paper etm 
ocumentation”, Speg ers: Dr. H. J. Barber, Dr. RB . Fafrl in 
and Dr. J. H. Hamence. 


Tuesday, March 5 


INSTITUTION OF Post OFFICE ELEOTRIOAL ENGINEERS (at the 
Institution of Electrical Engineers, Sayoy Place, Victora Embank- 
ment; London, W.0.2), at 5 p.m.—Mr. . Cooper : “Work Study— 

Its Purpose and App! cation”. 

INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 6.80 p.m.—Mr. S. R. 
Tailby and Mr. I. Berkovitch: ‘ “The Effect of Sonic Vibrations on 
Heat Transfer from Town Gas”; Mr. S. R. Talby and Mr. M. 
Ashton: “Heat Transfer from Coal Gas Flames to Water keti 
Horizontal Tubes”, 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, West- 
minster, London, S.W.1), at 5 30 p.m.— Mr. A. W. Kenny: “Behaviour 
of Radio-Isotopes in Sewage Treatment and the Disposal of Radio- 
aurea Wastes to Sewers”. 


eu (at the Royal Society of Arts, 8 John Adam Street, Adelphi, 
rarr C.2), at 6 p.m.—Dr. D. C. Martin: “The Royal Society’s 
Interest in Sclewtitte Publications and the Dissemination of Informa- 
tion” 

INSTITUTION OF GAS ENGINEERS (in the Lecture Hall of the Institu- 
tion of Mechanical, Engineers 1 Birdcage Walk, London, S.W.1), at 
6.p.m.—Mr. F "Glasgow Memorial ‘Lecture. 


Wednesday, March 6 


ROYAL SOCIETY OF Arts (at John Adam Street, Adelphi, London. 
'W.C.2), at 2 30 p.m.—Prof. T. Wallace, F.R.S. : “Trace Elements 1m 
Plant Nutmtion with special reference to Crops” (Fernburst Lecture). 


InerrorE OF PHYSICS, EDUCATION GROUP (at 47 Belgrave Square, 
London, re 1) a 4.80 p m.—Annual General Meeting, followed by 
Prof. F. A. Vic “An Experiment ın University Education”. 


ROYAL laces OF MEDICINE, HISTORY OF MEDICINE SEOTION 
(at 1 Wimpole Street, London, W. 1), at 5.15 p.m.— Prof. F. G. Young, 
TS mer, “Glycogen 1857-1957” ; Dr. Gordon Mestler: “Old Japanese 

edicine’ 


INSTITOTE OF PETROLEUM (at 26 cee es London, 
at 5.30 p.m.—Mr. H R. Warman and Dr. A T. Dennison: 
in Exploration Methods”. 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 5.80 p.m.— Prof.. J. T. 
Bonner (Princeton University) : : “The olution of Development”, * 
(Further lectures on March 7 and 8 )} 


Socrety FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS GROUP 
(at “The Feathers”, Tudor Street, London, E.C 4), at 630 p.m.— 
Discussion Meeting’ on “The Experimental Assessment of Tran- 
quilizers”, introduced by Dr. A. Spinks 


A; W.1), 
“Tren 


Thursday, March 7 


PHYSIOAL SOCIETY, OPTICAL GROUP Aa Imperial College, Imperial 
Institute Road, London, S.W.7), at 2.30 p.m.—Annual General 
Meeting, followed by Mr R. H anbos Brown } “An Intensity Inter- 
ferometer, and the Measurement of Stellar Diameters”; Dr. F. D. 
Kahn : “Phe Statistics of Beams of Light”, 


PHYSICAL Soorry, Low TEMPERATURE GROUP (at the Royal cd 


of Mines, South Kensington, London, 8.W.7), at 4 p.m.—Dr. J. M. 
Lock: “The Magnetic Properties of the Rare Earth Metals at Low 
Temperatures”, 


ROYAL Soomry (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Mr. I. I. Hanna and Mr. B. H. Sondheimer “ Heo 
and Lattice Conduction in Metals”; Mr. R. L. Bell and Mr. R. W. 
Cahn: “The Dynamics of ‘Twinning and the Interrelation of Slip 
and Twinning in Zinc Crystals’. 


LINNEAN Soommry of LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m. oe EK. R. Sporne : “Some Aspects of Flor: 
Vascular Systems” Dr. Melville: “The Nature of the Angio- 
sperm Ovary and the origin ‘of the Angiosperm”, 


INSTITUTE OF REFRIGERATION (at the Junior Institution of Eagincers, 
EE House: 14 rae Row, Westminster, London, 8.W.1), at 
H. Powell: “Automatic Control eee for 
Fevigorating P Diane in Air Conditioning”. 
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INSTITUTION OF cnet ic nae ENGINEERS Bead Savoy Place, London, 
W.C.2), at 5.30 p.m,.—Mr. L. B. Hobgen, Mr. K. A. Spencer and Mr. 
P. W. Heselgrave : Cathodic Protection”. 


ROYAL ABRONAUTICAL Soorsry (at the eran of Mechanical 
Ee Pep Birdcage Walk, London, S.W.1), at 6 p.m.—Monsieur Paul 
Badre : “New Methoes in’Aircraft Production”. (Tenth Louis Bleriot 

cture.) 


INSTITUTE OF METALS, LONDON LOCAL SKORON (at 17 Belgrave 
Square, London, S. Wih at 6.30 p.m.—Dr. C. E - Ransley : “Gas in 
Light Alloys”. 

INSTITUTE OF Bion0Gy, LONDON BRANOH ‘(at 41 Queen’s Gate, 
London, | S.W.7), at 730 p.m.—Meeting on “Some Aspects of Radio- 
tozicity-. Prof. J. Rutblat: “Physics of Radiation Damage”; Prof. 

8. Penrose, F.R.S : “Biological Aspects’ 


Friday, March 8 


ROYAL INsriruTioy (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Sir Ben Lociepoiser, F.R.S.: “ European Organization for 
Nuclear Research’ 


’ 


APPOINTMENTS VACANT 


APLICATIONS are Fnavited for the following appointments on or 
before the dates mertioned : 

HEAD (honours graduate in chemistry, physics or metallurgy, with 
teaching, industrial or research experience; corporate member of a 

rofessional institution, and preferably with’ experience of administra- 
10n in a senior techaical co! ) OF THE DEPARTMENT OF PURB AND 
APPLIED Sorence (Grade II), Enfield Technical College, Queensway, 
Enfield, Middlesex—The Secretary, Middlesex County Council Educa- 
tion Committee, 10 Great George Street, Westminster, London, 8.W.1, 
quoting Ref. FCWIE (March 8). 

ASSISTANT LEOTUZER IN Som SCIENCE IN THE DEPARTMENT OF 
AGRIOUET Onat CuesistRY—The Registrar, University College of 
‘Wales, Aberystwyth (March 9). 

SENIOR TeoTorpR or LECTURER (preferably with good academic and 
research qualificaticns) IN ORGANIO CHEMISTRY—The Clerk to the 
Governors, Woolwicn Polytechnic, London, S.E.18 (March 9). 

READER IN HEAVY CURRENT ELECTRICAL ENGINEERING ; READER 
IN LIGHT CURRENT ELECTRICAL ENGINEERING; READER 'IN MEOH- 
ANICAL ENGINEERING ; READER IN PHYSICAL METALLURGY ; READER 
IN INDUSTRIAL METALLURGY ; ae IN HIGH POLYMER CHEM- 
ISTRY ; READER IN CHEMIOAL ENGINEERING; READER IN PHYSIOS 
with special reference to ELECTRONICOS ; READER IN MATHEMATICS, 
preferably in TICAL PHYSICS ; and a READER IN INDUSTRIAL 
ADMINISTRATION wi.h special reference to HUMAN ASPECTS OF MAN- 
AGEMENT—The Registrar, College of Technology, Suffolk Street, Birm- 
ingham Claro 12). 

HCTURER IN THE HISTORY OF SormncrE—-The Registrar, University 
College, Leicester (March 13). 

ASSISTANT LECTURER or LECTURER IN STATISTICS—The Registrar. 
University College 3f North Staffordshire, Keele, Staffs (March 15). 

PRINOIPAL LECTURER IN APPLIED MEOHANIOS ; and a SENIOR or 
JUNIOR LECTURER IN APPLIED MECHANICS—The Director of Studies, 
ag oes Naval Collegs, Greenwich, London, 8.6.10 (March 15), 

CTURER IN P.YoHOLOGY—‘The Registrar, University College, 
Leicester (March 16 . 

RESHARCH ASSISTANT (man or woman, preferably with an honours 
degree in medical ssiences or biology, and a knowledge of German) 
IN THE DEPARTMENI OF ANATOMY, for work mainly on the centra! 
nervous system—Tae Secretary, University College, Gower Street, 
London, W.C.1 (March 18). 

SENIOR LECTUREE IN GEOGRAPHY at the University College, Ibadan, 
Nigerla—The Secrecary, Inter-University Council for Higher Educa- 
tion Overseas, 29 Voburn Square, London, W.C.1 (March 22). 

LECTURER IN TEE DEPARTMENT OF EL¥OTRONIO ENGINEERING— 
The Registrar, The University, Liverpool (March 23). 

CHAIR OF ELEOTCICAL ENGINEERING—The Secretary, The Queen’s 
University, Belfast (March 380). 

LECTURER or ASSISTANT LEOTURER IN GHOLOGY-—-The Registrar, 
The University, Ncttingham (March 30: 

LECTURER IN EDT CATION at the University of Queensland, Australia 
—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon. Square, London W.C.1 (Australia, March 31). 

RESEARGH STULENT (graduate with qualifications in physical 
geography) for research in the coastal geography of Roman Britain, 
centred Initially or the Thames Estuary——The Director and Secretary, 


Royat Meia Society, 1 Kensington Gore, London, 8.W.7 
pri 
HALLIBURTON CIAR OF PHYSIOLOGY at King’s College, Strand, 


‘London, Wo: 2—The Academic Roger. University of London’, 
Senate ‘House, Lordop, WC.1 (Apri 

LECTURER or ASSISTANT LECTURER IN F uystoLoax—The Registrar, 
The University, SLeffield (April 6). 

SENIOR LECTURER IN PHYSIOLOGY in the Faculty of Medicine, 
University of Western. Australia—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon. Square, London, 
W C.1 (Australa, april 12) 

READER IN ENTOMOLOGY at the. London School of Hygiene and 
Tropical Medicine—-The Registrar, University of London, Senate 
House, London, W C.1 (April 30). 

AGRICULTURAL JHEMIST (with at least a second-class honours 
degree in science, preferably in chemistry, with postgraduate training 
in agricultural chemistry. including experience in analytical work on 
solls, fertilizers, and feeding stuffs) in Northern Rhodesia, to carry 
out and supervise analytical work in a chemical laboratory; to assist 
in the scientific planning of fertilizer trials and associated investiga- 
tions, soil and land use surveys and pasture and stock feed trials— 
oe Director of Recruitment, Colonial Office, London, S.W.1, quoting 

ASSISTANT LECBURER IN AGRICULTURAL ZOOLOGY IN THE BroLoay 
DEPARTHENT—The Bursar, Royal Agricultural College, Cirencester. 
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CHEMIST (B.Se., A.R.LC., A.LMLL.T., or equivalent) IN THE RE- 
BEAROK LABORATORY—The Secretary (R), The Hospital for Sick 
Children, Great Ormond Streat, London, W.C.. 

HEAD OF THE DEPARTMENT OF MATHEMATIOS—-The Secretary, Sir 
John Cass College, Jewry Street, London, B.C.3. 

LEOTURER or Assistant LECTURER (with a Ph.D. degree in mathe- 
matics or in mathematical statistics)—The Chairman, Mathematics 
Department, McMaster University, Hamilton, Ontarlo, Canada. 

RESHAROH ASSISTANT (with a qualification in horticulture) IN THR 
DHPARTMENT OF BOTANY, for duties which involve the supervision of 
the experimental garden and some routine assistance with existing 
cytogenetic research Nei pa I. Manton, Department of 
Botany,,The University, Leeds 2. 

RESEARCH OWS AND ASSISTANTS IN THR DEPARTMENT OF 
CuEMistry—Prof. W. H. Forbes, Ph.D., Memorial University of New- 
foundland, St. John’s, Newfoundland, Canada, 

SOIENTIFIO OFFICER, Grade 2 (with academic qualifications, and 

referably a knowledge of textiles and problems of wear) IN THE 

Taxrinns DIVISION of the British Railways Research Department, 
Derby—The Director of Research, British Transport Commission 
(British Railways Division), 222 Marylebone Road, London, N.W.1. 

SENIOR ELECTRONICS TEOHNIOIAN to take charge of a new electronics 
workshop for constructing and maintaining laboratory equipment— 
The Registrar, The University, Nottingham. 

SENIOR LECTURER IN PHYSIOLOGY AND PHARMACOLOGY at the 
Technical College, Bradford—The Director of Education, Town Hall, 

radford. 

SENIOR SOIENTIFIO OFFICHR3/SOIENTIFIO OFFIonRS (with a first- 
or second-class honours degres in physics or metallurgy, and some 
research experience) to carry out basic research on the alloying be- 
haviour of radioactive metals (Ref. 1421/34), and on the base properties 
of these metals (Ref. 1422/84)—The Senior Recruitment Officer, 
Atomic Weapons Research Establishment, Aldermaston, Berkshire, 
quoting appropriate Ref, No. 

TECHNICAL ASSISTANT for work on winter cauliflower at the Seale- 
Hayne Agricultural College—-The Secretary, National Institute of 
Agricultural Botany, Huntingdon Road, Cambridge. 

VETERINARY BACTERIOLOGIST (expert in the preperation of serums 
and vaccines) in the Veterinary Laboratory of the Directorate General 
of Veterinary Services, Iraq—The Ministry of Labour and National 
Service (A.S.12), Almack House, 26-28 King Street, London, 8.W.1, 
quoting A.12/IRQ/162/ME. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Ministry of Agriculture, Fisheries and Food. Studies in Urban 
Household Diets, 1944-49: Second Report of the National Food 
Survey Committee. Pp. 143. (London: H.M. Stationery Office, 
1956.) 5s. 6d. net. (111 

Ministry of Agriculture, Fisheries and Food. Department of 
Agriculture for Scotland. Report on the Animal Health Services in 
Great Britain, 1955, including Report of Proceedings under the Diseases 
of Animals Act, 1950. Pp. iv+116. (London: H.M. Stationery 


Office, 1956.) 5s. net. 
General Register Office. Census 1951: England, Wales. Occupa- 


tion Tables. Pp. xvi+672. (London: H.M. Stationery Office, 

1956.) 1478. net. (111 
Forestry Commission. Report of the Committee on Marketing of 

Woodland Produce, 1956. Pp. 100. 4s. 6d. net. Leaflet No. 39: 

The Quality of Poplar Plants. . 8. . net. Leaflet No. 40: 

The Pine Shoot Moth and Related Species. Pp.8. 9d. net. (London: 
«AM. Stationery Office, 1956 ) 


By 
D ational 
Building Stud es Spena] Report No. 25: 
forced Concrete in g8. 
(London : H.M. Stationery Office, 1956.) Į 
Department of Scientific and Industrial Research. Memoirs of the 
Geological Survey. Special Reports on the Mineral Resources of 
Great Britain. Vol. 37: The Limestones of Scotland—Chemical 
Analyses and Petrography. Chemical Analyses By Dr. A. Muir 
and Dr. H. G. M. Hardie. Spestrographic Determinations of Trace 
Elements. _By Dr. R. L. Mitchell. Petrography. By Dr. J. Phemis- 
ter, Pp. iv+150+4 plates. (London: H.M. Stationery Office, 
1958.) 2is.net. {141 
Department of Scientific and Industilal Research. Coalfield Papers 
of the Geological Survey of Great Britain. No. 1: The Economie 
Gealogy of the Stirling and Clackmannan Coalfield, Scotland; Area 
North of the River Forth. By E. H. Francis. With Palaeontology 
by M. A Calver and R., B. Wilson. Pp. vi+36+18 figures+2 tables, 
(Edinburgh : H.M. Stationery Office; 1956.) 5s. net. {111 
The Professional Electrical Engineer : e Training of Graduates. 
4 Report of the Joint Committee on Practical Training in the Elec- 
rical Engineering eee Pp. 35. (London: Tastitükton. < 


Electrical Engineers, 1967.) 2s. 

Platinum Metals Review: a Quarterly Survey of Research on the 
Platinum Metals and of Developments of thelr Applications to Industry. 
My No: 1 (January 1957). Pp. 36. (London: Johnson Maul 
an 3 : 

Petroleum Rationing of Industry. Pp. v+28. (London: Federa- 
tion of British Industries, 1956.) 2s. 6d. {111 

Annual Report of the National Oceanographic Council, 1 April 1955 
~—§1 March 1956. Pp. vi+88. (Cambridge: At the University Press, 
1967.) 5s. net. [111 
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Northern Advisory Council for Further Education. Ninth Annual 
Report for the year ended 31st March, 1956 Pp. 34. (Newcastle- 
ee: Northern Advisory Council for Further Education, 

Chemical Engineering—a Career. Pp. 31 (12 plates). (London: 
Institution of Chemical Engineers, 1956.) 2s. 111 

Library Association. Special Subject List No. 12: High-Fidelity 
oo Reproduction, Pp. 27. (London. Library Association, 


k [111 
Cancer Distribution and Atmospheric Pollution. By Michael Ash. 
Pp. 46. (Enfield, Mddx.: ARO Enfield, Ltd., 1956) 7s. 6d. (411 


Other Countries : 


Kemeénterian Perhubungan. Lembaga Meteorologi dan Geofisik, 
Djakarta. Verhandelingen No. 50: The Mechanism in the Focus of 
28 South-East Asian Earthquakes By Dr A B. Ritsema. Pp. 76. 
(Djakarta: Lembaga Meteorologi dan Geofisik, 1956 ) [111 

Central Laboratories for Scientific and Industrial Research, Hydera- 
bad, Annual Report, 1955. Pp. xii+80. (Hyderabad—Deccan : 
Central Laboratories for Scientific and Industrial Research, 1956.) [111 

Smithsonian Institution: United States National Museum. 0- 
ceedings of the U.S. National Museum. Vol. 106, No, 3864: Chiggers 
of the Genus Euschöngastla (Acarina: Trombiculidae) in North 
America. By Charles E. Farrell. Pp. 85-285-+21 plates. Vol. 106, 
No. 3366: Some Crickets from South Amertca (Grylloidea and Tri- 
dactyloidea). By Lucien Chopard Pp. 241-293. Vol. 106, No. 3367: 
The Nearctic Species of Trigonalis Wasps By Henry Townes. Pp. 
295-804. Vol. 106,. No. 3368: Latheticomyia, a New Genus of 
Acalyptrate Flies of Uncertain Family Relationship. By Marshall R. 
Wheeler. Pp. 305-314. Vol. 106, No. 3369: A Tribal Revision of the 
Brachycyrtine Wasps of the World (Cryptinae-Ichneumonidae). By. 
Luella M. Walkley. Pp. 315-329. Vol. 106, No. 3373: A Revision of 
the Acrocerid Flies of the Genus Pralea Erichson, with a Discussion of 
thelr Sexual Dimorphism (Duptera). By Evert I. Schlinger. k 
359-875. (Washington, D.C.: Smithsonian Institute, U.S. National 
Museum, 1956.) ; {111 

Indian Forest Bulletin (New Series). Entomology. No. 212: A 
New Species of Bootanomy!a (Chalcidoidea: Torymidae, Megastig- 
minae) from India, By Dr. R. N Mathur and Dr. N. W. Hussey. 
Pp. 3-(1 plate). (Delhi: Manager of Publications, 1956.) As. tL į 


8, 

Forest Research in India, 1950-51. Part 2: Reports for Burma 
and Indian States, Pp. ii+113. (Delhi: Manager of Publications, 
Rs. 7/4/-; 11s 6d. 111 
Proceedings of the American Philosophical Society. Vol. 100, 
No. 6 (December 17, 1956): Studies of Historical Documents in the 
Library of the American Philosophical Society. Pp. 11+521-616. 
(Philadelphia : American Philosophical Society, 1956.) 1 dollar. [111 

Research Bulletin of the Panjab University. No. 86 (Zoology) : 

Studies in Reptilian Spermatogenesis. 2: Spermatogenesis of the 
Freshwater ‘Turtle, Zissemys punctata punctata Bonnaterre, with 
Observations on the Living Material under the Phase-Contras' Micro- 
scope. By. Bhupinder Nath Sud. Pp. 31-47. 
(Chemistry): Studies in Thiopegans. By G. M.S: 
and K. Pp. 49-52. Rs. 0-11-6. No. 88 (Chemistry): 
Studies in Surface Complexes of Charcoal, By Balwant pal Puri, 


. P, Myer and Leekh Raj Sharma. Pp. 63-59. Rs. 1-0-0. . 89 
(Zoology): Studies on the Digenetic Tromatodes of Marine Fishes 
from the Gulf of Manaar d By N upta. Pp. 61-83. 


a). By N. K, G 

Rs. 2-8-0. No. 90 (Zoology) : The Relationship of the Symphyta 
(Hymenoptera) to other Orders of Insecta on the Basis of Adult 
External Morphology. By G. L. Arora. Pp. 85-119. Rs. 5-4-0. 
No. 91 (Zoology): The Nematode Sperm. By Vishwa Nath and S$. 
Singh. Pp. 121-134. Rs. 2-2-0. No. 92 (Chemistry): Effect of 
Temperature of Incubation on the Chemical Composition of Aspergillus 
Nidulans Fat. By J. Singh and T. K. Walker. Pp. 135-138. Ra. 
0-12-0. No. 98 (Zoology) : Sperimatogenesla of the Domestic Fowl, 
Gallus Domesticus. By Q. P. Sharma, B. L. Gupta and K. K. Nayar. 
Pp. 139-151. Rs.2-2-0. No. 94 (Mathematics): Partitions in Terms 
of Combinatory Functions. By  Hansray Gupta. Pp. 153-159. 
Rs. 1-4-0. (Hoshiarpur: Panjab University, 1956.) 111 

Ministère des Affaires Étrangères: Direction des Relations Cul- 
turelles. Informations Scientifique, No. 1, 1956. Pp. 52. (Paris: 
Ministère des Affaires Étrangères, 1956.) [LIL 

Universidad Nacional de Colombia. Departamento de Extension 
Cultural y Relaciones Publicas. Ciudad Universitaria. Annuario de 
Labores, 1953-1954. Prospectos y Programas para 1955. Pp. 261. 
(Bogota: Universidad Nacional de Colombia, 1955.) {111 

Unesco. Reports and Papers on Communication. No. 19: 
List of Films recommended for Children and Adolescents up to 16 years 
following selections made in Twenty-two Countries. Prepared by 
Jean-Pierre Barrot, with the collaboration of Ginette Billard. Pp. 118. 
(Paris: Unesco; London: H.M. Stationery Office, 1956.) 350 francs: 
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SECURITY AND LOYALTY i 


N a debate in the House of Commons on November 
7, 1955, Mr. Harold Macmillan, who was then 
Secretary of State for Foreign Affairs, said that since 
1945 a check had regularly been made on all new 
entrants into the Foreign Office and on all new 
temporary employees, to ensure that no adverse 
security record was held against candidates for 
employment. Nevertheless, 1t had been recognized 
that something more than this negative check is 
required to ensure the reliability of those holding 
important positions m the public service. At the 
beginning of 1952, therefore, a regular system of 
positive inquiry was introduced in all Government 
departments having access to classified material 
involving the security of the State. This procedure 
involves detailed inquiry into the whole background 
of the officer concerned, including his school and 
university career and any previous employment: 
before joining the Service, frequently including per- 
sonal inquiries of university tutors, past employers 
and others with personal knowledge of the candidate. 
These inquiries were the subject of discussion at a 
recent meeting of the Council of the Association of 
University Teachers, when after long debate the 
Council decided to protest against the questions the 
Government asks about the religious and political 
beliefs and activities of students. While affirming 
that university teachers ought not to be asked such 
questions, the Council did not refuse to co-operate, 
stating that whether or not such questions were 
answered is in the last resort a matter for personal 
There was, however, 
almost unanimous support for a further resolution 
that such questions should not be answered without 
the knowledge of the student concerned. 

No one at the meeting of the Association of 
University Teachers appeared to doubt that such 
questions would continue to be put, and some at 
least recognized that there is a real problem of 
security, responsibility for which cannot be placed 
on others. Non-co-operation by the universities 
would only mean that the Government would have 
to satisfy itself in other ways before the students 
concerned could be considered as candidates for 
employment. The security checks had the firm 
support of the committee appomted by Mr. Herbert 
Morrison, when he was Foreign Secretary, to look 
into all aspects of the security arrangements of the 
Foreign Service, and they were further approved by 
the Conference of Privy Councillors set up in Novem- 
ber 1955 “To examine the security procedures now 
applied in the public services and to consider whether 
any further precautions are called for and should be 
taken”. 

A White Paper giving the substance of the report 
of the Conference was published in March 1956, 
and included a number of specific recommendations. 
The report includes a close examination of the 
security procedures in the public services in Britain, 


and accordingly .the Prime Minister stated on, 
November 29, 12355, that it would’ not be in the 
public interest tc publish the full text of the report 
or to make known all its recommendations. The 
White Paper, however, records the main conclusion 
of the Conferen@ that there is nothing organically 
wrong or unsourd about the Government's security 
arrangements, alshough certain recommendations are 
made to strengtken the system in some respects. 
The Government proposes to adopt all these 
recommendations, one of which was that the tribunal 
(commonly known as the “Three Advisers’) set up in 
1948 to hear appeals from Civil servants threatened 
on security grounds with transfer from secret duties 
or with dismissel from the Service should be con- 
tinued, but thas its terms of reference should be 
widened so as to enable the tribunal to present a 
fuller report to the responsible Minister. The Con- 
ference, moreover, was convinced that in deciding 
the difficult and borderline cases it was right to 
continue the practice of tilting the balance in favour 
of offermg greatsr protection to the security of the 
State rather than in the direction of safeguarding the 
rights of the irdividual. The measures necessary 
to give effect to the Conference recommendations in- 
volved alterations in existing procedures which were 
notified to the staff associations concerned, and the 
alterations were only promulgated in full after an 
opportunity for representation had been given. ° 
Details of ths revised procedure to be followed 
when the reliability of a Civil servant, the nature of 
whose work is vital to the security of the State, is 
thought to be n doubt on security grounds were 
given m a written answer to @ question in the 
House of Commons on January 29, 1957. A further 
question by Mr. W. Griffiths regarding security checks 
in the Department of Scientific and Industrial 
Research on February 5 also brought the subject 
into prominence. The sixth annual report of the 
National Scienca Foundation, of Washington, D.C., 
also includes a statement relevant to the whole 
subject. It may well be helpful, therefore, not only 
to universities in Britain but also to those in other 
countries such £s South Africa and Australia, where 
current questions of academic independence and 
loyalty have als arisen in a context involving, or so 
presented as to appear to involve, the security of the 
State, to indicate briefly the way in which the 
problem is being handled in Great Britain. 
Replying to Mr. G. Finlay on January 29, the 
Financial Secresary to the Treasury, Mr. J. Enoch 
Powell, said that, under the revised procedure, the 
Mmister responsible for the Department to which the 
Crvil servant belongs will have before him information 
on which to dee-de whether there is a prima facie case 
on reasons of security for doubting the reliability of 
that Civil servant. The grounds for such doubts are 
present or recent membership of the British Com- 
munist Party or sympathy with Communism, 
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“association with Communists or Communist sym- 
pathizers, or susceptibility to Communist pressure. 
Each case will be assessed in the light of the par- 
ticular facts, and if the Minister is satisfied that there 
is a prima facie case the Civil servant will at once be 
informed and, will normally be sent on special leave 
with pay, care being taken so far as passible to avoid 
disclosing the reasons for his absence to-his colleagues. 
At the same time, he will be given such particulars of 
his alleged membership or sympathy as might enable 
him to clear himself, and he will be asked to accept or 
deny the allegation. The Minister will reconsider the 
position in the light of any representations the Civil 
servant may make, and if there seems no reason for 
varying the ruling, the Civil servant will have oppor- 
tunity to ask for a hearing by the “Three Advisers’, 
who may also receive testimony from third parties 
as to his record, reliability and character. Cases of 
character defects will not be referred to the tribunal 
if there is no suggestion of Communist or Fascist 
associations or sympathies; such appeals will be 
dealt with under-the normal disciplinary procedure 
of departments. If the report of the ‘Three Advisers’ 
is adverse, the Civil servant will still have an oppor- 
tunity of making representations to the Minister or 
his representative before action is finally taken. If 
the prima facie ruling is finally upheld, various 
courses may be taken: the Civil servant may be 
posted to, or retained in, a non-secret branch within 
his own Department, or posted to a non-secret branch 
in another Department; or he may ‘be dismissed, 
unless he accepts the option of resigning. But in any 
event, his staff association will be afforded an oppor- 
tunity of suggesting an alternative or possible 
re-posting. 

It has not been suggested that the procedure is 
such as to avoid all mistakes; but it is very clear 
from the several statements and debates in Parlia- 
ment and from the White Paper that Ministers are 
well aware, that every doubtful action they may take 
—and probably some correct and thoroughly justified 
ones—will be challenged by one or more of the 
numerous bodies which in Britain are vigilant to 
prevent any breach of civil liberties. The soundness 
of the Government’s policy, set forth in the’ revised 
terms of reference to tha “Three Advisers’, which Mr. 
Powell also quoted, is not to be disputed. No one 
coming within the hmits laid down in the White 
Paper ought to be employed in connexion with work 
vital to the security of the State. The best safeguard 
against abuse of the powers taken by the Govern- 
ment may well lie nob in rules but in Ministers’ 
knowledge of the vigilance with which their actions 
are being scrutinized, and in the unofficial checks and 
balances which an alert public conscience has caused 
to be built up. 

There is a further and by no means negligible 
factor to which Dr. Arthur H. Compton directed 
atténtion in one of the most valuable passages in his 
recent book ‘‘Atomic Quest’. In that personal 
narrative of the way in which he and his colleagues 
were drawn, sometimes most reluctantly, into the 
development of the atom bomb, Dr. Compton notes 
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the secrecy which scientists imposed on themselves 
long before its necessity or even desirability was 
appreciated in official circles, and the efficiency with 
which security measures in the main operated, 
partly through the tact and understanding of the 
security officers themselves and partly through the 
loyal co-operation which the concern and under-. 
standing of the scientists involved elicited. The 
effectiveness of a security system depends in the end 
on the extent to which its necessity is understood 
and accepted by all affected, and their willingness to 
co-operate to achieve a, vital public purpose. 

The statement which Mr. Powell made in the 
House of Commons on January 29, like the White 
Paper issued last March, could well help to that end 
by displaying the care with which the Government is 
seeking to reconcile the needs of public security and 
the claims of the individual. Afterwards, on Febru- 
ary 12, Mr. Powell said that the same procedure 
would be applied to employees of contractors engaged _ 
on secret Government contracts. Scientists are rarely *¢ 
involved in the Foreign Service, but in the field of 
defence and in the Atomic Energy Authority they 
may well be affected in increasing numbers by & 
need for stringent security precautions greater than 
elsewhere. Moreover, the difficult question of the 
relation between security risks and defects of char- 
acter cannot be ignored. To-day greater importance 
must be attached to such defects as factors which 
may tend to make a man unreliable or expose him 
to blackmail or influence by foreign agents, Quite 
apart from political considerations, government 
departments cannot evade a duty of informing 
themselves of serious personal failings of members of 
their staffs that may seriously affect a man’s reliability. 

The reply which -the Parliamentary Secretary to 
the Ministry of Works, as representing the Lord - 
President of the Council, gave to Mr. W. Griffiths on 
February 5 shows thet the number of scientists 
affected by security checks is not large. For the 
great majority of appointments to the Department 
of Scientific and Industrial Research, Mr. H. Nicholls 
said, no security check is necessary ; but such a check 
is made where the candidate is to be employed in 
ports in a sensitive area. It is not the practice to 
inform candidates if only a negative check is carried 
out; and Mr. Nicholls rejected as unfounded the 
assertion that security officers in the course of their 
inquiries had unnecessarily destroyed the reputation 
of completely innocent people. 

Last year in the United States, at the request of 
Governor Sherman Adams, assistant to President 
Eisenhower, Dr. Detlev Bronk, president of the 
National Academy of Sciences and chairman of the 
National Science Board, appointed a committee to sur- 
vey the whole question of loyalty in relation to Gov- 
ernment support of unclassified research. The recom- 
mendations of this Committee are given in the current 
report of the National Science Foundation. They are 
in lme with the policy which the Foundation adopted 
early in its career and which was endorsed by the 
American Association for the Advancement of Science 
in December 1954. Moreover, the principles embodied 
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in’ the fake i n of this committee have 
already been acknowledged by Governor Adams as & 
satisfactory basis for action regarding grants or 
contracts for unclassified scientific research ; and He 
added that departments and agencies would follow 
practices consistent with these recommendations. 
The test in the award of U.S. Government grants 
and contracts for unclassified research will accordingly 
be the scientific integrity and competence of the 


ta ) 


` individuals responsible for carrying out the research, 


A 


and the scientific merits of their programme. When 
an official of the Government domes into possession 
of evidence which in his opinion indicates the possible 
existence of disloyalty amounting to violation of law, 
he is expected to refer that information promptly to 
the Federal agencies established to enforce the law in 
such matters. An allegation of disloyalty is not by 
itself to be grounds for adverse administrative action 
on @ grant or contract for unclassified research by 
scientifically competent investigators; if, however, 
the indications of disloyalty appear sufficiently 
serious to warrant action, the Government, in the 
opinion of this Committee, should bring formal 
charges and produce the evidence in open hearing 
before legally constituted authority. 

It is thus obvious that, even in the field of un- 
classified research, responsible opinion, while holding 
to the vital criteria of scientific integrity and com- 


petence, is prepared to support inquiry into loyalty,. 


although there may be no direct consideration of 


secrecy. There appears to be no support for the - 


refusal to face the vital issue of national security 


which characterized the majority of those preserit at - 


the meeting of the Association of University Teachers 


referred to earlier, and this is the more noteworthy < 


m that the positive conception of security, expounded. 
so ably by such men as Commager and Hutchins, 
MacIver, Gellhorn and Barth, has consistently 
marked the policy of the National Science Foundation. 
While the reality of the security problem cannot 
be denied, there appears to be no reason for excessive 
concern either in the United States or in Britain. 
The Government measures are reasonable and do not 
go beyond the minimum necessary if the Govern- 
ment is not to be open to the charge of negligence. 
At the same time, the effectiveness of those measures 
rests rather in the spirit in which they are adminis- 
tered, and on the extent to which they command the 
support and co-operation of the great body of citizens, 
as was seen in some of the war-time responses on the 
Clyde and elsewhere mentioned by Dr. Compton in 
“Atomie Quest”. Similarly, the real safeguard for 
the individual lies in the vigilance exercised by his 
professional’ associations and the various bodies 
concerned with the protection of civil liberties. 
None the less, that vigilance must be exercised 
with restraint and with a greater sense of proportion 
than was sometimes evident in the discussion at the 


‘Council meeting of the Association of University 


Teachers. There are too many real and major threats 
to civil liberty and academic freedom in the world 
to-day for time and energy to be wasted in the 
defence of positions which do not command the 
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general support o£ informed opinion. Sense as well” 
as sensitiveness ie essential, for sécurity and also for 
the defence of liberty. Moreover, the ultimate safe- 
guard for both lies in just such a positive conception 
of security as informs the policy of the National 
Science Foundat-on and the many defenders of 
academic freedom in the United States. In Britain, 
that doctrine has perhaps been less freely expounded 
though none the less tenaciously held. What is 
needed most is that the positive conception of 
security and acacemic freedom and the implications 
of that conception, for the Government and for the 
individual or corporate bodies such as the univer- 
sities, should be thought out clearly, and expounded 
carefully and widaly. Then the unofficial checks and 
balances will operate so effectively that official action 
will rarely if ever be required. Vision, sense and 
vigilance are the ultimate safeguard of individual and 
State. 


NUCLEAR ENGINEERING 


Progress in Nuclear Energy 

Series 4: Technology and Engineering—Reactor 
Coolants, Moderators, Heat ‘Transfer, Reactor Chem- 
istry and Corrosion of Reactor Materials, Edited by 
R. Hurst and S McLain. Vol. 1. Pp. xiii+420. 
(London: Pergamon Press, Ltd., 1956.) 84s. net. 


HE production of a series of books on the pro- 
gress in nuclear energy is a formidable task ; 
the amount of material is so large and progress all 
over the world so rapid that the time required for 


the preparation of the books becomes an important 


factor. It is, therefore, gratifying to see that the 
editors have suczeeded in preparing a fairly well- 
balanced and comparatively up-to-date survey. The 
volume comprises sections.on heavy water, graphite, 
beryllia, liquid matals, engineering, reactor chemistry 
and corrosion. These consist mostly ‘of a selection of 
papers presented at the Geneva Conference; it is 
unfortunate that none of the relevant criticism and 


“discussions of tha papers has been included in the 


present volume. 

The survey of heavy water production processes 
by Benedict in Chapter 1 probably still remaims the 
most complete description of this topic. The article 
is weighted towards water distillation and Trail 
processes ; it appears,-however, that for production 
on the scale demanded by a large power programme 
(heavy water moderated reactors require about 
1 tonne of D,O per MW. electrical capacity) these 
processes are nct as attractive as the dual tem- 
perature H,O/H.S (Spevack) method. Security 
restrictions probsbly prevented the Spevack process 
being treated in detail. For the reader not familiar 
with the cascade theory of isotope plants, reference 
to K. Cohen’s excellent book would have been 
justified. It is clear that the manufacture of heavy 
water is a major industrial undertaking; it would 
have been useful to the British reader if the cost 
figures of Table 14 had been recomputed in terms of 
typical British ccst assumptions, ‘and if some general 
cost estimates had been given in Table 15. 

The British ruclear power scheme is based on 
graphite rather than D,O as the moderator ; tens of 
thousands of tors will be required every year. An 
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-up-to-date survey of the manufacture and properties 
of this important material is given in-Chapter 2; it 
forms an excellent introduction to a little-known 
field. Incidentally, the units for Young’s modulus 
(in Table 9, p. 73) should be 10° Ib./sq. in. 

The use of liquid sodium and sodium—potassium as 
coolants is by now well established; Chapter 4 
(liquid metals) could therefore have been extended 
to give more details of modern practice. The reviewer 
agrees with the statement that the cleaning of large 
sodium plant by steam presents problems; he is, 

” however; concerned lest the reader be left with the 
impression that the alternative cleaning method 


described in some detail, namely, filling the plant - 


with liquid ammonia, is preferable. The complica- 
tions, costs and hazards involved in cleaning a large 
reactor with liquid ammonia are not likely to make 
this method attractive to the nuclear engmeer whose 
aim is to produce electricity cheaply and safely. The 
cost of a safe sodium—water heat exchanger is an 
-important item in estimating the. cost of electricity 
to be produced by a. sodium-cooled reactor; it is 
therefore felt that the relevant section (p. 156) treats 
the subject very lightly. 

Chapter 5 (engineering) iè confined to liquid metal 
pumps and heat transfer. The article by Barnes on 
liquid metal pumps is lucid but by now not com- 
prehensive. The designer is to-day faced with a 

- great variety of liquid metal pumps and is in need 
of a more critical survey of their relative advantages 
and applications. The account of mechanical pumps 
for a wide range of fluids (Ford) is methodical and 
gives an excellent classification of the multitude of 
specialized pumps which are at present bemg 
developed for nuclear plant applications. 

Of the papers on the topic of heat transfer, those 


by Roberts and by Lyon are in the nature of reviews, 


of the literature. M. A. Mikheyev et al. present heat 


transfer data for a number of molten metals flowing. 
inside a pipe of circular cross-section. They attribute . 


differences between experimental data and theories 
based on heat transfer-momentum transfer analogies 
(originally applied to liquid metals by Martinelli) to 
the fact that there is a conduction process super- 
imposed on the macroscopic mixing process in 
turbulent flow; while they claim good agreement” 
with a theory which takes account of this fact, they ~ 
do not give details of the theory. Experimental heat- 
transfer date for sodium and sodium—potassium, alloy 
are presented in a paper by W. B. Hall; quite close 
agreement with the Martinelli theory is found, but 
significant temperature variations around the circum- 
ference of a double annulus heat exchanger were 
detected. These unexpected, but important, results 
are attributed to quite small variations in the width 
of the annuli, and an approximate theory of the 
effect is presented. 

The cooling system of the Saclay Pile is described 
in & paper by J. Yvon. The author goes on to discuss 
the prospects for gas cooling in future reactors ; 
unfortunately the treatment is sketchy, and the 
conclusions, so far as the choice of optimum coolant 
temperature is concerned, appear to be incorrect. 

A number of excellent articles deal with reactor 
chemistry and corrosion, entirely concerned, how- 
ever, with aqueous and liquid metal systems. The 
chemical problems of gas-cooled reactors are much 
sumpler—a fact which weighed heavily in the choice 
of reactors for the British power programme—and it 
is hoped that they will be discussed in a subsequent 
volume. 
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Developments of nuclear technology -have far- ., 
reaching effects well outside their’ immediate field of - 
application ; the present voluriie will, therefore, be 
useful not only to those directly concerned with nuclear. 
engineering, but also to those who wish to be kept 
informed on the progress of a rapidly expanding 
industry. H. KRONBERGER 


ELECTRICAL FISHING IN 
GERMANY . 


Handbuch ‘der Binnenfischerei Mitteleuropas 
Herausgegeben von Dr. R. Demoll und Dr. H. Ny - 
Maier. Ergänzungsband zu Band 5, Lieferung 3: 
Die Elektrofischerei. Von H. W. Denzer. Pp. viii+ 
141-234, (Stuttgart: E. Schweizerbart’sche Verlags- 
buchhandlung (Nägele u. Obermiller), 1956.) 30 D.M. 


APERS on electrical fishing have been appearing 

in many languages for the past thirty years; but 

Dr. H. W. Denzer’s monograph is the first practical 
manual on the subject. Individual aspects of the 
thé electro- 
physiological basis is familiar if not complete, the 
reactions of fish to definite electric fields have been 
investigated repeatedly m connexion with the design 
of electrified screens to restrict their movements, and 


` the purely physical and engineering problems may . 


be regarded as settled. Unfortunately, the abundant 
literature has never been of any noticeable help ın 
the actual capture of fish, for the published accounts 
are almost always written either by scientists who 
are not fishermen, or by fishermen who are not 
scientists. Consequently, while many papers deal 
with exact experiments in conditions not found in 
Nature, the rest are concerned with practical appli- 


cations in partly specified circumstances, and the 


result is @ mass of contradictory statements which, 
may all be true in special cases. - 

Dr. Denzer covers the subject from its physio- 
logical basis to its admunistrative control, and has 
assembled into a singlè treatise the information dis- F 
seminated through: a vast range of more or less 
inaccessible journals of varying authority. He starts 
by explaining the concept of\hody-voltage, and the 
different degrees of reaction recognizable as this is 
inereased or modulated, and goes on to discuss the 
effect of water conductivity on the distribution of 
the electric field in and around the fish, and the 
variations found in typical streams. There follow 
an analysis of the practical requirements for catching 
fish, and the German regulations governing the con- 
struction and use of the apparatus. The application 
of electrical methods and the techniques to be used 
in different conditions are treated in some detail, 
and descriptions and illustrations provided of various 
generating units and electrodes employed i in Germany 
and Switzerland. 

It is a pity, though very natural, that the book 
should be so exclusively addressed to a German 
audience. It is virtually free from any foreign 
influence; the extensive Japanese hterature does 
not appear in the bibliography, and though a very 
few of the American papers are listed, they seem to 
be unfamiliar—the names of Haskell and McMillan, 
for example, are given as Hassell and Millan. This 
may well be due to the German prohibition of the 
use of alternating current for fishing, but it results 
in @ serious lacuna, and denies ‘the book the title of 


- ` » 


No 4558 March 9, 1957 

a comprehehsive treatise. In general, the author 

‘seems to be ‘most ‘confident when dealing with 
laboratory ,conditions ; he does not follow up, his 
dissertation on watér conductivity by explaining its 
correlation: with the power demand and the extent 
of the effective fishing field or the relationship 
between anode and cathode sizes, which are all 
fundamental in. practice. 

To sum up, Dr. Denzer has written a useful book, 
which will save those interested a great deal of time 
spent in the study of useless papers, and although it 
cannot be regarded as complete, it is a distinct 
achievement to have compiled such an account, 
while 1ts shortcomings are such that they may be 
excused in & pioneer. W. G. HARTLEY 


NEANDERTHAL MAN 


Les Néandertháliens . 

Anatomie, Physiologie, Comparaisons. Par- Etienne 

Patte. Pp. 560. (Paris: Masson et Cie, 1955.) 
_ 5000 francs. È 


N tho summer of last year an mteresting con- 
ference was held at Dusseldorf to celebrate the 
centenary of the discovery of the remains of Nean- 
derthal man. in a near-by cave. Although the con- 
` ference received little attention in the scientific press, 
it was a worthy occasion in the history of palzo- 
anthropology. For the discovery which it com- 
memorated was the first which led to the recognition 
that physical types of humanity existed in the past 
which were very different from those which live in 
modern days. At the time of the original discovery 
in 1856, the Neanderthal skull aroused controversies 
which to-day seem to have been unnecessarily 
acrimonious, but then such controversies always do 


seem. (and, because of the hidden emotions engen- 


dered, perhaps always will be) the fate of discoveries 
of early man or his progenitors. Since Neanderthal 

man came to light near Düsseldorf, many other 
rétnains of the same physical type have been found 
elsewhere, and together (in spite of local variations) 
they show a rather remarkable uniformity in their 
basic characters. Perhaps more has been written and 
speculated about Neanderthal man than any other 
Paleolithic type, and there is no reason to suppose 
that the last word on his origin and fate has yet 
been pronounced, 

The publication of Dr. E. Patte’s book in the cen- 
tenary year of the Dusseldorf discovery is opportune, 
but it is disappointing that it adds nothmg new, 
either in analysis of structural features or in their 
interpretation in terms of function and evolutionary 
relationships. It 1s, in fact, a compilation, and a far 
from complete one at that. But the author shows a 
welcome sense of proportion when he comes to deal 
with certain speculations which have in some text- 
books gradually transformed themselves mto state- 

„ments of fact. He rightly discredits the rash inferences 
which from time to time have been made from a 
study of endocranial casts, and he finds no reason to 
accept the suggestion that “Neanderthal man walked 
with a peculiar gait which 1s so often depicted in 
illustrations. Here he directs attention, to the rather 
remarkable, but not uncommon, fallacy of coniparing 
fossil skeletal remains only with the skeletal features 
of the European, with the underlying assumption 
that the latter can be accepted as a representative 
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sample of modera man as whole. But, as Dr. 

Patte remarks in reference to the subject of his 
monograph, “Il n'avait pas une démarche de Parisien, 
mais il n’y a pas que des Parisiens sur terre’. It is 
curious that in his list of references the author does 
not include the important work of G. M. Morant or 
Clark Howell, fo? this, (together with more recent 


_ studies, such as those of Fusté) has provided some of 
“the most suggestive evidence for the theory that 


Neanderthal man. at any rate in the later stages of 
his evolutionary development, was a> distinct and 
somewhat aberramt ramification of the genus Homo. 
Indeed, it is commonly accepted that he represents 
& separate species, Homo neanderthalensis. Whether 


` this specific distinction is really warranted will prob- 


-ably only be’ detarmined with the accumulation of 
still more skeletal remains, but at least it gives 
expression to what even now seems reasonably 
certain, that the extreme type of Neanderthal man 
of later Palxolithic date was a divergent type which 
became extinct aad had no ancestral relationship to 
Homo sapiens. W. E. Le Gros CLARK 


TECHNOLOGY OF THIN FILMS 


Vacuum Deposit on of Thin Films 
By L. Holland. Pp. xix-4+-542+25 plates. (London : 
Chapman and Hall, Ltd., 1956.) 70s. net. 


N his preface, the author remarks that in this book 

he has attempted to fill the deficiency existing 
with regard to a survey of developments in the 
subject since 1946. After perusal, the reader will 
surely agree with Prof. S. Tolansky, who writes in 
the foreword that “As far as I know there is no other 
text which approaches this subject in so useful a 
technological manner. There are many papers, many 
articles, and much tradition. Here we have for the 
first time an admirable summary of all of this 
accumulated experience brought together by an 
_experimenter only too familiar with the many 
pitfalls”. - 

‘Lhe author has a wealth of experierice in the field 
of vacuum technique, a fact which is very evident 
from many persenal comments he has mterspersed 
The reader 
is assumed to have a basic grounding in high-vacuum 
procedure. As a consequence, this well-established 
branch of physics is discussed only when pertinent 
to evaporation and sputtering equipment. 

The presentation of the large amount of material 
is conveniently classified under three main headings : 
evaporation in vacuo, cathodic sputtering, and the 
preparation of oxide films. A glance through the 
chapter titles shows how comprehensive is the treat- 
ment. The first īve chapters deal with evaporation - 
equipment, the degassing of plastic materials 4m 
vacuo, pre-evapcration cleanmg, and the emission 
characteristics of various vapour sources and film 
thickness distribution. Evaporation techniques for 


- alloy deposition are mentioned, followed by an 


interesting account of the growth and structure of 
vacuum-deposited films. 

“The ever-growing importance of thin films for 
electrical and optical applications makes the six 
chapters devoted to them especially welcome. 
Detailed descriptions are included of film thickness 
monitoring techmiques for multilayer interference 
films and the consrol of the transmussion wave-length 
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of Fabry-Perot interference filters. In connexion 
with aluminium, the physical conditions during 
evaporation are considered with respect to the form 
of the deposited film. Evaporated coatings on plastic 
materials and the deposition on lacquered com- 
ponents also receive comment, along with the highly 
important shadow-casting and _ surface-replication 
procedures. 


The section on cathodic sputtering is concisely ° 


written. The really salient features have been com- 
petently selected from the formidable amount of 
literature already existing on this phenomenon. Here 
again there is much of practical importance, though 
tempered with some theory. i 

The final part is very appropriate in view of the 
recent developments in optics involving the replace- 
ment of light-absorbing semi-transparent metal films 
with thin films of metal oxides, and the mnovation 
of semi-conducting metal oxide films with high 
transparency as heating elements on glass. Also 
included are the preparation and properties of a 
variety of oxide films. 

An extremely useful appendix lists the deposition 
characteristics and refractive indices of a range of 
inorganic compounds relevant to thin film formation 
by evaporation or sputtering schedules. The text is 
liberally provided with diagrams and references and 
contains a separate author- and subject-index. This 


is especially valuable in a work which will doubtless - 


find its major value as a source of reference for many 
years to come. Twenty-four pages of plates complete 
the book. They are beautifully produced and serve 
as an admirable conclusion. A. H. JARRETT 


THE HUMAN LYMPHATIC SYSTEM 


Lymphatics, Lymph and Lymphoid Tissue 
By Prof. Joseph Mendel Yoffey and Dr. Frederick 
Colin’ Courtice. Second edition. Pp. vii+510. 
(London: Edward Arnold (Publishers), Ltd., 1956.) 
60s. net. ge 
Taa book gives a critical review of the history 
and development of our knowledge concerning 
lymphatics, lymph and lymphoid tissue. The advances 
made in this field since Ludwig and his pupils first 
collected lymph a little less than a century ago is truly 
remarkable. i 
The early chapters give a full account of the 
arrangement and organization of the lymphatic 
system. The most important chapters are those 
dealing with the formation of lymph, lymph flow 
and lymph pressure. The controversy about the 
precise relationship between lymph and the inter- 
stitial fluid from which it arises is discussed in some 


detail. The authors give their own views on these, 


problems and state that the main purpose of the 
lymphatics 1s to return to the blood stream the large 
protein molecules which pass from the blood capil- 
laries into the tissue spaces. A comprehensive survey 
of the architecture of the capillary bed, the exchange 
of protems through the capillary membrane and 
capillary pressure is given, and the differences 
between the blood capillary membrane and the 
membrane of the lymphatics are discussed. The 
authors conclude that, “The difference between the 
two membranes is that while one in offering resistance 
to the large protein molecules is affected by their 
osmotic force, the other in readily allowing the 
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passage of such molecules is only affected by the 
gradient of hydrostatic pressure”. 

The final chapter gives some details of such dis- 
orders of fimetion of the lymphatic system as cir- 
culating œdema, hunger edema, reaction to injury, 
lymphatic obstruction and lymphatics in the spread 
of infection. The book is not only a review of the 
work that has been done by others but also gives the 
conclusions reached by the authors as the result of 
their own investigations into the many aspects of the 
subject of lymphatics. An extensive and valuable 
bibliography is given at the end of each chapter. > 

The obvious conclusion to be drawn from reading 


~ the book is that it is an absolute necessity to all who 
“ are interested in the investigation of the lymphatic 


system. W. J. Hamitron 


ZOOLOGY EXPANDS 


The Zoological Record, Vol. 90 

Being the Records of Zoological Literature relating 
chiefly to the year 1953. Edited by G. Burder 
Stratton. Pp. 1750. (London: Zoological Society 
of London, 1956.) 120s. 


HE present volume, relating mainly to zoological 

literature published in 1953, shows an increase 
of three hundred pages on the previous year. Part of 
this increase is the result of including the sections 
on Vermes and Trilobita, which were omitted last 
year; but excluding this the over-all figures indicate 
a rise of approximately 10 per cent in the number 
of zoological publications between 1952 and 1953. 
There is good evidence in support of the view that 
this growth of interest in zoology is continuing, for 
the sectional parts dealing with the literature for 
1954 are larger than those for 1953, though the 
increment is not as great as was that of the previous 
year. 

It should be emphasized that the sections of the 
“Zoological Record” are published separately as soon 
as they are ready for the press, in many cases more 
than a year before the bound volume is available. 
For example, the literature for 1954 is already avail- 
able in sectional parts for most groups of the animal 
kingdom. Some groups present greater difficulties 
of recording than others, and the compilers of the 
various sections receive such slight remuneration 
that their work must be regarded as largely voluntary, 
so that the results are all the more commendable, 

The difficulties of compiling a record of this kind 
with its lists of titles in all languages, apart from the 
classification of the information, can scarcely be 
over-estimated, and the editor and recorders of 
sections are to be congratulated on the issue of the 
majority of the sectional parts within two to three 
years of the publications to which they refer. 

The sections give some indication of the activities 
in the various groups of the animal kingdom and, as 
usual, Insecta, with 4,024 titles, is by far the largest 
and comprises nearly one-third of the whole volume. 
Among the other sections, Aves still remains the 
most popular group, especially among the amateur 
zoologists, followed in descending order by Mammalia, 
Vermes, Protozoa, Mollusca, Pisces, Arachnida, 
Crustacea, Amphibia, Reptila, Comprehensive Zoo- 
logy, Echinoderma, Coelenterata, Brachiopoda, 
Trilobita (for 1952), Bryozoa, Protochordata and. 
Porifera. Finally, there is @ list of the new generic 
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and subgeneric names recorded in the volume, 
comprising the rather surprisingly high number 
of 1,602 new names. Whereas Insecta again heads 
the list with 836, more than half the total, here 
the position of Aves is reversed,‘as it is near 
the bottom of the list with only seven new names. 
The last new generic name is the enigmatical word 
Zyx, which seems bound to remain at the bottom of 
any alphabetical list. 

It is rather unfortunate that the literature relating 
to Vermes for 1952 and to Trilobita for 1953 is not 
yet available, but it is hoped to publish these sections 
in @ later volume. However, this is only a minor 
defect, and zoologists throughout the world owe a 
great debt to all those who have helped to compile 
this invaluable publication. EDWARD HINDIE 


No. 4558 


PLASTIC METHODS OF 
STRUCTURAL ANALYSIS 


The Plastic Methods of Structural Analysis 
By Prof. B. G. Neal. Pp. xi+353. (London: Chap- 
man and Hall, Ltd., 1956.) 45s. net. 


ROF. B. G. NEAL’S name is well known to those 

who have followed the development of the 
‘plastic method’ of design and analysis. He has been 
one of the famous Cambridge team, and a book from 
his pen on this subject is welcome. The text 1s 
pleasant and readable m lay-out—an important 
virtue—and the author resists-the temptation to 
which so many writers on structures fall a victim: 
that of going back to the beginning, and laboriously 
taking the reader, once again, through the elementary 
principles. Prof. Neal plunges straight into his 
subject, and writes in a style which is crisp and to 
the point. He avoids the disease of the single- 
sentence paragraph which afflicts much writing on 
technology to-day. 

The book, although eminently readable and par- 
ticularly suitable for the library of the senior student 
of civil engineering, is nevertheless a serious and 
critical survey of this approach to the analysis and 
design of statically indeterminate structures. The 
plastic method is certain, in the end, to displace 
elastic analysis; but, judging by the fate of some 
new ideas in engineering, the period of gestation may 
well be long. It is particularly valuable, therefore, 
to find, in the first four chapters, a succinct survey 
of basic theorems and general methods of plastic 
design. The professional engineer, as well as the 
undergraduate, can well understand the procedures 
described—so much simpler than the complex 
analyses for elastic frames of high redundancy. 

The final four chapters deal with deflexion, 
minimum-weight design and repeated loading, and 
with the factors which affect the value of the fully 
plastic moment. The student of the subject can well 
expect, from these chapters, to be led to understand 
the latest developments. The difficult problems 
presented by multi-story, multi-bay frames could 
well have been elaborated, and the excellent index 
does not contain the word ‘joint’. Yet the design of 
the joints in a redundant. structure is of vital sig- 
nificance if the structure is to behave as postulated 
and not to show premature collapse by reason of 
shear failure of the joints themselves. 

Two of the attractive features of the book occur 
at the end of each chapter, where the comprehensive 


NATURE 


503 


lists of references will delight the serious student of 
the subject. The numerous numerical exercises will, 
similarly, attract the student working for exam- 
mations. The contents of the book represent the 
distilled experience of one of the engineers who have 
developed this British method of analysis and design, 
and the matter is the stuff of the future. It cannot 
be neglected by the young engineer, who is fortunate 
in having at his disposal such a clear and readable 
exposition. W. F. Cassrm 


PROGF.ESS IN CHEMICAL 
ENGINEERING 


Advances in Chemical Engineering 

Edited by Thomas B. Drew and John W. Hoopes, 
Jr. Vol. l. Pp. x+448. (New York: Academic 
Press, Inc. ; London’; Academic Books, Ltd., 1956.) 
10 dollars; 80s. 


HIS is the ärst of a series of volumes giving 

up-to-date critical summaries of work in fields 
of chemical engineering where advances have been 
rapid in the past few years. Although some of the 
topics are of wide interest, others will appeal only to 
small groups and could probably have been better 
covered by a series of monographs. The individual 
contributors are all experts in their particular fields, 
but in some cases do not show the familiarity one 
would expect with work carried out in Great Britain 
and elsewhere in Europe. 

The first chapter, on the boiling of liquids, begins 

with a comprehensive account of the phenomena 
associated with boiling on a submerged surface, and 
the differences besween nucleate, transitional and film 
boiling are clearly illustrated by æ series of photo- 
graphs. Theoretical and empirical relationships for 
heat transfer under nucleate conditions are discussed 
and a detailed theoretical treatment of the nucleation 
process is given. Many of the expressions are, how- 
ever, difficult to apply because a number of the 
factors which determine the nature of the surface 
defy quantitative definition. The chapter would 
have been strengthened by a discussion of boiling 
in long tube eveporators, and of heat transfer at 
very low temperatures to materials such as liquid 
air. 
The classification and a general summary of the 
properties of nor-Newtonian fluids form a valuable 
introduction to the second chapter, which then con- 
tinues with an account of the methods of calculating 
the pressure drop arising from the flow of a suspension 
in a pipe. Reference is made to the phenomenon 
noted by a number ‘of workers—that the pressure 
drop for the flow of a suspension is sometimes less 
than that for the flow of the liquid alone. Possible 
explanations are given, first in terms of slip at the 
walls of the tube, and secondly by considering the 
difference in the structure of turbulence in a homo- 
geneous fluid and a suspension. Among other features 
referred to are she problems of mixing and heat 
transfer to suspensions, and the chapter concludes 
with a descriptior. of some of the methods of measur- 
ing physical properties. z 

The theory of diffusion is treated in the following 
chapter at a level which will be beyond most prac- 
tising chemical engineers. Relations are given for 
mass transfer in flowing systems for both binary and 
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multicomponent mixtures of gases and liquids. A 
number of useful solutions for the diffusion equations 
for steady and unsteady states are given, and atten- 
tion is paid to systems in which Fick’s Law is not 
applicable, and to mass transfer accompanied by 
chemical reaction. 

The chapter on turbulence will be of considerable 
interest to those concerned with heat and mass 
transfer in turbulent systems. It’ starts with a 
summary of the theory of turbulence and then deals 
with a wide range of applications. It is followed by 
a chapter on mechanically aided liquid extraction 
which refers to the many recent developments in 
this field, including the use of agitated vessels, 
packed columns, pulsed columns and centrifugal 
extractors. 

The final two chapters are likely to be of much 
less general interest to chemical engineers. The first 
deals with the the use of automatic computers in the 
control and planning of manufacturing operations, 
and fields well outside what is generally understood 
as chemical engineering are entered. The volume 
concludes with a discussion of the use of ionizing 
radiations for the initiation of chemical reactions and. 
for the sterilization of foodstuffs. 

J. F. RICHARDSON 


MECHANICAL VIBRATIONS 


Mechanical Vibrations 

By Prof. J. P. Den Hartog. Fourth edition. Pp. 
xii 4-436. (London: McGraw-Hill Publishing Com- 
pany, Ltd., 1956.) 67s. 6d. 3 


Practical Solution of Torsional Vibration Problems 
With Examples from Marine, Electrical, Aeronautical, 
and Automobile Engineering Practice. By Dr. W. 
Ker Wilson. Vol.‘1: Frequency Calculations. Third 
edition, revised. Pp. xxxii+704. (London: Chap- 
man and Hall, Ltd., 1956.) 105s. net. 


Rayleigh’s Principle and Its Applications to Engin- 
eering 

The Theory and-Practice of the Energy Method for 

the Approximate Determination of Critical Loads 

and Speeds. By Dr. G. Temple and Dr. W. G. 

Bickley. Pp. vi+154. (New York: Dover Pub- 

lications, Inc., 1956.) 1.50 dollars. 


ECHANICAL engineers who are interested in 
vibration will be quite familiar with Prof. J. P. 
Den ‘Hartog’s book. It has been required reading for 
years, and is one of the few really first-class engineer- 
ing text-books that are a pleasure to read. Its author 
obviously enjoys writing books and clearly means 
his readers to enjoy reading them. ` 
The layout of “Mechanical Vibrations” remains 
the same in this, its fourth edition. That is to say, 
it contains eight chapters which deal with kinematics 
of vibration, systems with one degree of freedom, 
systems with two degrees of freedom, many degrees 
of freedom, multicylinder engines, rotdting mach- 
inery, self-excited vibration and, finally, systems with 
variable or non-linear characteristics. These subjects 
are covered lucidly and thoroughly and the book’s 
essential freedom from mathematical sophistication 
is preserved. 
Although changes have been made in every chapter, 
the most obvious differences appear in the last two. 
These now contain néw material, with interesting 
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discussions of problems that have come to light in 
the past ten years. These treatments of self-excited 
vibration and of systems with non-linear character- 
istics are very fine pieces of technical writing indeed. 
Apart from the new material in the text, more than 
a hundred extra examples (with answers) have been 
included. This does not mean that the book has 
merely been expanded; it has had a proper over- 


-haul and has, in fact, been shortened a little. 


This book is not primarily concerned with the 
mathematical theory of vibration. It is written for 
engineers who have practical problems to solve, and 
to them it can be recommended without reservation. 
This is engineering literature at its best. 

Dr. W. Ker Wilson’s book was first published in 
1935 and a second edition appeared in two volumes 
m 1940. The third (revised) edition is again in two 
volumes, of which the first is here under review. 
The book has been completely rewritten and is now 
arranged so that each volume is self-contained. As 
its title implies, this book deals with a particular 
type of vibration, and does so in a very down-to- 
earth fashion. The author has a gift for clear explana- 
tion and goes into great detail, so that, for those who 
have to solve torsional vibration problems, this is an 
extremely useful book. While it is undoubtedly 
important as a work of reference, however, it would 
scarcely serve as a text-book. For one thing, it is 
too limited in its scope and, for another, its price is 
too great. 

The chapters in the new first volume are devoted 
to the following topics: simple systems; frequency 
tabulations; muulti-mass systems; simple geared 
systems; more complicated geared systems ; 
coupling effects in geared systems; effective inertia 
method—concentrated mass systems; effective in- 
ertia method—distributed inertia systems; coupled 


‘torsional and flexural vibration in engine systems ; 


equivalent masses; equivalent shafts; official re- 
quirements relating to vibration. Those who are 
familiar with the book will realize that the layout 
differs quite radically from that of the previous 
edition. Clearly, a great deal of thought and labour 
has “been lavished on this rearrangement and the 
great value of the book has certainly been enhanced 
by it. l 

Those who are interested in the theory of vibration 
or in the subject of elastic stability will be glad of 
the renewed availability of the book by Drs. G. Temple 
and W. G. Bickley. For it, too, is well known. 
“Rayleigh’s Principle’ was originally published in, 
1933 by the Oxford University Press, but has been 
unobtainable for some years. Ib has now been issued 
by Dover Publications, Inc., as one of its series of 
inexpensive, but distimctly superior, ‘paperbacks’. 
Although this book is mathematically more demand- 
ing than the two mentioned above, the reference in 
its title to engineering applications is by no means 
out of place. The authors’ purpose is to present a 
fairly complete account of the principle and of the 
related theorems of Dunkerley and of Southwell. 
Ritz’s method 1s dealt with in an appendix. 

The Dover Company has done great service to 
scientists since the Second World War by making 
otherwise unobtainable books available ‘at com- 
petitive prices. At least so far as theoretical mechanics 
is concerned, the books that have been re-issued by 
this Company have all been extremely well chosen 
and that by Temple and Bickley is no exception. 

' R. E. D. Brsuor 
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The Modern Universe f 

By Dr. Raymond A. Lyttleton. Pp. 207+16-plates. 
(London: Hodder and Stoughton, Ltd., 1956.) 
16s. net. 


HIS survey of modern astronomy for ‘ordinary 

readers’ is an expanded version of the very 
successful talks that Dr. R. A. Lyttleton gave during 
1955 in the Television Service of the B.B.C. Lyttleton 
deserves great credit for discharging an obligation 
laid upon professional scientists to give some account 
of their stéwardship to such readers. His colleagues 
will admire his adroitness in conveying an astonishing 
amount of information with such lucidity and con- 
ciseness while forgoing all technicalities. They will 
also, almost certamly, commend his choice of topics. 
For his object is to deseribe recent progress and 
current problems, without forgetting how much of 
what is traditional knowledge to professionals is new 
to each fresh generation of readers. So he proceeds 
outwards from the Earth to the confines of the 
expanding universe with a wise adjustment of 
diminishing detail. He thus shows the variety and 
difficulty of problems on our astronomical doorstep 
before sketching some of the more general problems 
presented by the larger and remoter regions of the 
universe. Incidentally, one of our local astronomical 
problems to which Lyttleton gives particular atten- 
tion may soon become topical. A comet now 
approaching the Sun is expected to give the best 
opportunity for many years for studying the nature 
of such objects ; it will be of much interest to see if 
behaviour like that shown (p. 108) in sketches of 
Halley’s comet is confirmed with the use of modern 
telescopes. 

The book is splendidly Wustrated by astronomical 
photographs from the great observatories. As the 
reviewer has already found, 1t can be enthusiastically 
recommended to inquirers who ask quite literally for 
an introduction to ‘the modern universe’. 

W. H. McCrea 


Whitehead’s Philosophical Development 

A Critical History of the Background of Process and 
Reality. By Nathaniel Lawrence. Pp. xxi1+370. 
(Berkeley and Los Angeles: University of California 
Press; London: Cambridge University Press, 1956.) 
37s. 6d. 


HE urge to read books about books rather than 

to seek out the original sources is always with 
us. It is perhaps at its strongest when the fountain- 
head is not hard to find, but is hard to interpret. 
So it has always been with the philosophical 
writings of Alfred North Whitehead, from the 
appearance of his first major work in this field (1919) 
until well into the late nineteen-thirties and perhaps 
beyond. As Prof. N. Lawrence remarks, Whitehead’s 
epistemological development was not ‘linear’ ; 
might almost be described as following a kind of 
logarithmic spiral, spotlighting the omgm time and 
again at different orientations and distances. 

This, together with Whitehead’s individualistic 
type of vocabulary, has often been the near-despair 
of students, as indeed it was of the present reviewer 
some thirty years ago. Prof. Lawrence not only traces 
the path through such entities as ‘event-particles’, 
‘puncts’ and ‘rects’, but also brings the reader 
abreast of something like a clear image of the spatio- 
temporal relations as they gradually unfold in the 
master’s work. 
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There are paseages thus clarified which seem to be 
relevant to the sask of the present-day ‘directional 
biologist, in his rejection of too mechanical a view 
of the mind—bocy problem. Historically, and on the 
grand scale, Wh_tehead’s thought comes very close to 
that of Anaxagoras of Clozonomae in claiming for 
his Creator (or -od¢) not only supremacy as master- 
builder, but also’ as artist. F. I. G. Rawrans 


The Human Species 

A Biology of Man. By Anthony Barnett. (Pelican 
Book No. A341) Pp. xiii+351+32 plates. (Har- 
mondsworth, Mcdx.: Penguin Books, Ltd., 1957.) 5s. 


N view of its many publications over a number of 
years on spezialized biological subjects, it is sur- 
prising that no Eenguin Book has previously appeared 
addressed to ths general reader beginning the study 
of the biology cf man. The omission has now been 
remedied in a book which includes sections on 
heredity and reproduction, evidence and theories of 
evolution,- the races of man, eugenics, differences 
between men and women, the origins of man, his 
health and nurrition and his demography. The 
author has bencfited by help given by a number of 
distinguished biologists to produce a book of wide 
range which stil, fortunately, bears the design and 
imprint of one author. Errors are very few, although 
some sections receive superficial treatment while 
gathers are treated cavalierly. The scant reference to 
endocrine orgars is surprismg, while a chapter on 
health and disesse can scarcely claim to be complete 
without some reference to cancer. Thirty-two plates, 
many diagrams, an extensive bibliography and a 
well-devised incex add to the value of what should 

prove to be an»ther Penguin success. 

T. H., HAWKINS 


Diseases of Garden Plants 

By A. Beaumont. Pp. 152+16 plates. (London: 
W. H. and L. Cellingridge, Ltd. ; New York: Trans- 
atlantic Arts, Imc., 1956.) 25s. net. 


iae are probably few people better qualified 
to write this type of book than Mr. A. Beaumont, 
who has, for some thirty years, been advising growers 
on plant diseasss, first in South-West England and 
more recently in Lancashire and Yorkshire. A book 
such as this hae been needed for some time because, 
as the author points out, no book dealing with 
‘diseases of ornemental plants has been published in 
Britain since 196. Mr. Beaumont’s book deals with 
these diseases and with diseases of other garden 
plants. It is based on a‘series of articles which were 
published in the Gardeners’ Chronicle for the practical 
man whose knowledge of botany was expected to be 
slight. After two introductory and general chapters 
on the symptoms and control of plant diseases there 
follows a series of chapters on diseases of different 
groups of gardan plants. The symptoms of each 
disease are desccibed briefly and clearly and methods 
of controlling she disease are given when this is 
appropriate. A most attractive feature of-the book 
are the sixty-shree photographic illustrations of 
specific diseases ; these with very few exceptions are 
excellent. 

There are a few minor pomts which might be 
corrected in a urther edition, but they in no way 
detract from the value of the book, which is very 
well produced, :s reasonably priced and will be most 
useful to the practical man and to students of horti- 
culture and alld subjects. 
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than one-third of the Western world’s tea is 
made in India, where the Government has taken 
„steps to define this important export. The general 
definition? states that tea is made from “plants of 
the Camellia genus and Thea species”. Although this 
is not a proper botanical definition, it is adapted to 
the botanical uncertainties of the situation : it could 
be presumed to mean Camellia thea Dyer, an invalid 
name synonymous with Camellia sinensis (L.) O. 
Kuntze ; but it could also mean the several species 
in the Thea section of the genus Camellia. Both 
possibilities are of great interest. 

The question arises as to whether all the plants 
from which a product is manufactured and generally 
traded and accepted as ‘tea’ are identifiable with 
C. sinensis (L.) O. Kuntze. Among taxonomists the 
tea plant is commonly said to be O. sinensis, with 
the implication that ordinary tea (that is, ‘tea’ with- 
out any qualifying adjective as ‘Paraguay’, etc.) is 
made solely from that species. Such an understanding 
is a consequence of the classical source of tea in a 
plant defined as C..sinensis ; but it does not follow 
that all which is now accepted as tea can properly be 
identified with legitimate C. sinensis. By ‘accepted’ 
we mean accepted without question by professional 
tea tasters. 

If we reject the foregoing question, then we have 
to decide whether acceptable tea can be made from 
each of the plant species in the Thea section of the 
genus Camellia. 

Several authors?-4 have recognized various infra- 
specific categories of C. sinensis; but the only ones 
that have met with general acceptance are described 


by’ Kitamura’ as CO. sinensis var. sinensis (L.) and , 


CO. sinensis var. assamica (Masters).. Another species 
in the Thea section of the genus Camellia is C. 
taliensis W. W. Sm. A species allied to the latter, but 
quite distinct from O. sinensis, has been described by 
Barua! as O. irrawadiensis. This was originally dis- 
covered in association with village cultivated tea 
and has become known at Tocklai as ‘“Wilson’s 
Camellia’, from the name of the collector. Either 
Wilson’s Camellia or C. taliensis could be mistaken 
for C. sinensis by an uncritical observer. 

It is likely that C. talensis could “be used for the 
manufacture of acceptable tea; but we have not 
had the opportunity of experimenting with this 
species. On the other hand, by applying standard 
methods of manufacture to Wilson’s Camella, we 
made a product superficially indistinguishable from 
tea: this became one among many samples of a 
more usual nature sent to an experienced English 
taster under the sole designation of a set of random 
numbers. The dry ‘tea’ from Wilson’s Camellia was 
accepted at first sight, but when infused with boiling 
water, then the liquor was at once rejected; and this 
led to the comment that the product was spurious 
and could have value only as an adulterant of the 
dry substance sold in the market. 

Experimental F, hybrids of Wilson’s Camellia with 


C. sinensis var. assamica look like the latter. A- 


. characteristic red pigment of young leaves of Wilson’s 


EA is a very old and popular beverage. More, 
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Camellia disappears in many of the progeny and is 
visible as a seasonal phase in others. From the shoots 
of the hybrids it is possible to make a product that 
is not of the best quality, but which the taster accepts 
without question as tea. 

Such hybrids are not tea plants in the‘commonly 
understood sense of taxonomists. If they can be a 
useful source of dcceptable tea, then plant breeders 
could ignore téxonomic considerations, but might 
feel constrained by the restrictions inherent in the 
ambiguous phrase “Camellia genus and Thea species”. 

Leaves of Wilson’s Camellia differ from those of 
C. sinensis by the presence of numerous very distinct 
pelluc:d dots. The dots are less in the hybrid between 
the two taxa, and can be further reduced when the 
hybrid‘is back-crossed with O. sinensis (var. assamica). 
It is concluded that the presence of punctate in- 
dividuals among the offspring of presumptive C. 
sinensis plants is an indication of hybridization m 
earlier generations with C. irrawadiensis or with some 
other Camellia possessing similar punctations. 

Table ’1 gives the incidence of pellucid dots in 
material examined by us in 1956; so far as we are 
aware, these are the first data to follow Masters’s? 
original observations on the subject in 1844. 

In Wilson’s Camellia the dots are more or less 
evenly dispersed over the lamina; they can be seen 
distinctly with a hand lens. Those of F, hybrids 
may be seen better in one part of the leaf than 
another, or may be seen in only one part of the leaf, 
or may not be seen at all with a hand lens. In 
Wilson’s Camellia each dot indicates a sclereid that 
1s in close contact with both upper and lower 
epidermis; in C. sinensis this is a most unusual 
condition, and sclereids may be completely absent 
from the lamma. Hybrids possess sclereid inter- 
grades that give more or less indistinct dots. It was 
considered sufficient for our purpose to scrutinize the’ 
whole of a fresh leaf at a magnification of twenty 
diameters with powerful sub-stage illumination, and 
to assign the leaf subjectively to one of five grades of 


Table 1. PELLUCID PUNCTATIONS IN Leaves OF Camellia HYBRIDS 












































Punctation grades 
Nature and source of material a 
(class) ~ Ni 1,2 3 4 | Max. 

C. sinensis Var. assamica from 

Lushai Hills 73 2 3 2 0 0 
C. sinensis var. assamica from 

Naga Hills 60 0 0 0 0 0 
Southern race from Indo-China 60 0 0 0 Q 0 
C. sinensis var. sunensis from 

China 62 7 1 #O 0 0 
C. wrawadiensis from north 

Burma š 0 0 0 0 0 10 
Var. assamica plant ‘A’ 10 0 0 Q 0 0 
‘A’ x C. vrrawadiensis 9 3 3 3 12 0 
Var. assamica plant ‘B’ 9 1 0 0 0 0 
‘B’ x C. irrawadiensis 0 1 4 8 17 0 
Hybrid plant 0 0 8 2 6 0 
Var. assamica plant ‘C’ - 9 1 0 0 0 0 
Backcross Hybrid plant x ‘C’ | 24 5 1 0 0 0 
Cultivated plants 65 |43 16 12 14 0 
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“dot: incidence (punctation); a sixth. grade, with 


larger dots exceeding all others in number, was 
required solely for Wilson’s Camellia. Normally, ten 
leaves were taken from one plant, the number of 
-leaves being recorded in Table 1; thus the class 
totals for populations are ten times the number of 
¿plants examined, unless single plants are specified. 

In Grade 1 the dots are small and the whole lamina 
had to be examined before a few dots could be found. 

The var. sinensis material is from seed collected 
from a completely isolated population of bushes 
believed to have been established by the Government 
from imported seed about 1844 and considered by us 
to be typical; the variety (in this form) is no longer 
cultivated in Assam, though its genes have un- 
<doubtedly been introduced with varying frequency 
into predominantly var. assamica populations now in 
cultivation. In some of these populations some of 
the plants approach the typical var. sinensis; such 
‘rogues’ are commonly regarded as ‘China’ plants. 

To represent wild var. assamica we have used trees 
raised from seed. collected in the Lushai Hills (23-44° 
N., 93-30° E.) and trees that are the offspring of an 
orchard established from seed believed to have been 
collected in the Naga Hills in the region 26:45° N., 
94-40° E. 

The southern race is the offaprmg of plants raised 
from seed collected in Indo-China. It seems tax- 
onomically closer to var. assamica than to var. 
sinensis, but differs from the former in a seasonal 
development of blood-red pigment in the leaves. 

Camellia irrawadiensis was raised from seed col- 
lected in north Burma; only one plant exists in 
Tocklai. Pollen from this was used to breed hybrid 
progenies from which plants for the present investi- 
gation were taken at random. A plant from a much 
older set of similar hybrids had been crossed, not 
with a recurring parent, but with one taxonomically 
comparable with the orginal var. assamica parent ; 
this mating produced the F, progeny designated 
‘backcross’ in Table 1. 

Extensive replanting of Assam estates in recent 
years has given prominence to populations many of 
which are not recognizably different from wild var. 
assamica’. A large part of the replanted area was 
occupied originally by the very different cultivated 
plarits instanced in Table 1. Such plants are needed 
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Table 2. PELLUOID PUNOTATIONS RESULTING FROM A CROSS BE~ 
{WEEN THE ASSAM VARIETY AND THE CHINA VARIETY OF C. sinensis. 


Punctation grades 


Nature of material (class) Ia 
Var. assamica plana ‘D’ 0 
Var. sinensis plant ‘E’ 0 
Three plants from progeny D x 

E, ten leaves from each plant 0 
Further 20 plants from the 

same progeny, one leaf from 

each 0 











to make the rars and expensive teas of Darjeeling in 
north Bengal; they still constitute a large part of 
individual estates in Assam, where they probably 
account for 5-10 per cent of the-total area of tea . 
plantation. Thay are sometimes known as ‘China’ 
and sometimes as ‘China Hybrid’, the latter term 
implying a Chins plant that is larger than ‘real’ China 
because of a China x Assam ancestry. This supposed. 
origin does not agree with our ideas of taxonomy 
(Table 2), and the available evidence leads us to 
interpret this large and importent class of cultivated 
plants as species hybrids. Can they, in all circum- 
stances, be regarded as legal tea plants ? 

As soon as taxonomic research on the genus as a 
whole can provide -a background of knowledge 
appropriate to investigation of the cultivated crop, 
then this may be found much more complex than 
appears at the moment. The existing evidence, how- 
ever, is sufficiens to raise the question as to what is 
meant by the word ‘tea’ when used in the tea trade 
and industry ? “Must this word be restricted to one’ 
species ; could is include other species ; or should we 
admit that tea is made from Camellia sinensis (L.) 
O. Kuntze and ‘hybrids thereof ? 


1 Government of India. The Gazette of India (Extraordinary) 1955, 
23), 2107: Notification No. S.R.O. 2106, dated September 12, 
1955. 
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THE MIDLANDS EARTHQUAKE OF FEBRUARY II, 1957 


By Dr. A. T. J. DOLLAR 
Department. of Geology, Birkbeck College, University of London 


HE special interest of this earthquake lies in its 
indication ‘of further crustal stress-relief m a 
region of former repeated activity, in the large area 
of England and Wales which it disturbed, in its 
relatively high intensity over the epicentral region 
and in the degree of structural damage and examples 


of human injury which it caused. Also of interest is: 


the fact that the incidence of the main quake near a 
relatively quiet period in the middle of the afternoon, 
and that of the main after-shock at a time when 
many observers had gone to bed, but were not then 
asleep, has caused details to be appreciated and 


reported which otherwise might have passed un- 
noticed. 

In gathering non-instrumental information about 
the earthquake, once again the efficacy has been 
established of wide distribution of a short, simple 
questionnaire, combined with appeals through the 
Press and by radio broadcasts. The response to these 
requests has been very satisfactory, both as regards 
the quality and ihe number of reports received. 

The questionraire is that introduced by me in - 
June 1939, afte> testing and discarding two more. 
elaborate questicnnaires in the previous four years’. ~ 
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‘It consists of six questions on a stamped postcard ` 


r 


which the recipient is invited to completeʻand return 
as soon as possible. After giving style, name and 
address, the recipient is asked to state: (i) whether 
or’ not he or she felt the earthquake, and if so (ii) its 
estimated time of arrival, (iii) its duration and 
nature, (iv) its chief effects, (v) whether or-not any 
sound was noticed before, during or after the shock, 
and if so, (vi) the duration and character-of this 
sound. A space for supplementary notes is provided. 

This questionnaire has been distributed throughout 
England and Wales, including the Isle of Man and 
the Channel Islands, and southern Scotland, with an 
explanatory letter. Wherever possible, it has been 
sent to (i) people of known scientific training who 
are in touch with others of similar training, such as 
science teachers in schools and universities, workers 
in observatories and scientific research laboratories, 
engineers and medical practitioners ; (ii) those pro- 
fessionally concerned with timing and recording, such 
as postal, railway and airport officials ; (iii) respons- 
ible officers in the police and fire services ; (iv) senior 
officials in relatively quiet places, such as museums, 
public libraries, hospitals and banks. 

The data so collected constitute the main basis of 
the analysis, but appeals for information through 
letters to editors of periodicals, and through a short 
radio broadcast from the London Station of the 
British Broadcasting Corporation at 9.25 p.m. on 
February 12, have elicited much additional useful 
mformation. which is still arriving at the time of 
writing. 

After assigning intensities in accordance with the 
Davison Scale?, or the Modified Mercalli Scale’, and 
plotting them geographically, isoseismals will be 
drawn, the disturbed and meizoseismal areas de- 
limited, and conclusions drawn about the probable 
strike and hade of the originating fault, the likely 
position of the epicentre and the position and 
approximate horizontal length of the focus. Also, 
the boundary of the sound area will be sought, and 
isacoustic lines drawn, if information of suitable 
quality and abundance is available. 

A preliminary review of data already received 
through the British Earthquake Inquiry (an organ- 
ization established by me at Emmanuel College, 
Cambridge, in 1935; transferred to the University 
of Glasgow in 1939 and to the University of London 
ın 1950) shows that the main shock was felt most 
distinctly on February 11 at about 15h. 43m. G.M.T. 
in a region immediately north-west of Charnwood 
Forest between Derby, Nottingham and Leicester. 

So far, there is no clear indication of any fore- 
shock, but, on the other hand, there is abundant 
evidence of an after-shock on February 12 at about 
23h. 59m. 30s. e.x.T., which was felt not-only over 
a wide area of Derbyshire, Nottinghamshire and 
Leicestershire, but also as far east as Dereham and 
Gorleston in East Anglia, and possibly as far south 
as Crowborough, Sussex. To the west and north its 
limits are not so clear. 

Although the precise boundary of the disturbed 
area is ill-defined, as yet, available records indicate 
that it extends northwards to West Hartlepool, east- 
wards as far as Diss, southwards as far as Southamp- 
ton, and westwards as far as Aberystwyth. Single 
reports also suggest the quake was felt in Ambleside, 
and at Topsham, between Exeter and Exmouth. 

The first estimate of the area, disturbed, made in 
terms of data available on February 12, was about 
30,000 square miles, but reports which have arrived 
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since then suggest that the shaken area was more 
than twice that size. It will be noticed that this does 
not correspond to the area within isoseismal IV 
(Davison Scale) which was adopted by-Dr. C. Davison 


in comparing the sizes of regions disturbed by British 


earthquakes‘. - 
In the epicentral region, which includes Derby, 
Ilkeston, Nottingham, Melton Mowbray, Leicester, 
Loughborough, Coalville and Ashby-de-la-Zouch, thé 
damage to chimneys, masonry and brickwork indi- 
cates an intensity of VIII (Rossi-~Forel or Davison 
Scale), or VII (Modified Mercalli Scale). However, 
not’ enough data have yet been plotted to enable 
isoseismal VIL to be drawn with accuracy. Never- 
theless, a first approximation to this ellipse suggests 
that the difference in length between its major and 
minor axes is not likely to be great, and the inter- 
section of the axes is close to Diseworth, Leicester- 
shire, approximately 52° 48’ N., 01° 20’ W., at or near 
which town the epicentre may prove to be. A more 


exact determination must await a full plot of all 


avaiable estimates of intensity. 

A first analysis of available records shows that the 
main quake is reported by the majority of observers 
as having been felt on or near 15h. 43m. G.M.T., the 
range of estimated times lying between 15h. 40m. 
and 15h. 55m. a.m.t. The reported duration of the 
quake varies between 0-5 sec. and 60 sec., but is 
most commonly about 5 sec: 

In the majority of reports, observers appear to 
have noted evidence of only one main impulse. 
Nevertheless, two impulses are suggested by the 
account of a Loughborough signalman who compares 
the quake to the effect of “two explosions, separated 
by 3 seconds”, and this is substantiated by the “two 
bumps” felt by an observer at King’s Lynn, by the 
two distinct parts of a tremor, compared to that 
from a “far explosion” by an observer at Bedford, 
by the two shakes, separated by approximately one 
second, reported by an observer at Aylesbury, by 
the two distinct tremors noted by a Kidderminster 
observer and by the shake compared to “two claps 
of thunder, close together” by a Shrewsbury observer. 
Whether or not this indicates that the quake 
originated from-two detached foci it is too early to 
say. That is a possibility, however. 

In the epicentral region the main disturbance is 
compared to one produced by a collision between 
heavy vehicles, or between a locomotive and buffers, 
by the passage of @ loaded train or lorry, or by the 
derailment of a group of goods wagons. Others 
compare it to the result of an explosion, heavy 
bombing, gunfire, or the fall of a heavy object. 

It is in this region that a number of chimneys were 
thrown down, particularly in Loughborough and 
Derby. Also a stone cross, about 12 in. high and 
estimated to weigh 30 Ib., was dislodged from the 
top of the Loudoun Memorial at Ashby-de-la-Zouch, 
masonry from a chimney fell on the roof of the 
General Hospital at Loughborough, and a television 
aerial was thrown from a roof at Sneyd Green, Stoke- 
on-Trent. Floors were felt to heave and a cinema 
screen shook, in Nottingham, while plaster was 
thrown from ceilings in Loughborough and Burton- 
on-Trent, among other places. A roof shook strongly 


‘at Nuneaton. An unlatched door was opened about 


an inch, and closed again, at Narborough, while a 
closed door at Salford was opened by the shock. 
Doors and windows were rattled m Burton-on-Trent, 
cupboards made to creak in Steke-on-Trent, while 
at Derby, a chair, with the observer seated in it, was 
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shaken, and a table was moved in Retford. A bed 
was rocked at Church Warsop, crockery was rattled 
in Kidderminster, a substantial stone building was 
shaken at Grantham and curtain rails were vibrated 
in Aylesbury, as a result of the quake. 
The sounds associated with this main quake. are 
` reported by many observers to have been heard for 
about five seconds in the epicentral region, but 
durations of one second to seventy seconds have been 
mentioned. A first assessment of the evidence sug- 
gests that the sound-area extends at least as‘ far 
as Doncaster (and possibly. Preston) on the north, 
Oakham on the east, Nuneaton on the south and 
Shrewsbury and Chester on the west, but the boun- 
dary of this area cannot be determined until more of 
the available information has been plotted. 

Over a large part of this region there are reports 
that the sound was noticed at the same time as the 
shock; but observers in Stoke-on-Trent and Derby 
heard the sound before the arrival of the shock, an 
observer in Shrewsbury noticed the sound both 
before and at the time of the shock, observers in 
Loughborough and Nuneaton noticed the sound both 
during and after the passage of the shock, an observer 
near Mansfield reported that the sound followed the 
shock, and observers in both Leicester and Preston 
noticed that the sound preceded, coincided with and 
followed the shock. 

The sound has been compared to that of throbbing 
marine engines at Leicester, to a wind at Nottingham, 

‘to the rumble of a train or @ distant explosion at 
Derby, to that of heavy traffic at Castle Bromwich, 
to thunder’ at Stoke-on-Trent and Shrewsbury, to 
wagons in collision at Nuneaton, to low jet aircraft 
at Oakham, to a dull subterranean thud at Maccles- 
field, to heavy gunfire at Worksop and to a distant 
explosion at Sheffield. 

Underground, several thousand miners in the 
Leicestershire and Derbyshire coalfields were dis- 
turbed by the shock, and in some cases came to the 
surface on that account. In the workings, pit props 
were shaken, coal dust thrown into the air, and 
trolleys loaded with coal were rocked slightly on their 
rails. The accompanying sound was described as a 
deep rumble, or like that of a depth charge. 
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The after-shock, which was of less intensity than 


- the main quake, has been reported by relatively few 
observers. The time commonly mentioned is 23h. 
59m. G.M.T.; but the range extends between 23h. 
45m. G.M.t. on February 12 and 00h. 2m. @.M.T. on 
February"13. In available accounts there is nothing 
to suggest that more than one main impulse was 
involved in this disturbance. 

Among other effects, it caused beds to shake at 
Chapel-en-le-Frith, in Carlton, near Nottingham, at 
Dereham and at Uttoxeter, it shook a lodse door at 
Chapel-en-le-Frith and rattled windows at Carlton 
and Dereham. The duration of the shake is reported 
to have been about three seconds, with a range of 
between one second and six seconds. The accom- 
panying sound was compared to a gust of wind in 
trees at Chapel-en-le-Frith, and to that of an ex- 
plosion at Radcliffe-on-Trent. 

Instances of human injury due to an earthquake 
originating immediately beneath the British Isles are 
rare. Thus, about 18h. on April 6, 1580, an apprentice 
was killed in London by a stone dislodged from the 
top of Christ Church through an earthquake of 
intensity, VIII (Davison Seale)®, while at 10h. 35m. 
on April’ 30, 1921, a quake of mtensity IV (Davison 
Scale) caused the collapse of a bank of sand and 
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gravel near the golf course at Comrie, Perthshire, 
thereby nearly Surying a-passing girl’. The rarity 
of these occurrences, however, lends unusual sig- 
nificance to -the fact that the recent earthquakes 
caused severe had injuries to a four-year old boy 
due to a falling chimney stack in Markeaton Street, 
Derby, while at the same time his mother was cut on 
the ankle by debris from this stack, and a woman in 
Ilkeston was cus on one leg by a piece of chimney 
pot dislodged br the same quake. 

Known seism:c foci in the immediate vicinity of 
Derby fall into taree groups. There is a north-western 
group, entirely in Derbyshire, an eastern group in 
south-west Nottingham, and a south-eastern group, 
with some foci m north-west Leicestershire’. 

In the first group, the foci lying 11 miles west- 
north-west and 13 miles north-north-west of the 
centre of Derby. with epicentres 1 mile east of Ash- 
bourne and 3 mies west of Wirksworth; respectively, 
are particularly interesting as being the joint origins 
of the twin eartiquakes of 1903, 1904 and 1906, the 
first of which, on March 24 at 13h. 30m., nearly 
attained intensity VIII (Davison Scale). Here it may 
be remarked that, as yet, there is no unequivocal 
evidence to sugzest the present quake is a twin. 

With these twin foci may be associated the centre 
or centres: from which the tremors of Winster, 17 
milés north-nor-h-west of Derby, originated in 1952 
and 1954—if, ir fact, these disturbances were earth- 
quakes and not-mine shakes®. 


The second or eastern group includes foci beneath - 


or near Nottingham which were active in 1180 and 
1873, and at oz near Beeston which functioned in 
1857 and 1865. Charles Davison estimatéd that the 
oe queke of April 25, 1180, was of intensity 


It is to the third or south-eastern group that the 
focus of the recent quake is most likely to belong, as 
do those known Derbyshire foci which have been 
active since 1872. 

Of ‘previous 2arthquakes originating immediately 
south-east of Derby, that which occurred on Novem- 
ber 18, 1795, at. about 11h. 10m.—“‘the strongest of 
all recorded earthquakes in Derbyshire”, according 
to Davison—resembles the most recent one in a 
number of particulars, including its intensity (VIII, 
Davison Scale) end the area which ıt disturbed (about 
30,000 square miles). Unfortunately, the exact 
position of its focus is unknown. Prior to this, 
Derbyshire eartaquakes were recorded in 1084, 1678, 
1734, 1738, 1748, and afterwards, in` 1872. 

The most recent quake in the immediate viemity 


.of the present >ne is that of January 10, 1956, at 


08h. llm. öls. @.m.T., with a possible after-shock 
from the same ocality soon after 10h. G.m.r. on the 
same day, to which Mr. E. Tillotson assigns an 
epicentre near 52° 50’ N., 01° 25’ W. (that is, about 
six miles south—south-east of the centre of Derby) on 
the basis of instrumental evidence*. This determina- 
tion accords vith the available non-instrumental 
evidence. 

In connexion. with the date of the present earth- 
quake, it is noteworthy that the monthly variation 
in the frequency of British earthquakes between 
1750 and 1916 shows a minimum m February, as 
discussed by Davison!’ ; but for Scotland, over the 
period 1916-49. the nearest corresponding mmimum 
falls in April, ac discussed by me. 

The characteristics of this disturbance and its 
after-shock suggest that they are local British, 
tectonic earthquakes probably arising from motion 
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across & fault which cuts the Pre-Cambrian basement 
of the Derby—Loughborough district and possibly has 
a north-westerly strike. Since present non-instru- 
mental evidence suggests that the epicentre lies at 
or near Diseworth, but affords no indication of a 
likely depth’ for the focus, the main quake, and per- 
haps its after-shock of February 12, may have resulted 
from motion across a deep continuation of either the 
Breedon Fault or the Normanton Hills Fault'*, or poss- 
ibly a third fault which lies between them, completely 
hidden beneath Triassic deposits. 

_ The Breedon Fault, which occurs about three miles 
west of Diseworth, strikes between N. 318° E. and 
N. 344° E., and is known to cut Millstone Grit, but 
not the overlapping Triassic sediments. On the other 
hand, the Normanton Hills Fault, lymg some two 
miles north of Diseworth, appears to strike about 
N. 292° E. and cuts Lower Lias shales and limestones 
where it 1s exposed. This dislocation is believed to 
continue for a considerable distancesto the east. 
However, it is equally hkely that this quake and its 
after-shock were due to movements across a dis- 
location in the ancient basement which does not cut 
the overlying younger rocks at all. 
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Dr. J. von Neumann 


Jonn von Neumans was a remarkable man. 
Probably the most important of all his qualities 
were the accuracy and speed of his thinking, whether 
in a difficult mathematical argument or on a major 
policy point affecting the allocation of enormous 
research resources. Primarily he was a pure mathe- 
matician, interested in the theory of groups, matrices 
and operators, but he had great facility in many 
branches of mathematics. His book on ‘‘Quanten- 
mechanik”, published in- 1932, was a notable 
exposition of the mathematical logic of the theory. 
Another book, “Ihe Theory of Games and Economic 
Behaviour”, written in collaboration with the dis- 
tinguished economist, Oskar Morgenstern, and first 
published in 1944, gave von Neumann the oppor- 
tunity to display his powers in combinatory 
analysis, 

When the scientific strength of the United States 
was being mobilized in the Second World War, von 
Neumann soon played a prominent part. He began 
-to work on thé motion of compressible fluids caused 
by explosions. He gave the solution of the point 
source explosion, obtained independently by G. I. 
Taylor, and he made important contributions to the 
theories of detonation and of the motion of the triple 
point in air blast. After only a few months, this 
great pure mathematician was discussing and planning 
experiments with his new colleagues, and his sug- 
gestions always commanded attention. 

As soon as scientific work began at Los Alamos, 
von Neumann was brought in as a consultant. For 
the rest of his life, he paid frequent visits to Los 
Alamos and few had such a decisive influence as he. 
At Los Alamos, von Neumann realized from the 
start the importance of machine calculation, and his 
interest in electronic digital computers received an 
impetus which lasted through the post-war years. 
With several collaborators, he went deeply mto the 
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The main quake was recorded on the seismographs 
at Durham, Cambridge, South Kensington, Kew, 
Dorking and Dublin, but apparently not in readable 
form at Aberdeen, Edinburgh or Bidston. From pre- 
liminary studies of available sewsmograms, Mr. E, 
Tillotson suggests an epicentre at 52° 52’ N., 01° 21’ 
W., that is, about 7-5 miles north-east of Ashby-de- 
la-Zouch, and an mitial time of 15h. 43m. 00s. at a 
focus perhaps six to eight miles below the surface. 
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mathematical logic of the computers, and even 
though the machine built under his guidance at the 
Institute for Advanced Study at Princeton was sur- 
passed by other machines in the United States, von 
Neumann continued to be one of the leaders of 
thought on such machines. 

The United States Atomic Energy Commission 
found him to be one of its most valuable consultants. 
He served on the General Advisory Committee and 
he continued to play a leading part among all the 
consultants in influencing the scientific work of the 
Commission. Finally, in 1955, he became a com- 
missioner. ý 

His tragic death on February 8 at the early age of 
fifty-four is a grievous loss to American science. 
Like Enrico Fermi, he was a victim of cancer. He 
is deeply mourned by many, and those who knew 
him will never forget his brilliance, his common 
sense, his loyalty and his sense of humour. ' 

W. G. PENNEY 
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The Marchese Solari 


“Tue Marchese Luigi Solari, an early associate 
and life-long friend of Marcom, died in Rome on 
February 6 at the age of eighty-three after a long 
illness. 

As an officer of the Italian Navy, the Marchese 
Solari was associated with Marconi’s early demon- 
strations of wireless telegraphy on board Italian 
warships in 1897, and the two men became close 
friends. When the Italian Government put the war- 
ship Carlo Alberto at Marconi’s disposal in 1902 for 
the furtherance, of his investigations into the propa- 
gation of wireless waves, the Marchese Solari accom- 
panied Marconi as the officer in charge of the vessel’s 
wireless telegraph station. 

Shortly -after his retirement from the Navy he 
became manager of the Italian branch of Marconi’s 
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Wireless Telegraph Company, Ltd.; in 1927 he was 
appointed managmg director and general manager of 
the Societa Italiana Radio Marittima, the posts which 
he held until his retirement. 


Mr. James Wright 


Mr. James Wricur, who died suddenly at his 
Edinburgh home on January 28, was born in Kirk- 
caldy, Fife, and educated locally. His father, besides 
being a keen amateur astronomer with an observatory 
in his garden, was terested m science generally and 
gave intelligent encouragement to his son’s geological 
interests. As a young man, Wright, with Robert 
Dunlop of Dunfermline, John Smith of Dalry and 
J. L. Begg of Glasgow, joined a group of amateur 
geologists who used to rise in the small hours to 
follow their hobby before going to work, and the 
splendid foreshore exposures of carboniferous rocks 
in Fife led him to study the Crinoidea. He was 
encouraged by the late Dr. F. A. Bather, and his first 
paper was published by the Edmburgh Geological 
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Technology 


Tux urgent demands of the national economy for 
technologists in great numbers and of the highest 
calibre has placed the reform and expansion of 
scientific and technological education at all levels 
from school to university among the most pressing 
and vital issues of domestic pohcy in Britain to-day. 
That the educational system has for so long occupied 
the attention of successive Governments and occa- 
sioned the deliberations of numerous committees 
of inquiry, and the great volume of debate in the 
Press and other organs of public opinion, testifies 
both to the gravity of the situation and the funda- 
mental nature of the measures called for. No facile 
solution to the complex of problems presented by 
the national shortage of technologists is going to be 
found, and contmual cross-fertilization of ideas 
between mdustry and the world of education will 
be required if an adequate rate of progress is to be 
maintained. It is very encouraging and - timely, 
therefore, that Technology, a new monthly review of 
training and education for industry published by 
Phe Times (pp. 40; 1s. monthly), should appear at 
this juncture. The leading article m the first issue 
states that “one of the chief aims of The Times, in 
publishing Technology, 18 to provide a platform from 
which industrialists may declare their needs to the 
public, to Ministers, and to university professors, 
technical college heads and schoolmasters and 
mistresses. In this way, Technology will seek to make 
plam what industry wants from the educational 
system and where it is dissatisfied. But,’ the leader 
continues, “science is a sovereign state, and teachmg 
18 an art, and the education of the minds and char- 
acters of young people must be left to those whose 
skil it is. Technology offers an equal platform to 
the teacher”. = 

The first issue of Technology, which appeared on 
March 4, includes a number of meisive and authorita- 
tive articles by emment industrialists, technologists 
and teachers. Sir Frederick Handley Page and Dr. 
Willis Jackson discuss education and training for, 
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Society ın 1912 He had ın all more than thirty 
papers to his name, the most considerable being a 
review of the Scottish carboniferous Crinoidea (Trans. 
Roy. Soc. Edin., 1939). His monograph of the British 
Carboniferous Crinoidea, published by the Paleonto- 
graphical Society with 83 plates, was nearly com- 
pleted at the time of his death. : 

With opportunities limited by a full-time business 
career, Wright made himself a world authority in his 
field, respected by professional workers in all coun- 
tries. Hus collection, which is bequeathed to the 


_Royal Scottish Museum, far exceeds in quality all 


others of similar scope, not least because of his 
exquisite skill as a preparator of fossils in intractable 
matrices. He was honoured by the Geological 
Societies of Lordon (Wollaston Fund, 1928 ; Worth 
Award, 1956) and Edmburgh (Clough Medal, 1945- 
46) and by the Royal Society of Edinburgh (Neill 
Prize, 1939). He will be missed not only as the only 
British worker in his field, but also as a wise, 
humorous and generous host and friend. 
R. V. MELVILLE 
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careers in the aircraft and electrical engineering 
industries respectively, and Mr. Hugh A. Warren 
describes the French system of centres d apprentissage. 
An article by Prof. P. Sargant Florence exammes 
the question of education for management, and Dr. 
D. J. Urquhart reviews the problems arising m the 
provision of likraries for technical colleges. There 
are articles on the use of computing machines in 
planning for the petroleum industry by D. A. Glen, 
and on liquid-metal pumps m the nuclear power 
industry by Pref. G. H- Rawcliffe. There are rtems 
of news and comment, includmg reviews of the work 
and organization of six of the designated Colleges of 
Advanced Tecknology, of the shortage of women 
technologists and of current technical developments 
in America. The first issue contains a fully fledged 
column of Letters to the Editor, reviews of books, 
plays, films and television. An admurably mformal 
and lucid style 1s maintamed throughout. Even in 
these days, when the prolferation of journals offers 
a severe tax on the time of any reader who endeavours 
to remain well informed on matters of public policy, 
the pubheation of Technology will be very widely 
welcomed as the answer to a genume need in the 
present situation. One may look forward to important 
contributions ir. the definition of problems and the 
formulation of solutions from this new review. 


Royal Society of Edinburgh: Prize Awards 


Tue Council of the Royal Society of Edmburgh 
has made the following prize awards: Gunning 
Victoria Jubilee Prize for the-period 1952-56 to Dr. 
H. W. Melville, for his distinguished contributions to 
reaction kinetics and the physics and chemistry of 
high polymers ; Makdougall-Brisbane Prize (1954-56) 
to Prof. C. M. Yonge, for his paper m the Proceedings 
during the period of award and im recognition of his 
many valuable contributions to marine zoology ; 
James -Scott Pr-ze (1957), to Dr. C. D. Broad for a 
lecture which will be given on November 11, 1957, 
on ‘Some Remarks on Change, Continuity, and Dis- 
contmuity”. The Bruce Preller Lecture (1957) 18 to 
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, be delivered by Dr. Martin Ryle on some aspect of 
radio astronomy ; it will be given_on February 3, 
1958. 


„Organiċ Chemistry in the University of Liverpool : 
RE Prof. A. Robertson, F.R.S. 


Pror. Robertson’s retirement from the Heath 
Harrison chair of organic chemistry in the University 
of Liverpool leaves a big gap in the ranks of natural 
product chemists. A graduate of the University of 
Aberdeen, he later studied in Glasgow; but it was 


his period of research with Sir Robert Robinson in- 


Manchester that introduced him to the field of natural 
colouring matters containing oxygen-heterocyclic 
systenis, where his main interests have lain. During 
ithe five years he spent thereafter in the University of 
London he established himself as a leader in this 
field and with his election to the Liverpool chair in 
1933 he proceeded to develop research on an impres- 
sive scale. Among his many contributions, his brilliant 
studies on rottlerin and dragon’s blood resin, on the 
constituents of Derris root and on usnic acid and its 
relatives are particularly striking; but many other 
natural products derived both from higher plants and 
from micro-organisms have yielded to his attack. 
His achievements were recognized by the award of 
the Davy Medal of the Royal Society in 1952. A 
brilliant experimentalist, Robertson’s published work 
is a model for aspiring young natural product 
chemists to follow. In him well on his 
retirement to his native Aberdeenshire, organic 
chemists at large will hope that he will not wholly 
forsake the subject to which he has so notably 
contributed. 


Dr. G. W. Kenner 


Dr. Q. W. KENNER, lecturer i in chemistry in the 
University of Cambridge, is to succeed Prof. Robert- 
son at Liverpool. Son of distinguished organic 
chemist, Prof. J. Kenner, lately professor of applied 
chemistry in the Manchester College of Technology, 
he was educated at Manchester Grammar School and 
the University of Manchester, where, after a brilliant 
undergraduate career, he took to the path of organic 
chemical research under Sir Alexander Todd and 
transferred to Cambridge to complete his post- 
graduate training- with Sir Alexander Todd in 1944. 
Since completing his Ph.D. course, Kenner has 
remained in Cambridge as Fellow of Trinity Hall and 
University lecturer in chemistry. In aséociation with 
Sir Alexander Todd, Dr. Kenner has been responsible 
for many major achievements in the field of nucleotide 
chemistry, including the total synthesis of the 
coenzymes flavin~adenine-dinucleotide uridine—di- 
phosphate-glucose and cozymase. His independent 
researches on the synthesis and degradation of poly- 
` peptides has brought him international recognition ; 
they are marked by the unusual combination of high 
experimental skill and deep theoretical insight which 
is characteristic of all his scientific work. His loss 
will be severely felt in Cambridge, but Liverpool gains 
& professor who will be a worthy successor to Robin- 
son, Heilbron and Robertson, and organic chemical 
research under his guidance will have a bright and 
vigorous future. ` 


Astronomy at Harvard : -Prof. T. Gold 

Wirra the appointment of Prof. T.-Gold to a Har- 
vard chair of astronomy, Harvard College Observatory 
acquires one of the foremost of the younger generation 
of scientists in Britain. Prof. Gold’s work has ranged 


z 


NATURE 


s - SR 


March 9, 1957- 


Re he 179 


over many subjects, each of which has bak y 
enriched by the clarity and originality of his thought 
and by the extraordinary fertility of his ideas. His 
deep and almost instinctive understanding of the 
fundamentals of physics has enabled him to apply 
them to numerous branches of astronomy as well as 
to geophysics and to the theory of hearing. An 
exceptional ability to distinguish between essential 
and less important features of detailed observational 
knowledge has led him to make such outstanding 
contributions to science as the theory of continual 
creation. in cosmology, the dust theory of lunar mare, 
the sponge theory of the structure of the Earth’s 
mantle, etc. Prof. Gold is a former Fellow of Trinity 
College and demonstrator in physics in Cambridge. 
He has been chief assistant at the Royal Greenwich 
Observatory for the past few years. His departure 
must be regarded as a severe loss to British science. 


Pharmacognosy in the University of Nottingham : 
Prof. G. E. Trease 


Tue title of professor of pharmacognosy in the 
University of Nottingham has been conferred on 
Dr. G. E. Trease, reader in pharmacognosy in‘ the 
University. Prof. Trease, who was born in Notting- 
ham and educated at the Nottingham High School, 
joined the staff of University College, Nottingham, in 
1925, and has been in the Department of Pharmacy 
since that date, apart from two years with the 
Ministry of Economic Warfare during the War.” He 


` became head of the School of Pharmacy in 1943, was 


appointed reader in pharmacognosy in 1945, and in 
1949 was given the title of director of pharmaceutical 
studies. An honorary doctorate was conferred upon 
him by the University of Strasbourg in 1954. 


André Mayer Fellowships of the Food and Agri- 
culture Organization 


Tux awards of the first André Mayer Fellowships 
of the Food and Agriculture Organization of the 
United Nations have recently been announced. These 
research fellowships are aimed at promoting and 
encouraging scientific research in'the fields of activity 
of the Organization. Recipients of the awards are: 
K. L. Kinsman of Austraha, whose field is the study 
of statistical methods of evaluating long-term trends 
in demand; A. G. Wurtz of France, who will study 
the ecology of freshwater ponds; A. Sumihiko of 
Japan, who will study forest tree seeds; Bastos de 
Macedo of Portugal, studying the mechanics of the 
retention of phosphorus through pure minerals and 
through clays of soils; and P. M. Lagervall of 
Sweden, whose subject is population genetics applied 
to animal breeding. The five Fellows will be able to 
follow their studies for periods of one to two years 
at research institutes in any member country of the 
Organization. E 

The research fellowships have been named after 
Prof. André Mayer of France, who died in May 
1956 after a long and distinguished scientific career. 
Mayer was one of the movmg spirits in the formation 
of the Food and Agriculture Organization, and 
closely associated with its development and its 
governing bodies. A physiologist by training, Mayer 
was & professor at and later vice-president of the 


_ College of France and member of both the French 


Academy of Medicine and the Academy of Sciences. 
He was also a member of the Higher Council on 
Scientific Research and of the Higher Council on 
Agriculture. : 
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Sir George Beilby Memorial Award, 1956 


Tae Administrators of the Sir George Beilby 
Memorial Fund, representing the Institute of Metals, 
the Royal Institute of Chemistry and the Society of 
Chemical Industry, have made an award of one 
hundred and fifty guineas to Mr. R. W. Kear in 
recognition of his work on the behaviour of fuel 
impurities in combustion processes, with special 
reference to the role of sulphur, chlorine and alkalis 
in corrosion and deposit formation by flue gases in 
combustion appliances. Mr. Kear, who joined the 
British Coal Utilization Research Association in 1946, 
became head of the Corrosion Section early in 1954 
and was a member of the technical and advisory 
panel of the Bouer Availability Committee. Although 
his work was primarily concerned with power station 
boilers, he has also made contributions to the develop- 
ment of the solid-fuel fired gas turbine and to the 
problem of atmospheric pollution. He has recently 
left the British Coal Utilization Research Association 
and joined the OUl Products Development Depart- 
ment of the Shell Petroleum Company, Ltd. 


Guided Missiles Range in the Hebrides 


REPLYING to a question in the House of Lords on 
February 27 regarding the guided-missile range in 
the Hebrides, Lord Mancroft, Parliamentary Secre- 
tary to the Mmistry of Defence, said that the precise 
scope of the Guided Weapons Establishment has not 
been finally determined, but about 3,000 persons 
might be employed in connexion. with its construction. 
Lord Mancroft assured Lord Elbank that, apart from 
any necessary security regulations, there would be 
no interference with the public right of entry into 
South Uist, Benbecula and North Uist, and that the 
Service authorities on all the islands would have 
constant regard to the safeguarding, so far as is 
possible, of the interests of the crofting communities, 
the elements of Gelic culture and all the rare bird 
life on the islands. Pressed further, particularly in 
regard to archeological finds at West Gerinish m 
South Uist and at a site in North Uist near the end 
of the proposed runway at Sollas, Lord Mancroft 
stated in reply to a comment by the Earl of Hadding- 
ton that every possible attention would continue to 
be paid to the needs of archxologists in this area ; 
and ın reply to Lord Saltoun he undertook to look 
carefully once more into the question of a local 
inquiry ın connexion with the proposed range. 


Centenary of the Chemical Inspectorate 


UNDER the title “Chemical Service in Defence of 
the Realm”, the Ministry of Supply has published an 
account by W. G. Norris of the work of the Chemical 
Inspectorate during the past hundred years (pp. 
91+12 plates. Kidbrooke, London: Ministry of 
Supply, Chemical Inspectorate, 1957). Originally 
formed in 1854 at Woolwich Arsenal as an establish- 
ment of the War Department, the Chemical In- 
spectorate, which has had five.changes of name 
during its century of service; is one of the oldest 
Government scientific establishments. To-day, it, 1s 
one of seven specialist inspectorates maintained by 
the Ministry to-help control the quality and service- 
ability of its vast range of stores, but it has retained 
its original function as the inspection authority for 
all military stores and materials the serviceability of 
which can be assessed primarily by chemical means. 
To-day this work, besides the maintenance of stan- 
dards of quality, includes the compiling of Service 
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specifications, and the development of new and 
ımproved. analycical techniques and apparatus. It 
also provides 2 comprehensive analytical service 
available not oniy throughout the Ministry of Supply 
but also to other Government Departments, such as 
the Board of Trede, the Ministry of Health, the Home 
Office and the Ministry of Works. Some of its recent 
analytical work is described in a final chapter, in 
which special stcess is laid on the value of its work 
on penicilhn and on materials for the production of 
nuclear energy outside the military field. 


Higher Education in the United Kingdom 


ALTHOUGH tha United Kingdom attracts overseas 
students in thousands, there is no central agency by 
which applicants can be selected and appropriately 
placed in colleges or universities, since these institu- 
tions are independent academic bodies enjoying the 
right to set their own entrance standards and make 
their own choice of students. This prosents a difficult 
problem for the overseas student who is eager to 
study or be traimed in research in Great Britain and 
yet does not know in what institutions the subject 
of his choice is pursued, or by what means he can 
gain entry to them. To help hm, the British Council, 
in conjunction with the Association of Universities 
of the British Commonwealth, has prepared a book 
(5s. net) giving the names and addresses of the in- 


‘stitutions, what they do, what their minimum entry 


requirements are, and approximately what fees they 
charge. That should enable the prospective student 
to decide in advance in which of them he would like, 
or might be abla, to study. Although compiled for 
the overseas students, the book should prove equally 
valuable to British students and would be useful to 
all who have to advise young men who wish to study 
at institutions of higher education. 


The Imperial College Charter Jubilee 

THE Imperial -College of Science and Technology 
celebrates this year the Jubilee of its establishment 
in July 1907 by Royal Charter, which brought about 
the federation in the new Imperial College of three 
colleges of earlier origin—the Royal College of 
Science, the Royal School of Mines and the City and 
Guilds College. In tho forefront of the Charter 
Jubilee celebrations will be the visit of H.M. Queen, 
Elizabeth the Queen Mother, as Chancellor of the 
University of Lendon, on May 28, when Her Majesty 
will open the Roderic Hill building for aeronautics 
and chemical engineering. This is the first major 
building project to be completed in the massive 
expansion, programme undertaken by the Collége in 
1953 at the request of the Government. The Marquess 
of Salisbury, Lord President of the Council, is to be 
the guest of honour at the Jubilee dinner to be held 
at the Mansion House on May 27. 


Operational Research and Cybernetics 

Wrrn the aim of advancing the latest managerial 
techniques of control, the United Steel Companies, 
Ltd., are to estadlish a new department of operational 
research and cybernetics. Based in Sheffield, the 
department wil serve all the branches of United 
Steel with advice on operational research problems, 
and will provide the personnel to carry out its pro- 


-posals. Initially, the department will have a staff 


of about twenty-five research workers, including bio- 
logists, physicists, psychologists, engineers, econ- 
omists, mathematicians and logicians. Mr. Stafford 
Beer, formerly >roduction controller at Samuel Fox 
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and Co., Ltd., has been appointed head of the new 
department under the general direction of Mr. S. R. 
Howes, @ director of United Steel, who, as general 
manager of Samuel Fox up to June 1956, was 
responsible for introducing operational research 
methods at that works, where they have been applied 
to production control. 


Standards of Light 

Tue Light Division of the National Physical 
Laboratory has recently completed a new comparison 
of its secondary standard lamps with the inter- 
nationally agreed primary standard light source. The 
- British secondary standards are special tungsten 
filament vacuum lamps held by the Light Division. 
The international standard is a small ceramic tube, 
or cavity-radiator, immersed in @ crucible-full of 
pure platmum. The metal is first melted and then 
slowly cooled. During the short period while 
solidification is taking place, the temperature 
remains stationary at the freezing point of platinum. 
Az this temperature, at which the observations are 
made, the inside of the small radiator has, by 
definition, & luminance of 60 candelas per square 
centimetre. More than a hundred ‘melts and freezes’, 
obtained with the aid of a high-frequency induction 
furnace, were used for amassing sufficient observa- 
tions, which were made by precise photoelectric 
methods. Because of the Second World War, no such 
comparison had been made since the occasion, some 
twenty years ago, when the National Physical 
Laboratory lamps were first calibrated in this way. 
Nevertheless, the values now found for their intensity 
agree, to within one half of one per cent, -with the 
previous ones. 


The Night Sky, 1957 

A BOOKLET entitled “The Night Sky, 1957”, con- 
taining charts of the sky for each month, has recently 
been issued by The Times Publishing Company, Ltd. 
(London, 1957; 38.). Computations were made for 
the latitude of London, but for most practical purposes 
it may be used for any part of Great Britain. Very 
clear directions are given regarding the use of the 
maps, which show, in addition to the stars, the 
positions of the planets at 11 p.m. at the begmning 
of each month. ‘Data concerning the Moon; eclipses, 
occultations of planets and-transit of Mercury are 
also provided, and this compilation will prove very 
helpful to everyone who is-interested in studying the 
heavens from month to month. 


Emission Spectra in the Smaller Magellanic Cloud 
L THE results obtained on ADH spectrum plates of 
stellar-like objects in the Small Magellanic Cloud are 
discussed by E. M. Lindsay in a paper entitled 
“Emission Objects in the Small Magellanic Cloud 
showing the N,, N, Nebular Lines? (Mon. Not. 
Roy. Astro. Soc., 115, 3; 1955). The paper deals 


only with those which show the N, N, nebular ` 


emission lines (AA 5007, 4959)—thirty-three alto- 
gether—which were divided into two groups. Group i 
contains thirteen objects associated with nebulosity 
and are early-type stars exciting the surrounding 
nebulosity. Taking a modulus of m-Af = 18-9 for 
the Cloud, the mean photographic magnitude for 
these objects is M = — 4:9 4 0-6, and a mean 
colour index (blue minus red photographic) of 
— 0-47 + 0-19. Group ii contains seventeen objects 
which are not associated with nebulosity, have little 
or no continuous spectra, and have a mean absolute 
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photographic magnitude of — 3-7 +'0-6 and mean 
colour index + 0:77 + 0:29. It is suggested that 
these objects are planetary nebula. Eleven other 
objects showing Ha emission and with the same 
characteristics as the members of Group ii are 
possible planetaries. The results of the investigation 
are shown in detail m the paper in seven tables, the 
last of which gives the distribution of planetary 
nebulæ with respect to absolute magnitade, and a 
plate shows the distribution of probable and possible 
planetary nebule in the Small Magellanic Cloud. One 
important matter is referred to 1n the paper; although 
the Armagh and Harvard blue photographie magni- 
tudes are in fair agreement, the colour indices differ 
radically in four cases, and it is suggested that part 
of this may represent the difficulty of estimating 
magnitudes of stars involved in nebulosity. This 
difficulty should be appreciated by observers who 
estimate the magnitude of a comet with a strong 
central condensation, the divergences in the estimate 
being sometimes considerable. It was found that, 
when the nebulosity became sufficiently dense to be 
troublesome, the estimates of the magnitudes of the 
stars became systematically fainter with increasing 
density. 


The Haughley Experiment 


In 1939, the Local Medical and Panel Committee 
of the County of Cheshire, representing some six 
hundred general practitioners, issued a ‘Medical 
Testament” (Brit. Med. J., i, supp. p. 157; 1939) 
deploring the fact that knowledge of how to prevent 
sickness had made so little progress and affirming 
its belief that the basis of such prevention was 
essentially nutritional. Since then, medicine has 
made further advances in the treatment of disease, 
and agriculture and food technology together ensure 
an abundance of food at all seasons of the year, but 
the desired mental and-physical health of the com- 
munity seems further away than ever. There are 
many possible reasons for this, and one at least is 
that it is the cumulative effect of the intensified 
processing to which practically every article of our 
present-day diet is now subjected. The Soil Associa- 
tion believes (Brit. Dent. J., 102, 61; 1957; Lancet, 
i, 144; 1957) it is necessary to look still deeper and 
that it is of vital importance to wean food producers 
away from their pre-occupation with nitrogen- 
phosphorus—potassium fertilizers and to teach them 
to think of the soil and its crops and the animals that 
live on those crops as one organic whole. Since 1940, 
the Association has been engaged on a farming 
experiment at Haughley, Suffolk, putting its ideas 
to the test (J. Soil Assoc., October 1956). -It appre- 
ciates the extreme difficulty of such work but claims 
that results achieved so far certainly warrant its 
continuance. Unless public support is forthcoming, 
however, it seems that the experiment will have to 
end. Ecological research (which is what this is) must, 
of necessity, be long-term, and meanwhile the problem 
grows increasingly urgent. Here is an experrment— 
apparently the only one of its kind in Britain—which 
has the first sixteen years work already accom- 
plished; whether or not ıb ultimately provides the 
answer, it can scarcely be shrugged aside as of no 
importance. . 


Tranquillizing Drugs in the Unitéd States 


TRANQUILLIZING drugs include reserpine (an alka- 
loid from Rauwolfia serpentina) and a variety of 
synthetic compounds such as chlorpromazine and 
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meprobamate. A few years ago drugs of this type 
began to be used in mental hospitals to bring patients 
under control and make them fit for other therapy. 
Later they came to be prescribed in private practice 
in the treatment of patients seeking relief from 
anxiety and tension. In the United States their use 
has increased to such an extent that it 1s estimated 
that about 35 million prescriptions for them were 
written m 1956. At present, 5-10 per cent of all 
prescriptions in New York City are for tranquillizers, 
and their use is increasing. Used under proper 
control, the tranquillizers are exceedingly useful 
drugs, but it appears that the public are taking them 
in great quantities for the relief of nervousness, 
emotional upsets and the routine tensions of daily 
life. This constitutes a danger to public health, for 
these drugs can have harmful side effects. They may 
cause jaundice, -Parkinsonism, agranulocytosis and 
may induce severe depressive reactions which some- 
times lead to suicide. 

The Committee on Public Health of the New York 
Academy of Medicine recently issued a ‘Report on 
Tranquilizing Drugs”. (pp. 16, 1956), which makes 
recommendations on the need for stricter control of 
their sale to the public. The Committee believes that 
the excessive and uncontrolled use of the drugs is due 
not so much to sale without prescription, but to the 
re-filling of prescriptions without the sanction of the 
doctor. Under the Sanitary Code of New York City 
this is perfectly legal for these drugs (though not for 
the sulphonamides, barbiturates or narcotics). The 
Committee recommends, first, that the Sanitary Code 
should be tightened up to permit the sale of new, 
potentially harmful o: habit-forming drugs only on a 
prescription which cannot be repeated except on the 
order of the original prescriber. The second recom- 
mendation is that the Board of Health should survey 
the literature sent out by the manufacturers of the 
tranquillizing drugs, as a first step towards ensuring 
that proper mformation is given on the dangers of 
side reactions and on the necessary precautions, and 
that extravagant and uncritical claims and mis- 
representations are removed. The Committee con- 
siders that the American lay press, which often refers 
to these drugs as “happiness pills”, has contributed 
to the dissemination of premature and incomplete 
accounts of their effects. 


Nutrition of Phytophthora 


Myootogists have long been aware of the fact that 
species of Phytophthora are particularly difficult to 
culture on synthetic media. This difficulty was partly 
overcome when it was found that thiamine was an 
essential ingredient, and, indeed, appears to be the 
only vitamin required. L. E. Lopatecki and W. 

Newton have now presented a study of Phytophthora 
“in which the nutrient requirements of several 
specios have been investigated (Canadian J. Bot., 
34, 5, 751; 1956). Phytophthora cactorum grew 
well in ammonium-salt media but not in nitrate. 
Conversely, P. megasperma grew well in nitrate but 
not in ammonium-salt media. P. parasitica and 
P. erythroseptica grew well ın both, but better 
in that contaming nitrate. All species grew better 
in the presence of organic nitrogen. Evidence is 
presented that iron, zinc, copper and’ manganese 
are essential trace metals and that zme is required 
in greater concentrations than iron. The optimum 
requirement for glucose or sucrose was found to be 
approximately 4 per cent, and the residual sucrose 
was converted into reducing sugars by all species 
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except P. cactorum. Approximately 50 per cent of 
the residual sugar remained unchanged in the cultures 
of this species. The growth-rate and sugar consump- 
tion mereased a3 the thiamine-level was increased 
from 0-2 to 0-8 mgm. per litre, but the coefficient of 
sugar utilization remaimed constant. On the other 
hand, the percentage of mitrogen in the myceluum 
decreased markedly as the thiamine content of the 
medium was increased. It 1s concluded that with 
media containing 1 per cent alanine an accurate bio- 
assay. of thiamin= can be made over a concentration 
range of.0:2-0% mgm. per litre. In a further 
contribution (ibid., p. 759) W. Newton has deseritbed 
investigations ralating to the non-utilization of 
d-alanine and growth stimulation by ł-alanine in the 


‘nutrition of P. parasitica. 


Bernice P. Bishop Museum, Hawaii: Report for 
1955 


THE report fer 1955 of the Bernice P. Bishop 
Museum, Hawai (pp. 46; 1956), is attractive and 
unorthodox. ‘Tre title “A Museum Point of View” 
is naturally arresting, and a striking cover features a 
Hawaiian war godin colour. ‘The introduction stresses 
that a museum -s the expression of a point of view 
towards education and that its visitors are willing 
to submit themselves to new ideas, impressions and 
knowledge. Museums should be the principal means 
to stimulate the alert, imaginative and curious mind. 
As with the majcrity of museums at the present.time, 
a long-term polizy was adopted in 1953; and 1955 
witnessed another stage in the work, for during the 
year a total of twenty-two new exhibits were arranged 
to illustrate the story of Ancient Hawaii. In addition, 
the Hawaiian Court of the Museum has been land- 
seaped as a living exhibit of plants important to the 
early Hawaiians. Modern display and good lettering 
have been adopsed in all these new exhibits, An 
impressive list cf publications by the staff records 
the recognition cf research as an important function | 
of museums. 


Submicroscopic Organization and Function of 
Nerve Cells 


Aw invited conference 1s to be held on this subject 
under the ausptes of the International Society for 
Cell Biology at the Venezuelan Institute for Neurology 
and Brain Research (see Nature, 176, 1049; 1955) 
during March 15-22. The symposium, which has 
been organized >y the director of the Institute, Dr. 
H. Fernandez-Ybran, is supported financially by the 
Venezuelan Government. The conference will discuss 
the structure ard functions of the nerve fibres, the 
nerve cell membrane, the neuron, the synapses and 
receptors and w-ll centre around the fields of ultra- 
structure, bioebctric activity, biochemistry and 
histochemistry cf nerve tissue. Representatives of 
ten countries will attend the conference, and those 
from the United Kingdom include Dr. G. H. Bourne, 
Prof. J. de Castilo, Prof. C. G. Causey, Prof. J. Elkes, ` 
Prof. J. B. Finsan and Prof. J. T. Randall. The 
proceedings will be published in book form by the 
International Sœiety for Cell Biology. Requests for 
copies of the proceedings should be sent to Dr. H. 
Fernandez-Moraa, Director del Institute Venezolano 
de Neurologia e Investigaciones Cerebrales, Ministerio 
de Sanidad, Carzcas, Venezuela, South America. 


Oversea Service Division: Colonial Office 


Tue following appointments have recently . been 
made in the Oversea Service Division of the Colonial 
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Office: T. A. R. Choate (forester, grade 1, Kenya), 
assistant conservator of forests, Kenya; A. J. L. 
Mitchell (assistant conservator of forests, Western 
Region of Nigeria), senior assistant conservator of 
forests, Western Region of Nigeria; J. K. Ross 
(senior assistant conservator of- forests, Western 
Region of Nigeria), conservator of forests, Western 
Region of Nigeria; R. B. McConnell (director of 
Geological Survey, Bechuanaland), director of the 
Geological Survey, British Guana; J. C. Alley 
(veterinary officer, Tanganyika), veterinary officer, 
Aden; D. H. Mackenzie, temporary field geologist, 
Sierra Leone ; A. D. H. Bivar, assistant surveyor, an- 
tiquities, Federation of, Nigeria; Miss M. M. Bools, 
assistant bacteriologist,.Barbados; K. M. Cripps; 
meteorologist, Cyprus; D. Kay, plant pathologist, 
West Africa Cocoa Research Institute, Gold Coast, 
D. A. Lury, statistician, East Africa High Com- 
mission; A. Pinkerton, soil surveyor, Kenya; H. 
Roberts, entomologist, West African Timbe Borer 
Research Unit, Gold Coast; C. T. Stratton, statist- 
ician, Hong Kong; J. P. Tunstall, senior scientific 
officer, Nyasaland. 


Postgraduate Scholarships in Agriculture 

Tur Ministry of Agriculture, Fisheries and Food 
and, the Department of Agriculture for Scotland 
propose. to award, for the academic year beginning 
October 1, 1957, a number of postgraduate scholar- 
ships in agricultural economics, the various branches 
of husbandry, farm management, statistics, agri- 
cultural and dairy engineering, rural estate manage- 
ment and land economics. The closing date for 
receipt of completed appheation forms is March 31. 
Further particulars and forms of application can be 
obtained from the Secretary, Ministry of Agriculture, 
Fisheries and Food, Room 286, Great Westminster 
House, Horseferry Road, London, S.W.1, or the 
Secretary, Department of Agriculture .for Scotland, 
St, Andrew’s’ House, Edinburgh 1. 


Announcements 

Tue United Kingdom Atomic Energy Authority 
will open an office at Dodoma, Tanganyika, in 
April. This office will give technical advice to pros- 
pectors on the search for uranium ore in East Africa. 
It will include a laboratory equipped for sample 
assaying. ‘The Authority has already established a 
similar office in Salisbury to service the Federation 
of Rhodesia-and Nyasaland. 


ARRANGEMENTS have been made for the Iron and 
Steel Institute and the Institute of Metals to become 
members of the British Nuclear Energy Conference, 
and for each Institute to be represented on the Board 
of the Conference by three members. The purpose of 
the British Nuclear Energy Conference is to co- 
ordinate the activities of the constituent members in 
the field ‘of nuclear energy by holding meetings and 
» publishing a Journal. The original constituent 
members were the Institution of Civil Engineers, the 
Institution: of Mechanical Engineers, the Institu- 
tion of Electrical Engmeers, the Institute of Physics 
and the Institution of Chemical Engineers. 


Tue Trustees of the Ramsay Memorial Fellowships 
Trust will consider in June applications for two 
Fellowships for advanced students of chemistry. One 
of the Fellowships will be limited to candidates 
educated in Glasgow, who can apply to be considered 
for-either Fellowship. The value of each Fellowship, 
which will normally be, tenable for two years, will be 
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£600 per annum, to which may be added a grant for 
expenses of research not exceeding £100 per annum, 
Full particulars can be obtained from the Joint 
Honorary Secretaries, Ramsay Memorial Fellowships 


‘Trust, University College London, Gower Street, 


W.C.1. Completed application forms must be 
received not later than April 18. 


Tae annual Conference of the Institute of Metal 
Finishing, in which is incorporated ‘the Electro- 
depositors’ Technical Society, is ‘to be held at the 
Grand Hotel, Brighton, during April 9-13. Further 
details may be obtained from the Conference Secre- 
tary, Institute of Metal Finishing, 32 Great Ormond 
Street, London, W.C.1. 


A JoInT symposium of the Koninklijk Tasit 
van Ingenieurs, the Koninklijke Nederlandse Chem- 
ische Vereniging, the Society of Chemical Industry 
and the Institution of Chemical Engineers is to be 
held at Church House, Westminster, on May 28 
and 29, on the “Scaling-up of Chemical Plant and 
Processes”. Members of the sponsoring bodiés can 
obtain further details from ‘their respective Secre- 


7 taries ; others should write to the General Secretary, 


Institution of Chemical Engmeers, 
Square, London, S.W.1, 

THE Scottish Group of the Nutrition Society is 
holding a symposium, on “Clean Food” in Aberdeen 
on April 20. Papers to be read deal with the bac- 
teriology and public health aspects .of food poisoning, 
the inspection of food, protection of food at home 
and by catering concerns, some clinical consequencés 
of food poisoning, and the spoilage of fish. Further 
particulars can be obtained from Dr. J. Davidson, 
Rowett Research Institute, Bucksburn, Aberdeen- 
shire. 

Tux Arbeitsgemeinschaft Deutsche Kunststoff- 
Industrie, in association with Kunststofferzeugende 
Industrie und verwandte Gebiete e.V. and Gesamt- 
verband kunststoffverarbeitende Industrie e.V., to- 
gether with the German Physical Society, the German 
Chemical Society, the Deutsche Normenausschuss and 
the Verein Deutscher Ingenieure, are to organize a 
Plastics Conference at Bad Pyrmont during April 
10-11. Further information can be obtained from 
the Conference Organizing Committee, Frankfurt am 
Main 1, Karlstrasse 21. i 

A SYMPOSIUM organized by the Division of Plastics 
and, High Polymers of the International Union of 
Pure and Applied Chemistry, on the subject of the 
relationship between the physical chemistry and the 
testing (with special reference to standardization) of 
elastomers, fibres and plastomers, based on their 
structure, is to be held in Paris during July 25-26. 
Further details can be obtained from the secretary, 
Prof. P. Dubois, 292 rue St.-Martin; Paris 3.- 


Tas Cornell Summer Laboratory Course in Tech- 
niques and Applications of the Electron Microscope 
will be given during June 17-29 by the laboratory of 
electron microscopy in the Department of f Engineering 
Physics, Cornell University. This course, which is 
intended primarily for workers in the fields of physics, 
chemistry and metallurgy, is under the direction of 
Prof. B. M. Siegel, and all inquiries should be 
addressed to him at the Department of Engineering 
Physics, Cornell University, Ithaca, New York. 

Messrs. BX PLASTICS, Lrp., point out that ‘Styra- 
foil’, mentioned in Nature of February 9, p. 322, is 


16 Belgrave 


< not a form of O pioplans, but an orientated poly- 


styrene film. 
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SCIENTIFIC RESEARCH AND ITS ORGANIZATION 


N the course of the first Ludwig Prandtl Memorial 
Lecture, delivered before the German Scientific 
Society for Aeronautics (W.G.L.) at Gdttingen’ on 
February 4, Prof. Albert Betz strongly urged certain 
' changes in the approach to scientific research in the 
Western world. Prof. Betz, of the University of 
Göttingen, a distinguished aerodynamicist and prob- 
ably the oldest active representative of the Göttingen 
school of physics, was the closest collaborator of the 
late Ludwig Prandtl. He spoke on ‘Fifty Years of 
Research in the Field of Fluid Dynamics”, and his 
critical survey of past achievements culminated in 
two specific reproaches. 

The first was directed against the mathematicians, 
who have taken too little interest in providing truly 
comprehensive theories in fluid dynamics. Such 
general treatment would save expensive ad hoc 
experimentation for purposes of aeronautical engin- 
eering. It seemed to him that the spirit of Felix 
Klein ‘(founder of the famous school of theoretical 
physics at Gottingen) is no longer alive among 
mathematicians. Klein. himself a mathematician, 
had conceived of the mathematicians as actmg as a 
sort of ‘general staff’ for the engineering sciences. 
But mathematicians to-day seem to shirk tackling 
problems from other domains, in particular those of 
applied physics. The second criticism of the develop- 
ment of fluid dynamics concerned the lack of really 
gifted physicists who could analyse a complicated 
question and solve the component problems in 


a way which, after re-constitution, would 
yield comprehensiye solutions to the original 
problem. 


In general, mass production and mechanization 
have been introduced into scientific research, with 
dire consequences for the quality of the output. 
Expensive laboratory equipment (which might often 
be replaced by much cheaper and simpler devices) 
and numerous staff, with automation and electronic 
processing of the results, have helped relatively httle 
‘to stimulate genuine advance, except in detail and 
over ad hoc problems. 

The size and variety of experimental equipment, 
for example, the gigantic modern wind-tunnels, have 
called for mass-production of scientists to handle it. 
Since only a small percentage is really sufficiently 
gifted to achieve progress in research, a ‘scientific 
proletariat’ has thus been created. This has cluttered 
up the pages of periodicals and filled the days of 
congresses with mediocre contributions. It has also 
affected the quality of the teaching and depressed 
the standards of colleges and universities. Worst of 
all, members of this scientifi¢ proletariat have man- 
aged to find their way to the handling of problems 
for which they are unsuited. In this way, gifted 
research workers are kept out, or have shirked the 
responsibility. Training of the mass of scientists has 
often been reduced to mere cramming for exam- 
inations. It should not be forgotten that the level 
of intelligence is decreasing in the Western world. 
Under the influence of press, radio; cinema and 
television, the ability to think independently and 
along scientific lines has become rare. It is just 
that faculty which the research scientist needs 
most. : 


Gifted scientiets are too little attracted by research, 
and frequently too much impressed by large institutes 
and elaborate facilities for experimenting. In the 
majority of instences, progress in basic research needs 
a few carefully chosen experiments with rather simple 
devices. Size and complication of the laboratory 
equipment are often a disadvantage. Even more 
important are tae conditions under which a scientist 
has to work. Research cannot be conducted effec- 
tively when tke scientist is expected to produce 
results to order; he should be left free to investigate 
those problems to which he is most attracted. Betz 
recalled the hakit of Prandtl ‘playing’, by repeating 
an experiment t.me after time with minute variations. 
It was, of courss, an essential part of his research to 
study the phenomena closely and to correlate them 
with each other, before drawing conclusions. Under 
pressure of worx and hustling, such fruitful research 
could not be done. 

Gifted research workers should not be directed into 
the administrat-on of large research institutes. There 
was the apt advice on how to prevent a scientific rival 
from forging ahead: this was to get for him a large 
institute, the administration of which would rapidly 
put an end to his research productivity. Research 
workers might advise in the direction of scientific 
output, but they should not head such institutions. 

It is most important to free research scientists 
from oppression by bureaucracy. Bureaucracy 
has encroacheé more and more on the domains 
of science. This interference with the conduct of 
research preserts a grave danger, and the process 
should be reversed as soon as possible. The progress 
of science should not be interfered with by the 
instantaneous Leeds of industry or by the require- 
ments of the Services. The scientist should be left 
free to spend hs means for research in the way that 
he judges best 

The U.S.S.R. has now become a formidable rival 
in the field oZ scientific progress. Research was 
sponsored, equipped and conducted on an exemplary 
scale. The training facilities left little to be desired. 
The system of xegimentation is totally unacceptable 
to Western civlization, and Prof. Betz thought that, 
in the end, ths free research scientist would -forge 
ahead of anyore who worked under compulsion and 


‘direction. But the attitude towards research in the 


West requires re-orientation: the scientist’s needs 
deserve more <onsideration. It should not be for- 
gotten that newadays not the quantity of weapons 
but the quality of the scientists mattered most. 
Concluding, Prof. Betz recalled W. v. Harnack’s 
dedication when handing over to L. Prandtl the new 
Institute for Fluid Dynamics in 1925, on behalf of 
the Kaiser-Wihelm Society for the Promotion of 
Science: ‘‘Our task is to select the research scientist, 
and we do so with the utmost care. If we have found 
him, we provide him with as much money and-all 
the means necessary to conduct his research. This is 
the end of our &sk. It is left to the scientist to spend 
the money aml to apply the means as he judges 
best. We do rot interfere”. After all these years of 
the Géttingen Institute, Prof. Betz commented, ıb 
has become obvious how sensible this approach to 
research has b2en. A. R. WEYL 
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EXAMINATION OF LONDON 
WATERS ` 


HE latest report of the Director of Water 

Examination of the Metropolitan Water Board* 
re-emphasizes the close control which is necessary in 
a large water undertaking drawing its supplies mamly 
from polluted or potentially polluted rivers. For 
routine control of water quality, some 45,000 samples 
are examined each year, and in addition the Board 
carries out a wide range of chemical, biological and 
engineering research, both in the laboratory and in 
large-scale experimental plant. 
objects of the bacteriological research is to reduce 
the period necessary for confirming the presence in 
water of Bacterium cols Type I, a test which is of 
great importance in deciding whether a water is 
bacteriologically safe; in the majority of cases the 
whole test can now be carried out in thirty hours. 
The possibility of making a further big reduction in 
this period—in devising, ım fact, a bacteriological test 
comparable with a chemical determination—would 
seem to depend on the discovery of some technique 
quite different from the present method of incubating 
samples in selective media at a controlled tempera- 
ture. 

A detailed account is given of the measures taken 
by the Board to sterilize jute yarn, of which some 
ten tons are used every year as a packing material 
in the jointing of mains. Many types of bacteria, 
including some pathogenic organisms, grow rapidly 
on this yarn; for example, Salmonella paratyphi B 
multiplied 40-fold within two days on yarn immersed 
in water at 22° C. Before being used, therefore, the 
yarn is sterilized ; it is washed in chloride-free water 
and is then treated with a solution of phenyl mercuric 
borate, this compound being fixed on the yarn by 
immersing it in a 6 per cent solution of sodium 
chloride; after treatment, samples of the yarn are 
examined in the laboratory for sterility. As a result 
of adopting this method, the proportion of bacterio- 
logically unsatisfactory samples of water from 
repaired mains has been reduced from about 32 per 
cent to 6 per cent. i 

Several interesting examples are given .of the 
introduction of automatic recording and controlling 
equipment, as a result of which some stations at 
which water is pumped from wells and chlorinated 
are now operated without a plant attendant being 
always present; data on the working of the plant 
are recorded by electrical connexion at a central 
station, and there are automatic devices to shut off 
the pumps if, for, example, the concentration of 
chlorme in water passing into supply deviates by 
more than a chosen amount from a mean value. The 
report records considerable progress in the automatic 
control of chlorination, the quantity being regulated 
by the rate of flow of water, and by its chlorine 
demand. Another interesting advance has been the 
development of equipment to record the thermal 
stratification of a reservoir. When stratification 
breaks down, the water passing into supply may for 
a time be of poor quality, and it is necessary, there- 
fore, to have immediate warning of the change so 
that remedial measures can be brought into operation 
at once. 


* Metropolitan Water Board. Thirty-sixth Report on the Results 
of the Bacteriological, Chemical and Biological Examination of the 
London Waters for the years 1953-1954. By Dr. E. Windle Taylor. 
Pp. 74+8 plates. (London: Staples Press, Ltd., 1956.) 15s. 6d, 
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Some little time ago there was a report that 
drinking waters in some paris of Britain contained 
undesirably high concentrations of copper. It 1s 
interesting, therefore, to know that in the whole 
of the area served by the Metropolitan Water Board 
there were, in 1963, ten complaints, and in 1984 
twenty-one complaints of discoloured water thought 
to be due to the presence of copper. When these 
cases were investigated the supply was always found 
to be from an underground source, the water being 
taken to the consumer’s premises in a copper pipe. 
The concentration of copper in the water from the 
main supply was usually from 0-1 to 0-2 part per 
million. It has been shown that with hard water 
similar to that in the London district, corrosion of 
copper—which is associated with the presence of 
films of carbon or copper oxide formed on the metal 
during manufacture—is limited or prevented by the 
presence of small quantities of an inhibitory sub- 
stance which is present in surface waters but not in 
well waters. 

Experiments with large-scale plant have been made 
on the treatment of water with coagulants. The 
results indicate that there is a strong case for adopting 
the use of activated silica in addition to aluminium 
sulphate ; use of the silica has not made any marked 
improvement in the removal of algae,. but ıt does 
give a denser and more rapidly formed floc and so 
improves the subsequent process of filtration. A 
process has been worked out for reclaiming coagulant 
from sludge, which is air-dried, roasted and extracted 
with sulphuric acid to yield a solution of aluminium 


‘sulphate which can be re-used. 


B. A. SOUTHGATE 


REGIONAL. ADVISORY COUNCILS 
FOR TECHNICAL AND FURTHER 
EDUCATION IN BRITAIN 


HE origin and main purposes of regional advisory 

councils for technical or further education were 
described in the White Paper on “Technical Educa- 
tion” presented to Parliament by the Minister of 
Education in 1956. : ' 

In England nine councils were voluntarily estab- 
lished by their constituent local education authorities 
and are’ financed by them in proportion to their 
populations, This is in contrast to the position in 
Scotland, where five regional advisory councils for 
technical education—based on Aberdeen, Dundee, 
Edinburgh, Glasgow and Inverness, respectively— 
were statutorily established in April 1948 and 
financed from the Exchequer. 

Most regional councils advise on all forms of 
further education, but in London the council is 
concerned with technology, commerce and industrial 
design and, primarily, with advanced work. 

Much of the -most valuable work of regional 
advisory councils is done on industrial advisory 
committees on which representatives of regional 
bodies of employers and operatives in a very wide 
variety of industries meet educational representatives 
to plan developments from the point of view of the 
region as & whole. 

The nine English councils and their academic 
boards are constituted to a common pattern, with 
representatives on the council from constituent local 
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education authorities, universities and university 
colleges, technical institutions and industry. The 
academe boards have stronger representation of 
universities and technical institutions. The Ministry 
of Education appoints assessors to all the councils 
and boards, and provision is often made for other 
Ministries to be represented. 

Details of the constitution and functions of regional 
advisory councils have been set out m a pamphlet* 
together with a list of local authority areas included 
in each region. Copies can be obtained from the 
London Regional Advisory Council, Tavistock House 
South, Tavistock Square, London, W.C.1. 

are T. H. Hawkins 


* Constitution and Functions of Regional Advisory Councils and 
Local Authority Areas included in each Region. Pp. 12. (London: 
Pogona, Advisory Council for Higher Technological Education, 


INSTRUMENTATION IN SCIENCE 


N recognition of the important part played by 

instruments in modern science, technology and 
busmess organization, the issue of Science of October 
25, 1956, is largely devoted to instruments. There are 
eleven main articles, ranging from data processing 
for scientists and electronics for measuring human 
motions, to cryogenic instrumentation and phase 
microscopy. K. F. Heumann in his article on data 
processing maintains that scientists will require more 
assistance from machines in the matter of handling 
scientific data, and that techniques which have had 
recent, rapid development ın business and accounting 
applications will prove most useful. He considers 
two such .techniques—integrated data processing 
(IDP) and electronic data processing (EDP)—and 
refers to the ‘Flexowriter’, an electric typewriter 
equipped with a tape punch and reader; the IBM 
type 705 EDPM machine, a large-scale general- 
purpose data processor; and the UNIVAC File- 
Computer, a medium-size general purpose computer. 
In an article on cryogenic instrumentation, J. G. 
Daunt surveys: recent progress in low-temperature 
technology, in particular, large-scale hydrogen and 
helium liquefaction plants; the separation of 


hydrogen isotopes by distillation; liquid hydrogen 


cooled electromagnets; bubble chambers; the 
magnetic refrigerator ; -and the thermal rectifier for 
use below 1° K. In the field of high-temperature 
research, solar energy is superior to any other form 
of energy presently available, and T. S. Laszlo’s 
article describing the various forms and advantages 
of solar furnaces is most valuable, though only a few 
such furnaces have so far been constructed. ‘““Fixed- 


' Field Alternating Gradient Accelerators”, by L. J. 


Laslett, deals in some detail with the recent new 
developments in the high-energy particle accelerator 
art which are mainly the results of study by members 
of the Mid-Western Universities Research Association. 

An important new branch of technology on- 
compassing the analysis, testing and processing of 
materials and products by the use of mechanical 
vibratmg energy was named ‘sonics’ by R. H. Bolt 
and T. F. Hueter about two years ago, and in his 
article, “Sonie Techniques in Industry”, T. F. Hueter 
gives a most instructive and illuminating survey of 
the basic physics involved and of the many fields of 
application ranging from oil-well drilling to medical 
therapy and molecular analysis. Other articles deal 
with a new principle of closed-system centrifugation 
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developed at the Harvard Medical School, Boston, 
and chiefly app_ied in the blood field, though it has 
equal applicaticn to virus purification, milk stabil- 
ization, and the separation of other multiphase 
systems; low-level counting methods for isotopic 
tracers; the dasign study of a megacurie source ; 
the ‘Bendix’ time-of-flight mass spectrometer; @ 
device for measuring the performance of people at 
various work activities using the Doppler effect with 
sound, called a Universal Operator Performance 
Analyser (UNOPAR), and operating at 20 ke. js., which 
is just above she humar threshold of hearing at 
normal levels of intensity; and finally, a review, 
inchiding an extensive bibliography of 178 items, of 
published work on phase microscopy during 1954-56. 


AGRICULTURAL METEOROLOGY 
IN GERMANY 


TT interəsting publications on agricultural 

meteorology have recently been issued. by the 

Weather Service of the German Federal Republic. 
The first of them, “Vorträge übər Frostschutz” 


- (Mitteilungen des Deutschen W etterdienstes, 3, No. 16 ; 


1956), reports the first meeting of the Association for 
Protection against Frost, held in Bonn on November 
22, 1955, and the Symposium of the Technical 
Experiences of the German Weather Service in Pro- 
tection against Frost, held on April 26, 1956, at 
Mainz. The task of the Association, which was set 
up by the Ministry of Food, Agriculture and Forests, 
is to further collaboration between agnculturists and 
meteorologists in this important subject. The pam- 
phlet contains a list of the meteorological offices and 
of the centres for research in agricultural meteorology 
and provision of advice on agricultural meteorological 
matters, from which it is noteworthy that of the 
twenty meteorological offices in West Germany, 
eight are devoved to agricultural matters and three 
of the others are also agricultural offices. At Stutt- 
gart there are two meteorological offices, one of which 
is an agricultural office. 

The meetings of the Association discussed the 
education of fermers in frost protection by talks by 
agricultural meteorologists and the issue of posters 
drawn up by the Weather Service, giving of advice 
to local councils on planning to minimize frost 
damage and the establishment by them of a frost 
protection officer, and research into frost protection 
methods and the effects of frost on different plants. 
The organization for giving warning of the onset of 
frost by broadcasts and special telegrams is described 
in detail, Papers read at the symposium described 
methods of skielding orchards and vimeyards from 
cold katabatic winds by judicious planting of trees 
and building əf walls, and gave a good deal of 
information on methods of protection by spraying 
water, heating by oil burners, preventing the forma- 
tion of a stagnant cold layer near the ground by 
stirring it up with propellors and screening from 
radiation by smoke. Excellent diagrams of all these 


. methods are g-ven; those on the diversion of kata- 


batic winds by shelter belts are particularly striking. 

The second paper (Berichte des Deutschen Wetter- 
dienstes, 5, No. 28; 1956) describes investigations by 
A. Baumgartner into the heat and water balance of 
@ young pine forest near Munich. The author made 
measurements of radiation flux, temperature, 
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humidity, evaporation, wind and dew in, above and 
alongside the forest, and presents the results in great 
detail, including even a calculation of the energy 
used in photosynthesis. Observation shows that 
on sunny days the highest temperatures and major 
flux of radiation occur between the tops of the trees, 
this region forming the so-called ‘elevated active 


g 


NATURE 


e 


March 9, 1957 vou. 179 


surface’. A detailed energy balance sheet is con- 
structed, from which it appears that on a sunny 
day 63 per cent of the solar radiation energy is used 
up in evaporation, 31 per cent returned to the air 
above the forest, and 2-5 per cent goes to warming 
the soil. This paper is a “major work of micro- 
meteorology. G. A. BULL 


RADIOSENSITIVE MOLECULAR WEIGHT OF TOBACCO MOSAIC 
VIRUS NUCLEIC ACID 


By Dr. WILLIAM GINOZA and Pror. AMOS NORMAN 
Atomic Energy Project and Department of Radiology, School of Medicine, University of California at Los Angeles 


E have studied the X-ray inactivation of the 

infectious nucleic acid (ribonucleic acd)? of 
tobacco mosaic virus. The results indicate that the 
entire ribonucleic acid complement of the virus acts 
as a single infectious unit. $ 

The ribonucleic acid was prepared by the method 
of Fraenkel-Conrat and Wiliams’. ‘The physical, 
chemical and biological'* behaviour of the material 
precluded the possibility that the observed results 
are due to tobacco mosaic virus contaminants. An 
X-ray tube with beryllium window operated at 
50 kV. delivered 5-3 x 10% r./min. at 10 em. to the 
ribonucleic acid samples. 0-1-ml. samples at a con- 
centration of about 5 mgm./ml. were pipetted into 
aluminium cups and frozen on a brass block partially 
immersed in a ‘dry ice’—isopropanol bath. Alter- 
natively, samples were dried on paraffin blocks over 
‘Drierite’ in vacuum. Under these conditions of 
freezing or drying, the recovery of activity of the 
“ nucleic acid was in many cases almost complete. The 
X-ray inactivation dose was identical within the ex- 
perimental error for samples under both conditions. 
Appropriate corrections were made for the thickness 
of the samples in computing the X-ray dose. Test 
and control samples were assayed within an hour or 
two after irradiation on Nicotiana glutinosa, using 
16~24 half-leaves per sample. 

The nucleic acid mactivation curve is presented 
on Fig. 1 (lower solid line). As shown by different 
symbols, the curve represents a composite of four 
separate experiments using four different preparations 
of nucleic acid. The 37 per cent survival dose (Do) is 
3-0 x 105 r. We have calculated that ribonucleic 
acid will absorb 115 ergs/gm./r., at the wave-lengths 
of this X-ray beam’. But both in the dried and in 
the frozen material the photo-electrons that ionize 
the ribonucleic acid will come predominantly from 
the surrounding medium, which absorbs only about 
85 ergs/gm./r. The figure of 110 eV./primary ioniza- 
tion has been well established for ‘high-energy 
electrons? ; but there is good reason for believing 
that a value approximately two-thirds of this is more 
appropriate for the low-energy photo-electrons pro- 
duced in this irradiation’. Using 85 ergs/gm./r. and 
73 eV./primary ionization leads to a molecular weight 
of 2-7 x 108°. The mdividual experiments give a 
range of molecular weight between 2-1 and 4-0 x 10°. 

It 18 of interest that no polydispersity with respect 
to irradiation sensitivity is indicated by the results. 
The single slope found implies that the infectivity is 
carried by particles having identical molecular 


weight. This is in contrast to the results with the 
transforming principle*’. a 

If the nucleic acid is either frozen or dried in the 
presence of 2 per cent glutathione, a two-fold decrease 
in the radiation sensitivity is observed as indicated 
by the dotted curve (Fig. 1). Calculations on the 
basis of these results give a molecular weight of 
1-0 x 10°. However, since there is no indirect effect 
in the dry material, it would appear that glutathione 
modifies the direct effect of radiation, thus lead- 
ing to an under-estimate of the molecular weight. 
Support for this interpretation of the glutathione 
effect comes from the work of Alexander and 
Charlesby2*, who have shown that thiourea and other 
compounds modify the direct effects of \ionizing 
radiations on dried films of polymethylmethacrylate. 

The results of our X-ray inactivation of the parent 
tobacco mosaic virus from which the nucleic acid was 
derived are summarized ın Fig. 2. The conditions 
chosen for irradiation were the same as those em- 
ployed for the nucleic acid. The D, of 3:0 x 108 r. 
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Fig. 1. X-1ay inactivation of the ribonucleic acid of tobacco 


mosaie virus. The survival curve (lower solid line) represents a 

summary of four separate experiments using frozen or dried. 

samples. The upper broken line shows the effect of glutathtone 
in frozen or dried samples 
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ig. 2. X-ray inactivation of tobacco mosaic virus. The carve 
oc ppresenta a summary: of three separate, experiments (frozen or 
oo drled- samples) as indicated by different symbols 





for the virus is identical within the experimental 
‘error with that found for the nucleic acid. This 
suggests strongly that the X-ray inactivation of 
tobacco mosaic virus is the consequence of the 
activation of the nucleic acid, as proposed by 
Jpstein™ and by Lauffer, Trkula and Buzzell’*. 
deed, it now appears that the protein component 
_ of the virus is not essential to the infectious process, 
a finding which is consistent with the earlier studies 
howing that this shell can be subjected to various 
hemical alterations without inactivating the virus’. 
From the present results, it can be concluded that 
radiosensitive molecular weight of the infectious 
ucleic acid of tobacco mosaic virus is about 2-7 
nillion, Allowing a factor of two as the uncertainty 
involved in our method of estimation, primarily 
because of the uncertainty in the figure®’ of 73 eV./ 
primary ionization, a molecular weight range of 
1-4-5-4 million is obtained. Chemical analyses 
























Te effect of ionizing irradiation on organic 
compounds'*, and especially on amino-acids*~®, 
as been extensively studied. In spite of its 
biological importance in biology (metabolism, 
especially proteosynthesis), the radiochomistry of 
methionine has not been studied in detail. In con- 
nexion with some biochemical problems we are 
interested in, we considered it necessary to elucidate 
“the mechanism of the radiochemical degradation of 
methionine. 
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indicate that the molecular weight of the virus 
ribonucleic acl, assuming total ribonucleic acid. to 
be a single molecule, is between 2 and 3 million. 
This range for the total ribonucleic acid is in the 
middle of the range estimated for the infectious 
ribonucleic acid. Thus the results indicate that the 
total ribonuckie acid complement of the virus 
behaves as a single infectious unit. 
_ Preliminary electric birefringence measurements 
also support the view that. the ribonucleic acid has 
the same strucsure in solution as. in the virus. First, 
the sign of the birefringence is positive as it is in the _ 
virus", indicating that the bases are parallel to the 
long axis of the molecule. Secondly, the magnitud 
of the birefringence is such as to suggest a highl 
ordered structure. Thirdly, the relaxation tim 
exhibited by the molecule indicates a length v 
close to that of the virus itself. The results of Hi 
and Sinsheimer!’ also indicate that the total 
ribonucleic acid is extracted as a single unit. 
We are grateful. to Drs. Albert Siegel and Se 
G. Wildman for their interest in, and support of, 
















assistance. Wo- are also indebted to John A. Field, — 
jun., for his assistance in performing the electric _ 
birefringence measurements. oe 

This communication is based on work performed _ 
under Contract A T-04-1-GEN -12 between the Atomic 
Energy Commission and the University of California 
at Los Angeles. 
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RADIOCHEMICAL DEGRADATION OF DL-METHIONINE 
By JAROSLAV KOLOUSEK, JINDŘICH LIEBSTER and ARNOST BABICKY 


Physiological and Biological Institute of the Czechoslovak Academy of Sciences, Prague 


For our experiments the following methods were 
used. Soluticns were analysed by one- and two- 
dimensional fiiter-paper chromatography on What- 
man No. 1 paper. In one-dimensional chromato- 
graphy, n-butsnol/acetic acid/water mixture (4:1: 5) 
was used. In some cases a 0-2 per cent solution of 
thiodiglycol was added to prevent oxidabion. In 
two-dimensional chromatography the above mixture 
was used in the second direction and a phenol/ | 
ethanol/water mixture (2:1: 1) containing 0-1 per 
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Fig. 1 Fig. 2 
Fig. 1. Autoradiogram co nding to DL-methionine-“*S and 
its d radatton products 
Fig. 2. One-dimensional of a solution of ; A, pure 


nc Ae nag Ent thionine sulph 
pare x naaa e aei ie 7, unidentified. x 5, Macthiontne 
sulphone 
cent 8-hydroxyquinoline in the first direction. The 
chromatogram was developed up to overflow (indi- 
eator tropeolin 000). Filter-paper electrophoresis was 
carried out according to the procedure described by 
MikeS'*, 

Solutions of methionine and other compounds of 
equal concentrations (0-5 per cent) were irradiated 
in l-mm. layers in ‘Plexiglass’ cuvettes. As X-ray 
source a Machlett AEG 50 tube with a beryllium 

window at 50 kV. and 50 mamp. with a 0-05 

- aluminium sheet filter was used. The beta-ray 
source was 30 me. radium-D,E,F in equilibrium, 
corresponding to 5,000 r./hr. 

Purified inactive methionine gives two spots on the 
paper chromatogram, corresponding to methionine 
and methionine-sulphoxide. Addition of a 0-2 per 
cent thiodiglycol solution to the solvent does not 
change the chromatogram except for preventing the 
formation of a stripe between the methionine and 
methionine-sulphoxide spots. 

pDL-Methionine-*S (from the U.S.S.R., spec. act. 
800 me./gm.) gives six ninhydrin-positive spots on 
the filter-paper chromatogram and seven intense 
spots on the autoradiogram. The radioactivity of 
the spots was measured by a Geiger—Miiller tube and 
evaluated graphically. Thus methionine-*°S’ con- 
tained: methionine-"*S 67-1 per cent, methionine- 
38S sulphoxide 20-2 per cent, homocysteic acid-*S 
5-2 per cent; the sum of the other spots amounted 
to 7-5 per cent of the total radioactivity. From start 
to front runs a strip of slight radioactivity. 

pi-Methionine-**S chromatographed two-dimen- 
sionally ten days after dissolving gave rise to three 

detectable by ninhydrin and twelve spots 
detected by autoradiography. Obviously deamination 
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occurs very quickly in this highly active compound 
and some primarily ninhydrin-positive degradation * 
products of methionine-**S undergo further degrada- - 
tion by deamination. By paper electrophoresis chad 
presence of one acidic compound corresponding to 
homocysteic acid was proved. Homecysteic acid was 
detected on the chromatogram as well. Addition of 
thiodiglycol did not influence the chromatogram. 

To clarify the origin of the impurities or degradation 
products, the above methionine-**S was purified by 
chromatography. The spot belonging to methionine- 
3S was eluted and chromatographed anew. It was 
developed four times, and after detection by nin- 
hydrin six spots were observed, By autoradiography 
the identical spots appeared plus one spot nob 
detected before. 

pL-Methionine-**S (spec. act. 23 me./gm.) syn- 
thesized in our laboratory showed three spots immedi- 
ately after dissolving. Four days after dissolving 
there appeared a fourth spot corresponding to 
methionine sulphone. After a few more days the 
solution gave the same chromatographic picture as 
methionine-**S of high specifie activity. 

Pure inactive DL-methionine was irradiated by 
X- and beta-rays. To obtain a radiochemical effect 
by X-ray irradiation a dose of 10° r. was needed. 
The chromatogram showed spots for methionine, 
methionine-sulphoxide and homocysteine; with a 
dose of 10? r. seven spots could be detected by 
ninhydrin, Besides the above-mentioned compounds, 
methionine-sulphone was detected. At a dose level 
of 108 r. we obtained a picture identical to that at 
107 r. By two-dimensional chromatography there 
were detected two spots in the acidic amino-acid 
position. 

With beta-rays the first sign of degradation was 
the appearance of a spot co nding to homo- 
cysteic acid observed at 2 x 10% r. At 10° r. we 
obtained six spots on the chromatogram: homo- 
cysteine, methionine-sulphoxide, methionine-sulph- 
one, methionine and two unidentified compounds. 

By these irradiation-degradation experiments it 
was proved unequivocally that the chromatographic- 
ally detected degradation compounds of methionine- 
3S are true products of radiochemical decay. 

The mechanism of the radiochemical reaction could 
be further elucidated by studying the radiochemical 
decomposition of homocysteine. Homocysteine-*°S 
(23 me./gm.) chromatographed immediately after 
synthesis showed homocysteic acid, homocysteine and 
two unidentified spots. Irradiation of inactive homo- ka 
cysteine solutions by X-rays (10% r.) gave rise to nine 
spots detected with ninhydrin. The spots with low and 
high Rp values correspond to the spots obtained with 
homocysteine-*S, From start to front runs a nin- 
hydrin-positive strip corresponding to the stripe 
observed on chromatograms of highly radioaetive 
methionine-*S, 

On the two-dimensional chromatogram of homo- 
cysteine irradiated by X-rays we observed twelve 
spots. The unirradiated compound gave four spots. 
DL-Methionine sulphoxide gave the same chromato- 
gram upon irradiation as methionine. With DL- 
methionine sulphoximine no degradation could be 
observed under similar treatment. 

The experimental results presented above prove 
the radiochemical degradation of methionine. The 
degree of degradation is proportional to the irradiation 
dose. There is no basic difference in the products of 
the radiochemical reaction caused by the beta-rays 
from methionine-**S itself and the irradiation of 
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BL-methionine by beta- and X-rays. There are 
essentially three routes for the radiochemical decom- 
ition of methionine. By demethylation homo- 
steine is produced which is further oxidized by free 
‘radicals from water. Parallel to this reaction there 
occurs deamination, as proved by the increase in 
“oninhydrin-negative spots. By the third type of 

reaction methionine is oxidized to its sulphone. 
‘Comparing the chromatograms of methionine-*8, 
- homoeysteine-*°8 and of the corresponding inactive 
compounds we reach the conclusion that demethyla- 
ion is the important radiochemical reaction causing 
o decomposition of methionine and opening the 
ath for further degradation. Of all types of irradia- 
on the beta-rays from methionine-°S are most 


























HE stroboscopic patterns are the sensory 
_ patterns that can be observed on looking at a 
suitable flashing light. The fact that coloured patterns 
may be observed by looking at flickering lights is 
itioned by Helmholtz', Edridge-Green?, and by 
ian and Matthews’. But the patterns themselves 
ere first described by Brown and Gebhard‘ and Grey 
Walter’, who suggested that they offered evidence 
r his theory of scanning processes in the nervous 
. More recently, a brief description has been 
given by Massucco®, and Blum’ has used them in a 
study of schizophrenia and brain injury. The present 
communication reports some preliminary findings 
' & comprehensive study of these phenomena. 





(QY The natural history of the patterns. The method 
used has been to illuminate the subject's retina 
with a large uniform flickering field and to record his 
verbal reports of the phenomena developing in his 
visual field using a wide range of parameters of 
stimulation. There were thirty-three subjects. The 
following facts were discovered. 
‘The range and type of patterns reported by one 
individual -were very constant for that individual 
Over many months. There were also wide individual 
__ variations, both as to the dominant types and range 
of. patterns reported, although these variations lay 
-o Within certain well-marked limits. 
-. Common patterns were as follows: those based on 
_ straight lines, for example, checker-boards, grids, 
tartans, sets of parallel lines—horizontal or vertical 
< =-and herring-bone patterns; patterns based on 
` curved lines or closed curves, for example, spirals, 
‘hirlpools, vortices, catherine wheels, sets of con- 
centric. circles, families of parabolas or sine waves 
d patterns like lines of magnetic force around a 
_ bar magnet ; radial patterns, such as stars or snow- 
. flakes and ice-crystals; and lastly, maze, mosaic or 
__ Jabyrinth patterns. Almost: all the patterns obtained 
could be classified into one of these groups. Notable 
features were their geometricity and their frequent 















A PRELIMINARY ANALYSIS OF THE STROBOSCOPIC 
PATTERNS 


By J. R. SMYTHIES 
The Psychological Laboratory, Cambridze 
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efficient. To obtain comparable effects, far greater 
doses of X-rays have to be employed than of beta- 
rays. 
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movement, which was of many types--linear, oscil- 
lations, rotations, ete. : 

The forms o? the patterns were much changed by 
the state of light- or dark-adaptation of the retina. 
In the dark-adapted state linear patterns showing a 
four-fold radial symmetry were prominent and. the 
light-adapted state was marked by an increase in the 


complexity and geometricity of the patterns, par- 


ticularly of mosaics. 

A particular progression of patterns with minor 
variations was very consistent for each individual on 
many observations made. over many months over 
quite a wide range of parameters. A progression 
common to many subjects (following 30-sec. dark 
adaptation) is an initial stationary pattern of straight 
lines (that is, grid, radial lines, checker-board) giving 


way to a rotat:ng pattern of curved lines (concentric 


circles, vortex, etc.) in about 10 sec. 

Certain of the patterns are particularly interesting. 
On shutting ome eye, some subjects consistently see 
a series of 50-200 very clear-cut thin vertical black 
lines filling the whole field of vision. Other subjects 
see not a trace of these lines. Another interesting 
point is the four-fold radial symmetry seen in so 
many of the ccmplex initial patterns. We have also 
encountered in-many: of our subjects a curious species 
of pattern obteinable only with one eye open. After 
about 5-20 sez. exposure to the flickering light, a 
pattern develops very different from the geometrical 
flickering patterns often in rapid jerky movement 
described above. These other patterns do not flicker 
at all. They nearly always develop in the nasal field 
and then sweep across almost, but never quite, to 
the extreme temporal field. They are usually in two 
colours, most eften green and lilac, in a continuous 
and very characteristic slow oily swirling movement, 
described as being like the movement of oil on water, 
or of thick swirling oil, or boiling mud. This effect 


was also noted by Brown and Gebhard‘. At other 


times the appearance is of a very clear and detailed 
stationary patcern over which very clear water is 
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rippling gently. They alternate with the ordinary 
geometrical flickering patterns, usually about every 
five seconds, in a manner very like retinal rivalry. It 
is possible that thes2 phenomena may be produced by 
activity induced in the cortical neurones belonging 
to the closed eye by the unusual activity in the 
activated neurones of the open eye. Other subjects 
report yet a different effect—fully formed scenes of 
ordinary places and events. Symbolical figures such 
as letters and numbers are, however, never seen. 
At dimmer intensities of illumination the patterns 
become simpler and fainter, as might be expected, 
and they also show some qualitative changes. There 
„are also well-marked qualitative changes at different 
_ frequencies, the texture of the patterns tending to 
finer at high frequencies and coarser at low 
quencies. 
he. patterns follow eye-movementss and are 
fected by the state of accommodation of the eye. 
ffects obtained with single eyes are rather 
ferent from those obtained with both eyes. Some 
of the patterns may be very similar, but quite new 
effects may be observed (for example, the oily 
swirling patterns described above); or patterns 
frequently obtained with both eyes may not occur, 
or may do so much less often, or much more faintly. 
A further point of interest is that, in some subjects, 
very clear-cut and brilliantly coloured geometrical 
after-images may be obtained, quite different in most 
eases from the previous ‘open-eye’ images. The 
after-images’ obtained with single eyes were usually 
different from those obtained with both eyes. This 
strongly suggests that these after-images are of 
cortical origin, for retinal after-images should not 
show radical differences if obtained with one eye and 
two eyes. 


. (2) Explanatory hypotheses. We have also con- 
ducted experiments to test one of three hypotheses 
that have been put forward to explain these phen- 
omena. Grey Walter’s original hypothesis was that 
they represent interference phenomena produced in 
a scanning mechanism attempting to deal with 
an intermittent signal. We have conducted two 
series of experiments that bear on this hypothesis. 
In one the frequency of stimulation was suddenly 
halved or doubled. This usually caused the patterns 
to change in the manner expected if Grey Walter’s 
hypothesis is correct ; that is, the individual elements 
raking up the patterns became larger and coarser 
on halving the frequency and finer and smaller on 
doubling it. In the other experiments a random 
flicker was obtained by driving the stroboscope from 
a Geiger counter. In this case patterns similar to 
those produced by the regular flicker were obtained 
-particularly in one case, where the vertical line 
patterns were marked, these were obtained using the 
random flicker and looking very much like the lines 
seen using the regular flicker—which is somewhat 
unexpected under a scanning hypothesis. 

Barlow’s® hypothesis is as follows. He points out 
that “the flickering field evokes very vigorous activity 
in the visual pathways, but the stimulus is almost 
totally unfamiliar to the subject. In communicating 
his sensations the subject has to refer to causes of 
his sensations which are ordinary and familiar, since 
these are what his vocabulary is adapted to. The 
prevalence of moving lines and contours in the 
subject's descriptions might be explained along these 
lines, since these are the commonly occurring, simple 
stimuli which will cause vigorous and sustained 
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‘activity in the ‘on’ and ‘off’ units of the retina, but 

it must be admitted that there are other, specific ` 
features of the descriptions which are not accounted 
for”. For example, why should the patterns obtained. ~ 


with two eyes open be different from the patterns 
obtained with each eye used separately when the 
patterns obtained with the right eye singly are in 
general very similar to those obtained with the left 
eye singly ? Thus we can argue that those elements 
found using binocular stimulation and not found 
using uniocular stimulation are probably due to 
cortical mechanisms. 

The third hypothesis, due to Donaldson’, is that 
these patterns represent the formation of corre- 
sponding domains among retinal or cortical neurones 
along the lines suggested by Cragg and Temperley'’. 
Barlow?’ notes that the lateral inhibition in the retina 
makes it likely that the conditions are right for 
domain formation, and the differential spread of 
inhibition and excitation around neurones may lead 
to complex pattern formation. This hypothesis cer- 
tainly avoids certain difficulties encountered by the 
other hypotheses, but there is as yet no positive 
evidence in its favour. Possibly a combination of 
the second and third hypotheses may prove to be 
correct. However, none of these hypotheses explains 
why these particular rather clear-cut geometrical 
patterns are obtained rather than others; for it is 
possible to give examples of classes of patterns that 
have never yet been obtained (for example, patterns 
in three-fold symmetry and patterns in which straight 
and curved lines form connected elements of the 
pattern). 

One of the main difficulties in contemporary 
neurophysiology is to find out how large populations 
of neurones interact in perception and other functions 
in the intact and unpoisoned cortex. The micro- 
electrode can only record from a very few neurones ; 
and the electro-encephalograph, even with the 
multiple electrodes, will only record summated 
activity of vast populations of neurones. It is 
possible that the stroboscopic patterns, with their 
many constant and consistent features, and their 
complexity and geometrical nature, and their con- 
sistent response to the change of a number of para- 
meters, can serve as a basis of deductions about the 
necessary features of the visual mechanisms respons- 
ible for them. They would also appear to offer a 
number of end points that could be used as a basis 
of psychophysical experiments, and the individual 
features of the patterns could correlate with per- 
sonality tests or electro-encephalograph patterns. 

I am most grateful to H. B. Barlow, P. E. K. 
Donaldson, R. L. Gregory, G. C. Grindley and Prof. 
O. L. Zangwill for their interest, help and advice in 
these investigations. 
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‘Electro-Chemical’ Orientation of Bracken 
Spermatozoids 

THE chemotaxis of bracken spermatozoids, first 

demonstrated by Pfeffer’, has so far been investigated 

by introducing a concentrated source of a stimulating 

substance into a suspension of spermatozoids and 


Fig. 1. Aggregation of spermatozoids at the tip of a capillary containing sodium 


L-malate, (x 34) 


Fig. 2. Aggregation of spermatozoids at border between buffered region (darkened by 


indicator) and acidified region. (x 22) 





Fig. 3. Spermatozoids swimming to anode (at top) in electric field, in presence of 10-* 
M sodium maleate, Projection of helical paths recorded during 3-sec. exposure. (x 50) 


Fig. 4. With 10-* M sodium fumarate and same electric field, no orientation. (x 50) 


observing their behaviour in the resultant chemical 
gradient. In Pfeffer’s original method, a fine glass 
capillary containing a solution of sodium t-malate 
provided the source ; in these conditions spermato- 
zoids aggregate around the tip (Fig. 1). Such experi- 
ments have revealed the highly directional character 
of the response, its chemical specificity (salts of 
L-malic acid and a few closely related dicarboxylic 
acids are active)’, and that the response depends on 
the ratio between the applied and background con- 
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centrations in the suspension’. To permit more 
quantitative scudy of bracken sperm chemotaxis, a 
search has been made for conditions experimentally 
more favourab.e than those obtained with the classical 
methods of establishing chemical gradients. Two new 
phenomena, closely related to ‘classical’ chemotaxis, 
have been observed. 

(1) When a small drop of 0-1 M hydrochloric acid 
is placed in contact with a sperm suspension contain- 
ing 10-* M sodium t-malate in 0-005 M tris(hydroxy- 
methyl) amine methane-hydrochloric acid buffer, 
pH 8-1, actively swimming spermatozoids aggregate 

in a band in the region of sharp pH 

change. The result of such an ex- 
periment, with an indicator added 
to locate the region of sharp pH 
change, is shown in Fig. 2. No 
such aggregation is observed unless 
sodium-L-malate is present. Similar 
results have been obtained with 
the sperm suspension buffered at 
various pH’s, down to 0-01M 

sodium citrate buffer at pH 5-7. 

(2) If an electric field of 7 volts/ 
em. is established within a sus- 
pension of bracken spermatozoids 
when the suspending medium con- 
tains 10* M sodium t-malate or 

10-* M sodium maleate in tris 

buffer (0-005 M, pH 8-1), the sperm- 

atozoids turn and swim directly 
towards the anode (Fig. 3). No 
reaction is observed if the concen- 
tration of sodium t-malate is less 
than 10-° M ; nor if 10-* M sodium 
succinate is substituted for malate ; 
nor if 10-* M sodium fumarate is 
substituted for its isomer, sodium 
ı maleate (Fig. 4). The chemical 
specificity of the ‘electro-chemical’ 
reaction is, therefore, identical with 
that observed when classical 
methods of establishing chemical 
gradients are used. 

As might be predicted from this 
experiment, the chemotaxis of 
bracken spermatozoids in a chem- 
ical gradient can be inhibited by 
application of the appropriate elec- 
tric field. No differences in the 
morphology of the rapid and pre- 
cise orienting responses occurring 
in these various situations have 
been detected, either by photo- 
graphie path records of the type 
shown in Figs. 3 and 4, or by 
direct observations at higher mag- 
nification, 

Further details of these experi- 
ments will be published in due 
course. 

I am indebted to Sir James Gray for allowing me 
to work in his Department, and to Lord Rothschild 
for suggesting an investigation of this problem. 

C. J. Broxaw* 


Department of Zoology, 
University o? Cambridge. 
* National Scienee Foundation Fellow. 
Pfeffer, W., Unter. Bot. Inst, Tübingen, 1, 363 (1884). 


* Rothschild, Lord, Internat. Rev. Cytology, 1, 257 (1952). 
* Rothschild, Lord, “Fertilization” (Methuen and Co., 1956). 
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Evidence for Subcortical Regulation of the 

Afferent Discharge to the Somatic Sensory 
Cortex in Man 


Previous experiments'* have shown that, in 


curarized cats, electrical stimulation of certain central 
structures (for example, the brain stem reticular 
formation) depresses a postsynaptic evoked response 
in various primary sensory relays. On the other hand, 
barbiturate anesthesia or certain central lesions 
(involving, for example, the reticular formation) may 
enhance these afferent responses. These results were 
interpreted: as a manifestation of “descending in- 
hibitory influences capable. of preventing afferent 
signals from the sense organs from reaching the cere- 
‘bral cortex. A possible clue to the physiological 
significance of this mechanism is provided. by the 
interesting observation? that in unrestrained animals 
a postsynaptic auditory response in the cochlear 
nucleus can. be blocked by turning the animal’s 
attention toward visual or olfactory stimuli. In a 
similar way, a postsynaptic visual response could be 
depressed by turning the animal’s attention toward 
auditory stimuli. 

The present investigation was undertaken in order 
to determine whether in man also there is evidence 
‘of such regulating mechanisms acting upon the trans- 
~ nolasion. in specific afferent. pathways (cf. ref. 3). In 


the course of neurosurgical operations, surface and: 


needle recording electrodes were placed in the hand 
area of the somatic sensory cortex. The. needle 
< electrodes, insulated except for the tip, were inserted 





in the cortex to a depth of about 5 mm. in order to 


reach the underlying white substance. The afferent 


discharges to the cortex and the cortical response 


evoked by various kinds of stimuli applied to the 
contralateral hand were recorded with a Grass 
eleetroencephalograph supplemented with a loud- 


_ speaker. 


ESS 


-Figi Afferent discharge to the cortex (i record) and the cortical response (lower 
T ag hand eine {a) moderate, (6) superficial 


-pecord) evoked by pressure te the contrala! 
< and. (e) fairly deep barbiturate anesthesia (see. text). 
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Fig. 2. Moderate: barbiturate anasthesla. (a) Afferent discharge 
(upper record) and cortical response (lower record) evoked by 
intermittent pressure to the hand.. In contrast to the afferent 
discharge, the cortical response to the second stimulus is reduced 


in amplitude. (b) Pressure applied to the hand while a. spontaneous.) 
visible cortical response despite = = 


spindle occurs in the cortex. No 
the heavy afferent discharge 


Some of the main results are shown in Figs. 1 and 2. 
These records were obtained from the right sensory _ 
hand area of one subject during various depths of 
barbiturate anesthesia. Tho first record (Fig. l,a) 

was taken when the patient was 
under moderate anesthesia. The 


surface electroencephalograph re- 


cord was relatively flat with bursts 
of spontaneous barbiturate spindles. 
Moderate pressure on the palm of 
the left hand evoked an outburst 
of fast activity from the needle... 
electrode inthe white matter, 
while the surface. record showed 
a series of potential fluctuations 
somewhat resembling the spon- 
taneous spindles. One hour later, 
the anesthesia had become quite 
superficial, and the cortical act- 


ivity was more continuous. Similar 


pressure on the palm now caused 


or any visible change in the cortical 
activity (Fig. 1,6). The patient was 
then given a further dose of pento- 
thal. This caused a marked flatten: 
ing of the electroencephalograph _ 
surface record. (Fig. 1,c). 
onthe palm now evoked a heavy — 
discharge from the needle electrode... 
At this level of anesthesia, the 


]O1mv. 


weak. 
It seems fairly certain that the fast. 
activity recorded from the needle 


constant 0-05 sec. electrode represents the evoked. : 


no distinct outburst of fast activity ~ 


Pressure = 


cortical response was relatively 
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afferent discharge to the cortex. That it is not derived 

from cortical neurones may be deduced from the fact 
‘that it was increased at a level of anssthesia that 

_ caused depression of the cortical response. Compared 

to the afferent discharge, the cortical response bears 
a much less direct relation to the sensory stimulus. 
> Tt does not follow repetitive stimulation equally well 
(Big. 2a), and when a spontaneous spindle has just 
oecurred, the cortical response may be impossible to 
fy (Fig. 2,b). 
imuli that were most effective in evoking an 
rent discharge to the cortex proved to be pressure, 
ich and passive movements of the fingers. Pinch- 
- was definitely less effective, even when it was 
quite hard. 
‘The observation that the evoked afferent discharge 
the cortex in man can be enhanced by barbiturate 
thesia may indicate that anesthesia suppresses 
an inhibitory action which checks afferent signals 
at a lower level. So far, no afferent discharge 
. the cortex has been identified in unanesthetized 
ibjects. It is not unlikely, however, that improve- 
ments in technique will make this possible. That 
uld enable one to determine whether distraction 
tention in man can influence the afferent trans- 
n at subcortical levels. 
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K.-E. HAGBARTH 
S. HÖJEBERG 


ae Neisodrgical Clinic and 
Department of Clinical Neurophysiology, 

Serafimerlasarettet, Stockholm K. 
Nov. 30. 


i Hagbarth, K.-E., and Kerr, D, L B., J. Neurophysiol., 17, 295 (1954). 
rnández-Peón, R., Acta Neurol. Latinoamer., 1, 256 (1955). 


ian, E.-D., in “Brain Mechanisms and Consciousness”. edit. b by 
‘Lord Adrian, Bremer, F., and Jasper, H. H., 238 (Blackw 
Sci. Pub., Oxford, 1954). 


















Effect of Temperature on the Degeneration 
= of Nerve Fibres 


Ix 1950 Armstrong! found that the period after 

ury during which a nerve fibre preserves a normal 
histological appearance may be surprisingly long in a 
poikilothermic animal kept at room temperature 
15°-20° C.), but that the rate of degeneration is in- 
eased and the time after which the fibre eventually 
appears is shortened by a comparatively small rise 
mperature. This temperature effect is important, 
me of the commonest methods for investigating 
pathways and connexions in the nervous system 
involves the interpretation of degenerative changes 
which follow experimental injury, and it is essential 
know how long one must wait before it is 
sible to say that surviving nerve fibres, normal in 
cannot have ‘been affected by the 








_ Experiments have been carried out on the lateral 





iridia}. to investigate the temperature effect in 
greater detail. The nerve was cut and the animals 
in three groups in cages in which the air tem- 
ure was maintained within a few degrees of 
°C., 20°C. and 35°C., respectively. Cloacal tem- 
= peratures in the animals, measured with a thermo- 
couple, were always found to approximate very 
Closely to the air temperature. 
In animals kept at 13°C., no changes in the 
myelin sheaths of fibres could be observed up to three 








popliteal nerve of a poikilothermic animal (Lacerta . 
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weeks after seetion of the nerve, although by that 
time about half the axons present showed irregularity 
of calibre, vacuolation and, in the case of a few,: 
fragmentation. It is important to emphasize, how- 
ever, that about half the axons present still preserved 
a normal appesrance in silver preparations (Bodian’s 
method), although there was no doubt they had been 
cut from their cells of, origin. 

The condition found’in cut nerves kept for twenty- 
one days at 13° C. is found after three days at 20° C. 
The majority of the fibres are still normal in appear- 


ance (both sheaths and axons) but a proportion: 


show early degenerative changes. Even after twenty- 
one days at 20° C., a few fibres can be found in which 


both axon and sheath present a normal appearance,” — 


One would be tempted to conclude that the nerve. 
must contain fibres which had not been cit ; 


after section of the nerve. 


Sea after seven days. In these animals (kept at- 

5°C.) not only were the histological signs of de- 
A botk in the sheaths and the axons virtuall. 
uniform in all fibres by about the fifth day, but als 
by the tenth day the removal of degenerated myelin 
was in an advanced stage, and practically complete s 
by twenty-one days. aie 

It may ‘be concluded that for reliable interpretation, 

experiments on poikilothermice animals which involve 


the degeneraticn of nerve fibres should be carried out 


at temperatures which approximate to the body tem- 
perature of homoiothermic mammals. At ordinary’ 
room temperature in Britain, some nerve fibres may 
retain a normal histological appearance for three 
weeks and prcbably considerably longer after they 
have been cut. 
the fibres only should be resistant to change is an `: 
interesting one; the calibre of the fibre does not... 
seem to be relevant, since both coarse. and ‘fine 
fibres may show this characteristic ; but our experi- 
ments throw ro further light on the problem. It. - 
must be noted also that the experiments are relevant 
only to the peripheral nervous system. Armstrong's? — 
work suggests that in the central nervous system 
injured fibres may preserve a normal appearance for 
even longer periods, and this is a matter which re- 
quires further investigation. 

Finally, it may be added that in a parallel series 
of experiments in which the nerve was crushed but 
not cut, evidence was obtained that at higher tem- 
peratures the rate of regeneration was accelerated 
to about the same extent as the rate of degeneration. 
The effect of temperature on regeneration has been- 


studied in detail by Lubinska and Olekiewicz? in”. 


amphibians using physiological methods to estimate 
the rate of fibre growth. Our own experiments, 
using histological methods, are in accord with 
theirs. 

H. J. GAMBLE 

F. GOLDBY 

G. M. R. Serra 


Department of Anatomy, 
St. Mary’s Hospital Medical School. 
Dec. 20. 


1 Armstrong, J. A., J. Anat., Lond., 84, 146 (1950). 
® Armstrong, J. A... J. Anat., Lond., 85, 277 (1951). 
2 Bry L., and. Olekiewicz, M., Acta Biol. Exp., Varsovie, 15, 125 


but o < 
this conclusion would almost certainly be wrongs: 
since in animals kept at 35° C., with one exception; 

no normal fibres could be found five days or more |. 
The exception was an. 
animal in whith one apparently intact axon was- 










The question why a proportion of 
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Swelling of Fibrous Proteins 


MEASUREMENTS of the energies and amounts of 
sorption of water vapour by wool keratin, when 
compared with those on silk fibroint, have led us to 
generalizations concerning the nature of swelling of 
protein fibres. The heats of wetting of keratin 
containing adsorbed and desorbed water (no hysteresis 
was observed) were combined“with the water vapour 
adsorption isotherm to calculate the thermodynamic 
properties’. The differential properties are given in 
Fig. 1. Also, the analogous properties of the silk 
fibroin-water vapour system are included (inset A) 
because their full significance was not appreciated 
until now. 

Adsorption area, measurements assist in interpreting 
protein-water interactions. It has been shown? 
that the Brunauer, Emmett and Teller and the 
Harkins—Jura equations can be applied to the lower 
and upper parts, respectively, of the adsorption 
isotherm, Their applications to keratin, fibroin and 
cellulose? are given in Table 1. 

We believe that. the thermodynamic properties 

are the net result of adsorption and swelling pheno- 
mena. The radial swelling of keratin® is included 
in Fig. 1 (inset B) for eomparison. 

The AH values suggest hydrogen bonding. These 
are net values above the heat of condensation to 
liquid water. If the energy of a single hydrogen 
bond in liquid water is about 4-5 keal., the H-bond 

energies at zero regain are 9-3 for keratin and 6-8 
for fibroin on the assumption that each water 
` molecule makes two bonds. After a very rapid 
decrease, — AH levels off to about the same value 
for both proteins, namely, 2-4 kcal. This means a 
H-bond energy of 6-9 on the assumption that each 
water molecule makes one bond. It is suggested 
that the rapid initial decrease in — AH. is partly 
caused by tho energy required to disorganize or 
‘peptize’ the dried gel. The levelling-off in AH 
coincides with the Brunsuer-Emmett-Teller adsorp- 
tion-range. Probably in this range the initial 
“monolayer _is completed by water molecules 
adsorbing largely without restraints other than 
_ those directed to the surface to form single hydrogen 
< bonds, 

At low regains, the AS curves indicate a high degree 
__ Of ordering, arising from the chemisorption of water 
= molecules between the polypeptide chains. At the 
same time, a large disordering of the protein gel 
_ Qveurs, reflected in a rapid decrease in —AS (and 
- = AH), After a large part of this disorganization has 
oceurred, — AS reaches a minimum and then rises to 
a maximum. Here it is suggested that ordering due 
‘to adsorption in the first layer is greater than dis- 
ordering due to swelling. After completion of the 
first layer, and the second layer begins to build up 
“above it’, the degree of ordering falls off both 

- beeause of adsorption and some further swelling. 
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INSET A 


SILK 
FIBROIN 
(REF 1) 


2 
Hd. range 


Keal. per mole of water 





4 8 12 16: 20 24 28 32 
Water vapour regain (per cent) 
Fig. 1 


The next characteristic break in the AS curve 
occurs after the onset of the Harkins-Jura range. 
The Harkins—Jura equation is considered to apply to 
condensed films the onset of which should involve 
a decrease in — AS. However, the rate of swelling 
also changes at this point (20 per cent regain, Fig. 1, 
inset B) to a rate directly proportional to the regain. 
It is suggested that below 20 per cent regain, the 
water either is compressed by adsorption or is filling 
the molecular interstices (these may be concomitant 
processes). Above 20 per cent, the water may be 
causing intermicellar rather than intermolecular 
swelling. The change from one type of swelling to 
the other would be accompanied by some recovery 
in — AS. 

It would appear that there are three consecutive 
ways in which water. swells the gel, the ranges of 
these ways being 0-4-5, 4:5-20 and 20-100 per cent 
wetted keratin. à 

The absence of hysteresis in the heat of wetting 
of keratin supports Barkas’s’ explanation of the 
hysteresis of the sorption isotherm that it arises 
from the difference between the hydrostatic pressures 
exerted by a plastic gel during adsorption and de- 
sorption of water vapour. 























Table 1 
einen en torial i a eo Se i SaaS | 
Brunauer-Emmett—Teller Harkins—Jura | 
Fibre a Range Range > 
= Monolayer — Monolayer. 
Relative pressure | Regain (per cent) (zm. /100 gm.) Relative pressure | Regain (per cent) (gm./100 em} 
Keratin 008-035 3-5-9-1 70 0 -62-0 -90 144-22-33 77 
Fibroin 008-037 22-62 48 0 -60-1-0 9-2-36 -o 48 
012-03 2-1-41 31 0 -60-1 0 ü -2-23 gi 





Cellulose 


bee 











March 9, 1957 


The observations given in Table 1 also may pro- 
vide some evidence to account for the well-known 
lack of wettability of keratin compared with fibroin 
and cellulose. The Harkins—Jura range of keratin 
cuts off at a relative pressure of 0-90. Moreover, the 
monolayer content of the upper part of the keratin 
isotherm is about 10 per cent higher than that of 
the lower part. These differences suggest that water 
vapour forms clusters’ on the wool surface at high 
regains whereas it forms a continuous film on silk and 
cellulose. 

We believe that the above adsorption and swelling 
properties are general for all solid proteins and other 
gels in Nature such as cellulose. Measurements of 
the latter are in progress. It should be pointed out 
that Wahba® found a maximum in the differential 
entropy curve of cellulose; but he did not find a 
minimum at lower regains. 

A full report of the present results on keratin is 
being given elsewhere. We wish to acknowledge 
helpful discussions with Dr. H. W. Habgood, the 
assistance of D. E. Thyne in constructing the 
calorimeter and financial assistance from the National 
Research Council of Canada. . 

JOHN L. Morrison 
James F. HANLAN 
Department of Chemistry, 
University of Alberta, 
Edmonton, Alberta. 
Dec. 4. 
2 stars H. B., and Morrison, John L., Canad. J. Chem., 33, 904 
* Dole, M., and McLaren, A. D., J. Amer, Cheik. Soc., 69, 651 (1947). 
* Bull, H. B., J. Amer. Chem. Soc., 66, 1499 (1944). 


peat H. B., and Morrison, John L., Canad. J. Chem., 32, 558 
* Wahba, M., J. Phys. and Coll. Chem., 54, 1148 (1950). 

*“Wool Research 1018-1954", 2, “Physical Properties", 12 (Wool 
,. _ Industries Res. Assoc., ). 

* Cassie, A. B. D., Trans. Farad. Soc., 41, 458 (1945). 

* Barkas, W. W., Trans. Farad. Soc., 38, 194 (1942). 

* Cassie, A. B. D., Proc. Soc. Dyers and Col., “Fibrous Proteins”, 86 

(May 1946). 
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Revealing of Surface Texture by Metal 
Deposition 
Zıxo and cadmium atoms are known to exhibit 
good mobility over, and ready re-evaporability from, 
a suitable substrate surface on which the metal 
vapour beam is incident. Thus the vapour — beam flux 
density must exceed a certain minimum value if a 





Fig.1. Transmission micrograph. 


(x 750) 
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Fig. 2. Transmission micrograph. 


(x 750) 


deposit is to be formed. This critical flux density 
depends on the nature of the substrate’-* and should 
therefore vary from place to place on the always 
more or less imperfect surface of a crystal. Provided 
the corresponding changes in the critical flux density 
are sufficiently large, it should thus be possible to 
make visible such imperfections. 

To test thes conclusions, zinc vapour was con- 
densed in vacuo on the basal planes of stearic acid 
crystals, the vepour flux density being held slightly 
above the critscal. It was found that the smooth 
surfaces between the well-known growth spiral steps 
became heavily metallized, while the actual spiral 
step edges and the regions in their immediate neigh- 
bourhood remeined virtually free of metal. As a 
result the growth-spirals starting from screw disloca- 
tions were strikingly revealed. 

Typical resu ts are shown in Figs. 1 and 2. 

V. R. GURU Moor 
M. K. GHARPUREY 
National Chem cal Laboratory, 
Poona 3, India. 
Dec. 10. 


1 Estermann, J., Z. Phys., 33, 340 (1925). 
* Cockcroft, J. D., Proc. Roy. Soc., A, 119, 293 (1928). 


* Déo, A. R., and Gharpurey, M. K., J. Sci, Indust. Res., India (in 
the press). f 


Variatior in the Lignin laid down by 
Eucalyptus regnans at Different Stages of 
Growth 


THE spectrım of softwood lignin shows an 
absorption maximum at about 280 my!; this is at 
the same position for various lignin preparations and 
for calcium Egnosulphonates*. Hardwood lignin 
shows an absorption peak at 275 mu?, which is the 
same as that shown by lignin extracted from the 
wood of a ten-year old specimen of Hucalyptus 
regnans with methanol at 150° C.. We have recently 
observed that the absorption maximum for lignin 
prepared by the same method from extractive-free 
wood from the outer growth rings of heartwood of 
trees 30-100 years old was at an even shorter wave- 
length, usually below 270 my. The spectra of lignins 
from tension wood from immature trees of E. regnans 
and E. goniocalyx also showed maxima in the range 
267-272 mu. 

These observations led to an investigation of 
the variation in the lignin spectrum with the 
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Extinction (6-1 wnits). 





300 
Wave-length (mp) 


250 350 


Fig. 1. Spectra of lignins ‘from a radial sectlon of E. regnans. 
Specimens numbered from centre of tree outwards. o. 11 
subdivided into heartwood, H, and sapwood, S 


radial position in the tree. Eleven specimens were 


taken from the pith to the sapwood from a butt log 
of E. regnans which was 46 in. in diameter and 
showed -90 growth-rings. . These specimens were 


ae ground and extracted with methanol for 8 hr. and 


again for 16 hr. at 150°C. By this procedure about a 
hird of the lignin was extracted from all specimens. 
The extracts were concentrated, a spot of each placed 
on a borate paper chromatogram which was then 
eveloped with tsobutanol/benzene/water (1:9: 10). 
‘The tan-coloured spots at Ry = 0 were cut out, the 
- lignins eluted with methanol and their absorption 


` gpeetra determined ; the results for the 8-hr. extracts 
are shown in Fig. 1. Readings were taken at 2-mu 


intervals between 250 and 280 mu... These. spectra 


SS have been adjusted so that. the extinction at each 


absorption ‘maximum is 0-622; they have been 
drawn at extinction intervals of 0-100 between the 
maximum values to Saailitete ore poe 
“ogpectra vary systematically from the centre of the 
reg eiF 1, outwards to specimen. 10. The 
main points of variation are: (a) the shift of the 
maximum from 272 my in the centre specimen to 
262 my. in the outer specimens ; (b) decrease in the 
absorption at 230 my relative to the maximum in 
‘the 262-272 my range; (e) a shallower minimum in 
the. 250-260 mu range; (d) appearance of a weak 
band at about 350 mp. The 16-hr. extracts gave 
similar results. Specimen 11 does not conform 
entirely to the general pattern, but the maxima of 
“heartwood and sapwood portions are at 260 my and 
262 my respectively. It is improbable that the 
‘differences result from the presence of impurities as 
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the spectra are similar over most of the range and 
the peak at 272-262 my is merely shifted. A very 
-large relative amount of-material other than lignin 
would be required to mask completely the band at 
272 my and bring about such a large reduction in 
absorption at 230 mu. The generally flatter curve 
of the lignin from the outer heartwood cf mature 
trees suggests a greater diversity of bond types and 
the band at 350 my is probably associated with free 
side-chains of the coniferaldehyde type'*. It appears 
from the examination of this tree that the lignin laid 
down in the young tree is not transformed to the 
type found in the outer heartwood of mature trees. 
Thus the distinction between the two types of lignin 
is not connected with the sapwood—heartwood trans- 
formation. Further investigations of tension-wood 
lignin and of the spectra of methanol lignin fractions 
are being carried out, and a full account will be pub- 
lished elsewhere. 
Davip E. BLAND 
B. Hrranys 
Division of Forest Products, 
Commonwealth Scientific and 
Industrial Research Organization, 
South Melbourne, 8.C.4. 
Dec. 11. 
1 Brauns, P, E., “Chemistry of Lignin” (Academic Press, Inc., New 
York, 1952). 
* Aulin-Erdtman,.G., Svensk Papperstidning, 57, 745 (1954). 
? Bland, D. E., and Gatley, F. M., Nature, 178, 32 (1954). 
“Smith, D: C. O., Nature, 176, 927 (1955). 
$ Aulin-Erdtman, G., Svensk Papperstidning, 58, 91.(1963). 


Grass Pollen Constituents : the Meso-inositol 
Content 


Inosrror has been shown by means of paper. _ 
chromatography to be- present in grass pollent., 
Using a microbiological assay method involving the 
yeast Kloeckera brevis?, the concentrations present in 
six grass pollens have been determined. The values 
obtained in some species (dried over silica gel) are 
shown in Table 1.: A substantial proportion of the 
total inositol is found in the free state. 


Table 1 
Free Total 
(mgm. /gm.) (mgm. /gm.) 
Dactylis glomerata (cocksfoot) 884 38-8 
Lolium multiflorum (Italian rye grass) 85-6 43-1 
Alopecurus pratensis (meadow foxtail} 35-9 46-2 
Anthoxanthum odoratum (sweet vernal) 30-1 35-3 
Arrhenatherum elatius (tall oat) 416 448 
Zea mais (maize) 32-5 38-9 


Aqueous extraction of the pollen resulted in more 
than 80 per cent elution of the free inositol within 
1 min. at room temperature ; ‘this rate of extraction 
was found to be of the same order as that for the 
extraction of carbohydrates, glycosides and some of 
the allergens associated with grass pollens. 

Corn pollen was shown by Miyake? to contain 
inositol; Anderson and Kulp‘ estimated that in this 
species 1 per cent of the moist weight of pollen could 
be accounted for by free inositol. 

The concentration of inositol present in grass 
pollens appears to exceed that found in other plant 
tissues, the highest value recorded in the literature, 
16 mgm./gm. dry tissue, being found in orange’. The 
reproductive tissues in the animal kingdom are also 
associated with high concentrations; for example, 
Mann’ obtained a mean value of 2-3 gm.j100 ml., 
equivalent to about 130-200 mgm./gm. of dry matter 
for boar seminal vesical secretion. Concentrations of 
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inositol are higher in the tissues and fluids of fostal 
and growing animals than in those of adult 
animals’*, While it is possible that inositol, in virtue 
of the high concentration encountered, may play an 
important part m the carbohydrate metabolism of 
tissues concerned with rapid metabolism, it is also 
possible that growing tissues need stores or reserves 
of inositol, both in plants and in animals. The 
true significance of the high inositol concentrations 
cannot as yet be assessed. 
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Occurrence of Shikimic Acid in Gooseberry 
Fruits 


IN a recent survey of the organic acids of fruits, 
shikimic acid has been found in considerable amount 
in each of the varieties of gooseberry examined. 
Aqueous extracts of unripe fruits of the varieties 
Leveller, Careless and Whinham’s Industry, after 
precipitation of pectin with 60 per cent acetone, were 
investigated by paper chromatqgraphy using the 
following three solvents: (1) benzyl alcohol -— iso- 
propyl alcohol —¢ert.-butyl alcohol — water — formic 
acid (8:1:1:1:2 per cent), (2) n-propyl alcohol — 
conc. ammonia (70 : 30)?, (3) phenol — water — formic 
acid (3:1:1 per cent). In addition to malic and 
citric acd spots, a third spot (4) was observed with 
Ry values m solvents (2) and (3), 0-17 and 0-58 
respectively, identical. with those of shikimie acid ; 
citric acid and shikimic acid do not separate in sol- 
vent (1). Spot A separated from quinic and dihydro- 
shikimic acids in solvent (3)°, 
and 0-66 respectively, and rapidly gave a greenish- 
yellow colour at room temperature on spraying with 
sodium metaperiodate followed by sodium nitro- 
prusside and piperazine‘. This reagent is so far only 


known to give a reaction with quinic, shikimiec and , 


dihydroshikimic acids*. It has now been found that 
shikimic acid reacts at room temperature within a 
few minutes, while the other acids react more 
slowly. This observation is an additional aid to 
identification. 

Addition of the gooseberry pectin-free extract to a 
silica gel column and elution with tert.-buty] alcohol — 
chloroform mixtures of increasing tert.-butyl alcohol 
content showed an acid peak in the same position as 
that shown by an authentic specimen of shikimic 
acid. Examination of the appropriate fractions by 
paper chromatography also indicated the presence 
of shikimic acid m amounts corresponding to 0-30 per 
cent of the fresh weight of the fruit. 

In order to isolate the suspected shikimic acid, a 
volume of pectin-free extract was first treated with 
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‘Amberlite’ IR-F20 resm in the hydrogen form, and 
passed through a column of ‘Amberlite’ IRA 400 
(acetate) resin, which was then treated with 0-1N 
acetic acid. Acid A was eluted at an early stage 
together with a trace of quinic acid’ (identified by . 
the paper chromatographic methods described above). 
The two acids were separated on & silica gel column ; 
acid A was eluted first. 0-15 gm. was obtained from 
50 gm. of berries and, after treatment with charcoal, 
crystallized from 95 per cent ethanol and then from 
glacial acetic acd with melting point 184-85°, which 
showed no depression on admixture with an authentic 
specimen of shikimic acid. Elementary analysis gave 
C, 48-41; H, 5-90 per cent; shikimie acid requires 
C, 48-27; H, &-79 per cent. Acid A is therefore 
shown to be skikimic acid and contributed in the 
gooseberry 20 per cent of the total acidity on a weight 
basis. 

In contrast tc the results of Hulme’, who observed 
increasing shikinic acid content of Bramley’s Seedling 
with mereasing maturity and the onset of senescence, 
the present results on the gooseberry variety Careless 
show that from the under-ripe stage to the fully ripe 
stage six weeks later, the weight of shikimic acid per 
berry remained practically constant. 

The simultameous appearance of shikimic and 
quinic acids in a plant tissue may be significant, 
although, in the bacterial mutants studied by Davis’, 
quinic acid was off the main route of aromatization 
from carbohydrate via shikimic acid to the aromatic 
amino-acids. The occurrence of quinic and shikimic 
acids in the ‘sare plant tissue was first observed by 
Boldt’, who isclated these acids from the carpels 
of I Uicium verum, and later by Hulme and Richardson, 
who isolated taem from grasses’? and by Hulme 
from apple fruits (Bramley’s Seedling)’. Hathway?? 


has identified >y paper chromatographic methods - 


quinic and shikimic acids in myrobalans, and I have 
detected both acids in gooseberries, blackberries, 
cider apples, perry pears and quince fruits, using 
fractional eluticn from anion exchange resin columns 
and paper chromatography. The co-existence of 
these acids is probably extensive in plant tissues 
although their metabolic function is still unknown. 
L. F. Burrougas (private communication) has ob- 
served little diference in the pattern of free aromatic 
amino-acids of gooseberry and in soft fruits in which 
shikimic acid vas either not detected or was found 
in trace amounts only. This, however, does not 
exclude differerces in other aromatic constituents. 

A detailed account of this work will be published 
elsewhere. I wish to thank Dr. A. Pollard, of this 
Station, for hezpful advice and discussion. 

G. ©. Wuirine 

Research Station, 

Long Ashton, _ 
Bristol. 
Dec. 15. 
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Decrease of Phosphorus/Oxygen Ratios by: 
‘Dinitrophenol in vivo 


In a paper by ‘one of us!, it was reported that 
intraperitoneal administration of 2 : 4-dinitrophenol 
produces a high degree of uncoupling of oxidative 
phosphorylation in mitochondria from several rat 
tissues. There were -histological changes in these 
tissues, which showed mitochondrial swelling and 
cloudy swelling. In the case of the liver, we have 
found that very shortly after treatment, fat droplets 
appear in the cells, followed later by glycogen. 
Similar changes were observed by Fomnesu and 
Severi?*, who found also that cloudy. swelling 1s 
characterized by decrease of phosphorus/oxygen 
ratios. In addition, treated rats showed increase of 
body temperature, a condition which has been 
referred by many authors to the decline of phosphoryl- 
ation*.®, 

In a recent communication in Nature, Parker? 
could not confirm the inhibition by 2: 4-dinitro- 
phenol of oxidative phosphorylation in vivo. His 
work, however, differs from ours in two important 
ways: (1) the nature of the substrate used, which 
was «-ketoglutarate in our experiments, glutamate 
in those of Parker ; (2) the amount of mitochondria 
used for each determination, which corresponded to 
100 mgm. liver in our experiments, and to 250 mgm. 
in Parker’s: With regard to point (1), Saktor and 
Cochran? have found that the phosphorylation 
coupled with the oxidation of ketoglutarate by house- 
fly muscle mitochondria is more sensitive to 2: 4- 
dinitrophenol than that coupled with the oxidation of , 
glutamate. With regard to point (2), one may 
observe that the mitochondrial membrane is the 
limiting factor in many enzymic reactions, and that 
the use of too large amounts of mitochondria may 
then be the.cause of unexpected results. 

In order to check the influence of these differences 
in the methods, the experiments have been.repeated, 
using different amounts of mitochondria (correspond- 
ing to 100 and 250 mgm. of wet liver, respectively), 
and two substrates (ketoglutarate and glutamate). 
Since Hunter and Ford® have shown that loss of 
oxidative phosphorylation occurring after mito- 
chondrial swelling in vitro can be partially restored by 
addition of diphosphopyridine nucleotide, 1 x 10-? 
M diphosphopyridine nucleotide was added in each 
© Warburg flask. The suspension medium for the 
preparation of the homogenate was 0-25 M sucrose 
containing 0-002 M tris buffer, pH 7-6. The other 
experimental conditions were those described in the 
previous paper?. ; A 


Table 1. UNOOUPLING OF OXIDATIVE PHOSPHORYLATION IN BAT LIVER 

MITOCHONDRIA AFTER TREATMENT WITH 2: 4-DINITROPHENOL 

(8 MAGM./100 ax. BODY-WEIGHT). EIGHT EXPERIMENTS FOR BAOH 
ROUP, STANDARD DEVIATION IS GIVEN FOR BAOH AVERAGE 


A u Atoms P |pAtomsO} P/O 
Substrate z 





a-Keto- 
glutarate 
a-Keto- 
lutarate 
Glutamate 
Glutamate 
, | a-Keto- 
glutarate 
a-Keto- 
lutarate 
Glutamate 
Glutamate 


14:867 +28 
11 521-6 
11-7642 7 

8 4741-9 


729423 


4-3340'8 
3-3740°4 
4:1940 9 
3°290°7 
3°0640°8 
1°6740°7 


31404 
2-53 40-9 


3-394402 
3°4140-2 
280402 
2:57 £03 
2-389405 
13640-8 
216403 
156404 


3962-1 
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It is clear from Table 1 that a decrease of phos- 
phorusjoxygen ratios was observed again in rats 
receiving 3 mgm. 2: 4-dinitrophenol/100 gm. hody- 
weight. The extent of decrease, which was statistically 
significant for each treated group, was, however, higher 
with ketoglutarate than with glutamate, and with 
mitochondria corresponding to 100 mgm. liver. The 
values obtained with mitochondria from 250 mgm. 
tissue were never 2-5 times as great as those obtained 
with the particles from 100 mgm. tissue. Oxidation 
of both substrates was decreased after treatment 
with 2: 4-dinitrophenol, but the decrease of phos- 
phorylation was always higher. Both differences in 
the methods may, therefore, have co-operated inthe 
production of the discrepancy between the results 
obtained by Parker and our results. 

Mario U. Dranzani* 
Maria Assunta Dianzant Mor* 
Laboratorium voor Physiologische Chemie, 
University, Utrecht. 


* Present address: Istituto di Patologia Generale, University of 
enoa, š 
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The Antihæmophilic and Christmas Factor 
Activities of Ethanol Fractions of Brain 
‘Extract 


Tue activity of brain tissue extract in the mechan- 
ism of blood coagulation is considered to be equivalent 
to a combination of platelets, antihemophilic globulin 
and Christmas factor! (plasma thromboplastin com- 
ponent). The latter two blood-clotting factors have 
been separated ım different ‘ethanol fractions of 
plasma, It was thus of interest, following our report 
on the isolation of antihemophilic globulin from 
brain tissue’, to study the antihemophilic and Christ- 
mas factor activities of various ethanol fractions 
obtained from brain extract. 

Heparinized human brain extract was prepared as 
previously described*. The activity of each fraction 
was determined by its effect on the blood and plasma- 
clotting time, prothrombin consumption and thrombo- 
plastin generation test. 

On treating the brain extract in a way similar to 
that described by Cohn et al.® in 1946, for plasma 
fractionation, traces of these two factors were present’ 


‘in the products corresponding to fractions I, 11+, 


IV—1 and IV—4. However, using the modified 
method of Cohn et al.‘, the two factors were present 
in the precipitate obtained at 0-04 M sodium con- 
centration, 0-066 M fraction ethanol and pH 5-8 
(corresponding to fraction I+I-+II of plasma‘). 
Paper electrophoresis of this precipitate using barbi- 
tone buffer, pH 8-6, showed two bands: one at the 
origin and another occupying the 6-globulin position. 
This fraction was found to contain no heparin. The 
latter was precipitated with most of the remaining 
proteins on the addition of 0-02 M zinc acetate. 

The following experiments were carried out with the 
precipitate containing the Christmas factor and anti- 
hemophilic globulin in an endeavour to obtain each 
factor separately. A reagent* containing 0-6 M 


` 
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glycine, 0-051 M fraction ethanol and 0-005 M sodium 
extracted both factors from the precipitate at 
pH 6-8, it did not extract either at pH 5-5 and 
caused marked diminution in their potencies. The 
extract obtained using & solution of pH 7-8, ionic 
strength 0-005 and alcohol concentration 0-07 M * 
contained the two factors. Attempts at isolating 
each factor separately by re-precipitation from the 
extracts at pH ranging from 4-0 to 5-6 were unsuccess- 
ful, and the activity of both factors in the precipitates 
were adversely affected. 

In blood plasma, the antihemophilic globulin has 
been separated together with fibrinogen in fraction 1°, 
while the Christmas factor potency has been-demon- 
strated in fractions I[+IIT and IV è. In brain ex- 
tract, the association of these two blood-clotting 
factors in the same ethanol fraction may be attributed 
to one or both of the following causes. 

(1) In the absence of fibrinogen, antihemophilic 
globulin may acquire its full behaviour as 8,-globulin’, 
to which group the Christmas factor belongs*. The 
two proteins precipitated together most probably form 
a protem—protein complex which could not be decom- 
posed by the reagents used. 

(2) The nature of the two factors in the bram tissue 
may be different from that present in the blood; in 
the case of antihemophilic globulin, its non-migration 
in the electric field when examined by paper electro- 
phoresis? seemed to suggest this possibility. 

We wish to thank Dr. S. W. Stanbury for the use 
of the refrigerated centrifuge. 


F. Nour-ELp1n 
(Research Fellow in Hemophilia) 


Jonn F. WIEKINSON 
Department of Hæmatology, 
Royal Infirmary, and 
University of Manchester. | 
Dec. 14. 
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Hyponitrite Reductase in Neurospora 


THERE is much uncertainty in regard to the path- 
way of nitrite reduction in micro-organisms and in 
hıgher plants. Although nitrite and hydroxylamine 
reductases have been found in some bacteria}, 
Neurospora and in higher plants", the immediate 
reduction product of nitrite has not been identified. 
Several workers* have suggested that hyponitrite 
is the intermediate, but Taniguchi et al. have shown 
that hyponitrite was not reduced by crude extracts of 
a bacterium tolerant to halogens containing all the 
enzyme systems for the successive reduction of 
nitrate to ammonia. In the denitrification process, 
too, hyponitrite as well as nitramide have been 
postulated to be intermediates in nitrite reduction. 
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Lees®, however, found that hyponitrite was not 
utilized by washed cells of Nitrosomonas. : 

We have identified an enzyme in Neurospora which 
will reduce sodium hyponitrite to hydroxylamine by 
reduced diphosphopyridine nucleotide. The hydroxyl- 
amine was further reduced to ammonia by a specific 
‘reductase presens in the extract. 

Neurospora crassa wild type 5279a (macroconidial) 
was grown in a Fries medium’ with sodium nitrate 
as the source of nitrogen. After four days growth 
in the dark at £0°C., the felts were collected in a 
Buchner funnel, well washed in glass-distilled water, 
and frozen at —17°C. for 12 hr. ‘The felts were 
then ground in a mortar with four times their weight 
of phosphate buffer (pH 7-5) and then in a Ten 
Broeck glass mecerator ‘at 0°C. The homogenate 
was centrifuged at 3,000g for 15 min. at-4°C. The 
supernatant solution served as the enzyme source. 
Protein was determined in the extracts by the Folin 
method. ig 

Sodium hyponitrite was prepared by allowing 
5 gm. of hydroxylamine sulphate in 12 ml. distilled 
water to react with 2 gm. of sodium nitrite in 8 ml. 
distilled water aw 0°C. 5 ml. of 0-5 N silver nitrate 
solution with 20 ml. of distilled water were added to 
the solution anid the yellow precipitate of silver 
hyponitrite was allowed to settle out in the dark, 
for 15 min., before filtering it through a No. 42 
Whatman paper in a Buchner funnel. The precipitate, 
well washed witk cold distilled water, was transferred 
to a specimen tube containing 2 ml. of saturated 
sodium chloride and filtered. The filtrate contained 
sodium hyponitrite. The antipyrene test on aliquots 
of the filtrate, which is specific for nitrite, was nega- 
tive and hydroxylamine was not: detected using a 
method in which ferric won is reduced to ferrous iron, 
the latter determined by o-phenanthroline, This 
method is specific for hydroxylamine, detecting as 
little as 0-1 ugm., in the presence of hyponitrite 
(Nicholas, D. J. D., unpublished results). The amount 
of hyponitrite in solution was determmed quantita- 
tively by oxidising the hyponitrite to nitrite with 
iodine 'as in the Czaky method and the nitrite 
was determmed by the sulphanilamide and 
N-(-l-naphthyl) ethylenediamine reagents. The 
amount of hypanitrite present was 5/2 of the nitrite 
formed, calculated for the reaction : 


5H,N,O, + O: > 2HNO, + 4H,0 + 4N,0 


The results of the enzyme assays in Conway units 
are shown in Table 1. All reagents used (except the 
enzyme) were boiled to eliminate the last traces of 
ammonia and, after cooling rapidly, were used 
immediately in the assay. 


Table 1. Hyponrrkitnr REDUCTASE IN Neurospora: 


Complete system. Cuter cell of Conway unit, 0-15 ml. 0-2 M pyro- 
phosphate (pH 7 5); 0-1ml.4 x 10-3 M sodium hyponitrite ; 0 65 ml. 
boiled pig heart; 02 ml enzyme (8-3 mgm. protein/ml.); 01 ml. 
10-3 M reduced diptosphopyridne nuecleotide.- Inner cell: 1-5 ml. 
0-01 N hydrochloric acid. Incubated for 20 min at laboratory tem- 
perature, then 1 ml. saturated potassium carbonate added to outer 
cell and rncubated further, for 14 hr. 0°4 ml. aliquots taken from inner 
cell for ammonia ee by we phenate-hypochlorite method 
re: 





Ammonia produced in mpzmoles/ 


Specific activity of 
20 muin.jml, enzyme 


enzyme: mymoles 
ammonia/20 min / 








Exp. | Com- Omit reduced mgm. protein. 
plete | diphosphopyridine | Omit 
system nucleotide enzyme 
1 288 48 i 34 
2 237 49 0 28 5 
8 411 51 0 28+ 
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The ‘results in Table 1 shaw that ammonia was 
produced when hyponitrite was incubated with the 
enzyme and reduced diphosphopyridine nucleotide. 
In the absence of the enzyme no ammonia was pro- 
duced and without the coenzyme only small amounts 
were detected. 

The results in Table 2 show the effect of mhibitors 
on the enzyme. 


EyvecT oF Inuinrrors oN HYPONITRITH REDUCTASE 
(PER CENT INHIBITION) + 


02 ml. enzyme incubated for 30 min. with 0 2 ml. 107! M potassium 
aie 0 2ml saturated 2 : 2’-diquinoly]; 0-2 ml. 107? M hydrazine 
sul hate’; 0-2 ml. saturated solution of ‘tetrabase’; 02 ml. 10-* M 
pe oromercuribenzoate, 02 mi. 4 x10 M 2.6-dinitrophenol 

respectively before assay. Enzyme assay as in Table 1 


Table 2. 


p-Chloro- 
mercuri- 


Pot. 2:2’-Di- Hydrazine ‘Tetrabase’ 2.6-Dinitro- 
cyanide quinolyl sulphate benzoate phenol 
87 85 78 z 82 75 


40 


Metal chelates inhibited the enzyme as did —SH 
inhibitors. The enzyme is likely to be a metallo- 
flavoprotein similar to others in the reduction 
sequence. It is also inhibited by uncoupling reagents, 
for example, dinitrophenol, so that a phosphorylation 
1s involved in this reducing step. Further characteriza- 
tion of the enzyme and a study of its distribution 
in other organisms are now in progress. 

The identification of a hyponitrite reductase in 
Neurospore supports the view that nitrate is reduced 
to ammonia in two-electron steps in plants and that 
the hitherto undetermmed intermediate, postulated 
to have an oxidation state of + 1 for nitrogen, is 
probably hyponitrite. The stoichiometry of this 
reduction sequence may now be represented as 
follows : 


HNO, +DPNH* +H+ > HNO, +DPN++H,0 


HNO, +DPNH +H+ > 4H,N:0:+DPN++H,0 
4H.N,0,+DPNH +H+ +NH,OH +DPN+ 





NH,OH +DPNH +H+ > NH, +DPN++H,0 
Net: i 
-+4DPNH+4H+ +> NH; +4DPN++3H,.O 


HNO, 





*In a number of these reactions reduced _ triphosphopyridine 
nucleotide can act as substitute for the reduced diphosphopyridine 
nucleotide (DPNH). 


A full account of this and related work is in 
preparation. 
ANTONIA MEDINA* 
D. J. D. NICHOLAS 


Agricultural Research Council 
Unit of Plant Nutrition (Micronutrients), 
Long Ashton Research Station, 
University of Bristol. 
Dec. 20. 
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Inhibition of Alanine Transaminase by the 
Hypoglycemic Sulphonylurea Derivatives 


Because of the recent interest in the mechanism 
of action of the two antidiabetic sulphonylurea 
derivatives, carbutamide (N, sulphanilyl N, n-butyl- 
carbamide) and tolbutamide (N, p-toluylsulphonyl N.» 
n-butylearbamide), the effect of these compounds on 
the liver transaminase system was investigated, since 
inhibition of transamination reactions could lead to 
a decrease in the rate of neoglucogenesis. 

The system used was modified from Cammaratta 
and Cohen}, in that freshly prepared enzyme was 
used in all experiments. The enzyme was prepared 
by homogenuzing fresh rat liver with 0-05 M potassium 
phosphate buffer. The homogenate was then differ- 
entially centrifuged, and the supernatant, after sedi- 
mentation of the mitochondria, was used for the 
experiment. 

Thus the system consisted of: (1) Fresh liver 
enzyme, 0:2 ml.; (2) 0:5 ml. of 0:04.M «-keto- 
glutaric acid in 0:05 W sodium phosphate buffer, 
pH 7-4; (8) 1-0 ml. of 0-04 M p-z alanine in 0-05 M 
sodium phosphate buffer, pH 7-4; (4) 0:05 M sodium 
phosphate buffer, pH 7-4, to 3-0 ml. ~ 

When sulphonyl derivatives were added, ‘these 


_ displaced a portion of the sodium phosphate buffer. 


The system was incubated for 1 hr. at 37-2°C., 
and the reaction was stopped? by placing the flaske 
in water at 100° C. for 5 min. 

The quantity of glutamic acid formed was estimated 
by determining the amount of carbon dioxide evolved 
as a result of the action of glutamic acid decarb- 
oxylase? obtained from B. welchit SR 12. 

The following substances were tested in this system : 
(1) Carbutemide (N, sulphanilyl N, n-butylearb- 
amide); (2) tolbutamide (N, toluylsulphonyl N, 
n-butylearbamide) ; (3) sulphacetamide (N, sulph- 
onilylacetamide) ; (4) sulphadiazine (2 sulphanilamide 
pyrimidine). In all cases these were dissolved im 
0-05 M sodium phosphate buffer and the pH adjusted 
to 7-4. All experiments were repeated four times. 

The results obtained are shown in Fig. 1. Each point 
in the figure represents the mean of four experiments. 
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Control experiments have shown that none of the 
substances tested significantly inhibited B. welchii 
SR 12 glutamic acid decarboxylase. 

It is thus seen that carbutamide and tolbutamide 
significantly inhibit alanine transamimase, whereas 
sulphacetamide and sulphadiazine do not, and ıt is 
suggested that, by inhibiting transamination, such 
compounds decrease the rate of neoglucogenesis and 
hence lower the blood sugar. 

I should like to thank the Australian National 
Health and Medical Research Council and Messrs. 
Eli Lilly and Co. for their support. 
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The «8 Transformation in Keratin 

THE «6 transformation, as observed by X-rays, 
has always held @ position of central importance in 
any considerations on the molecular structure of 
keratin. It is therefore surprismg that no quantitative 
investigation of the intensity variation of different 
reflexions comprising the X-ray diagram has been 
reported in the literature. It is generally accepted 
-that the X-ray diagram of keratin changes little up 
to about 20 per cent extension («-pattern), undergoes 
a rapid change between 30 and 50 per cent extension, 
and remains essentially unchanged during further 
extension (@-pattern)!". It is also claimed that the 
onset of the transformation always occurs at about 
20 per cent extension irrespective of the medium in 
which the fibres are stretched!, and that the general 
character of the transformation is unaffected by 
relaxation effects and a wide variety of chemical 
treatments’. 

This picture appears to require considerable 
modification in the lght of work which is being 
carried out by these laboratories. A specially adapted 
‘Norelco’ Geiger-counter diffractometer is being used 
to investigate the X-ray diagram of wool, in particular 
the «-§ transformation. The specimen, which consists 
of a bundle of about a thousand Lincoln wool fibres, 
is held between the jaws of a stretching device inside 
a chamber at controlled temperature and humidity. 
With the existing equipment only three reflexions 
lend themselves to reliable observation: the meri- 
dional «-arc (a group of reflexions at about 5-1 A.), 
the equatorial ®-spot at about 4-65 A., and the 
diffuse equatorial spot (which in porcupine quill tip 
is a group of reflexions) at about 9-8 A. common to 
both «- and #-patterns. The fine structure of the 
5-1 A. and the 9-8 A. reflexions is not resolved by 
the present X-ray optical “arrangement, which is 
designed for maximum diffracted intensity rather 
than optimum resolution. 

Interesting results were obtained by observing 
the variation in peak intensity of these three re- 
flexions with extension under different conditions of 
temperature and humidity of the fibre bundle. In 
general, the X-ray diagram of Lincoln wool starts 
changing at low extensions (5 per cent or less), 
contrary to previous reports; at 20 per cent ex- 
tension the «-f transformation is generally well 
advanced, and there is frequently no evidence of a 
rapid change between 30 and 50 per cent extension. 
(Fig. 1 is a typical plot of peak intensity against per- 
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Fig.1 Variation of peak intensity of the three prominent reflexions 

of the X-ray diagram of wool vs. percentage extension. In this 

particular test the X-ray diagrams were obtained at 20°C. and 

0 per cont relative humidity; each increment of extension was 
carried out in water at 50° O, 


centage extension for the three reflexions.) It was 
also found that if the specimen is stretched in air, 
the æ- transformation proceeds more quickly at 
20°C. than at 50°C., and that low humidity accel- 
erates the «-ß transformation. 

Under some experimental conditions (for example, 
stretching in air from 0 to 20 per cent extension at 


‘20°C. and 60 per cent relative humidity), it was 


observed that @ decrease in the 5-1 A. reflexion is 
not peromnpanio’: by a related increase in the 4-65 A. 
reflexion. A similar lack of correspondence was noted 
when a specimen, previously stretched in air at 20° C. 
and 100 per cent relative humidity from 0 to 40 per 
cent extension, was allowed to relax at that extension 
in water at 50°C. for 10 min. Comparison of the 
X-ray diagrams before and after stress relaxation 
revealed no sigrificant change in the intensity of 
the 5-1A. and 9-8 A, reflexions, and a marked 
increase in the intensity of the 4:65 A. reflexion. 
Observations of this type do not accord well with 
Astbury’s hypotkesis of a ‘molecular’ «—§ transforma- 
tiont*, as this hypothesis is based to & large extent, 
either explicitly or-by implication, on @ 1:1 corre- 
spondence of tha intensity variation of the 5-1 A. 
and 4-65 A. reflexions. 

The results quoted were obtained after correcting 
the experimental results for air-scattering, polariza- 
tion, absorption and variation of diffracting material 


` during extension. The last two corrections are fairly 


large and are now being tested. 
“A full accouns of this work is at present being 
prepared for publication. 

I am indebted to Prof. C. J. Milner, head of the 
School of Applied Physics at the New South Wales 
University of Tezhnology, for the use of the Norelco 
Geiger-counter diffractometer and many other facil- 
ities extended daring this investigation. 
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Ryde, New South Wales. 
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Structure of Bacitracin A 


Rerorrs in the literature! regarding the dodeca- 
peptide, bacitracin A, indicate the presence in the 
molecule of the sequences phenylalanyl histidine (I) 
and phenylalanyl isoleucyl cysteine (II). Two related 
facts remain unexplained: (a) there is only one 
phenylalanine residue in the molecule; hence it 1s 
the same phenylalanyl which is present in (I) and 
(II); (b) on total hydrolysis of dinitrophenyl- 
bacitracin A, the dinitrophenyl derivative of the 
isoleucine residue in (II) can be isolated, though in 
poor yield'. F 

To cover (a), a specific grouping is required in 
which the «-carboxyl carbon atom of phenylalanyl is 
bonded to the «-amino groups of histidine and 
isoleucyl. This structural element, i aa ia 


—NH 
belongs to the system of groupings uniting the 
«-carboxyl and «-amino groups of amino-acids which 
was formulated in the cyclol theory*. According to 
this theory which, in a sense, is an amendment to 
the Fischer-Hofmeister theory of peptide structure, 
there can be one or two C—N bonds joining the 
a-carboxyl carbon atom of an amino-acid residue to 
the a-amino groups of other residues, and there can, 
be one or two such bonds joining its «-amino group 
to the «-carboxyl groups of other residues. In con- 
sequence, the residues in the intact peptide structure . 
are covalently bonded together not only in the 
CO—NH grouping uniting two residues through 
one C—-N bond, but also in a variety of multiple 
peptide or cyclol groupings uniting three or more 
residues through two or more C—N bonds. Simplest 
among these multiple peptide groupings are the 
‘I,l-diamino carbinol grouping, —-C(OH)—NH—, 
just mentioned, and p> 
the diacyl amino group- —NH 
ing, —-CO—N—, both 


bo— 
containing two 'C—N 
bonds and uniting three 
residues. The next simplest is the —C(OH)—N— 


—NH co— 
grouping containing three C—N bonds and uniting 
four residues. - - 

wv) [ 

that the cyclol group- : 

ings cannot exist. 

However, Stoll and his associates*»* have shown that 
one type of cyclol grouping exists in Nature, arguments 
to the contrary notwithstanding (see Stoll, loc. ciz.). 
The case in point occurs in the peptide moiety of the 
five naturally occurring ergot alkaloids. Using two 
independent methods, high-temperature cleavage of 
the alkaloids and reduction with lithium aluminium 


hydride’, Stoll and his associates established that the 
five tripeptides have the structure (IIT): 


(UI) R—CO—NH—CR,—CO—N—CHR,—CO 


| | 
C N 


_ For a long time it 
was widely assumed 





b CH CH, 
] 


CH, 








fs fl 
OH CH, 

This structure® contains the aa or diacyl amino- 
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b 
type of cyclol grouping’ mentioned above, which 
proves, not unexpectedly, to be unstable to hydro- 
lysis. The skeleton formed by the N—C—C back- 
bones of the three residues in (III) may theoretically 
decompose in two ways, as the multiple peptide 
grouping degenerates into single peptide groupings : 


=N—C-.0 N06 to N60 + N—C—C 


| | | 
C—C-—-N bio ts 
or to —-N—C-—C—N—C—C—N—C—C 
Products of both these types emerged in hydrolytic 
experiments, but none in which the T fragment 


e. y C 
survived intact. The hydrolytic experiments demon- 
strate the nature of the skeleton of the tripeptides 
by implication (how else can the two types of product 
be accounted for?) but only by implication. To 
establish structure (ITI) directly, other than hydrolytic 
procedures were required. The inference may be 
drawn that a peptide can contain a functional 
element—a ‘structural subtlety’, to use Glenn’s 
phrase’—which hydrolytic experiments do not reveal : 
in other words, the failuré to find direct evidence of 
a multiple peptide grouping in partial hydrolysis 
products of a peptide does not prove that it is not 
present. It may also be concluded that the unstable 
diacyl amino grouping can remain intact so long as 
it is part of a larger structure of appropriate type. 
Regarding what is appropriate, this structure pro- 
vides a first example. Seemingly the tricyclic nature 
of the-atomic pattern is the main stabilizing feature. 

Applying these ideas to bacitracin A, we account 
for (a) by introducing. the aa type of multiple 


- N 
peptide ‘grouping containing an asymmetric carbon 
atom as in (IV): É 


——-NH-—CHF phe —-C*(OH) —NH—CH R gii —CO— 





L ——CO—CH Roys —NH—CO—CHRneu —NH 


To account for (b) it is then necessary to assume 
that the dinitrophenyl derivative of isoleucine is 
obtained from bacitracin A, not directly, but only 
after (IV) has degenerated into: 


__NH—CHRppe —CO—NH—CH Ryis—CO— 


CO—CH Roys —NH—CO—CHEneu —NH,, 


the peptide chain analogue of (IV). However, this 
assumption, that the C—N type of multiple peptide 
| 


N 
grouping shares with the =] type the property of 


Cc 

being unstable to hydrolysis, is far from being un- 
plausible. It would carry with it the implication 
that other than hydrolytic procedures will be 
required to prove or disprove the suggestion made 
in (IV). , 

This suggestion does not rule out the presence, in 
the relatively large bacitracin molecule containmg 
many pairs of NH and CO groups in (1,6) positions 
along a chain, of a number of other cyclol groupings 
involving, inter alia, the lysine and aspartic acid 
residues. These may include the oyelol-6 kernel? 
which contains six C—N bonds, introduces three 


t 


March 9, 1957 


No 4558 


asymmetric carbon atoms and is potentially of 
interest in relation to the D-residues in bacitracin A 
and probably confers considerable stability on any 
molecule of which it is a part. Also remaining to be 
considered are other stabilizing features in the form 
of various particular ring closures in which R-groups 
take part. Included in these is the ring, already 
suggested', in which the cysteine side-chain is in- 
volved. A multiplicity of both types of ring closure 
would give the bacitracin molecule a geometrically 
well-defined atomic pattern, thus providing an ex- 
planation of its biological activity which is in tune 
with the modern concept of specuficity. 
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Microbiological Degradation of Cholic 
_ Acid 

For the microbiological oxidation of chohe acid, 
two possible pathways different from that found m 
A. faecalis’ or E. coli? can be suggested. 

Previous studies? showed that Streptomyces gelaticus 
1164, cultured in a synthetic medium containing 
cholic acid as the sole source of carbon, oxidized 
cholic acid (I) to an acid with melting point 280-282° 
(decomp.), which was presuméd to be 7a-hydroxy- 
3 : 12-dioxo-A‘-bisnorcholenic acid (V). It has also 
been; demonstrated’ that S. gelaticus 1164. cultured 
in a medium containing cholic acid and glucose as 
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the carbon sources, produced various intermediates 


such as 7a : 12æ-dihydroxy-3-oxocholanic acid (II), 
Tæ-hydroxy-3 : 12-dioxocholanic acid (III), 7a-hy- 
droxy-3 : 12-dioxo- A4-cholenice acid (IV) and the 
acid (V). 

From the results of these experiments, a new 
oxidation pathway of cholic acid by S. gelaticus 1164 


may be presumed as follows: I > II > WT —> IV > 


Vo. 

Subsequent studies of two unidentified bacteria, 
which can grow on a synthetic medium containing 
chole acid as «he sole source of carbon and are 
capable of converting cholic acid (1) to 7a: 12«-di- 
hydroxy-3-oxo- 4.4-cholenic acid (VI), have led to a 
consideration of another pathway for the oxidation 
of cholic acid by micro-organisms. The second path- 
way in these bacteria may be suggested as follows: 
I +l > VI >. 

Much of the representation of our proposed path- 
ways for cholic acid degradation by micro-organisms 
is still largely hypothetical, and the end product of 
cholic acid oxication by these organisms has not 
yet been isolated. However, the following observa- 
tions are still o? interest. 

(1) The mode of oxidation of cholic acid by 
A. faecalis: or E. coli? is the same as observed in the 
chemical oxidation by chromic acid or bromine‘. 
On the other hand, the first step of cholie acid 
oxidation by ovr proposed pathways is related to 
Oppenauer oxidation? or Seay arena with 
Raney nickel’. 

(2) Since the two acids (IV) and (V) have the 
same constitution except for the difference in the 
side-chain, it seems quite probable that an intro- 
duction of the A‘-3-ketone or the 7e-hydroxy- At- 
3-ketone structures into the cholane nucleus is an 
indispensable process for the shortening of the side- 
chain of cholic acid. 

In addition to the above S. gelaticus, six species 
of Streptomyces, namely, S. californicus, S. flavogriseus, 


' S. halstedit, S. rubescens, S. nitrosporeus and S. scabies, 


have been founc. to be capable of utilizing cholic acid 
as the sole sourze of carbon and decomposing it via 
an intermediate (probably, acid IV or VI) containing 
& To-hydroxy-4*-3-ketone structure®, 

This finding suggests a significance of the A‘.3- 
ketone structure for the microbial breakdown of bile 
acids, as ıs well known for the metabolism of other 
steroids by a variety of biological saa such as 
micro-organisms and animal tissues. 
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Further studies on the proposed. pathways for 
microbial cholic acid degradation are in progress and 
will be reported in detail elsewhere. , 
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i Synthesis of N-Glucuronic Acid 
Conjugates 


RxcEnt investigations have shown that the forma- 
tion of glucosiduronic acids can be catalysed by 
cell-free preparations of mammalian liver with uridine 
diphosphate glucuronic acid acting as the glucuronic 
acid donort. These preparations have been found to 
synthesize ether- as well as ester-type glucuronic 
acid conjugates?. We wish to report the enzymatic 
synthesis of another type of conjugate in which 
glucuronic acid is linked to nitrogen. 

Incubation of aniline with the microsomes of 
guinea pig liver and uridine diphosphate glucuronic 
acid resulted in the disappearance of the free amino- 
group of aniline (Table 1). Little or no disappearance 
of the amine was observed in the absence of uridine 
diphosphate glucuronic acid or when this co-factor 
was replaced with uridine diphosphate glucose or 
glucuronolactone. Aniline was determined by ex- 
tracting the compound into ethylene dichloride; 
returning it to a small volume of 0-1 N hydrochloric 
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acid and measuring the ammo-group by diazotization , 


and coupling with N(l-naphthyl) ethylenediamme’. 
After incubating aniline with uridine diphosphate 
glucuronic acid and liver microsomes, the substrate 
which had not reacted was removed by extraction 
with ether and the aqueous residue was acidified. 
When this solution was kept at 50°C. for 10 min., 
its extraction with ethylene dichloride at pH 7-0 re- 
sulted in an almost complete recovery of the free 
ammo-group (Table 1). The amine liberated on acid 
treatment was identified as aniline by the technique 
of comparative distribution ratios*. These observa- 
tions suggested that the aniline which disappeared 
upon incubation with liver microsomes and uridine 
diphosphate glucuronic acid was converted to a labile 


. 
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Beavacante SYNTHESIS ` ‘oF ANILINE N-GLUCURONIC ACD 
CONJUGATE 


Washed microsomes, obtained from 200 mgm. of guinea pig liver, 
were incubated at 37° C. for 30 min. with 0'2 ml. 0-5 M phosphate 
buffer, pH 7:4, 20 moles magnesium chloride, 0-1 umole aniline 
hydrochloride, co-factors and water to make a final volume of 2 0 ml. 
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‘Table 1. 








Aniline disappearing Aniline recovered 





Additions on Incubation on acid treatment 
{umole) *({umole) (amole) 

Non 0 008 0 005 
Uridine diphosphate 

glucuronic acid (0:09)* 0 055 0 047 
Unidine diphosphate 

glucose (0-4) 0-002 0:002 
Glucuronolactone (0-1) 0 005 0 003 





hate glucose, with 


* Prepared enzymatically from uridine dipho: 
1,d) and diphos- 


uridine diphosphate glucose dehydrogenase (ref. 
phopyridine nucleotide. 


glucuronic acid conjugate, presumably aniline N- 
glucosiduronie acid. 

At pH 6-0 and pH 5-0, the aniline conjugate 
was hydrolysed to the extent of 47 and 68 per cent 
respectively within 30 min. at 37°C. Likewise, other 
investigators have found that N-glucuronic acid con- 
jugates isolated from urine were extremely labile in 
acid solutions‘. In the presence of either mammalian 
or bacterial @-glucuronidase, the rate of hydrolysis 
of the aniline glucuronic acid conjugate was no 
greater than that observed with the boiled enzymes. 

Incubating amines such as /p-phenetidine - and 
p-toluidine with guinea pig microsomes and uridine 
diphosphate glucuronic acid resulted in the dis- 
appearance of the amino-groups and their reappear- 
ance after treatment with acid. The fact that amines* 
(4,4’diaminodiphenyl sulphone, 2-naphtbylamine) and 
amino-acids’ have been found to be excreted as- 
glucuronic acid conjugates after their administration 
to animals, together with our observation that 
several amines can readily form conjugates in vitro, 
would suggest that this may. constitute an im- 
portant pathway in the metabolism of amino- 
compounds. ` 

Nuclei, mitochondria, microsomes and the soluble 
fraction of guinea pig liver* were examined for their 
ability to form the glucuronic acid conjugate of 
aniline in the presence of uridine diphosphate 
glucuronic acid. Only the microsomes showed 
enzymatic activity, as was found previously with 
phenolic substrates!. This observation suggested that 
the same enzyme may be involved in the formation 
of all_types of glucuronic acid linkages. Such a 
possibility was rendered more likely when it was 
shown that whether the substrate was a phenol or 
an amine, ‘the pH optimum and the rate of inactiva- 
tion of the microsomal enzyme were similar. Further- 
more, the formation of the aniline conjugate was 
inhibited by phenolic and carboxylic acceptors. 
Similar conclusions were reached by Dutton with 
respect to phenol and carboxyl glucosiduronic acid 
synthesis?. 

That an amino-compound can react with uridine 
diphosphate glucuronic acid to give an N-glucosid- 
uronic acid is consistent with the previqus findings 
that other nucleophilic (electron donating) reagents, 
such as alcohols, phenols and carboxylic acids, can 


-~ react in the same way; they have’in common the 


ability to attack the electrophilic anomeric carbon 
atom of uridine diphosphate glucuronic acid. Further- 
more, since the glycosidic bond in uridine diphosphate 
glucuronic acid has the «-configuration’, whereas the 
products formed are $-glucosiduronic acids, it would. 
appear -that the eera synthesis proceeds by a 


a. 
` , : 
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backwards’ attack, so that the reaction has the char- 
acteristics of a nucleophilic substitution. ` 
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Effect of the Interaction between Chelating 
Agents on their Fungitoxicity 


THe role of chelation in the mechanism of action of 
8-hydroxyquinoline (‘oxine’) against fungi has been 
reviewed by Horsfall? and Hollingshead?. The in- 
creased bactericidal and fungicidal activity of this 
compound in the presence of Cu?+ has been ascribed 
to the rapid penetration of the cell wall by the highly 
lipophilic 1: 2 copper : oxine complex®4, which may 
dissociate within the cell to a more toxic substance 
or substances. 

More recently, Zentmyer and Rich’ demonstrated 
that the toxicity of oxme and copper oxinate to 
spores and mycelium of Aspergillus niger van 
Tiegh. was reversed on Czapek’s agar by L-histidine 
(0-5 per cent) or L-cysteine (0-5 per cent), both of 
which were shown to compete for the copper and 
liberate free oxine. A similar biological effect was 
reported by Heath and Clark’, who showed that the 
inhibition of root growth of wheat seedlings by 
10-5 M oxine was partially reversed by ethylene- 
diamine tetraacetic acid (EDTA) at a concentration 
as low as 10-4 M. 

We have examined the fungistatic properties of a 
series of 5-n-alkyl oxines’ towards A. niger. The 
fungus was grown on a glucose-mineral salts—agar 
medium (pH. 5-0) without added trace metals. The 
compounds were incorporated in the medium at a 
final concentration of 10-4 M, and the growth of the 
mycelium (at 25°) was assessed over the 2-4 day 
period after inoculation’. The fungistatic activity 
of the compounds rose to a maximum at a chain- 
length of 5 or 6 carbon atoms. In another experi- 
ment, the addition of Cu?+ (10-*M) markedly 
reduced the activity of 5-n-amyl- and _5-phenyl- 
oxine. (10-* M). This effect could be reversed by 
the addition of the disodium salt of ethylenediamme 
tetraacetic acid (10-3 M), which presumably liberated 
the free oxines. Oxine itself, by contrast, was active 
in the presence of Cu?+, and inactive in the presence 
of excess ethylenediamine tetraacetic acid. All 
three compounds showed intermediate activity in the 

“basal medium alone, in which the only trace metals 
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Table 1. MBEAN RADIAL MYOCELIAL GROWTH (0L./DAY) OF A. niger 
IN THE PRESENCE OF THREE 8-HYDROXYQUINOLINES (10-4 M) 





t 





Compound Cu?+t and Cutt EDTA No 
EDTA added| added added addition 

Oxine 12 6 0 12 9 44 

5-Phenyl oxine 0-0 12 2 00 54 

5-Amyl oxine 00 9°8 0-0 20 

Control 12-8 13-3 13 6 12-9 














Least significant difference between means (P = 0 05) : 270 
P=001) °- 370 
P =0 001). 5-04 
The interactions CutĦoxines and oxines/EDTA are both significant 
(P < 0 001) 


present arose from impurities in the constituents. 
Neither Cu?+ na ethylenediamine tetraacetic acid 
reduced growth significantly in the absence of oxines 
(Table 1). 

The fungistatic activity of the 5-n-alkyl oxines 


follows the pattern normally encountered in such a 


homologous series*. Owing to their greater lipoid 
solubility, unchalated molecules of 5-amyl and 
-phenyl oxines are able to penetrate the fungal cell - 
wall more rapidly than those of oxine itself, which: 
is more active in the form of its 1 : 2 copper complex‘. 
It is suggested that the decrease in the activity of 
5-amyl and 5-ph2nyl-oxines in the presence of Cu?+ 
may arise from too low an aqueous solubility of the- 
corresponding 1:2 copper: oxine complexes. 

' Experiments on the effect of- ethylenediamine 
tetraacetic acid on the toxicity of a wider range of 
chelating agents to the mycelium of A. niger will be 
described elsewkere. Preliminary results indicate 
that the addition of an excess of ethylenediamine 
tetraacetic acid to the basal medium results in a 
significant increese in the fungistatic activity ‘of a 
number of compounds, including 5 : 7-dichloro-oxine 
(10-5 M) and 2-mercaptobenzthiazole (10-4 M). It is 
of interest that both these compounds ‘have already 
been reported to be more active in their unchelated 
form than as their copper or zine chelates re- 


- spectively?.11, 


In order to test an unchelated molecule per se it is 
first necessary to remove metal ions from the culture 
medium. This may virtually be achieved, and fungal 
growth still supported, by the incorporation of an 
excess of a second chelating agent, itself non-toxic. 
Such a procedure may prove valuable, not only in 
studies on the mode of biological action of chelatmg 
agents, but also in their application in the control of ` 
bacteria and fungi. 

£ R. J. W. BYRDE 
f D. Woopcock 
Department of Agriculture and Horticulture, 
Univərsity of Bristol, 
Long Ashton. 
Dec. 19. 


1 Horsfall, J. G., “Principles of Fungicidal Action”, Chap. 9 
(Chronica Botana Co., Waltham, Nass. , 1956). i 


* Hollingshead, R G. W.,.“Oxine and its Derivatives”, Chap. 4 
(Butterworth, Landon, 1956). aie 


> Albert, A., Gibson, H. I., : S. D., Brit. J. . . 

eet Sia Hf. I., and Rubbo, 8. D., Brit. J. Exp Path., 84, 

‘Greathouse, G. A., Block, S. S., Kovach, E. G., Barnes, D. E p 
Byron, C. W., Leng, Q. G., Gerber, D., and McClenny, J., 2nd 
Ann. Rep. Engineer Research and Development Labs., Fort 
Belvoir, Va., U.S.A. (1054) (cited by Hollingshead, ref. 2). 

* Zentmyer, G , and Bach, S., Phytopath., 46, 33 (1956). 

* Heath, O. V. S., and Clark, J. E., Nature, 178, 600 (1956). 

7 Woodcock, D , J. Chem. Soc., 4391 (1955). 

* Byrde, R. J. W., ard Woodcock, D., Ann. App Biol. (in prepara- 
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° Ferguson J., Proc. Roy. Soc., B, 127, 387 (1939). 

1° Block, 3. S., Agric. and Food Chem., 8, 229 (1955). 

4 Dimond, A. E., anc Horsfall, J. G., Science, 97, 144 (1948). 
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Radiolysis of’ Tri-n-butyl Phosphate 


TRI-N-BUTYL phosphate in an inert paraffinic 
diluent is of interest for the solvent processing of 
pile-irradiated nuclear fuels, Tf the specific activity 
of the process solution should be very high, radiation 
damage to the solvent will have a Se effect 
on plant efficiency, since it leads 
to the simultaneous production of 
di-n-butyl phosphate snd mono-n- 
butyl phosphate. Under certain 
conditions, these acidic esters ex- 
Inbit a high complexing’ power 
towards plutonium, uranium and 
some fission-products*. The con- 
sequences are poor decontamina- 
tion of the fuel material and re- 
duced efficiency in stages designed to aac back. 
these materials into an aqueous phase. 

Experiments carried out in recent years by us 
have given the following results. Irradiation of 
pure tri-n-butyl phosphate with 1 MeV. electrons 

,from a Van de Graaff generator gave yields of acid 
phosphate and gas, the amounts of which were pro- 
portional to energy input (Williams, T. F., and Wilkin- 
son, R. W., unpublished work). -The acidic material 
was extracted from the solvent and was shown by 
. infra-red analysis and paper-chromatography? to con- 
sist of two acids identified as di- and mono-n-butyl 
phosphate. The ratio of the yields of the two acids 
was constant over a wide range of energy deposition. 
These yields, expressed as molecules per 100 eV. of 
energy absorbed, were, 

G {mono-n patyi phosphate 

Q (gas, volatile at — 196° O.) 
This non-condensable gas consisted of 95 per cent 
hydrogen and 5 per cent methane. The C, hydro- 
carbons were separated at — 120°C., and analysis 
using the Blacet—Leighton technique’ indicated a 
mixture of ethane and ethylene with a total @ = 0-2. 
At higher temperatures (— 70°C.) a mixture of C, 
and O, hydrocarbons was collected. The solubility 
of these gases in the solvent caused difficulty m 
their extraction and some variation in the measured 
yield, G = 0-4. Higher hydrocarbons may have been 
present, but could not be extracted by the technique 
employed. At the high rate of energy input used 
(8-5 x 10!° eV./ml./min.), no difference could be 
detected in the acid yield between irradiations carried 
out in air and in vacuo. 

If, prior to irradiation, tri-n-butyl phosphate was 
saturated with water to give a solution containing 
6-4 wt. per cent of water, a total yield G(di- + mono- 
n-butyl phosphate) = 0-9 was obtained (Williams, 
T. F., and Wilkinson, R. W., unpublished work). This 
decrease in yield cannot be explamed simply on the 
partition of energy absorption by the two components. 
A sample of water-saturated tri-n-butyl phosphate 
which had been irradiated to a total dose of 8 x 107! 
eV./ml. was also subjected to vapour-phase chromato- 

.graphic analysis using a Griffin V.P.C. apparatus, 
type S 18-750. The chromatogram was compared 
with one obtained from a non-irradiated sample 


5 
17 
1 


Und 
Hor 


spiked with 6 per cent n-butanol and 5 per cent. 


n-butyraldehyde. The non-irradiated sample gave 
very clear alcohol and aldehyde peaks. No trace of 
them could be found in the irradiated sample (Rigg, 
T., unpublished work). It was concluded that these 
substances were not major products of the radiolysis 
of tri-n-butyl phosphate. 
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The suggestion of Cathers® that a radiation-mduced 
hydrolysis is responsible for the breakdown of tri-n- 
butyl phosphate is not supported ‘by these findings. 
The actual mechanism of radiolysis may involve 
both ‘radical’ and ‘ultimate-molecule’ processes, 
arising from a ‘direct’ effect caused by ‘eriergy 
absorbed by the ester itself. 
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R HO N ” 
SEA BuO P+ O + ‘C,H,’ or degradation 
Bu0/ products of C,H, 


Tri-n-butyl phosphate 4 


HO X 
IA HO S P — O + 2‘C,Hg’ or equivalent 
Bud” degradation 
products 


It is conceivable that some’ of the hydrocarbon 
residue products may contain more than four carbon 
atoms formed by radical recombination’. Our failure 
to detect these may account for the lack of a atoichio- 
metric balance between the production of the acidic 
esters and total carbon measured in terms of gaseous 
products. 

We wish to express our gratitude to Messrs. 
Marchon Products, Ltd., of Whitehaven, who kindly 
placed the vapour phase chromatography apparatus 
at our disposal, and to the United Kingdom Atomic 
Energy Authority for permission to publish this 
communication. 

T. F. WILLIAMS 
R. W. WILKINSON 
Chemistry Division, A.E.R.E., 
Harwell, Berks. 
, T. Rice 
Research and Development Branch, - 
U.K.A.E.A. (I.G.), Windscale Works, 
Cumberland. Dec. 13. 
z Goldschmidt, B., et al., geneva Conference on the Peaceful Uses of 
Atomio Energy, 9, 492 (1955). 
* Culler, F, L., Geneva enn on the Peaceful Uses of Atomic 
Energy, 9,-464 (1955) 
3 Tomlinson, R. E., Geneva Conference on the Peaceful Uses of Atomic 
Energy, 9, 511 (1956). 
t Wade, H. E., and Morgan, D. M., Nature, 171, 529 (1953). 
5 Blacet, F. E, and Leighton, E 4 Indust. a gions. m (An 
3, 266 (2981). Blacet, F. cdonald, 
P, A., dbid., 5, 272 (16 S33). 
€ Cathers, G. I., Geneva Conference on the Peaceful Uses of Atomic 
Energy, 7, 490 (1955). 
? Dewhurst, H. A., J. Chem. Phys., 24, 1254 (1956). 
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Dispersion of the Photoelastic Constants of 
Fused Silica 


AMONG amorphous substances, vitreous silica 
occupies a favoured place as it consists of a single 
chemical constituent. A systematic investigation of 
the dispersion of its photoelastic constants is there- 
fore of great importance. Filon and Harris! measured 
the stress optical coefficient of fused silica over the 
range of wave-length 4600-6500 A. Although they 
reported the presence of dispersion of the stress optic 
coefficient, the results were-not conclusive, for the 
range of wave-lengths studied by them was restricted. 
The piezo-optic constants g,; and g,, and the stress 


(di2 — g | have been 


measured by us for the range of wave-lengths 2250— 
5700 A. The specimen of fused silica used in the 
present experiments was obtained from the Thermal 
Syndicate, Ltd., England. The values of g,, and gis 


optical coefficient C [ = a 
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Fig 1 The stress optical coefficient of vitreous silica 


were determined by measuring the fringe shifts for 
known additional loads?, and the value of C was 
measured by adopting the method used by Filon and 
Harris, which was swtably modified to get more 
accurate results. In both cases a photographic 
technique was used. 

The value of gj. increases from 2:35 x 10-¥ at 
2300 A. to 2-49 x 10-3 at 5500 A., and that of qı 
increases from — 0:24 x 107 at 2300 A. to + 0-11 
10718 at 5500 A. (¢,. and gy, are given in c.g.s. units). 
The variation of the stress optical coefficient C 
obtained from direct measurements is shown in 
Fig. 1. Mean values from Filon and Harris’s paper 
have been used for plotting the curve in the region 
5500-6500 A. ‘The value of C decreases from 4:54 
brewsters at 2300 A. to 3:55 brewsters at 6500 A. 
As is to be expected, the dispersion of ‘the stress 
optical coefficient increases as one approaches the 
transmission limit in the ultra-violet. The present 
investigation, besides providing data for the value 
of C over the entire region of transmission of fused 
silica, in the visible and ultra-violet, clearly establishes 
the existence of dispersion of its photoelastic con- 
stants. 

There is a very good agreement between the values 
of (q1s-G11) calculated from the measured values of 
C and those obtained directly from the measured 
values of gı, and q1, for the different wave-lengths. 
The quantity, (qis-G11) exhibits a dispersion of 
about 10 per cent in the region of wave-lengths 
studied. 

Details of this work describing the methods of 
measurement, etc., will appear in due course in the 
Journal of the Indvan Institute of Science. 

E. S. Joa 
R. S. KRISHNAN 


` 


Physics Department, 
Indian Institute of Science, 
Bangalore 3. Dec. 26. 


1 Filon, L. N G., and Harris, F. C., Proc. Roy. Soe , A, 130, 410 (1931) 
* Ramachandran, G. N., Proc. Ind. Acad. Sci., A, 25, 208 (1947). 


lonization: Gauge Detector for Gas 
Chromatography 


THE development of high-sensitivity detectors for 
the chromatographic analysis of gaseous mixtures is of 
mmportance in the determination of substances present 
m very small amounts. A sensitive ionization gauge 
detector has been developed in this laboratory which 
makes use of the fact that thé ionization potential 
of the helium carrier gas (24:5 volts) is very much 
greater than that of most other volatile substances. 
The ionization potentials for hydrocarbons, for 
example, range from 8 to 14 volts. : 
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The gauge and adjustable metal leak associated 
with it are shown in Fig. 1. A very small fraction 
of the gas stream from the chromatographic column 
passes through the leak into an R.C.A. 1949 ionization 
gauge with the glass envelope modified so that the 
gas flows between the gauge components. The 
potential difference between the filament and the 
grid ıs adjusted to approximately 18 volts, a value 
not sufficient to produce ions when helium only is 
flowing through the gauge and consequently there 
is no plate current. When a substance of lower 
ionization potential is carried into the gauge, ions 
are formed. The ion current from the plate is amplified 
in the usual manner and regorded on a Leeds and 
Northrup ‘Speedomax’ recorder. 


TO TRAPS 
= PLATE | 
/ 


VARIABLE 
LEAK 


GAS STREAM 
FROM COLUMN 






PUMPS7——— 


Fig. 1. 


Schematic diagram of gauge and leak 


Typical operating conditions for the gauge are: 
pressure in the envelope, 0:2 mm. mercury ; filament 
emission 5 m.amp.; grid potential + 18 volts; 
plate potential — 27 volts. : 

The sensitivity obtained so far is at least 200 
times that given by a thermistor-type thermal 
conductivity cell, and compares favourably with the 
value reported recently by Harley and Pretorius‘. 
This sensitivity has been achieved by using only 
a very small. fraction (less than 0-5 per cent) of the 
gas stream emerging from the column, thus leaving 
almost all the effluent stream unchanged and 
available for subsequent trapping and identification 
if this is desired. A significant feature of the gauge 
is that its performance is insensitive to ambient 
temperature changes and also to changes in pressures 
and flow-rate in the main gas stream. This latter 
factor is of great 1mportance in analyses done with 
rising column temperature during which marked 
reductions in flow-rate occur. 5 

It may be possible to increase the sensitivity of 
the gauge by meorporating screen and suppressor 
grids. A further increase should be obtained by 
replacing the‘ tungsten’ filament with an iridium 
filament to increase the stability of the emission, . 

A detailed report will be published later. We are 
grateful to Messrs. D. C. Frost and E. W. C. Clarke 
for advice and assistance. 

‘ S. A. Ryce 

W. A. Bryoz 

Department of Chemistry, 

University of British Columbia, 
Vancouver, Canada. 
Jan. 2. 


1 Harley, F., and Pretorius, V., Nature, 178, 1244 (1956). 
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Infra-red Spectra of High-temperature 
Phases of Kaolinite and Halloysite 


KAoLINITE and halloysite in the temperature-range 
650-900°C. do not show any pronounced X-ray 
interference. In this range metakaolinite is formed ; 
its Si—O hexagonal network remains more or less 
unchanged, while the octahedral sheet is deformed 
in absence of OH-groups'*. In kaolinite and halloys- 
ite, dehydration brings about a random arrangement 
in the direction of the c-axis. In pure and perfectly 
crystallized kaolinite, heated in the differential 
thermal apparatus at a velocity of 10 deg. C. per min. 
just above the exothermal maximum, X-ray exam- 
ination reveals yAl,0, and mullite, whereas in 
halloysite only y-alumina appears. In halloysite 
heated in the same way, mullite is observed? only 
above 1,100°C. As the X-ray diagrams of mullite 
and sillimanite resemble each other closely, it is not 
certain which of these two phases is formed during 
the heating of kaolinite and halloysite. 

Examination by infra-red radiation, however, 
seems to throw more light on the structure and enables 
a better identification of these phases. 

We have studied the infra-red spectra (in the range 
A = 2-15) of the high-temperature phases of a pure 
and well-crystallized kaolinite from Skoéaj (Croatia) 
and a pure halloysite from Grade&nica (Macedonia), 
in ‘Nujol’ and potassium bromide respectively. 
Fractions less than 2u thick were used for examina- 
tion, while the products of heating were obtained in a 

~ differential thermal apparatus at a heating velocity 
of 10 deg. C. per min. 

Infra-red spectra of the kaolinite, between 8-7 and 
10-4p, show four absorption bands with maxima at 
9-1, 9-3, 9-6 and 9-9» which can be ascribed to the 
Si—O linkage, octahedral alumina sheet giving an 
absorption band with maximum at 10-9u, whereas 
the absorption band, at 2-7 belongs to OH-1adicals 
bound in the octahedral sheet‘. In the metakaolinite 
range, the products of heating no longer show the 
absorption band at 10-92 (indicating the complete 
dislocation of the octahedral sheet) or at 2-7u 
(indicating absence of OH-groups). In the same 
samples left in the open for 20 days, no bands of 
adsorbed water at 3—44 and 6p could be observed. 
In metakaolinite, absorption bands of kaolinite 
between 8-7 and 10:44 dre replaced by a wider band 
between 7-9 and 10-5 which, as regards the absorp- 
tion bands of kaolinite, is shifted towards shorter 
wave-lengths. This band is considerably narrower 
and at a shorter wave-length as compared with the 
corresponding absorption band of aluminium - silica 
gel of the same composition heated at the same 
temperature. This suggests a greater order in the 
Si—O'sheet. The decomposition of metakaolinite is 
accompanied by an increase and widening of the 
same absorption band which becomes less and less 
pronounced because of the intensified absorption in 
the range 10-15y. Infra-red spectra of the products 
heated at 1,200-1,350°C. are more like those of 
mullite than of sillimanite'. 

It can be shown by the infra-red spectra that there 
are some essential differences in the properties of the 
high-temperature phases of kaolinite and halloysite, 
specially m the X-ray amorphous metakaolinite 
range. ‘The infra-red spectrum of the halloysite 
examined shows the absorption band of the octa- 
hedral alumina sheet with a maximum at 10-9p, 
Si—O maximum at 9-6p, @ maximum at 2-92u (H,O 
in interlayers), and a maximum at 2-75. (OH-groups 
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in the octahedral sheet). The products of heating 
halloysite in the metakaolinite range no longer show 
the absorption band with a maximum at 10-9p; the 
absorption band of the Si—O lnkage is, in this case, 
wider than the corresponding absorption band of 
kaolinite heated to the same temperature. It already 
becomes less pronounced in the metakaolinite range 
(above 700°C.) owing to the intensified absorption 
in the range 10-15. After crystallization of yAl,0, 
in the range of exothermal maximum, the Si—O 
linkage becomes more pronounced, with a maximum 
at 9-lu. As in kaolinite, the infra-red spectra of 
the products of heating halloysite between 1,200° 
and 1,350°C. are more like the infra-red spectra of 
mullite than those of sillimanite. 

The differences between kaolinite and halloysite in 
the metakaolinte range regarding the absorption 
bands of bound and free OH-groups are of special 
interest. The products of dehydration of halloysite 
in the range of 650—-850° C., unlike those of kaolinite, 
are very hygroscopic, showing an absorption band 
between 2-5 and 3-54 with a maximum at 2-95u, as 
well as an absorption maximum at 6-15u. Taking 
certain precautions, we have succeeded in protecting 
the products obtained at 680° and 720°C. (proved 
amorphous by X-rays) from humidity, so that the 
infra-red spectra obtained showed a very poor 
absorption band at 6-l5u, while the large band be- 
tween 2:5 and 3-5y. was split into two smaller bands 
with the maxima at 2-95 and 2-71u. While the occur- 
rence of the bands at 6-15 and 2-95u can be assigned. 
to adsorbed water, the band at 2-7ly suggests free 
OH-groups probably bound to AlO-groups. It 
appears very likely that the crystallization nuclei of 
yAl,0, are already formed ım the metakaolinite 
range, and that their formation is enhanced by the 
retarded OH-groups, which have a stabilizing effect 
on that compound’. . 

We thank Prof. V. Prelog for having made it 
possible for us to prepare the infra-red spectra, Dr. 
M. Hadzi for many valuable discussions and the 
preparation of some additional spectra. 


V. STUBIČAN 
Yugoslav Academy of Science and Arts, 
Zagreb. 
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Density of Marine Benthic Communities 
off West Africa 


RECENTLY, Thorson! has suggested that æ series 
of related marine benthic communities might occur 
on level sea-bottoms from the Arctic to the tropics, 
similar, communities occurring on similar deposits 
irrespective of latitude, and he directed attention 
to the possibility of studying, in these communities, 
growth-rates and recruitment of stock under similar 
ecological conditions in cold and in warm seas. 


i 
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Table 1 
Spp /sample | Indiv.jm.? | gm /m* 
Estuarine stations ¢ <10m.) 
San 2-80 26 0 56 
Sady sand 7-00 120 15-30 
Sandy mud 19-70 563 12 41 
Mud 7-70 62 | 6-72 
Offshore stations 
gue 10-80 46 7-45 
Shelly sand 15-10 61 12-10 
By deposit Sy sand 18-20 69 10:43 
Shelly mud 17°90 76 18 20 
Sandy mud 14 00 103 11-25 
f 0-40 m. 15-90 val 13-50 
ve) Gas. HR O g ag 
-120 m. P 

By depths} 191-160 m. 9-60 56 4-12 
161-200 m. 5-25 26 5 89 
201-240 m, 8-00 22 2-90 





Although there is now fairly extensive knowledge 


of the density of benthic communities in temperate, - 


boreal and arctic waters, there is no comparablo 
information from tropical seas ; Sparck?* has presented 
data derived from a few quantitative stations worked 
in the Gulf of Guinea, with a van Veen sampler, but 
these were mostly in deep water off the continental 
shelf. All the other quantitative surveys in the 
tropics appear to have been concerned with the 
fauna of coral reefs. ` 

As a preliminary to the study of the productivity 
of the West African benthos, a quantitative survey 
with bottom samplers has now been completed off 
Sierra Leone, and this appears to confirm Thorson’s 
postulate, for the results have shown the presence 
of communities which are the counterparts of those 
occurring on similar deposits in colder seas. The survey 
consisted of a total of 105 stations which were worked. 
with 0-1 m.? van Veen? and Smith! samplers, and 
covered all the main ecological conditions in the area 
from tho coastal mangrove creeks to the upper part 
of the continental slope. A sample of 0-5 m.? was 
taken at almost all the stations. 

The standing crop of the benthos was found to 
vary with depth and the nature of the deposits in the 
same way as in temperate seas; in general, there 
was a decrease in the richness and variety of the 
fauna in deeper water, although this was masked to 
some extent by the effect of the nature of the de- 
posits. The main results of the survey are sum- 
marized in Table 1. 

The biomass and the numbers of species and 
individuals per unit area appear to be lower than 
figures which would be considered normal outside 
the tropics, and are lower than figures obtained by 
Sparck farther along the Guinea Coast. But such 
comparisons are by no means satisfactory in the 
present state of benthos studies, and in the absence 
of a standard and accepted method of expressing 
quantitative results. The biomass figures given in 
Table 1 are alcohol weights, as were used by Holme", 
Petersen®, Zenkewitch’ and others, and it is only 













. Table 2 
Spp./sampie | Indiv./m.* | gm./m.? 

Sierra Leone : 

Estuarine stations 8 90 172 7 20 

Offshore stations 15 80 71, 11 70 
English Channel : 

Offshore stations 20-45 166 40-30 
Off Volta/Congo Rivers: 

10-20 m 30-40 

To 100 m. 1-10 
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with the results of these authors that comparisons 
can be made. 

In Table 2 the mean results for estuarine and 
offshore stations are compared with Sparck’s figures 
and with figures extracted from Holme’s results. 

The western part of the English Channel in which 
Holme worked ic known to be less rich than other 
areas around Britain—for example, much of the 
North Sea—but his results are selected for com- 
parison because of similarities in sampling and 
evaluating techniques. Figures much higher than 
those quoted above are common in the Arctic, where 
Zenkewitch diviced a very large sea area into zones 
characterized by having æ biomass of 20, 50, 100, 
200 or 300 gm.jn.?. 

The Sierra Leone survey has shown that tropical 
marine communicies do not necessarily contain high 
numbers of species and individuals compared with 
counterpart communities in colder waters; it is 
significant that only about 800 species of marine 
invertebrates were identified in the grab survey and 
in a concurrent dredging survey, compared. with 
the total of 757 shat Jones! found in work of rather 
similar scope off she Isle of Man. The rich and varied 
faunas on tropical coral reefs are perhaps expressions 
of the ecological diversity of that environment, and 
on level sandy or muddy bottoms in the tropics there 
may, in fact, ba no great proliferation of species. 
The numbers of individuals may depend on quite a 
different factor, aamely, the general nutrient supply 
in the water mess concerned. 

It is hoped that these firsb estimations of the . 
standing crop will serve as a basis for the studies of 
productivity which are planned as the second stage 
of the benthos survey off Sierra Leone. 

ALAN R. Loneuursr 
West African Fisheries Research Institute, 
Freetown. Dec. 6. 
1 Thorson, G., J. Mare Res., 14, (4), 387 (1955). 
2 Sparck, R., Nature, 168, 112 (1951). 
* Thamdrup, H. M., J. Cons. Int. Explor. Mer, 18 (2), 206 (1933). 


t Smith, W., and MacIntyre, A. D., J. Mar. Bul. Assoc., U.E , 88, 
257 (1954). 


3 Holme, N. A., J. Mar. Biol. Assoc., U.E., 32, 1 (1953). 


ê Petersen, O. G. J., aad Boysen Jensen, P., Rep. Dan. Biol. Station, 
20 (3), 1 (2911). 


t Zenkewltch, L., et t., J. Cons. Int. Explor. Mer, 8, 371 (1928). 
® Jones, N. S., J. ‘Ann. Ecol., 20 (1), 132 (1951). 


A Root Disease of Piper nigrum L. in 
Sarawak caused by a Species of Phytophthora 


Roserrson! reported a serious root disease of 
unknown cause on black pepper (Piper nigrum L.) 
in Sarawak which, post-war, first attracted attention. 
in 19522, Sundararaman®, Venkata Rao‘, and 
Chowdhury (personal communication, August 1956) 
stated that a Fhytophthora sp. attacked pepper in 
India. In an Indian pepper survey, Krishna Menon‘ 
found wilt diseases of this plant not serious, and 
obscure in origir. In Indo-China a Phytophthora sp. 
isolated by Baret? from pepper was, apparently, not 
of primary impcrtance. - Muller? showed that a wilt 
of the same plant in Indonesia was caused by a 
species of this genus. He named it P. palmivora var. 
piperis. In Ma-aya, Thompson? isolated a member 
of the same genus from pepper roots sent to him 
from Sarawak ir 1940. 

In May 1956. a Phytophthora sp. was identified 
from dying vines. It was isolated from the cortical 
region of surfece-sterilized main roots and stems 
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of such vines at and below ground-level, where. an 
abrupt transition betwesn healthy and necrotic tissue 
occurred. Here were found non-septate, hyaline and 
intercellular hyphæ. The sterilant was a solution of 
calcium hypochlorite and the medium plain agar. 
Artificial inoculations were done on nine-month-old 
cuttings, grown in partially heat-sterilized soil and 
on 24-year-old vines in che field. Inoculum consisted 
of pieces of the fungus growing on rice agar. These 
were applied to main roots and underground stems, 
both artificially wounded and intact, and covered 
with moist cotton-wool and polythene sheet. The 
young cuttings began to die after 11 days. In the 
21-year-old plants wilting followed by death began 
after 15-50 days. In this latter experiment the roots 
and the wounded stems were successfully infected ; 

but the unwounded stems showed slight or no 
infection. The Phytophthora sp. was re-isolated from 
inoculated plants. 

This fungus has been consistently obtained from 
diseased gardens, which are widespread in the Ist 
Division, south of Kucking. Isolates have come so 
far from 26 individual pepper holdings. Observations 
suggest that infection begins in the fine roots, from 
which the pathogen has been recovered. Cortical 
necrosis, the results of attack, spreads into the main 
roots and thence to the underground stem. When 
the stem has become infected symptoms become 
visible above ground. These are : a halt in the growth 
of the terminal shoots, leaf wilt, rapid leaf yellowing, 
and fall of leaves and minor branches. Symptoms 
are fairly uniform over the whole vine. The appear- 
ance of above-ground symptoms can be rapid. In a 
stand of 1,044 vines (1-4 acres), 8-1 per cent were 
dying in December 1955. Four months later this 
figure was 80-4 per cent. 

The identity of the species is still uncertain since 
no oospores have been found. Since diseases of the 
roots and/or the lower parts of the stem in Piper 
nigrum and P. betle L. caused by species of Phyto- 
phthora have been called. ‘foot-rot’ by other workers, 
it is suggested that this name be used for the Sarawak 
disease. Hitherto, locally, ıt has been called ‘sudden 
death’. 

We thank the Colonial Office, the Director of 
the Commonwealth Mycological Institute, and the 
Director of Agriculture, Sarawak, for permission 


Table 1. MORPHOLOGICAL CHARAOTERISTIOS OF THE EOOTYPES : 
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Dactylis glomerata 
“var. maritima” 
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to publish these results. The work, begun at the 
instigation of the Sarawak Government, is continuing. 
Paor Horiipay 
Colonial Pool of Plant Pathologists, 
Commonwealth Mycological Institute, 
` Kew. 


VoL. 179 


W. P. Mowat 
Pepper Laboratory, “ 
Department of Agriculture,  ' 
Sarawak. Dec. 4. 


i 
1 Robertson, N. F., Commonw. Phytopath. News, 1, 20 (1955). 
3? Miller, R. W. = Ånn. a: Rap: Dept. Agric, Sarawak for 1952, 14 (1953). 


3 Sundararama Rep. Dept. Agric. Madras for 1927-28, 
355 (1028) eat only). 


* Venkata Rao, M. K., Ann. Rep Dept Agric. Mysore for 1927-28, 19 
(1929) (abstract only). k 


* Krishna Menon, K., Indian J. Agric. Sei., 19, 89 (1949). 
¢ Barat, H., Arch. Rech-agron, Cambodge Laos et Vietnam, 13 (1952). 
7 Muller, H, R. H., Meded. Inst. PlZeikt. Buitenz., 88 (1986). 


8 Thompson, A., Malay. Agri. J., 28, 245 (1941); and personal con- 
munication (Sept. 1956) 
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A Morphologically Distinct Ecotype of 
Dactylis -glomerata L. 


‘ Prants of Dactylis, both diploid and tetraploid, 
from the Mediterranean region can be included on 
purely morphological grounds within the limits of 
Dactylis glomerata ssp. hispanica (Roth) Nym. There- 
is only one constant feature of this taxon, described 
by Domin! aş follows: “the typical ssp . hispanica 
in one form or another has lemmas divided into two 
blunt lobes from the middle of which grows a very 
short awn, or a mere point, which sometimes does 
not even reach the size of an awn; sometimes the 
lobes are pointed”. Many Mediterranean populations 
of this broad type have now been studied at 
Aberystwyth, and among them a form of particular 
morphological interest has been found. 

The general appearance of this plant, which often 
passes under the name of Dactylis glomerata “var, 
maritima”, 1s shown in Fig. 1. It is of low-growing 
habit, quite densely tillering, with short, sometimes 


‘broad (up to 1 cm.) and tapering leaves, the flowering 


heads are compact and ovate, and the culms generally 
short. The whole plant is typically greyish-green and 
glaucous. 


MEAN VALUES BASED ON TWENTY-FIVE PLANTS 
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* All dimensions in millimetres 
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Dactylis glomerata “var, maritima”. 

lan’ x 1/3; 2, upper leaf epidermis x 160, surface view ; 
4, teanamnleena light. < T 

Sand 5. Dactylis glomerata ssp. hispanica (Roth) Nym. ŝi Upper 


Figs. 1-5. 1, 2 and 4, 
1, P Ys 


leaf epidermis x 160, surface view; 5, transmitted light 


In Table 1 the morphological features of a popula- 
tion of this type from Nazaré, Portugal, are compared 
with those of a population more typical of ssp. 
hispanica from Cintra, Portugal; both are tetra- 
ploid. 

Among the data, the degree of ‘notching’ recorded, 
on a scale of 0-3, indicates the extent to which the 
lemma apex is characteristic of ssp. hispanica. The 
Nazaré population is prominently of this type. The 
presence of lemma-keel pubescence was recorded in 
the manner described by Rebischung?. 

The most important feature of “var. maritima” 
is the epidermal type. Here the cells are wide in 
relation to their length when compared with those of 
ssp. hispanica (Figs. 4 and 5), and each cell bears a 
very prominent sub-spherical protuberance from its 
outer surface, which is absent in ssp. hispanica (Figs. 
2 and 3). This confers a fine smoothness on all parts 
of the plant. f 

In the genus Dactylis as a whole, representatives 
of 151 tetraploid and 11 diploid populations have been 

-examined so far, and, of these, 8 tetraploid popula- 
tions are of “var. maritima’, and the remainder of 
ssp. hispanica epidermal type. The form of epiderma!| 
cell shown in Figs, 3 and 5 is that usually found in 
w Dact is. _* Pd 
“y tions with the distinct “var. maritima 
e] rmal type have been found in southern France, 
Portugal, Morocco and Majorca, in sandy or base- 
rich and generally maritime habitats. Their pheno- 
typic characteristics are retained in cultivation and 
hence are genetically determined. 
The occurrence of two distinct epidermal types 
within a species, as in the present instance in Dactylis 
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glomerata L., is unusual among the Gramineæ; 
Taxonomically the var, maritima form should be 
regarded as an eeotype of ssp. hispanica at present, 
but further genetical and distributional studies, now 
being pursued, may eventually show that it is an 
independent sub-species. 


MARTIN BORRILL 


Welsh Plant Breeding Station, 

University College of Wales, 
Aberystwyth. Nov. 10. 

! Domin, K., Acta Bot Bohem., 14, 131 (1942), 

* Rebischung, J., Ann. Amél. PL, 3, 346 (1953). 


Nature of Chalk Heath Soils 


Dr. R. M. S. Fereq’s article on chalk heath soils! 
does not fully explain the occurrences of these 
formations. His suggestion, that the chalk heaths 
may be formed on deposits of wind-blown loess-like 
material over flirt pavements, perhaps in the Bronze 
Age, does not adply to Lullington Heath; for this 
area, in additior to being a fine example of chalk 
heath, shows also a very fine example of Celtic field 
patterns and hae been illustrated under the name of 
Fore Down, Lullington?, It is probable that cultiva- 
tion continued taere during the Roman era, for the 
Britons in Sussex were not driven out or massacred 
by the Saxons until the third and fourth centuries 
A.D. Furthermore, traces of human influence are not + 
confined merely to the field patterns; the lumps of 
iron slag seem so be relics of iron smelting about 
two thousand years ago, and the sandy patches seem 
to be relics of military training about fifteen years 
ago, for remains of the sandbags could be seem until 
recently. 

Much of the Exnd on the South Downs was under 
cultivation for song periods during the Bronze and 
Iron Ages. Most of the level patches have again 
been cultivateé in recent years, but there are 
interesting small patches of heath on the slopes in 
many places. 

Very good exemples of these are to be seen on the 
Old Winchester Hill Nature Reserve, near Petersfield, 
at the west end of the South Downs. In the north- 
east corner of the Reserve, there is a large rectangle 
which has obviously been under cultivation more 
recently than the surrounding land, perhaps within 
the past hundred years, as its boundaries are clearly 
visible in the turf. On*the brow of this hill—angle of 
slope 10° and compass bearing 256°—there are some 
small patches of Calluna vulgaris. There are several 
other patches cn gentler and steeper slopes, facing 
generally towards the south-west, on the less recently 
disturbed parts of the same hill: slope 7°, compass 
bearing 212°; slope 17°, compass bearing 217°; 
slope 10°, compass bearing 222°; slope 7°, compass 
bearing 224°; slope 7°, compass bearing 232°; 
slope 20°, compass bearing 253°. 

The Iron Age camp, probably constructed in the 
first century B=., is on a spur running westwards, 
the oval ramperts enclosing the rounded crown of 
the hill. There is little Calluna on the slopes facing 
northwards, alfhough an abundance of Potentilla 
erecta denotes acid surface soil in places. But there 
are many patcaes of Calluna on the south-facing 
slope. One of tae largest, a continuous stretch 30 ft, 
long, is on a slope of 8° with a compass bearing of 

. 


ae 












- Tteseems, ‘therefore, that.chalk heaths may 
not merely on plateaux but also on slopes, esp 
- those facing the. prevailing south-west winds, and 
- that they may be found on places which must have 
een under cultivation about two thousand years ago, 
or about fifteen hundred years ago, or even more 
recently, The shallow undisturbed soils would be 
porous through the growth and decay of plant roots 
and throagh the activities. of burrowing-insects and 
. other small animals. If the calcium ions have moved 
: down through the soil in solution by the rain, is it 
_ not possible also that the finer soil particles, less than 
0-03 mm. in diameter, may have moved down in 
suspension ? “May not the physical composition of 
the soil, as well as its chemical composition, be due 
to leaching rather than to deposition? Is sorting 
and deposition by water ruled out? Did solifluxion 
{as this term is now generally used) cease at the end 

of the Pleistocene ? 

write an account of the relict heath 
South Downs and in other chalk areas 
of nd, for the Calluna is now becoming 
obvious “in places where formerly it was closely 
grazed by rabbits. 













A. S. THOMAS 
Nature Conservancy, 
19 Belgrave Square, 

London, 8.W.1. 


1 Perrin, R, M. S5., Nature, 178, 31 (1956). 
2 Curwen, E. C., “The Archæolagy of Sussex”, 212 (1954). 





Tax object of the work reported in my previous 
communication was simply to determine whether the 
soils on. some well-developed chalk heaths could have 
‘been formed purely by solution of chalk. The areas 

“ohosen were Old Winchester Hill, Butser Hill, Manor 
Farm Down and Lullington Heath, since they 

` appeared to conform to Tansley’s original definition 
of chalk heath and in each case the association was 
well established in spite of heavy rabbit-grazing. 

Since all the soils that have so far been examined 
lie on sharp crests or gentle slopes adjacent to steep 
slopes, it is very probable that they would have been 
left as bare chalk surfaces at the end of the Pleistocene. 

- Now combination of analyses of chalk drainage 
‘waters with percolation data can give a rough estimate 
of the maximum probable rate of accumulation of 
chalk residues since that time. It is found that, 
although on some sites the depth of soil is fortuitously 
consistent with the calculated rate of formation, in 
other areas (for example, Old Winchester Hill) it 
appears to be too great. If, as suggested by Dr. 
Thomas, solifluxion did not cease at the end of the 
Pleistocene, it is even less likely that chalk residues 
would have accumulated to the observed soil-depth. 

Consideration of the relief of these sites and of 
the geomorphological history of the South Downs 
shows that deposition by water is very unlikely to 
have occurred since Upper Pliocene or Lower 
Pleistocene times. Such deposits, if they ever existed, 
would have been very susceptible in these exposed 
situations to the subsequent peri-glacial conditions. 

Apart from the mineralogical composition of the 
sand fractions, which seems to show conclusively that 
the soils are not derived from chalk, it is difficult 
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“to see how the observed degree of mechanical sorting 


could be caused by leaching of chalk residues. There 


_ is no reason why movement should commence with 
= particles of 30u diameter, and the eluviation of fine 


sand and silt particles, which dre not even of colloidal 
dimensions, is scarcely tobe. compared with that of 
ium ions in true solution, Mechanical eluviation ~ 

ofiles is probably confined to dispersed ` 
colloids of less than 0-1 equivalent settling diameter. 
öven this type of movement does not appear to: ~ 
occur in chalk heath soils, since there is no textural - 
B horizon in either the solum or the underlying chalk. 
Analogy with other leached soils overlying chalk or- 
caleareous drifts indicates that if such a horizon 
existed it would be found resting sharply on the ` 
caleareous surface. : 

The simplest explanation that fits all the facts is 
that the development of acidity in these soils has ~~ 
been facilitated by blanketing with wind-borne. dusts 
carrying relatively small amounts of CaCO, This 
hypothesis is supported by the close resemblance: of 
the mechanical composition curves to those of typical 
loesses in, for example, France, Belgium, Germany 
and the United States. Material of this type was 
certainly deposited in Britain early in Post-Glacial 
time, and preliminary analyses of soils from earth- 
works on the Chalk suggest that deposition continued, .. 
even after the Bronze Age. It might perhaps still 
occur to-day in exceptionally dry, windy seasons. I 
is, of course, quite possible that an originally winda 
sorted material may later have been locally re- ~ 
deposited by water as hill-wash. = 

Cultivation clearly could not significantly a 
the mechanical and mineralogical compositi 
the sand fractions. Apart from turning up, chall 
and so locally delaying the onset of acidity, its main 
effect would be to accentuate colluviation and thus 
lead to the deepening of the soils on the lower sides 
of fields. It is quite likely that on such soils chalk 
heath might develop more easily, as suggested by- 
Dr. Thomas. The fact remains, however, that these 
soils cannot be considered to result from the solution 
of chalk, 

















R. M. 8S. PERRIN 
School of Agriculture, 
Cambridge. 


Identification of Coffinite in Radioactive 
Rocks of the Buller Gorge Region, New 
Zealand 


COFFINITE, the recently discovered hydroxy- 
“uranous silicate, U(SiO,),-2(OH)421, has been identi- 
fied as an essential primary constituent of radioactive 
arkosic grits and siltstones of the lower Cretaceous 
Ohika Group? in the Buller Gorge region of the South 
Island of New Zealand. The identification is based 
on the characteristic X-ray pattern with lines at 
4-68, 3-48, 2:66 and 1-78, and on the absence of 
thorium!. Fuller details will be published elsewhere. 
J. J. REED G. G. CLARIDGE 
N.Z. Geological Survey, Soil Bureau 
Wellington, New Zealand. Wellington, New Zeali 
Dec. 12. m 
7 Beim R., Stern, T. W., and Sherwood, A. M., Science, 121, 608 
dje 

2 Wellman, H. W. pN. Z. J. Sci. Tech., 82, B (No. 3), 11 (1950). 

2 Weeks, A. D., and Thompson, M. B., U.S. Geol. Surv. Bull., 1009 B 


31 (1954). Gruner, J. W., U.S. Atomic Energy Comm. Tech. 
Inf. Service, Oak Ridge, Tenn., RME-3020, 16 (1955). 
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FORTHCOMING EVENTS -.: _ 


(Meetings marked with an asterisk * are open to the public) 
Monday, March II 


Sooriry OF CHEMICAL INDUSTRY, CHEMICAL ENGINEERING GROUP’ 


(at 14 Belgrave Square, London, $,W.1), at 5.30 p.m.—Mr. A. P. 
Hosking and Br. K. C. Salter: “A Survey of Industrial Filtration”. 


UNIVERSITY, OF LONDON (in the Gustave Tuck Theatre, University 
College, Gower Street, London, W.C.1), at 5 80 p.m.—Prof. J. Cuvillier 
Paris) ay odem Micropalæontology”.* (Further lectures on March 

and 14, 


INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
OMOLE (at Savoy Place, London, W.C.2), at 6 p.m.—Discussion on 
“Simple Approaches to the Understanding of Commutation’’. 


INSTITUTION OF MECHANICAL ENGINEERS, LONDON GRADUATES 
SROTION (joint meeting with the LONDON GRADUATES’ SECTIONS of 
the INSTITUTIONS OF CIVIL and ELECTRICAL ENGINEERS, at the 
Institution of Mechanical Engineers, 1 Birdcage Walk, Westminster, 
London, 8.W.1), at 6.30 p.m,—Sir Josiah Eccles : “Sources of Power”. 


_ Tuesday, March 12 


Untvursrry of Lonpow (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 1.15 p.m.—Mr. B. Brad- 
shaw: “Leonardo da Vinel—Geologist”.* 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens’ 
Regent’s Park, London, N.W.1), at 5 p.m,—Scientific Papers. 


INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS (at 6 Bucking- 
ham Gate, London, 8.W.1), at 5.80 p.m.—Mr. F. Lee: “Slip Clutches 
and Mechanical Safety Devices”. 


INSTITUTION oF ELECTRICAL ENGINEERS (in conjunction with the 
BRITISH NUCLEAR ENERGY CONFERENOR, at Savoy Place, London, 
‘W.0.2), at 5.30 p.m.—Mr. G. J. R. MacLusky: “An Analogue Com- 

uter for Nuclear Power Studies” and “The Application of Analogue 
ethods to Compute and Predict Xenon Poisoning in a High Flux 
Nuclear Reactor”, 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SEOTION (at the 
Royal Society of Tropical Medicine and Hygiene, 26 Portland Place, 
London, W.1), at 5.30 p.m.—Mr. A. A. Appleton: ‘‘Petrcleum as a 
United Kingdom Source of Raw Maternal for Synthetic Rubber”; 
7 p.m.—Prof, M. Stacey, F.R.S.: ‘Fluormated Elastomers”, 


University or LONDON (in tho Anatomy Theatre, University 
College, Gower Street, London, W.0.1), at 5.80 p.m.—Prof. A. Frey- 
Wyssling (Zürich): “Macromolecules in Cell Structure”’.* (Further 
lectures on March 13 and 15.) 


ROYAL AERONAUTICAL Soorery (at 4 Hamilton Place, London, 


‘W.1), at 7 p.m.—Mr. E. R. Gadd: “High Temperature Materials 
for Engines”, 


Wednesday, March 13 


INSTITUTE OF FUEL (at the Institution of Civil Engineers, Great 
George Street, London, §.W.1), af 5.30 p.m.—Mr. Vv. Murray : 
“The Work of B.C.U.R.A. on the Coking Stoker".* 


UNIVERSITY OF LONDON (in the Eugenics Theatre, University 
College, Gower Street, London, W.C.1), at 5.80 p.m.—Prof. A. Linder 
(Geneva): “Some Problems in Applied Statistics, Solved and Un- 
solved”,* (further lecture on March 15.) 


MALACOLOGICAL Sootary or LONDON (at the Linnean Society, 
Burlington House, Piccadilly, London, W.1), at 6 p.m.—Duscussion 
on “The Gastropod Shell”, Chairman: Prof. Alastair Grabam. 
Opening Speakers; Dr. L, B. Cox, F.R.S., Dr. A. Comfort and Dr. 

. R. Crofts. 


REINFORCED CONORETE ASSOCIATION (at the Institution of Struc- 
tural Engineers, 11 Upper Belgrave Street, London, S.W.1), at 6 p.m. 
roe 8; B. Jacobson: “Reinforced Concrete Problems on the 

oast”. A 


Socrety OF CAEMIOAL INDUSTRY, Foon GROUP (joint meeting with 
tho MroroBroLoGY GROUP, at 14 Belgrave Square, London, S.W.1), 
at 6.30 p.m.—Dr. L. F. L. Clegg : “The Production of Sterilized Muk”. 


BOYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at the Iron 
and Steel Institute, 4 Grosvenor Gardens, London, 8.W.1), at 7 p.m.— 
Mr, N. Parr: “Zone Purification and its Application to Silicon”. 


Thursday, March 14 


Boyar Soomty (at Burlington House, Piccadilly, London, W.1), 
at 11 a.m,—Discusston on “The Cytoplasm in Variation and Develop- 
ment’; opened by Prof. D. G. Catcheside, F.R.S. 


LONDON MATHEMATICAL Socrery (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 


Dr. I. M. James: “The Vector-field Problem”. 


CHEMIOAL Soorsty (in the Lecture Theatre of the Royal Institution, 
Albemarle Street, London, W.1), af 7.30 p.m.—Prof. H. O. Urey: 
“Chemical Problems Relating to the Origin of the Earth”. 


BRITISH INSTITUTE OF RADIOLOGY AND RÖNTGEN SOCIETY (at 
32 Welbeck Street, London, W.1), at 8 p.m.——Prof. P. M. S. Blackett, 
F.R.S.: “The Elementary Particles of Nature” (Thirty-sixth Silvanus 
Thompson Memorial Lecture). 


Friday, March 15 


Socrmty FOR WATER TREATMENT AND EXAMINATION (in the Library, 
Royal Society of Health, 90 Buckingham Palace ad, London, 
S.W.1), at 9.30 a.m,—Annual General Meeting, followed by Dr. R. S. 
Ingols: “Ozone” ; and a Symposium on “Taste and Odours in Water’. 
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INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION GROUP (at 
1 Birdcage Walk, Westminster, London, S.W), at (6.65 p.m.— 
Discussion on “Factors in the Handling of Lubricants”. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Dr. E. B. Ford. F.R.S. : “The Study of Evolution by Observa- 
tion and Experiment”. š 


APPOINTMENTS VACANT ` 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 3 S 

Dairy CHEMIST (with an honours degree in chemistry and prefer- 
ably experience of dairy chemistry) IN THE DAIRYING DEPARTMENT 
{at Auchineruive), for investigational work and the supervision of 
routine analyses—The Secretary, West of “Scotland Agricultural 
College, 6 Blythswood Square, Glasgow, C.2 (March 15). 

PHYSICIST or ELECTRICAL ENGINEER (graduate) to supervise the 
operation and development of the Nuffield cyclotron—The Physics 
Department, The University, Birmingham 15 (March 16). 

LECTURER (man or woman) IN APPLIED MaTHEMATICS—The Prin- 
cipal, Royal Holloway College, Englefield Green, Surrey (March 18). 

LEOLURER IN THE ÙNPARTMENT OF BIOCHEMISTRY—The Registrar, 
The University, Liverpool (March 23). = 

LECTURER (with sp3cial qualifications jn sedimentary petrology) 
IN GKOLOGY; a Lec?uRER (with special qualifications in algebra 
and/or geometry) IN PURE MATHEMATICS; ASSISTANT LECTURERS 
(2) IN THE DEPARTMENT OF MATHEMATIOS; and a LECTURER (with 
special qualifications in human geography) IN GroGRAPHY—The 
Registrar, Queen Mary College (Umversity of London), Mile End 
Road, London, E.1 (March 28). 

FARN DEMONSTRATCR (with a degree in agriculture, or an honours 
degree in pure science “ollowed by an adequate postgraduate qualifica- 
tion in agriculture together with farming experience) at the-School 
of Agriculture—The Secretary, School of Agriculture, The University, 
Cambridge (March 25}. 8 

RESEARCH FELLOW IN MaTHEMATIOS—The Secretary of University 
Court, The University, Glasgow (March 25). 

ASSISTANT LECTURER (specialist ın applied mathematics) IN THE 
DEPARTMENT OF MATHEMATICS—-The Registrar, University College 
of South Wales and Mcnmouthshire, Cathays Park, Cardiff (March 30). 

Kenper (with a university degree in geology or the Diploma of 
the Museums Association) OF THE DEPARTMENT OF GEOLOGY in the 
Leicester Museums—The Director, Museums and Art Gallery, New 
Walk, Leicester (March 31). 

PROFESSOR OF AGRICULTURAL BACTERIOLOGY; and a PROFESSOR 
oF ENTomMoLOGY—The Dean of the Faculty of Agriculture, McGill 
University, Macdonald College, Quebec, Canada (March 31). 

RESEARCH FELLOWES (Ph.D. standard, with a special aptitude for 
research in high or low energy nuclear physics) IN EXPERIMENTAL or 
THEORETICAL NUOCLEER Puysios—The Registrar, The University, 
Liverpool (April 1). 

Cu aaa MaTEEMATIOS—The Secretary, University College, 

r] pr A 

STATISTICIAN (BIOMETRICIAN); an ASSISTANT SYLVIGULTURIST ; 
and an ASSISTANT ENTOMOLOGIST, at the Wattle Research Institute 
of the University of Natal, South Africa—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (Souta Africa, April 6). 

READER IN APPLIED MATHEMATICS at the Imperial College of 
Seience and Technolozy, London, S.W.7-—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (April 9). 

ASSISTANT LECTURES IN Prysics at Makerere College (The Univer- 
sity College of East A=rica)—The Secretary, Inter-University Counci? 
for Tk Education. Overseas, 29 Woburn Square, London, W.C.1 

T) . 

SENtoR LECTURER IN PHYSIOLOGY at the University of Western 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (April 12). 

SENIOR LECTURER or LHOTURER IN THEORETICAL CHANIOS at 
the University of Khartoum—tThe Secretary, Inter-University Council 
for Higher Education Overseas, 29 Woburn Square, London, W.C.1 


(April 12). 

Tmcrorer or ASSISTANT LECTURER IN YHE DEPARTMENT OF 

foie Secretary and Registrar, The University, Southampton 
Ei z z 

Bonanrsas (with at Least a second-class honours degree with botany 
as the main subject,-and two years postgraduate research experienco: 
in plant proeding) with the Rubber Research Institute of Malaya, 
Kuala Lumpur, Federation of Malaya, to engage in a research pro~ 
gramme relating to tLe improvement of planting material of Hevea 

asiliensis—The Secretary, London Advisory Committee for Rubber 
Tecareh, {Ceylon and Malaya), Imperial Institute, London, 8.W.7 

pr A 

LECTURER IN CHEMISTRY in the Department of Biochemistry and 
Chemistry—The Dean of the Medical College, St. Bartholomew's 
Hospital, West Smithfield, London, E.C.1 (April 18). 
wn In GEograrHy—tThe Registrar, Trinity College, Dublin 

pr’ F 

LEOTURER Or ASSISTANT LECTURER (preferably qualified in physical 
chemistry) IN CHEMISTRY—The Secretary and Registrar, The Univer- 
sity, Southampton (April 20). 

RESHARCH FELLOW IN METABOLIO DISEASES OF SHERP in the 
Faculty of Rural Science, to undertake research. on pregnancy 
toxamia and carbon tetrachloride poisoning of sheep—The Registrar, 
aay of New England, Armidale, New South Wales, Australia 

pi $ 

ANALYST (with a good honours degree in chemistry, preferably 
with suitable postgradaste experience or training) at the West African 
Cocoa Research Institate, Gold Coast, to carry out routine chemical 
analyses—The Director of Recruitment, Colonial Office, London, 
8.W.1, quoting BCD.197/200/020. 

ASSOCIATE or ASSISTANT PROFESSOR IN THE DEPARTMENT OF 
PHARMAOOLOGY—-Prof. K. I. Melville, Chairman, Department ‘of 
Pharmacology, McGill University, Montreal, P.Q., Canada. 
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‘ DEMONSTRATORS 2) IN- INORGANIO CHEMISTRY—T t 
. The University, Not 2 ae pease isiulene 
__ EDITOR (chemist, with some editorial experience, and interested 
in the development of a leading weekly. periodical) oF Chemistry and 
Ind The General Secretary, Society of Chemical Industry, 
14 Reals Square, London, 8.W.1, marking envelope “Personal”, * 
Principal, ool of Technology, Tower Ramparts, Ipswich. 

oF Brat ot ee ne Pee Uae 

—Prof. A. D. mer, Departmen’ cs vers’ 

of Western Ontario, London, Ontario, Canada. = = 0” s 


PHYSIOIST/ELEOTRIOAL ENGINEER (with a first- or second-class ` 
honours degree in physics or electrical engineering, and at least three’ 


years postgraduate research experience) at the Ministry of Supply 
Proof and Expermmental Establishment, Shoeburyness, Essex, to ead 
a section engaged on the development of methods of tic measure- 
ment—The Ministry of Labour and National Service, Technical and 


Bolentino -Register (K), 26 King Street, London, S.W.1, quoting 


PROFESSOR AND HEAD OF THE DEPARTMENT OF CHEMIOAL 
ENGINEERING—Dean H. C. Gunning, Faculty of Applied Science, 
University of British Columbia, Vancouver 8, B.C., ada. 

PROFESSOR OF PHILOSOPHY—The Principal, St. David’s College, 
Lampeter, Cardiganshire. 

RESEAROH ASSISTANT (with H.N.C. in chemistry or equivalent, 
able to construct and manipulate laboratory research apparatus, and 
some knowledge of chemical analysis) IN THE TRY DEPARTMENT 
in London, to join a.research team investigating iron and steel manu- 
facturing problems by physico-chemical techniques—The Personnel 
Officer, British Iron and Steel Research Association, 11 Park Lane, 
London, W.1, quoting “C.P.6”. i 

RESEARCH OFFICER (with a university degree in forestry, or a 
university degree in botany and a diploma in forestry) IN THE DE- 
PARTMENT OF FOREST BESEAROH, Federation of Nigeria, to carry 
out sylvicultural investigations, chiefly in the high forest regions of 
the Federation but with a possibility of work in the savannah regions 
also, and occasional instructional duties at the Forest School—The 
Director of Recruitment, Colonial Office, London, S.W.1, quoting 
BCD.61/14/08. 

RESEARCH PHYSIOIST to join & small group engaged in studies of 
solids and liquids by neutron diffraction techniques and in low tem- 

erature studies—File 2C, Atomic Energy of Canada Limited, Chalk 

iver, Ontario, Canada. 

RESEARCH ScHOLAR (with an honours degree in chemistry or equiva- 
lent qualifications)—-The Registrar, University College, Leicester. 

SOIENTIFIO OFFIOERS (CHEMISTS) IN THE METROPOLITAN POLION 
LABORATORY—The Secretary, Room 165 (S), New Scotland Yard, 
London, 8.W.1. 

SENIOR SCIRNTIFIC OFFICHR/ScImNTI¥IO OFFICER (with a first- or 
second-class honours degree in physies or metallurgy or equivalent 
qualifications, and preferably experience in metallic coatings or related 
subjects), for research and development work in electro-deposition 
of metals (Ref. 1428/84); and a 
or second-class honours degree in physics or metallurgy or equivalent 

ualifications), for investigation ın the field of metallic corrosion 
(Bet 1429/84)—The Senior Recruitment Officer, Atomic Weapons 
crag stablishment, Aldermaston, Berks, quoting appropriate 


. No. 
Taxonomist (with a degree in botany or agricultural botany, and 
preferably research experience in taxonomy or plant physiology) at 
the Official Seed Testing Station for England and Wales—The Secre- 
sabe Institute of Agricultural Botany, Huntingdon Road, 
ridge. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Transactions of the Royal Society of Edinburgh. Vol. 68, Part 1 
(No. 9): The Vascular Architecture of the Rat Uterus during Preg- 
naney. By A. Young. Fo. 167-184+8 plates. (Edinburgh and 
London: Oliver and Boyd, Ltd., 1956.) 10s. 6d. [111 

Philosophical Transactions of the Royal Society of London. Series 
A: Mathematical and Physical Sciences. No. 964, Vol. 249 (18 
December 1956): The Flow of Cohesionless Grains in Fluids. By 
R. A. Bagnold. Pp. 235-208+plate 2. (London: Royal Society, 


1956.) 228. [111 
The National Gallery, January 1955-June 1956. Pp. 105+12 plates, 
(London: National Gallery, 1956.) 10s. {111 


Monotype Corporation Limited. The Monotype Recorder, Vol. 40, 
No. 4: Setting Mathematics, with a Glossary of Mathematical Terms 
and Nomenclature of Signs, By Arthur Phillips. Pp. 32. *“Mono- 
type” Mathematical Sorts List. Selected and Compiled by Arthur 
Pilipa, Pp. 40, (London: Monotype Corporation Timtten, 

J. H. Fenner and Co. (Holdings), Ltd. Annual Report, 1956. 
Pp. 24. (Hull: J. H. Fenner and Co. (Holdings) Ltd., 1956.) [111 

British Museum (Natural History). Instructions for Collectors. 
No.10: Plants. Sixth Editlon. Pp. 72. (London: British Museum 
(Natural History), 1957.) 2s. 111 

London School of Hygiene and Tropical Medicine, incorporating the 
Ross Institute. Ross Institute Industrial Advisory Co ttee 
Bulletin No. 4 Mong ebieecis November 1956) : Tropical Ulcer. . 12. 
(London : London School of Hygiene and Tropical Medicine, 1956.) [111 

National Museum of Wales. Forty-ninth Annual Report, 1965-56. 
Pp. 77+4 plates. (Cardiff: National Museum of Wales, 1956.) [111 

Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences. No. 671, Vol. 240 (3 January 1957): The Ner- 
vous Anatomy of the Body Segments of Nereid Polychaetes. 

J. E. Smith. Pp. 186-196. (London: Royal Society, 1957.) 19s. [111 

Year Book of the Physical Society, 1956. Pp. vi+-76. (London: 
Physical Society, 1956.) 
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Sclence and the Humanities. By Sir Gavin de Beer. (The Rickman 
Godlee Lecture delivered at University College Lane 25 October 
1956. Pp. 21. (London: HK. Lewis and Co., Ltd., 1956. Pub- 
lished for University College, London, and University College Hospital 
Medical School.) 2e. 8d. net. A 111 

Institute of Fuel. Special Study of Domestic Heating in the 
United Kingdom—Present, and Future. Vol, 2. (Proceedings of the . 
Conference, 1956, including certain papers received too late for inclusion 
on Vol. 1.) -Pp. 108. (London: Institute of Fuel, 1966. [111 

British Medical Bulletin, Vol. 13, No.1: Physiology and Pathology. 
Sae gläney. Pp. 74+12 plates. (London: British Coane ns, : 

A s. ` : re 

Linen Industry Research Association. Report of the Council, 

aoon Pp. 20. (Lambeg: Linen Industry Research Association, 


k 111 
Metropolitan Water Board. Thirty.sixth Report on the Results of 
the Bacteriological, Chemical and Biological Examination of the 
London Waters for the years 1953-1954. By Dr. E. Windle Taylor. 
Pp. 74-+3 plates. (London: Staples Press, Ltd., 1956.) 16s. 6d. [111 

Aero Research Technical Notes. - Bulletin No. 167: “Araldite” 
Pleotrical Insulation. Pp. 6. (Duxford: Aero Research Limitea, 


8. 
The Art of Lecturing—Some Practical Suggestions. By Dr, G. 
Kitson Clark. Pp. ii+20. (Cambridge: W. Fetter and Sons, Lid., 
1957.) 1s. 6d. net. cies 111 

The Night Sky 1957. -Pp. 26. (London: The Times Publishing 
Company, Ltd., 1957.) 88. net. $ [111 


Other Countries _ 


Chicago Natural History Museum. Fieldiana: Zoology. -Vol. 84, 
No. 41 (November 13, 1956): Geographic Variation in the Chicken 
Turtle Deirochelys reticularia Latreille. By Albert Schwartz. Pp. 461— 
504. (Chicago : Chicago Natural History Museum, 1956.) 85 cents. [111 

Indian Association for the Cultivation of Science. Annual Report 
for 1955-56. Pp. 81. (Jadavpur, Calcutta: Indian Association for 
the Advancement of Sclence, 1956.) 111 

FAO Nutrition Meetings Report Series No. 18: Report of an 
International Seminar on Education in Health and Nutrition, Baguio, 
Philippines, 13 October-3 November 1955. By F. W., Clements. 

. Vii+92. (Rome: Food and Agriculture Organization of the 
nited Nations; London: H.M. Stationery Office, 19656.) ” re i 


1 dollar. 

Publications de PInstitut National pour l'Étude Agronomique du 
Congo Belge. Série Scientifique No. 68: Le Déterminisme de l'Eva- 
poration dansla Nature: Étude des Aspects Géophysique et Ecologlque 
du Problème dans le Cadre du Bilan Bnergétique. Premiere partie : 
Géneralités Théoriques. Par Étienne A. Bernard. Pp. 162. (Bruxelles: 
ret National pour l'Étude Agronomique du Congo Belge, 1986) 

anes. ` 

Publications of the Kapteyn Astronomical Laboratory at Groningen. 
By J. Borgman, 
Pp. 365. No.59: Distribution in Space of the K Giants near the Sun. 
Relation of the Space Densities of the A Stars and the K. Giants to 
the Spiralarms. By P. J. Vi Pp. 31. (Groningen ; Kapteyn 


. J. Van Rhijn. 
Astronomical Observatory, 1956.) ‘ 
Carnegie Institution of Washington. Report of the President, 
PD. =: (Washington, D.O.: Carnegie Institution of ‘Washington, 
American Association for the Advancement of Science. , 
Program—Directory of the Seventh New York Meeting (The 123rd__ 
Meeting of the Assoclation—The Annual Meeting for the year 1956.) 


Pp. 400. (Washington, D.C.: American Association for the eT 
ization. 


ment of Science, 1956.) 
Commonwealth Scientific and Industrial Research O 
Leafiet Series No. 15: Saving Water in Dams: The Mansfield Process. 
Pp.4, (Melbourne : Commonwealth Scientific and Industrial Research 
Organization, 1956.) ` (111 
United States Department of Agriculture. Home and Garden 
Bulletin No. 53: Lawn Insects; How to Control Them. Pp. 24. 
(Washington, D.C. : Government Printing Office, 1956.) 15 gi gu 
0. 20: 


fio and Indus-« 
trial Research Organization. Eighth Annual Report for the year ending 
Pp. vi+-400. (Melbourne : Commonwealth Solenti- 
fic and Industrial Research Organization, 1956.) 111 
A Manual for Coding Organic Compounds for use with a Mechanized 
Searching System. By T., B. Norton and A. Opler. Pp. 114-56. 
A Manual for Programming Computers for use with a Mechanized 
System for Searching Organic Compounds, By A. Opler and T, R. 
Norton. s (itidiand, Michigan: The Dow Chemical on 
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HERE has'recontly been published, as a séquel 
to two earlier studies of Glasgow youths who left 
school in 1947 at the earliest permitted age of four- 
teen, a comparative inquiry* into the later history of 
two groups, one of 346 who have completed their 
National Service, and another of 222 who were 
rejected on medical. grounds and remained in- civil 
life, Both were members of the sample of 1,349 boys 
whose school lives and careers up to the beginning of 
1950 were the subject of an investigation carried out 
by Prof. T. Ferguson and Mr. J. Cunnison, and pub- 
lished in “The Young Wage-Earner”. A further 
study by Prof. T. Ferguson, “The Young Delinquent 
in His Social Setting”, dealt with the social and 
environmental background of the 12-2 per cent of 
the boys included in the earlier and basic study, who 
had been convicted in the courts between their 
eighth and eighteenth birthdays. The same rate of 


“delinquency was found among the 568 boys included 


in the present inquiry. 
While this study is in succession to that made of 


. “Disinherited Youth” by the Carnegie Trust in 


1936-39 and’ published in 1943 and to Dr. A. E. 
Morgan’s report “The Needs of Youth” to King 
George’s Jubilee Trust in 1939, its prime interest is 
as a picture of the impact of National Service, with 
implications not only in the educational field but 
equally for the Services and for industry. Prof. 


. Ferguson and Mr. Cunnison are cautious about 
- generalizing from so small a sample, and they recog- 


nize that even where the influence of National Service 
has been unsettling, 1ts contribution to unsatisfactory 


performance is surpassed by that of the bad social ' 


and environmental conditions in which many of the 
lads concerned were reared. The after-effects of 
National Service are apt, they believe, to be most 
severe among those of poorest background, and the 
dominant lesson to be drawn is that an urgent need 
still exists for the improvement of living conditions, 
and, given better conditions, the necessity of incul- 
cating something of the art of living. 

Something of this was evident in the adjournment 
debate on youth services in the House of Commons 
on January 25. In replying to this debate Sir 
Edward Boyle referred to the increasing percentage 
of those now remaining at school after fifteen. 
Between 1951 and 1956 this percentage has risen 
from 21:6 to 24-8 and the percentage of sixteen- 
year-olds from 9:11 to 11-8, while the numbers of 
those under twenty-one released by their employers 
for -day-time study in 1955-56 was estimated at 
334,000 compared with 230,000 in 1950-51. The 
Youth Employment Service has been established on 


‘ a new footing since the War, and the inquiry now 


* In Their Early Twenties: a Study of Glasgow Youth. By Prof. 
T, Ferguson and J. Cunnison, Pp. vi+110. (London: Oxford Univer- 
sity Press, 1966. Published for fhe Nuffield Foundation.) 12s. 6d. net 
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being conducted into-the education of the age group 


_from fifteen to eighteen should throw much general _ 


light on the problems involved and the best way of: 
dealing with them. Furthermore, Sir Edward Boyle’s 
remarks about the colleges for -further education 
indicate some appreciation of the stress laid on them 
“by King George's Jubilee Trust. 

“This bears closely on the two most disquieting 
features emphasized in the study by Prof. Ferguson 
and Mr. Cunnison. They are disturbed at the loss 
of potential skill between the ages of seventeen and 
twenty-two among both those called up for National 
Service- and those rejected as unfit. This is not 
only bad for the lads concerned but also a loss that 
Britain can ill afford. The authors are satisfied that 
National Service contributes to this loss and are far 
less reassuring than was the working party on 
National Service which reported in 1955 to the 
Council of King Seorge’s Jubilee Trust. That report, 
in “Citizens of To-morrow”, suggested that there is 
nothing fundamentally wrong with the present system 
and that the adjustments required are mostly within 
the scope of the Services themselves. The present 
study suggests, however, that Service authorities are 
not sufficiently concerned with avoiding such waste, 
due to their too sxclusive preoccupation with Service 
purposes. This neglect of a precious national asset 
may well be aggravated if decisions on the length of 
National Service are dictated by political or senti- 
mental considerstions, rather than by the hard facts 
of national technical efficiency viewed in the context 
of defence requizements. 

The vital importance of economy in the handling 
and use of man-power is also emphasized by the other 
tendency ‘which disturbed the authors of this study, 
namely, the amount of unemployment experienced 
by -this group in their early twenties. In a time of 
‘full employmen>’ 11 per cent of them were unem- 
ployed for three months or more during the two 
years covered by the study. Some worked but little 
during the period, and less than one in four was in 
skilled employmsnt at the age of twenty-two; one 
in three was an unskilled labourer. Prof. Ferguson 
and Mr. Cunniscn suggest that the drift away from 
training is largely due to the realization by the lads 
that more and 2asier money may be made in un- 
skilled or semi-sxilled jobs, that there are plenty of 
such jobs available during a period of full employ- 
‘ment and that these jobs are free from the discipline 
of learning or the responsibilities that often go with 
This situation is @ by-product of the present un- 
satisfactory wage differentials and is a further reagori 
for a considered attempt to deal with this difficult 
problem. Such en attempt is a necessary part of the 
effort which, the authors suggest, should be made to 
counteract this attitude of mind on the part of youth. 


550. 


They are on equally firm ground in urgmg that more 
should be done to encourage all apprentices to 
apply for deferment of their National Service until 
completion of their apprenticeships. This- factual 
study and the restraint of its generalization put the 
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problem of National Service into a true perspective 
in relation to man-power resources, and should 
stimulate further thought and effort to deal with the 
implications, both by the Services and by educational 
authorities and employers. 


FINANCIAL RESPONSIBILITY IN BRITISH UNIVERSITIES 


TREASURY Minute*, dated January 31, 1957, 

appended to a Special Report from the Com- 
mittee of Public Accounts for the session 1956-57, 
reiterates the Treasury’s inability to concur’ in the 
Committee’s recommendations that the Comptroller 
and Auditor General should be given right of access 
to such papers and records of the University Grants 
Committee as relate to non-recurrent grants. The 
Treasury shares the Committee’s, concern that. the 
non-recurrent grants should be expended with 
economy and efficiency on the purposes for which 
they.are given; but it has received explicit assur- 
ances both by the University Grants Committee and 
on behalf of the universities, that the obligation to 
observe the strictest canons of economy afd of 
financial- propriety is recognized as applying with 
even more than ordinary force to them, since public 
money is expended without being subject to the 
ordinary processes of financial control on behalf of the 
Government and Parliament. 

The Treasury considers that, having regard to 
the special financial relation existing between the 
Government and the universities of Great Britain, 
the control exercised over the expenditure of non- 
recurrent grants should involve determination by the 
Government of the total amount of commitments in 
a given year, and by the University Grants Com- 
mittee of the projects on. which this money may be 
spent, and approval by the Committee of the cost of 
all those projects. All appropriate measures to ensure 
economy in expenditure will be taken by the univer- 
sities themselves. Further, the Treasury will be 
provided with information to show that the total 
commitments have not exceeded the sum approved 
and that the accounting officer is aware of the main 
projects on which the University Grants Committee 
has decided that the money should be spent. The 
Treasury will then be able to review the position in 
good time if the pattern of expenditure in a particular 
year seems likely to differ widely from that envisaged 
by Parliament m voting the grant. 

As regards the last of these four points, the Treasury 
has been informed on behalf of the universities that 
it is intended that each university and university 
college in Britain should formally notify its auditor 
of every non-recurrent grant received and the purpose 
for which it was made, and request its auditor to 
certify in general terms whether every such grant 


* Special Report from the Committee of Public Accounts Treasury 
Minute and Abstract of Appropriation Accounts, Session 1956-57. 
Pp. 20. (London: H.M. Stationery Office, 1957.) ‘Is. net. 


_was duly applied to the purpose for which it was 


o. 

In consultation with the University Grants Com- 
mittee, the Treasury has also decided to make a 
number of changes, detailed in the Minute, which, 
it is believed, give reasonable assurance that this 
expenditure will be properly controlled and properly 
administered. Accordingly, the Treasury expresses 
the hope that the Committee of Public Accounts will 
not press its recommendation. The revised procedure 
will place on Treasury files quarterly statements 
obtained through the University Grants Committee 
showing the amounts paid in respect of each of the 
building projects detailed in the appropriate parts of 
the estimates. If, after the estimate for any year has 
been approved, the University Grants Committee 
wishes to alter the distribution of the non-recurrent 
grant by more than 10 per cent in any of the cate- 
gories, it will first seek the agreement of the Treasury. 
The Committee will also inform the Treasury of 
decisions taken in respect of buildings to be started 
in any year and estimated to cost more than £30,000 ; 
and in recommending approval of a non-recurrent 
grant for a particular university, the statement for- 


“warded to the Treasury will identify any such 


building project with the corresponding item in the 


-programme already furnished. These statements will 


also show separately any increase in grant for such 
major projects already approved, distinguishing 
increases which are made in respect of increases in 
prices and wages. 

Thus once again the question of the accountability 
of the universities of Great Britain to Parliament for 
some part at-least of the substantial sums of public 
money provided for their use has been answered, and 
the Treasury has rightly refused to give way to the 
demands of the Comptroller and Auditor General. 


This officer is, of course, only carrying out his duty . 


in making such recommendations, for his task is to 
see that monies voted by Parliament are being 
properly expended. Nevertheless, it has to be realized 
that the position of the universities is a special one, 
and any infringement of their autonomy, such as the 
suggested examination of their financial position by 
government officials, is an attack on the academic 
freedom so highly prized in the Western world. The 
Treasury has declared itself on the side of the 
universities ; and it is to be hoped that the arrange- 
ments now announced will prevent the annual 


recurrence of this request for inspection of university. . 


accounts. 
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THE TECHNIQUE OF NATURE 
PHOTOGRAPHY 


Zoological Photography in Practice 

A Contribution to the Technique and Art of Wild 
Animal Portraiture. By Dr. Hugh B. Cott. (Photo 
Practice Series.) Pp. 370 (68 plates). (London: 
Fountain Press, 1956.) 52s. 6d. . 


N recent years, particularly since the Second World 
War, students of animal behaviour, as well as 
ecologists and others, seem to have increasingly felt 
the desirability of using photographs to record their 
observations and to illustrate their papers. In many 
cases this has of necessity involved them in the 
problems of producing the photographs for them- 
selves, and many have found that to produce photo- 
graphs of animals, their habitats, ete., that are 
satisfactory from a scientific point of view is not 
nearly as easy as it first appears to bè. 

In order to produce a photograph which illustrates 
satisfactorily a ppint which he wishes to make, a 
worker must not only know precisely what it is that 
he wishes to record, but also the technique that must 
be employed in order to do it. Presumably most 
workers realize the first necessity, although this is by 
no means always evident in published photographs, 
but many, particularly in Britain, do not appear to 
pay much attention to the sécond. This may well 
have been due to the fact that hitherto very 
little worth-while information has been available 
in any comprehensive’ form on the techniques 
involved in the very various aspects of nature 
photography. ; ; 

Tn future such an excuse for poor quality work will 
no longer be as acceptable, as Dr. H. B. Cott has 
provided just the kind of book that is wanted. Dr. 
Cott is, of course, exceptionally well qualified to 
write on this subject, as he is very experienced both 
as a zoologist and naturalist, and also as an artist 
and photographer. . 

The central theme of this book is zoological photo- 
graphy ın the field, and its author’s aim, which he 
achieves remarkably well, is to provide useful 
information for all who are genuinely concerned with 
wild-life photography.’ 

The first six chapters are devoted to the more 
technical aspects of photography in the field, such 
as: choice of camera; selection of the most satis- 
factory type of sensitive material for any particular 
job; the right use of filters ; estimation of the most 
satisfactory exposure to obtain a desired rendering 
of the tones of the subject ; processing of the sensitive 
material both in a well-equipped dark-room and also 
under difficult field conditions in the tropics ; and 
printing and lantern-slide making. This is followed 


“by two very interesting chapters, one on the artistic 


approach to zoological photography, and the other, 
a particularly valuable one, on the scientific approach. 
These are followed by a couple of chapters which 
give an excellent introduction to the photography of 
animals in such diverse surroundings as equatorial 
forest, savannah, sea-cliff and desert. 

Finally, mention must be made of the excellent 
drawings, tables and graphs which are used exten- 
sively to illustrate various points ; of the sixty-eight 
art plates; some.of which are very fine and all of 


‘which are reproductions of the author’s own photo- 


graphs; of the bibliography of nearly a hundred 
references; and of the comprehensive index. 
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Naturally, as the author himself says, this work 


‘does not cover ell aspects of zoological photography ; * 


for example, there is little mention of insect or fish 
photography, and’a, section dealing with the use of the 
high-speed electronic flash could usefully be added in 
& future edition; but it will, nevertheless, be of 
great value bot to naturalists and zoologists, and 
also to those whose interests are primarily photo- 
graphic. This is a book which one can whole-heartedly 
recommend and which should certainly find a place 
in all biological libraries. Coun G. BUTLER 


SCIENCE IN RUSSIA 


The Soviet Academy of Sciences 

By Alexander Vucinich. (Hooyer Institute Studies. 
Series E: Institutions, No. 3.) Pp. vi+157. (Stan- 
ford, Calif.: Stanford University Press; London : 
Oxford Universisy Press, 1956.) 16s. net. 


‘HE Imperiel Academy of Sciences was founded 

in 1725, following a decision of Peter the Great 
on January 29, 1724, calling for the creation of a 
high scientific orum to serve as a leading and 
unifying force for science in Russia. To-day, its 
successor, the Soviet Academy of Sciences, is the 
highest scientific body in the U.S.S.R. in all respects, 
save the right ta pass judgment on scientific validity 
and to explore freely the unknown and the un- 
planned. It deals with all branches of systematized 
knowledge on perhaps the largest scale in human 
history and receives immense financial support, and 
this study of the Academy by Prof. A. Vucinich 
should be of wice interest both to the scientist and 
to the technologist. 

Prof. Vucinick examines in particular the organ- 
ization of scientific inquiry in the Soviet Union and 
the social role of Soviet science and scientists. First, 
he summarizes the development of the Imperial 
Academy, which in 1917 had forty-five regular 
members and twò hundred and twenty scientific and 
technical associases, until its transformation in 1929 
to serve the purposes of the first Five-Year Plan of 
the U.S.S.R. saw the disappearance of its earlier 
internal organization and a vast extension of its 
scope, which is now governed by a statute of 1935 
and various late? amendments. Next, he describes - 
the internal stracture of the Academy, which is 
typically Soviet, in that there is a de jure structure 
conducted, at least on paper, by generally democratic 
processes, and a de facto structure tightly controlled 
by, and serving és an instrument of, the State. The 
Academy’s eight departments cover physical and 


` mathematical sciences ; biological sciences ; chemical 


s 


sciences ; geological and geographical sciences ; tech- 
nical sciences ; Listory ; economics, philosophy and 
law; and literature and language, and it is in these 
that research work is minutely organized and carried 
out. These departments are divided into well-defined 
research aggregates, of which the most important are 
the institutes ; but there are also fifteen laboratories, 
four observatories, seven museums and five stations, 
supplementing the work of the institutes. 

In a third chapter Prof. Vucinich reviews the con- 
tribution of the Academy to the advancement of both 
pure and applied science, pointing out the limitations 
under which the Soviet scientist works, and noting 
that in spite of & revived interest in theory on the 
part of the Academy’s administrators, particularly 
in cosmogony and nuclear physics, advances are 


552 


likely to be strictly limited while absolute con- 


+ formity to dialectic materialism and subservience to . 


the needs of production remain. The most important 
function of the Academy, he considers, is to help the 
Government implement its various policies, but he 
describes at some length the relation of science to 
Soviet ideology and the wider orbit of the work of 
the Academy in training future scholars, sponsoring 

- scientific conferences and popularizing science. In 
his last three chapters, Prof. Vucinich reviews’ briefly 
the place of the Academy in the Five-Year Plans, 
and in the social structure, and the implications of 
ideological purification of the supremacy of tech- 
nology, and of total planning on the future develop- 
ment of Soviet science.. -Ample bibliographical 
references to the chapters and the appended lists of 
the Academy’s scientific research organizations, of 
the academies in the Union Republics, of academicians 
and of periodicals of the Academy add to the value 
of the study as a contribution to the current debate 
on the implications of Soviet science and technology 
for Great Britain and the West in general. 

Š R. BRIGHTMAN 


POOR RELATIONS 


Ordinal Algebras : 

By Prof. Alfred Tarski. With appendices by Chen- 
Chung Chang and Prof. Bjarni Jónsson. (Studies in 
Logie and the Foundations of Mathematics.) Pp. 
v+133. (Amsterdam: North-Holland Publishing 
Company, 1956.) 27s. 


ELATIONS have never been popular. They 

were utterly ignored by Aristotle and other 
logicians until they were introduced into logic by 
A. de Morgan and C. S. Pierce nearly a century ago. 
Mathematics uses many relations; for example, a 
function is a many-one relation. Apart from a br 
elementary dofinitions and easy deductions, no 
general theory of relations has appeared, they have 
never been the sole subject of a study, and there is 
no book about the theory of relations. Certain 
relations have been studied in more or less detail, 
such as the equality, equivalence and order relations, 
and in algebra and topology various morphisms. 
More detailed results have been obtained for well- 
ordering’ relations in the theory of ordinal numbers 
and semi-ordering relations in the theory of lattices. 
But all these form very narrow classes of relation 
types. The only general results consist of definitions 
of certain fundamental operations on relations and 
their most obvious consequences. Yor non-binary 
relations there is practically no literature. 

Tarski has for some years been interested in the 
general theory of relations and this book is a begin- 
ning of a general theory of binary relations. He 
considers the first task is to develop the arithmetic 
of relation types, that is, the study of operations by 
means of which the isomorphism types of complicated 
relations can be obtained from those of simpler ones. 
One of the fundamental arithmetic operations on 
relation types is relational addition. This operation 
is performable on an arbitrary system of relation 
types which are indexed by the elements of the field 
of a given relation. The main purpose of this mono- 
graph is just to develop the theory of ordinal addition 
for arbitrary relation types. 

The method adopted is to develop abstract 
algebraic systems formed by a set A of arbitrary 
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elements, an operation E on finite or simple infinite 
sequences of elements of A, an operation -«on 
couples of elements of A, an operation ¥% on single 
elements of A, and a distinguished element 0 of A. 
A certain class of such algebraic systems.in which 
the elements and the operations satisfy some simple 
postulates of an arithmetic character are called 
ordinal algebras. The first chapter dedls with con- 
sequences of these postulates. 

In Chapter 2 it is shown that the postulates 
defining an ordinal algebra are satisfied if we take A 
for the set of all reflexive relation types, for X and + 
the known operations of ordinal“ addition, for * 
the operation of conversion, and for 0 the empty 
relation. 

There are two appendixes : the first, by Chen-Chung 
Chang, contains the solution of some arithmetical 
problems formulated in Chapter 1. The second, by 
Bjarni Jónsson, deals with the general operation of 
relational addition. It introduces the notion of a 
relation type which cannot be represented as a sum 
of relation types over a relation belonging to a set A, 
unless all the terms of the sum except one are equal 
to 0. The main result is to prove that every reflexive 
relation type can be uniquely represented as a sum 
of indecomposable types over a relation belonging to 
the set A, provided A satisfies certain general con- 
ditions. 

Here then is a beginning of a general theory of 
relations ; who can tell how far it will-go ? 

S. W. P. STEEN 


RADIATION SHIELDING OF 
NUCLEAR REACTORS. 


Reactor Shielding Design Manual 

Edited by Theodore Rockwell. Pp. xii+472. 
(Princeton, N.J.: D. Van Nostrand Company, Inc. ; 
London: Macmillan and Co., Ltd., 1956.) 42s. 


| ies past six years an extensive corpus of experi- 
‘mental results and methods of calculation for 
reactor- shielding problems has been amassed ~ in 
laboratories attached to the Naval Reactors Branch 
of the United States Atomic Energy Commission, 
and the existence of several shielding reactors in 
America has made possible a detailed study of many 
shield systems. This and much other work, pre- 
viously unpublished or available in report form only, 
is summarized in this five hundred page manual. 

The technique of reactor shielding falls into three 
parts: first, the determination of the sources of 
radiation in the reactor and in materials activated 
by its neutron flux; secondly, the choice of shield 
materials on the basis of their nuclear properties as - 
attenuators; thirdly, the engineering design of the ` 
chosen materials to form a shield of least cost, weight 
or size. The book is arranged in the order in which 
it might be used in the design of a power reactor 
shield. After chapters on shielding theory and health 
physics, the shielding of core and coolant systems 
is treated successively. There are separate sections 
on shield engineering, the effect of voids, shut-down 
radioactivity and plant layout; experimental results 
and useful mathematical results are tabulated in 
the last two chapters, and this edition has a short 
index. 

The merit of this manual is that it contains ` 
virtually all the available information required to 
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design reactor shields. Graphs, tables and nomo- 
grams are abundant and clear, and serious errors 
appear to be rare. However, some experimental re- 
sults, particularly that on radiation through ducts, are 
questionable. Two main criticisms seem pertinent. 
The editor has stressed empirical methods of cal- 
culation at thè expense of a more fundamental 
approach; consequently, some current theories, 
undeniably useful but limited in scope, may gam 
uncritical acceptance among newcomers to the 
subject. On the other hand, more experienced 
readers may find elementary pomts unnecessarily 
laboured ; for example, four equivalent definitions of 
exponential decay are given where none should be 
needed. Secondly, the editor’s choice of subject 
order is arbitrary ; it results in certain subjects (for 
example, gamma-ray attenuation) being treated in 
as many as four different places and, as cross- 
referencing is inadequate, lengthy searches are 
required to establish some points. The text is 
repetitious and sometimes lacks precision, and the 
use of such plural forms as ‘spectrums’ and ‘formulas’ 
jars on British ears. However, the value of the 
“Reactor Shielding Design Manual” is indisputable. 
Revision and abridgement of the text and rearrange- 
ment of the contents would increase its usefulness 
considerably, and ıb is to be hoped that this task, 
together with @ more critical evaluation of the 
experimental results and current theories, will soon be 
undertaken. H. R. McK. HYDER 


CELL RESEARCH 


Notions de Cytologie et Histologie 
Par Prof. M. Chévremont. Pp. iv+994+10 plates. 
(Liège: Éditions Desoer, 1956.) n.p. 


N 1861 Brücke wrote (“Elementarorganismen”, 

p. 386), “We must therefore ascribe to living 
cells, beyond the molecular structure of the organic 
compounds that they contain, still another structure 
of a different type of complication; and it is this 
which we call by the name of organization”. Again, 
Hofmeister (“Die chemische Organization der Zelle”, 
p. 20) said in 1901, “The morphologist, on the one 
hand, stzives to elucidate the structure of protoplasm 
down to its finest details, the biochemist on the 
other, with his apparently yet still more searching 
methods, seeks to determine the chemical functions 
of the same protoplasm; broadly speaking they are 
only dealing with two different sides of the same 
thing”. 

Prof. M. Chévremont’s book eloquently describes 
and vividly illustrates the two aspects of cell research 
represented by these quotations. The problem of 
` sub-microscopic organization is being investigated 
with extraordinary and often misguided and in- 
accurate enthusiasm wherever the money for an 
electron microscope can be cajoled out of the 
institutional coffers. The biochemist has been joined 
by the histochemist, who tries to pin-point the 
former’s chemical substances within the cell. All 
this makes cytology and histology much more 
exciting and creates the illusion that we are rapidly 
approaching the stage when the cell will unfold all 
its secrets. 

Although Prof. Chévremont’s list of contents looks 
scholastically formel—in its comprehensive coverage 
of technique, cytoplasm, nucleus, cell division, tissue, 
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organ and so on—nevertheless, browsing through its © 
text and admirmng his electron microscope and his 
coloured histockemical illustrations, one cannot help 
capturing the scent of the intellectual excitement 
which lies behind these modern investigations into 
cytology. 

The book ıtself is big and heavy and it has 636 
illustrations, many of which are in colour. Parts of 
it read like a conventional text-book of histology— 
but interlarded with this is a wealth of new informa- 
tion derived from these new fields, much of which 
does not appear m other text-books of cytology and 
histology. This, in fact, is the opening of a new era 
in this sort of publication. Text-books of histology 
in ten years time will not be recognized by the 
Sharpey-Schafers of yesterday. P 

One feature cf this volume to be highly recom- 
mended is the melusion at the end of each section of 
a series of general references which enable the reader 
to search further m a subject which catches his 
interest. There ıs also a valuable subject-mdex. It 
should be mentioned that the text is in French, but 
perhaps it is permissible to refer to the fact that the 
Pitman Medical Publishing Company is engaged in 
the production of a translation of this work. 

G. H. BOURNE 


CONTINENTAL ECOLOGY 


Synokologie der Landtiere 
Von Dr. Wolfgeng Tischler. Pp. xvi+414. (Stutt- 
gart: Gustav Fischer Verlag, 1955.) 36 D.M. 


E ieee book is outstanding in that it goes 
a long way towards bridging the gap between 
the Anglo-Amer-can and the Continental approaches 
to ecology. Br restricting the field to terrestrial 
animals and habitats for his examples and for con- 
sideration in tke ‘special part’, Tischler has been 
able in four hundred pages to cover an impressive 
amount of ground. Throughout the first half of the 
book the accent is on synecological work, one of the 
precepts enunciated at the beginning and strictly 
adhered to being that it is not enough to study the ` 
single species ard its immediate environment if its 
ecology is to be understood. This part of the book 
is concerned with principles, and successfully welds 
together subjects such as population fluctuations and 
succession on one hand, and biocenotic classifications, 
life forms and the ecology of man-made habitats on 
the other. 

The second half of the book treats each of eight 
main climaticalfy determined vegetation types in 
turn: shore, rain forest, deciduous forest, tundra, 
conifer forest, desert, steppe and bush and their 
variants. The Ciscussion follows a uniform but not 
rigid plan under euch headings as “Living Conditions”, 
“Structure”, “Eood”, “Biotic Relationships” and 
“Over-Wintering’. These chapters are followed by a 
section on land types which result from human 
activity (‘“Buildings”, “Gardens”, “Ruins”, “Arable 
and Pasture Fields” and “Hedges”) which ıs the 
special interest o? the Kiel ecologists. A final chapter 
is an appeal for an enlightened land management 
and nature conservation. 

This is frankly a text-book and source of informa- 
tion. For this reason, perhaps, the treatment is 
mainly terse ani impersonal. More controversial 
topics are either avoided or briefly mentioned by 
quoting references on both sides. Two features stand 
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out as being particularly useful for the student. 
First, there is a quite exceptional lack of jargon, and 


secondly, there are a large number of text figures . 


drawn by Tischler in order to summarize the data of 
other authors’ papers; these are mostly clear and 
easily understood. 

To readers in Great Britain, Tischler’s book should 
be of immense value as an introduction to Continental 
work on animal ecology, especially as practised by 
the German-speaking countries. It is also of great 
interest as a balanced appraisal of British and 

~ American work and the way it fits into a broader 
background as seen by one who is particularly con- 
cerned with the practical approach prevalent in 
present-day Germany. Amyan MACFADYEN 


A MYSTIC FROM FRANCE 


The Notebooks of Simone Weil 

By Simone Weil. (Translated from the French by 
Arthur Wills.) Vol. 1: Pp. iv+332. Vol. 2: Pp. 
iv-+333-648. (London: Routledge and Kegan Paul, 
Ltd., 1956.) 56s. net the set. 


ONFRONTED by a couple of well-produced 
volumes containing the disjointed thoughts of 
an obviously first-class brain, a reader might well 
expect some editorial comment, or at least some kind 
of introductory note. But there is nothing of the 
sort. Without a word of preparation, the text opens, 
the author beginning with a few lines of intense 
concern for human suffering, followed by a reference 
to the eternal problem of values, the nature of beauty 
and of art; and so on over almost the whole domain 
of knowledge. It may perhaps be said that this 
method of presentation has the advantage that no 
outside hand has been at work to deflect the gifted 
writer’s aim, but one may not unfairly ask what her 
aim is. 
In the usual sense of the word, there is probably 
no such thing for Simone Weil. Having already 
. written several books (notably “The Need for Roots” 
and “Gravity and Grace”), these note-books were 
intended to form, so to speak, the water at the 
bottom of a deep well from which could be hauled up 
the (fluid) material for any number of future speculative 
ventures, including maybe a volume on: folk-lore 
which might have emerged as something not ashamed 
to take its place within sight of “The Golden Bough”. 
The relentless search for absolute truth is reminiscent 
of Pascal and of Husserl: both these savants, how- 
ever, had a plan, even in their fragments, but here 
there is no plan. Yet again, one is reminded of Edith 
Stein, a pupil of Husserl’s. Another glance at Simone 
Weil’s outlook and. the likeness vanishes, except for 
their common courage and self-abnegation. It is the 


difference between repose and rebellion, between . 


peace and the sword. ; i 
Judged by her writings, it seems that Simone Weil 
was constitutionally incapable of coming to terms 
with any agency upon this earth, civil or ecclesiastical ; 
and by these exacting standards, her meditations 
must be assessed. Even when considering the 
teaching of the Spanish Mystics (a fairly close 
parallel with Edith Stein’s “Kreuzwissenschaft”’), she 
adopts a fundamentally reactionary attitude, at once 
~ serious and defiant. 
Metaphysical as much of all this may be, there are 
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by flashes of French logic. Thus, time and again we 
find the theme of physical work—in the sense used 
in thermodynamics—coming to the fore, coupled 
rather naively to the urge towards manual labour 
on one hand and (more carefully) to such concepts 
as order—disorder and entropy on the other. It can 
scarcely be an accident that these almost axiomatic 
elements in the theory of heat are found more.fre- 
quently than others in the writings of the phil- 
osophers. Simone Weil wanted to collect all the 
experimental data extant about work and heat, but 
like the Greeks of old, she always fell back upon the 
majesty of abstract science. F 

In fact, in her own semi-mystical way, she puts a 
fine point upon the age-long argument concerning the 
contrast between the complete detachment of Hellas 
(and perhaps of almost every true philhellene) and 
the Renaissance, with its discovery that not only does 
man want to ‘master’ Nature, but that he can indeed 
do so, to a very large extent indeed. With this will 
to conquer came, it seems, the separation between 
science and art. The insatiable curiosity of the 
Greeks, and the materialism of the Romans, are 
noted as but mere examples in the unfolding of 
history. Between pure and applied science there is 
indeed a great gulf fixed. i 

Typical of this outlook is a note on p. 157. “Find 
somebody who can tell me whether the second prin- 
ciple of thermodynamics is regarded as valid in 
biology ?” Conceivably, if Simone Weil’s voracious 
appetite for reading had included Prof. Bertalanffy’s 
“System Theory”, she might have found the answer. 
This ingenious calculus provides, as is commonly 
known, for ‘open’ systems ; whether it will stand the 
test of time remains to be seen. It depends upon a 
degree of balance unlikely to be attained in many 
categories of mechanical assemblages. But the point 
is significant; she recoils from the idea of total 
degradation of energy. Within limits, she may 
be right, and there the quantum theory supports 
her. 

Psychologically, it would be an almost impossible 
task to place Simone Weil. In broad outline, she 
must have been a strong introvert. Her passion for 
serving others, however (for example, her work for 
the resistance movement of her native land), desig- 
nates her an extrovert indeed. But the link which 
united the two, in unstable equilibrium, was a kind 
of Aristotelian potency, straining at the leash to pass 
into entelechy at the slightest provocation. Her whole 
life appears as a sublime human example of the 
physicist’s critical state; the phenomenon of 
flickering striæ associated with a condition in which 
pressure and volume are increasing simultaneously. 

It will be noticed that this review refers to the 
composer of these note-books in the past tense. All 
too little known, and still less revered in her life- 
time, Simone Weil was born in 1909. At one time 
she taught in a French secondary school, and at 
another period voluntarily engaged in strenuous 
manual labour. She was in England during the 
Second World War, died at Ashford (Kent) ın August 
1943, and was buried in a common grave, No. 4779. 
Quite recently, a movement has been set on foot to 
erect some simple memorial of her. 

These nascent jottings give the impression of an 
intense striving for intellectual and spiritual per- 
fection on the way to further creative effort. But 
they represent all too clearly what in the event 
proved to be the last will and testament of a tortured 
mind. F. I. G. RAWLINS 
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The Chemistry of Living Cells 
By Prof. Helen R. Downes. Pp. x+549. (London: 
Longmans, Green and Co., Ltd., 1955.) 45s. net. 


HE book is a very useful introduction to bio- 

chemistry for biologists. It is well written and 
thoroughly up to date in the topics which it treats. 
The historical introduction is useful and well balanced. 
The introduction is followed by two chapters dealing 
with some selected properties of aqueous solutions 
and the structure of living cells. The further sub- 
divisions of the book deal, on one hand, with organic 
constituents of cells and, on the other, with 
intermediary metabolism. 

However, there are a certain number of rather 
serious deficiencies. 
biochemistry is very inadequately treated and in 
particular there is no account whatever of rate pro- 
cesses. Thermodynamic considerations are scarcely 
mentioned ; and what is surprising, considering how 
very up to date this book is in other respects, is the 
lack of incorporation of the very large amount of 
information which has been derived ın recent years 
from cytochemical studies. Neither the information 
which has been obtained by the study of tissue 
sections by cytochemical methods, nor the informa- 
tion which has been obtained by the fractionation of 
cells into constituents such as nuclei and mito- 
chondria, is in the least adequately presented. This 
lack is a grave disadvantage from the point of view 
of the average biologist. It is also unfortunate that 
‘thet there is no discussion of macro-molecular 
specificity and interactions such as are involved in the 
formation of antibodies and their interaction with 
antigens. 

Nevertheless, these rather striking disadvantages 
are often characteristic of the teaching of biochem- 
istry, and can scarcely be considered an mdividual 
failing. As books go which treat of the chemistry of 
living cells, this is to be highly recommended. 

J. F. DANŒLLI 

Information Theory 

Papers read at a Symposium on “Information 
Theory” held at the Royal Institution, London, on 
September 12th to 16th, 1955. Edited by Colm 
Cherry. Pp. xii+401. (London: Butterworths 
Scientific Publeations; New York: Academic 
Press, Inc., 1956.) 70s. 


ONDON Symposia on Information Theory have 
become something of an international institu- 
tion, and readers of Nature may remember Dr. E. C. 
Cherry’s account of the third, held in September 
1955, at which scientists from many disciplines and 
from many countries exchanged’ ideas and problems 
in this borderline territory. The published Pro- 
ceedings, which make a volume of more than four 
hundred pages, have had to be somewhat condensed, 
but only a few papers, which were submitted but 
not read, are printed in abstract. The papers pre- 
sented cover semantic aspects of the subject in 
addition to the Wiener-Shannon statistical calculus, 
and include several on biological and other topics 
which belong to information system theory if not to 
information theory itself. The whole affords a 
remarkable indication of the scope and usefulness of 
the new methods of approach which information 
theory makes possible. 
This is not to say that all current. applications of 
the theory are of equal value or of equal promise. 
At this exploratory stage it was intended that these 


symposia should offer scope for tentative essays 
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designed to stimulate discussion as well as for more 
solid elaboratiors of established technique. But the 
net effect is to make this a much more stimulating’ 
volume than if ıb were less controversial, and the 
new reader has the more incentive to develop 
his own judgment m a field where judgment 1s 
needed. ‘ 


Defects and Fa lures of Metals 

Their Origin and Elimination. By Prof. E. P. 
Polushkm. Pp. xvi+400. (Amsterdam: Elsevier 
Publishing Company ; London : Cleaver-Hume Press, 
Ltd., 1956.) 72s. 


NE of the more chastening tasks of the metal- 
lurgist is to examme the failures of metals 
during manufacsure or service, and to ascertain its 
causes. This d:agnostic work requires » sharp eye, 
good memory, end long experience. Over the years 
a vast number of threads have been established, from 
practical experiance, connecting the visible defects 
of metals with all the irregularities of composition, 
fabrication, and heat treatment, inherited from 
manufacture, and with the various severities of 
stress, heat, and environment, encountered during 
service. The velue of Prof. Polushkin’s book is that 
rt lays out these threads in large numbers, plainly 
and simply, extracted partly from his own experience, 
partly from a vast bibliography, and that it emphe- 
sizes particular peculiarities rather than broad 
consistency of behaviour. The subjects treated 
include segregstion, porosity, pipmg, impurities, 
decarburization, scaling, residual stresses, fatigue, 
flakes, overheating, burning, embrittlement, cracks, 
distortion, wear and corrosion. The book is essentially 
a collection of motes, a guide to the literature, and as 
such it will prove a useful work of reference for the 
specialist in mətallurgical autopsies. But it is a 
decidedly unsuizable companion for a long aeroplane 
flight. i A. H. COTTRELL 


Adventure of the Sea 
By James Fisker. Pp. 70. 
Books, 1956.) “6s. net. 


BEST-SELLING novel, a number of dangerous 

voyages by rafts and small boats, submarine 
exploration wita artificial lungs, and the discovery 
of remarkable relics lıke Latimeria and Trigonia have 
led to contemporary interest in the sex on a scale 
unsurpassed sinze the rise of rapid communications. 
Because of this interest, Mr. James Fisher and his 
publishers have shown admirable discernment in 
producing this book, which should ‘find a ready 
The title is somewhat misleading as the 
contents includa not only accounts of the way in 
which the sea has been fought and overcome by man 
but also of the snimals which live in, above and near 
the sea as well as the use made of the sea and its 
products by man. This, however, is but a small 
blemish in an excellent book which, besides clearly 
written text which combines science, technology 
and history td make a smooth-running narra- 
tive, contains a remarkable collection of more 
than two hundred paintings, maps and diagrams in 
a profuse range of colours. However much the 
purists may ob:ect to some of these, the reader for 
whom the book is intended will be caught and 
captivated. It .s most unfortunate that the binding 
will need immediate reinforcement from those who 
wish to keep the book in one part. 

T. H. Hawkins 


(London: Rathbone 
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e ORIGIN OF TEKTITES 
By Pror. HAROLD C. UREY, For.Mem.R.S. 


G 


HE origin of tektites has been discussed for 

many years, and no- satisfactory solution to the 
problem has been proposed. They definitely show 
flow patterns indicating travel at high velocity 
through gas such as the Earth’s atmosphere. Their 
chemical composition shows that they are not 
obsidiah and, in fact, they are similar in com- 
position to sedimentary rocks without their water 
content. In particular, they contain several per cent 
of potassium oxide (K,O), 1-5 p.p.m. of uranium and 
have very high silica and alumina contents. Spencer! 
and Barnes? list many analyses of these objects. 
Their chemical composition is produced on Earth by 
most complicated processes, including the weathering 
of granite and basalt and the removal of the alkaline 
earths and iron by the action of water. If they are 
extra-terrestrial in origin, then the question arises as 
to how their composition was produced elsewhere. 
Voleanic sources of heat are not sufficient to have 
melted them, and yet their arrival from space with 
the distribution found on Earth is not possible either, 
as I have pointed out*. 

Briefly, the argument is as follows: (1) If a large 
mass of glassy material arrived and broke up in the 
atmosphere, the parts should have distributed them- 
selves over an area some tens of kilometres in dimen- 
sion, as is observed for certain meteorite showers. 
The distribution over all southern Australia, for 
example, would be impossible. Hence, the compact- 
mass arrival is excluded. (2) If the tektites arrived 
as a swarm, its mean density must have been greater 
than 10-5 gm. em.~’, for otherwise solar gravitational 
forces at the Earth’s distance from the Sun «would 
break up the swarm and tektites would become 
distributed over the entire Earth. Yet a swarm of 
this density some 108 cm. in diameter would pile up 
tektites to a depth of 100 gm. cm.-* over southern 
Australia, and this is not the case. Arrival from the 
Moon raises similar objections. I know of no answer 
to these arguments. 

‘Spencer! many years ago suggested that meteoritic 
falls may have been the source of melting of terrestrial 
materials; but no evidence for meteorite craters 
could be found in the neighbourhood of the various 
tektite areas. I suggested that a minor planet may 
have collided with the Earth and the enormous 
crater may have initiated some major plutonic effect 
which covered the crater. This was always regarded 
as a last resort type of suggestion. ~ 

The approach of the comet Arend-Roland stimu- 
lated a little further thought on this problem. What 


would happen if a comet collided with the Earth? | 


A comet head consists of a very loose aggregate of 
small particles, and recently it has become evident 
that these particles consist of, or are mixed with, 
chemical compounds having large amounts of energy. 
In fact, the material is a high explosive which ‘burns’ 
quietly under excitation by high-speed particles from 
the Sun only because of its very loose structure and 
low density (see Donn and Urey‘ and references there 
given). Since comets move on nearly parabolic 
* Present address: Clarendon Laboratory, Oxford. 


University of Chicago* 


orbits, their velocity at the Earth’s distance from 
the Sun is 42 km. sec.. The heads are estimated 
to be 10-70 km. in diameter and their density may 
be 0-0] gm. cm.-°._ The kinetic energy of a spherical 
object 10 km. in diameter of this density and velocity 
would be 5 x 108 ergs, which is equivalent to 5 x 10? 


‘atomic bombs of the old-fashioned fission type, or a , 


half-million hydrogen bombs. The chemical energy 
would only be a fraction of this, perhaps 10* ergs, 
or even somewhat more. 

If an object of this kind entered the atmosphere 
at this high velocity, compression and heating of 
the material would occur. It would explode in a 
chemical sense, and most of its mass would be con- 
verted to gases at high temperature. The amounts 
of silicates expected to be present would be volatilized 


or scattered as fine dust. Such compaction would be. ` 


effective at 60-100 km. above the Harth’s surface ` 
and the explosive reaction should begin at this 

altitude. The high-temperature mass would continue 

to move towards. the Earth, heat its surface quite 

easily to the melting point, produce a very com- 

pressed region of gas, and this would propel terrestrial 

material in all directions at high velocity. It is 

difficult to predict the type of crater to be expected. 

However, the explosion would resemble the high air 

burst of an atomic or hydrogen bomb; but the 

effects would be very much greater and somewhat 

different because of the great mass of gas both from 

the detonation of the comet head and from the com- 

pressed and heated air, and the much lower tem- 

peratures distributed throughout the mass. One 
would expect the general effect to bé more that of a 
propellant than a detonating type of explosion. The 

mass would be stopped within one second and the 

maximum pressure would be about 40,000 atmo- 

spheres. Probably a very broad area would be 

involved and no deep penetration in a limited area, 
would result. 

If they are a by-product of a cometary collision, 
several puzzling features of tektites are explained. 
(1) Their material substance comes from the surface 
of the Earth, and hence varying compositions are to 
be expected; even the nearly pure silica of Libyan 
glass, and in fact the americanites, which are not 
usually included as respectable tektites because of 
their obsidian-like composition, could also owe their 
existence to this process acting upon granitic rock. 
(2) The high temperature required for melting is 
provided. (3) They were melted quickly and briefly 
and -hence did not lose their alkalis, which are 
known to be very easily volatilized from melts. Also 
the presence ‘of melted quartz particles, that is, 
lechatelierite, is understandable. (4) A mechanism for 
scattering over wide areas is available. (5) The flow 
marks could have been produced by the blast of hot 
gases over more slowly moving objects. (It has always 
appeared surprising to me that a small glass object, 
1-2 cm. in diameter, would travel at high velocity 
through the atmosphere, keeping one orientation as 
is necessary in the case of the more ‘button-shaped’ 
tektites. A blast of high-temperature gas could 
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produce this effect very quickly, and seems a more 
probable mechanism.) (6) Since more basic materials 
will crystallize rapidly even durmg cooling, 1t can be 
expected that only very acidic tektites will remain 
glassy and thus be observed. (7) The residual crater 
may be very difficult to identify ; but ıt mght well 
be looked for while keepmg some flexible ideas as to 
what its properties may be. 

The number of comets observed to arrive near the 
Sun is about 10 per year and the true number may 
be larger. Assuming completely random orbits, the 


` 2 
chance of one hitting the Barth is p x 2, where a 
TE. 


is the Earth’s radius and R the distance of the Earth 
from the Stm. The factor 2 takes account of the 
chance of collision while the comet approaches the 
Sun and when it leaves again. There is a small 
increase in cross-section of the Earth because of its 


2 = 
field, Approximately the factor is ir and this equals 


1-8 x 10-°, With ten comets arriving per year, only 
one collision in 60 million years could be expected, 
and this is far too small to account for the many 
groups of tektites observed. Father P. J. Treanor 
has directed my attention to the strong probability 
that heads of comets may be loose aggregates that 
may break up during an approach to the Earth and 


separate masses may fall nearly simultaneously at 
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widely separated points. In this case only one col- 

lision is required. It is mteresting to note that many 

of the various kinds of tektites are Pleistocene m 

age and may be contemporaneous in origin. Only 

the Texas tekt-tes appear to be of Eocene age and 

are thus abour 50 milon years old, and this is. 
just the mean time between collisions calculated 

above. 

The suggesticn advanced in this article may appear 
to many as toc hypothetical to deserve the light of 
day. However, the tektite problem has been, and is, 
one of the majcr puzzles to men “who pick up rocks 
and stop to think” even before the classical paper of 
Suess of 1900 5 appeared, and conservative proposals 
have been found to be inadequate. -Ib is often 
remarked that ro tektite had even been observed to 
fall. If the present suggestion gives the true origin, 
all will agree that any demonstration of the process 
would cost far more than the scientific knowledge 
gained would justify. Yet such catastrophic events, 
some large and some small, should occur about once 
in 50 million yzars. 


2 Spencer, L. J., Min. Mag., 25, 425 (1089). 
? Baines, V. E., Univ. of Texas Publ. No. 3945, pp. 477-656 (1950). 
2 Urey, H. C., Proc. U S Nat. Acad. Sev , 41, 27 (1955). 


‘Donn, B., and Ursy, H. C, Astrophys. J., 128, 339 (1956); also 
Seventh Liège Astrophysics Symposium on Molecules in Astro- 
nomical Objects (July 1958). 


5 Suess, F. E., Jahr. Geol. Reichsanst. Ureen., 50, 193 (1900). 


ORIGIN AND MODE OF FORMATION OF CERTAIN LOCAL STAINS 
ON SILVER TABLEWARE 


By D. BIRTLES, E. JACKSON and M. THOMSON 


~ Sheffield Smelting Co., Ltd., Sheffield 4 


HE loss in brilliance of silverware is generally 

caused by the formation of a silver sulphide 
layer, which 1s easily removed by normal cleaning 
methods In recent years, however, a different type 
of stain has appeared, usually taking the form of 
small local and often circular dark spots, which are 
most difficult to remove, the proprietary dip cleaners 
and the aluminium-—soda process both bemg appar- 
ently ineffective. This modern malady of the silver- 
platmg world has been frequently attributed to 
faulty electroplating, and many complamts have 
been received by manufacturers. It is the purpose 
of this article to show how such stams may be 
formed on any silver surface and why the phenomenon 
is more prevalent nowadays than ıt was ın previous 
times. 


Origin of Stains 


Observation of many stains showed that they 
varied m colour from almost black to a pale straw, 
with some intermediate ones exhibiting colours due 
to interference. For some time there has been a 
general feeling in the plating trade that these stains 
were somehow connected with the use of detergents 
for washing up. <A report published by the Master 
Silversmiths’ Association confirmed this, statmg that 
“stains are formed very rapidly when solid common 
salt is dropped on to the surface of the article when 
it is immersed ın moderately hot water containing 
_ certain synthetic detergents. It appears that only 


’ 


detergents consaining oxygenated compounds such 
as percarbonate, perborate and persilicate induce the 
salt to act on zhe silver in this way and the action 
does not occur when the salt 1s completely dissolved 
in the liqud”’. ' 

Experiments were performed to confirm these 
statements, and it was found that stains could be 


‘produced by common salt particles when the silver 


was immersed in a dilute acid or alkaline solution or 
merely in water. This indicated that the oxygenated 
compounds anc. the detergents themselves were not 
necessary to produce the stains ; but it was confirmed 
that a homogeneous salt solution would not cause 
stainmg. Reagents other than common salt were 
tested for staining properties. It was found that 
potassium chloride, ammonium chloride, potassium 
bromide and sodium iodide all produced stains under 
similar conditicns, that is, on being dropped through 
water on to a silver surface, while sodium fluoride, 
sodium sulphate, sodium carbonate and sodium 
nitrate did not 

Five solid cetergents were tested in a simular 
manner, and sll but one produced stains. These 
detergents all contained halides, but the one which 
did not cause staims had the lowest halide content. 
Thus ıt became evident that the active agents of 
stain formation were probably those halide com- 
pounds which would give insoluble silver halides, 
that ıs, the chlorides, bromides and iodides. 

From a prastical point of view stains may be 
formed both ky salt or detergent particles falling 
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through washing-up water on to the silver. Those 
detergents which are solids and which contain 
chloride, bromide or iodide compounds will react in 


this way. Chemical tests showed that the stains’ 


formed by chlorides, bromides and iodides are com- 
posed of silver chloride, bromide and iodide, 
respectively, and it is probable that the dark colour 
` is due to the degree of sub-division of the compounds. 

It is quite likely that the increased occurrence of 
the stains ın recent years is not only due to the fact 
that the solid detergents themselves can cause stains 
but also to the fact that by their use chemically clean 
surfaces are presented to any salt particles resting 
thereon, whereas previously most silverware was no 
doubt protected by a thin film of grease which 
prevented actual contact of the solution with the 
metal. 

Strictly speaking, it is not necessary to have solid 
particles resting against the silver surface; a drop 
of strong salt solution pipetted on to the surface will 
cause & stain readily. The essential requirement for 
stain production is & local concentration of the halide 
at the silver surface and, as will be seen later, this 
promotes the formation of a half-cell of different 
potential from that existing elsewhere on the surface 
of the article. Electrochemical action then proceeds 
and a stain is formed. 


Mechanism of Stain Formation 


- Let it be assumed that a piece of silver sheet be 
immersed in a very dilute chloride solution. No 


silver ions are present to begin with in the solution, - 


and there 1s, therefore, no immediate equilibrium. 
As the silver ions enter solution the layer immediately 
adjacent “to the silver surface becomes enriched in 
silver ions. The potential difference existing between 
the metal and solution will not have attained a 
steady value under such conditions. However, the 
point is reached when the concentration of silver ions 
18 such that silver chloride is just precipitated. Any 
further increase in silver ion concentration will then 
no longer be possible, and the electrode potential 
will have reached a steady value. 

Suppose now that the original solution contains a 
lugh concentration of sodium chloride. As silver ions 
begin to pass into solution they are complexed with 
the formation of sodium silver chloride : 


Agt + 2NaCl > NaAgCl, + Nat 


This process will continue until there is an insufficient 
sodium chloride concentration at the metal surface 
to maintain the solubility of silver chloride, which 
is then just precipitated. The potential 1s now con- 
stant ; but the attainment of this final steady value 
has involved the passage into solution of a much 
greater number of silver ions than in the previous 
case. Hence there is a more negative charge per unit 
area on the metal, and therefore a more negative 
potential. Actual experimental figures showed the 
potential of silver in almost saturated sodium 
chloride solution to be 0:04 volt more negative than 
m an extremely dilute chloride solution. Considered 
separately, neither of the two cases will produce any 
visible change in the appearance of the silver because 
the number of silver atoms involved is low. If, how- 
ever, the two pieces of silver are connected, or are 
two adjacent areas of the same piece, then a cell is 
set up with electrons flowing through the silver from 
the area adjacent to the strong solution to that 
adjacent to the weak solution. The first area will 
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serve as anode to the cell and the second will be the 
cathode. It may be assumed that the complex com- 
pound of sodium silver chloride is dissociated to some 
extent : 


NaAgCl, = Nat + (AgCl,)’ 


The loss of electrons from the anode permits the 


. passage into solution of more silver ions which may 


then react as follows : 


Agt + (AgCl,)’ > 2AgCl 


thus producing the visible stain. 

The above conditions are, of course, produced when 
a particle of salt falls through water on to a silver 
surface. The different concentrations must exist for 
electrolysis to proceed, and this electrolysis will 
proceed faster in solutions having a higher con- 
ductivity and also in those solutions containing ions 
readily reduced at the cathode. For example, the 
stains are more pronounced when salt particles are 
allowed to fall on to silver immersed in dilute sul- 
phuric acid, in alkaline solutions or in solutions 
containing certain oxidants. The temperature of the 
solution also influences the conductivity and solu- 
bility factors involved, with the general result that 
the hotter the solution the more pronounced the 
stains. The mechanism of stain formation just 
described has assumed, for simplicity, that the local 


` concentration of sodium chloride is the active factor 


in complex formation, but most chlorides, bromides 
and iodides will act similarly. Fluorides, however, 
will not cause stains on account of the very high 
solubility of silver fluoride. 

. Some simple tests may readily be performed to 
show -the darkening effect on silver when subjected 
to anodic conditions in halide solutions. Thus, if a 
direct current be passed through two silver electrodes 
in a sodium chloride solution, the anode immediately 
darkens, silver chloride being formed. 

Likewise a similar stain may be produced without 
applied direct current if a compartment cell is set up 
having a hot strong sodium chloride solution in the 


! anolyte compartment, and a weak sodium chloride 


solution in the catholyte compartment. If the two 
silver electrodes are then connected externally, and 
a dilute solution of silver sulphate introduced adjacent 
to the cathode, a silver chloride stain is immediately 
formed on the anode. 

This latter experiment is typical of the way in 
which steams are actually formed in practice, although 
the cathode reaction depositing silver may not always 
occur, particularly when certam oxidants are present 
in the solution. g 

It would thus appear from the foregoing work that 
if a reagent will form a relatively insoluble compound 
of silver which is soluble in excess of the reagent to 
give a complex, then a local concentration of that 
reagent will cause anodic corrosion and staining at 
the metal surface. This generalization is confirmed 
by the fact that silver is stained similarly by sodium 
cyanide and thiocyanate. 


Application to other Metals 


The mechanism of this anodic stain formation sug- 
gested that it would apply to some other metals m 
addition to silver. Tests were carried out on copper, 
and ıt was found that local concentrations of cyanides, 
chlorides and iodides produced corrosion and staining 
in the same manner, with the formation of a copper 
cyanide, chloride and iodide film, respectively. Similar- . 
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ly, local concentrations of iodides stained lead, while 
cyanides had the same effect on cadmium and zinc. 


Precautions to avoid Stains’on Silver Tableware 


To prevent the formation of stains during washing 
up it ıs necessary to preclude the possibility of local 
halide concentrations at the metal surface. 

Thus the silverware should be washed first to 
avoid the risk of salt particles fallmg on to it from 
dinner plates. It would also appear advisable to 
avoid the use of solid detergents, but if they should 
be used ıt is essential to dissolve them completely 
before immersing the silver. 

The adoption of these suggestions should prevent, 
-almost completely, the occurrence of staining. How- 
ever, it is still possible that stains may be formed 
occasionally when forks, etc., with particles of salt 
adhering are immersed in the water. 


Removal of Stains 


As previously stated, the normal methods of silver 
cleaning are not effective in practice with this type 
of stain. Although no quick and easy method of 
stain removal has been found, it is possible to effect 
removal by immersing the silverware in a hot strong 
salt solution. The stain will become lighter in colour 
and is then more easily polished to match the sur- 
rounding area. It is rather strange that a substance 
causing the stain in the first place may be used 
afterwards as a cleaner. In the stain removal process 
the salt solution shouldbe well mixed to a un:form 
concentration. Chemical solution of the stain then 
proceeds, but electrochemical action also sets in. At 
the metal surface in the area of the stain there is 
formed a relatively high concentration of the NaAgCl, 
complex, hence a lower sodium chloride concentration 
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and therefore a higher silver ion concentration com- 
pared with the rest of the surface. Consequently this 
area becomes cathodic and deposition of silver occurs, 
while in the surrounding anodic areas silver passes into 
solution. This loss of silver 1s, of course, small and 1s 
spread over a large area, but slight darkenmg of the 
area due to the attack may be just noticeable, and if 
so is easily rercoved by a rouge type of cleaner. The 
silver cathodically deposited in the stain area is 
similarly polishsd until it matches the other surfaces. 
It is probable shat this mechanism of stain removal 
occasionally sets in immediately after stain formation 
and produces the white type of stain so frequently 
observed. In tais case it is possible that agitation of 
the solution causes the dispersal of the local salt 
concentration end hence the reversal of the electrode 
polarities. 

Practical experiments were performed to support 
the existence cf electrochemical action in the stain 
removal process. For example, when freshly pre- 
pared silver ch-oride rests on a smooth silver surface 
immersed n hct sodium chloride solution for a short 
time, it ıs found, after rinsing, that metallic silver 
particles adher to the surface on the areas where 
the precipitate had rested, while the surrounding 
areas are slightly darkened due to anodic corrosion. 

An alternati~e stain remover is ammonia solution. 
This quickly dissolves the stain; but the area 
remains fairly dark due to the roughness of the 
underlying corroded metal and, therefore, this 
method 1s not zecommended. ~ 

We are indebted to the directors of the Sheffield 
Smelting Co., Ltd., for permission to publish the 
results of these investigations. We also wish to 
acknowledge the help of the British Non-Ferrous 
Metals Research Association on stain identification 
by electron-diftraction methods. 


THE INTERNATIONAL GEOLOGICAL CONGRESS 
MEETING IN MEXICO 


HE XXth Session of the International Geo- 

logical Congress held in Mexico in 1956 was 
the largest gathering of geologists that has yet taken 
place. It was widely representative. It was charac- 
terized by an ease of interchange and co-operation, 
between all the national delegations, to a degree not 
attained at the two previous post-war sessions. It 
was successful and productive. This account of the 
proceedings has been deferred ım the hope of assem- 
bling and taking account of the complete reports of 
all the Commissions, since these record some of the 
most valuable products of the Session. A number of 
them has lately been received; although some are 
not yet to hand, an appreciation of the Session 
and of the complex labours and generous hospit- 
ality of the Mexican hosts should be no longer 
delayed. 

The programme began in the middle of August 
and lasted until October. The sessional meetmgs 
took place m Mexico City during September 4-11. 
Sixteen geological excursions before the meetings and 
sixteen afterwards, with places for two thousand 
participants, traversed all the Mexican States. Well 
over two thousand members attended the Session ;. 


eighty-three countries were represented. Some nine 
hundred papers were offered for presentation and 
pre-printed ın abstract. There were thirty-six 
separate series of meetings—of the Bureau, Council 
and Commissions, symposia and subject sections, the 
International Faleontological Union and the Society 
of Economic Geologists. There were often twenty or 
more meetings in simultaneous progress. 

The inaugural general assembly was held in the 
National Auditorium on September 4. Prof. Charles 
‘Jacob, president of the XTXth Session held in Algiers 
in 1952, took the chair until the election of his suc- 
cessor. The Assembly was welcomed by the President 
of the Republic of Mexico, Don Adolfo Ruiz Cortines, 
and by the Secretary of National Economy, Lic. 
Gilberto Loyo. Ing. Antonio Garcia Rojas, director 
of exploration of Petroleos Mexicanos, was elected 
president of tho XXth Session; and Ing. Eduardo 
J. Guzmán of Petroleos Mexicanos and Dr. J. Gon- 
zález Reyna of the Geological Institute of the National 
University were elected general secretaries. The 
president and secretaries had held corresponding 
offices in the executive committee responsible for the 
organization of the Session. 
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All the subsequent meetings of the Session took 
place in the huge and fiercely brilliant buildings of 
the new National University, built in the past few 
years on a vast site eight miles from the centre of 
the capital. 

Five symposia were organized. In published form, 
two of them, each in five volumes, will continue the 
Congress series of works on the geology and world 
resources of important minerals: “Oil and Gas 
Deposits”, edited by E. J. Guzman, and “Manganese 
Deposits”, edited by J. González Reyna. Two 
stratigraphical symposia were promoted by the Com- 
mission on Stratigraphy, namely, “Cambrian Paleo- 
geography and the Base of the Cambrian System”, 
edited in three volumes by John Rodgers, and ‘The 
Cretaceous System and its World Correlations’, 
organized by Lewis B. Kellum. The first three of these 
symposia were printed or m the press at the time of 
the Session. That on the Cretaceous system will be 
printed later, as wul also a symposium on geochemical 
exploration which was organized by T. 8. Lovering. 
In this, sixty-two papers presented at the Session 
showed the progress of many methods of exploration, 
including new field techniques for trace analyses of 
tin and selenium in soils, the application of geo- 
chemical soil surveys in the search for copper, gold 
and uranium, and reconnaissance for base-metal 
deposits by sampling dramage systems. In connexion 
with this symposium, the Council of the Session 
agreed to a proposal by L. R. Lambert (France) 
for the adoption of a universal- scale based on 
the solar spectrum for colours on geochemical 
maps. 

The Commission on the International Geological 
Map of the World, under the presidency of M. F. 
Blondel (France), reported substantial progress m 
the preparation of an International Geological Atlas, 
scale 1: 10,000,000, and of co-ordinated regional maps 
of the world on the scale of 1: 5,000,000. Dr. M. S. 
Krishnan (India) has served as co-ordinator for Asia 
since 1954; the Commission for the Geological Map 
of Europe, under the presidency of Dr. A. Bentz 
(Germany), has collaborated for Europe ; and revised 
maps of Africa and North America are in hand. The 
work for South America is less advanced. Following 
propositions in Mexico by the Soviet delegation, the 
Commission undertook preparatory work for an 
international tectonic map and an international 
metalogenetic map. 

The Association of African Geological Surveys and 
the Commission on the Geological Map of Africa were 
merged at the Session. In future, the Association 
will continue the functions of both, with the rank of 
a Commission. Most African territories were repre- 
sented ut meetings of the Association. Prof. P. 
Fourmarier (Belgium) was elected honorary president, 
and Dr. F. Dixey (United Kingdom) as president. In. 


discussions on the geochronology of Africa, an out- 


standing paper was presented by Prof. Arthur Holmes 
(United Kingdom) and L. Cahen (Belgian Congo). 
Proofs of a structural map of Africa (1: 10,000,000) 
by R. Furon and G. Daumain were examined. It was 
agreed that for its meeting in Africa in- 1958 the 
Association should prepare a report on the geology 
of uranium in Africa, under the direction of G. 
Dubois (Belgian Congo). ' 

The Commission on Gondwanaland met with Dr. 
S. H. Haughton (South Africa) as president and Dr. 
J. C. Mendes (Brazil) as its new secretary, and dis- 
cussed & series of papers, some highly controversial. 
An overall impression was the increasing amount of 
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evidence which suggests that the separate parts of 
Gondwanaland are in their original positions amd 
have not been subjected to continental drift; though 
by no means all the contributors would be prepared 
to admit this. 

Dr. M. H. Hey (United Kingdom), secretary of 
the Commission on Meteorites, of which Dr. W. 
Campbell Smith (United Kingdom) 1s now president, 
reported that the Commission had agreed to pro- 
posals by Y. L. Krinov (U.S.S.R.) for extending its 
work of preparing a census of meteorites and of dis- 
seminating information on existing collections and 
new occurrences. 

The Commission on Stratigraphy, with Prof. R. C. - 
Moore (U.S.A.) as president, Prof. P. Pruvost (France) 
as vice-president, and Prof. John Rodgers as secre- 
tary-general, was commended by the Council for 
valuable progress in the production of the lexicon of 
stratigraphy, under the secretaryship of M. Jean 
Roger (France), and for its work on stratigraphical 
terminology under the secretaryship of Dr. H. D. 
Hedberg (U.S.A.). . = 

Prof. P. Fourmarier (Belgium), as president of the 
Commission on the Crust of the Earth, reported 
progress in the compilation of a lexicon of tectonic 
terms. 

The Commission on Author’s Abstracts was dis- 
solved because its objects had been substantially 
achieved. The Commission on the International 
Physiographic Map of the World was dissolved at - 
the proposal of its president, Dr. Louis S. Ray 
(U.S.A.), because it had been found impossible to 
obtain sufficient international agreement on the 
criteria for physiographical regions. 

The Commission for the Spendiarov Prize, which 
was endowed m Russia m 1897 and is awarded at 
each Session, met with Prof. D. I. Scherbakov 
(U.S.S.R.) as president and nominated Dr. Manuel 
Alvarez, jun., to receive the Prize for the XXth 
Session, in recognition of his geological work in 
Mexico. 

At the meetings of the International Paleonto- 


-logical Union, the principles of a new constitution 


were determined and it is now being drafted. Dr. 


`M. Maldonado-Koerdell (Mexico) is the new president, . 


and M. Jean Roger (France) is secretary. 

Dr. H. M. E. Schürmann (Holland) submitted ‘to 
the Council a plan for the initiation of an Inter- _ 
national Geological Abstracting Service as a self- 
supporting but non-profit making organization, 
analogous to existing services-in medical and chemical 
fields. A small permanent commission, with Dr. 


~ Schürmann as president, was set up to promote this 


project. Following’ a report from the provisional 
French organizing committee set up in Algiers in 
1962 under the presidency of M. G. Drouhin (Algeria), 
it was agreed that a permanent International Associa- 
tion of Hydrogeologists should be formed. On the 
proposal of Dr. G. Salas (Mexico), a Commission on 
Geological Nomenclature in Spanish was set up to 
standardize terminology in that language. 

The number and variety of the papers presented 
at the subject sections were immense. `À. balanced 
review is not practicable here, but a few particular 
papers can be mentioned. There were several inter- 
esting contributions from Great Britain. In the 
Section on the Relation between Tectonics and 
Sedimentation, Mr. N. L. Faleon described the 
structural picture of south-west Persia which had 
emerged during forty years of work by geologists of | 
the Anglo-Persian and Anglo-Iranian Oil Companies, 
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and showed the tectonic effect of phases of evaporite 
deposition in early Cambrian and in Miocene times. 
He exhibited a first copy of an impressive folio of 
geological maps and sections of the area, prepared 
for publication by the British Petroleum Company, 
and dedicated to the late Dr. G. M. Lees. The folio 
presents the essential results of the geological work _ 
of the earlier companies in the form of six maps with 
overlays on the scale of 1: 1,000,000 and eleven 
sheets of cross-sections and stratigraphical columns. 
In the Section on Micropaleontology, Dr. Maurice 
‘Black described an investigation of the constituents 
of Globigerina ooze by means of mechanical analysis 
-and the electron microscope. The, size-frequency 
curves of the coarser fractions show numerous peaks 
representing different assemblages of foraminifera. 
Coecoliths and rhabdoliths predominate in the finer 
visible fractions, and the electron microscope shows 
the breakdown of some of these forms into minute 
particles of calcite which form the finest fraction of 
the ooze. In the Section on Cenozoic Vulcanicity, 
Profs. G. Mueller and S. E. Hollingworth gave an 
account of field and petrological work on sulphur 
deposits in Chile, Southern Europe and Iceland, 
including a laboratory study of the crystallization 
of sulphur melts as thin films which throws light 
on conditions during the formation of natural 
melts. 

A good many papers dealt with new or improved 
methods and techniques. In the Section on Geology 
applied to Engmeering and Mining, for example, 
E. B. Burwell, jun., and R. H. Nesbitt described the 
development by the U.S. Army Corps of Engineers 
of a camera for cylindrical colour photography in 
3-in. boreholes, and its use in foundation problems. 
In the Section on Marine and Submarine Geology 
there were two papers, by R. F. Dil and by W. F. 
Tanner, on the study of sea-floor environments ana: 
sediments by ‘free-diving’ geologists. 

A particularly notable paper in the Section on 
General Geology was “The Myth of the Sudbury 
Lopolith”, by J. E. Thomson and Howell Williams— 
a vivid interprotation of this great structure as & 
volcano-tectonic sink. 

It was generally agreed that the number, of papers 
now received at each Session of the Congress is 
excessive, and that far too many are of only local 
interest. To some extent the breadth of the subject 
titles is responsible. The title of the Section on 
Paleontology, Taxonomy and Evolution, for example, 
embraces every possible paleontological topic. Only 
a selection of the papers can be read and discussed ; 
but even so, the proceedings of most sections become 
unfocused, and the problems of publication unwieldy. 
During discussion of these matters by the Council, 
the Mexican hosts expressed the intention to publish, 
as a matter of international courtesy, practically all 
the papers which had been submitted to them. They 
no doubt had in mind the Report of the XIXth 
Session in Algiers, which totals 6,000 pages. That 
Report stands as a magnificent feat of publication, 
but can be a deterrent to potential future hosts of 
the Congress if it comes to be regarded as a precedent 
which they must emulate as an obligation or for 
prestige. The present writer believes it essential in 
future Sessions to reduce the scope of each section 
and define its object closely, and to reduce both the 
number of sections and the number of papers read in 
each. The organizers must feel free to reject all 
papers which are not of general interest and specific 
relevance, and to adhere to a maximum total length 
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for the whole report which is compatible with their 
particular financial and editorial resources. Reduction 
in the number of sections would give time in the 
programmie of the Session for the presentation and 
full discussion of ‘certain major authoritative con- 
tributions, arranged by special invitation, on the 
lines proposed by E. Wegmann and D. Schneegans 
in 1948 (Report of the XVIIIth Session, Part I, 
p. 175; 1950). 

The Council received a most welcome though 
embarrassingly large series of invitations for the 
XXiIst Session. from the Scandinavian countries 
jointly, includirg Finland and Iceland; and from 
India, from Venezuela and from Western Germany. 
The- invitetion from Scandinavia was accepted, 
subject to formal confirmation by the five govern- 
ments. This corfirmation has lately been announced. 
The. invitation was presented at the Session by Dr. 
T. Sorgenfrei o? Denmark and supported by Prof. 
T. F. W. Barth of Norway, who also spoke for 
Sweden. It was particularly welcomed as the first 
co-operative reg_onal invitation to the Congress. The 
Session will be centred on Copenhagen. Mr. H. E. 
Fyfe presented on behalf of the Government of New 
Zealand an invitation to hold the XXTind Session m 
that country in 1964, in conjunction with the cen- 
tenary of the foundation of the Geological Survey of 
New Zealand. The’ invitation was welcomed and 
recommended fcr the consideration. of the Council of 
the XXIst Session. 

Among many interesting items in an exhibition 
arranged at the University City during the Session 
were the folio of maps of south-west Persia which 
has already been mentioned, and an elaborate and 
instructive series of oilfield models in transparent 
plastic, prepared by Petroleos Mexicanos. The most 
extensive exhibit was a series of geological maps of 
the U.S.S.R. These, fine examples of colour-printing, 
covered the whole of the Soviet: Union on scales of 
1: 5,000,000 ard 1: 2,500,000. There were also 
regional maps snd various special-purpose maps on 
1: 1,000,000 and larger scales. In Mexico City, the 
exhibited collections of the Instituto Geologico were 
specially re-arrenged for the Session. They include 
& handsome series of Mexican minerals, and collections 
of Mesozoic and Tertiary fossils, among which is a 
particularly fine group of Liassic plants. The Instituto 
Geologico buildng, a magnificent period piece, was 
built in readiness for the Xth Session of the Congress, 
in 1906, which was attended by 321 members from 
thirty-four countries. Exhibitions were also arranged 
on the routes of some of the excursions; among 
these, there was at Cordoba an admirable exposition 
of oilfield research by the staff of the Vera Cruz 
Division of Petroleos Mexicanos. 

The programme of field excursions as a whole 
illustrated clearly the great progress in knowledge of 
the geology and mineral resources of the Mexican 
States which has been made in recent decades. The 
programme invdlved elaborate organization, large 
parties, great distances, and transport by horse, boat 
and ferry, lorry and coach, special train, and aircraft. 
Inevitably thera were hitches here and there, but 
many excursions were commended by participants as 
outstanding demonstrations of aspects of Mexican 
geology. There was opportunity on the excursions to 
study the massive grim beauty and sardonic detail of 
Aztec and Mayan architecture—and the reflexion of 
its qualities in some of the most modern Mexican 
buildings. Over all on the excursion routes, there was 
the enduring impression of endless variety in the 
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permutations of topography, geology, climate, ecology 
and human works which make up the Mexican 
scene. 

In Mexico City and on the excursions, ‘hospitality 
on @ most generous scale was arranged by central and 
local government authorities and by industry. The 
functions in the capital included a reception at _ 
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Chapultepec Castle, a programme of traditional 
dances of the’ Mexican States in the National Audi- 
torium, ballet in the Palace of Fine Arts, and a rodeo 
at the Rancho del Charro. This generosity of official 
entertainment was matched by the warm personal 
hospitality and helpfulness of Mexican geologists and 
their families. i A. J. BUTLER 
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THE NATIONAL MUSEUM OF WALES 
By THe Richt Hon. LORD KENYON 


President of the Museum 


ARCH. 19 marks the jubilee of the granting of 

the Royal Charter of incorporation to the 
National Museum of Wales by King Edward VII, 
and we are glad of the opportunity to assess what 
has been achieved in these past fifty years, and 
summarize our plens for the future. 

The idea of a national museum for’Wales arose as 
far back as 1876, in a paper read before the Honorable 
Society of Cymmrodorion, by which it was discussed 
from time to time. The matter was even raised in 
Parliament occasionally, until in 1903 a parlia- 
mentary conference was convened to discuss the 
formation, nature and location of a national museum 
and a national library for Wales. After discussions, 
petitions and speeches, the decision was reached to 
place the National Museum at Cardiff: for redsons 
which did not affect the Museum, the Library was 
placed ‘at Aberystwyth. 

The charter, besides bringing the Museum into 
being as an incorporated body, describes its objects, 
and the method by which it is to be governed and 
administered. The article describing its object is 
both long and comprehensive; it'’may be simply 
stated as to illustrate the natural history of Wales, 
and the life of man in it, both in the past and to-day. 

In the following year, the first director, Dr. William 
Evans Hoyle, was appointed, beginning his task on 
Sv. David’s Day, 1909. He was soon touring the 
museums and galleries of northern Europe to gather 
experience for the planning of the new buildings, for 
which an open competition, attracting no less “than 
one hundred and thirty designs, was held. This cul- 
minated in the appointment of Messrs. Smith and 
Brewer in the following year. Constructional work 
began in 1911: it was continued, punctuated by 
constant financial and other set-backs, for more than 
twenty years; and the foundation stone was form- 
ally laid by King George V, accompanied by Queen 
Mary, in 1912. It was not, however, until ten years 
later, owing to the intervention of the First World 
War, that the first part of this building became 
accessible to the public, and a further five years 
elapsed before Their Majesties again visited Cardiff, 
on the completion of the whole south front of the 
building, for the opening ceremony. ' 

Construction, however, continued on the east wing, 
which includes the lecture theatre and circular gallery, 
which were opened by the Duke of Kent in 1932; 
there building has had to cease, the architects’ plans 
only half-completed, until funds permit a recom- 
mencement. The total cost, so far, has been £429,744, 
of which £232,692 has been received in gifts and 
subscriptions, both large and small, and including 
much generous help from Cardiff City Council. 


The collections contained in this building had, as 
their nucleus, the contents of Cardiff’s Municipal 
Museum, the Welsh Museum of Natural History, 
Arts and Antiquities, which were transferred to the 
National Museum in 1912, although continuing to be 
shown in the Free Library until the building was 
able to receive them ten years later. These “Cardiff 
Collections” contained something for most of the 
departments into which the Museum is now 
divided. 

Between 1914 and 1919, Departments of Geology, 
Botany, Zoology, Archeology and Art were set up 
with the appointment of a keeper or an assistant 
keeper in charge, and these five Departments still 
occupy the main building in Cardiff. In 1924 Dr. 
Hoyle retired, and was succeeded by Dr. (now Sir) 
Mortimer Wheeler, who departed for a post m London 
two years later. His successor, Dr. (now Sir) Cyril 
Fox, remained to direct the Museum until his retire- 
ment in 1948, when his place was taken by Dr. D. 
Dilwyn John. 

. One further Department has occupied the galleries 
in Cardiff, but is now elsewhere. In 1932, a sub- 
Department of Folk Culture and’ Industries was 
added to the Department of Archeology, in order to 
cater for the rapid growth in that Department’s 
collections, relating to the trades and crafts, the 
domestic environment, and the daily life of the past 
in Wales. Four years later it was raised to the status 
of a Department, when the Council affirmed its 
conviction that an Open Air Folk Museum was an 
essential development of the National Museum. ‘This 
was achieved in 1946, through the generosity of the 
Earl of Plymouth, who presented St. Fagans Castle, 
near Cardiff, to the Museum for this purpose. At the 
same time, he permitted the acquisition of 80 acres 
of adjoining woodland, which has made possible the 
planning and establishment of a collection of typical 
buildings of all sorts from every part of the Prm- 
cipality. These at present -include farm-houses of 
characteristic type, a working woollen mill, a chapel, 
@ barn, and a one-roomed cottage; more will be 
added as opportunity offers. The rooms of the Castle 
itself are furnished from the Museum’s collections to 
illustrate the styles of various periods, while the 
gardens and grounds are maintained as a setting for 
the buildings. The outbuildings accommodate crafts- 
men at work at turnery, basketry, and other country 
erafts; in the Mill, the workmen will be found 
employing machinery which has been in use for more 
than a hundred years. More recently, a small begin- 
ning has been made on the erection of a modem 
museum block needed to house the Folk Museum’s 
ever-growing collections and to display its type col- 


\e 


uo. asso March 16, 1957 


leetions ; here, as in Cardiff, lack of funds precludes 
more rapid progress. 

Space will not permit a detailed description of the 
growth of the five departments housed in Cardiff. 
Suffice it to say that the aim has been to meet, in 
the first place, the needs of the casual visitor, by 
means of planned and attractive exhibits, designed 
to be of general interest. At the same time, collections 
have been amassed which are capable of satisfying 
the requirements of students and research workers, 
partly through the generosity of private collectors 
and donors, partly from expeditions and excavations 
sponsored by the Departments themselves. 

Such expeditions are not the only contacts which 
the Museum has beyond its own boundaries. The 
Turner House, Penarth, erected by James Pyke 


Thompson in:1888, in order to share his collection of . 


pictures with the public, was transferred 'to the 
Museum by his trustees in 1921, for use as a branch 
art gallery, and now houses a constantly changing 
succession of loan and travelling exhibitions. A still 
older collection merged with the National Museum 
when, in 1930, at the invitation of the Monmouth- 
shire and Caerleon Antiquarian Society, respons- 
ibility was accepted for the museum at Caerleon, 
built in 1850 to house local antiquities, and in which 
it now shares with the archeological galleries at 
Cardiff the fruits of the excavations of the legionary 
fortress in which the Museum has had a constant 
interest over many years, as it has also had in 
excavation elsewhere in Wales. 

In two further ways, the Museum, its staff and 
its contents are becoming known throughout the 
Principality. In 1922, a scheme of affiliation was 
inaugurated for the smaller museums which are 
scattered throughout Wales. The first of its kind in 
the British Isles, its benefits may be seen in almost 
every county in Wales. 

Not content, however, with making its services 
available to other similar institutions in Wales, in 
1949, with the financial assistance of local education 
authorities, the Museum Schools Service was in- 
augurated, to provide for the extension of the 
hitherto restricted services available to schools in 
Wales. With the active support of every authority, 
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the Service has grown in a short time to include an 
officer in each of the five Departments in Cardiff, 
with some three thousand portable exhibits -being 
distributed to schools throughout Wales every term. 
Arrangements are also made for the reception and 
guidance of school parties at the Museum, and it is 
gratifying that the number of these parties is growing 
every year. 

The Museum’s collections have been enriched by 
many generous gifts and benefactions: the extent of 
this debt can mever be accurately measured. Space 
will, however, only permit mention of one, itself of 
such distinction that it transformed the Department 
of Art into a gallery of international importance. 
This was the kequest of Miss Gwendoline Davies of 
her notable collection of pictures, drawings and 
sculpture. Parzicularly strong in the paintings of the 
nineteenth century in France, it also includes notable 
works of all ages from Botticelli to Augustus John. 

Of all the objects envisaged by the charter, one 
only remains to be realized: a department to illus- 
trate the industries of Wales and their impact on its 
life, both yesterday and to-day. jn recent years the 
Treasury has been asked for the funds necessary to 
start such a department, but has so far been unable 
to make them available. Only when a Department 
of Industry is created will the terms of the charter 
be fully implemented, and all the reasonable require- 
ments of the public be met. 

Much, of course, remains to be done elsewhere, 
The building in Cardiff ıs only half-complete ; 
development at St. Fagans must be maintained if 
the Folk Museam’s objective of preserving as much 
as possible of she buildings and the environment of 
Welsh life, bot past and present, is to be achieved. 
During the past fifty years, growth and development 
have been corstant and steady. The Museum is 
prepared for the future in every respect but that of 
finance, where, in common with the majority of 
museums in ths British Isles, the position causes the 
gravest misgivngs. But, whatever may be in store, 
we can be sure that with the loyal service we have 
come to expect from the staff, and the continued 
assistance of sa many throughout Wales, the Museum 
can look forward with confidence to the future. 


a OBITUARY 


Prof. Henry Norris Russell, For.Mem.R.S. 


Henry Norris RUSSELL, whose death at Princeton 
after a long illness was reported in February, was 
born at Oyster Bay, New York State, on October 25, 
1877. He graduated Ph.D. at Prmceton University 
in 1900, and in 1903 he went to King’s College, 
Cambridge, as a research assistant of the Carnegie 
Institution; he worked on photographic stellar 
parallaxes with A. R. Hinks at the Cambridge 
University Observatory. On returning to Princeton 
he held various minor posts there ; im 1911 he became 
professor of astronomy at Princeton, and in the 
following year director of the University Observatory, 
a post he held until 1947. In 1927, by which time he 
had established his position as one of the foremost 
theoretical astrophysicists in the world, he was 
appointed research professor of astronomy; at the 
same time he was made a research associate of the 
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Mount Wilson Observatory. He resigned his chair 
in 1947 and was then made research associate of the 
Lick and Harvard Observatories. 

As early as 1912 Russell began publishing papers 
on eclipsing binary stars, a subject which was to 
interest him all his life. His last few published papers 
were devoted to eclipsing binaries, and one on 
“Eclipsing Variables in the Magellanic Clouds” was 
published in “Vistas in Astronomy” (Vol. 2) only a 
week before his death. His early work also included 
studies of the orbits of spectroscopic binaries and of 
the origins of binary stars. His work on stellar 
evolution, remembered everywhere in the Russell- 
Hertzsprung diagram, gained for him the Gold Medal 
of the Royal Astronomical Society in 1921. Russell 
next became :nterested in ionization in solar and 
stellar atmospheres and in spectroscopie problems 
linked with maltiplets and series in atomic spectra, 
with special reference in iron and titanium. Improve- 
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ments in multiplet notation and the Russell-Saunders 
coupling are abiding results from his work in this 
field.- i 

Russell was also working actively on the composi- 
tion of the solar atmosphere, on the pressures at the 
Sun’s surface and on the principles to be employed in 
the analysis of stellar spectra. He was concerned along 
with others in stellar classification, in spectroscopic 
and trigonometrical parallaxes and in the calibration 
of Rowland’s scale of intensities in the solar spectrum. 
The width of his interests is indicated by the fact 
that he served on no less than eleven, commissions 
of the International Astronomical Union; he was 
president for several terms of the Commission on 
Stellar Spectra and later of the Commission on the 
Constitution of the Stars. Up to some fourteen years 
ago he was actively contributing important papers 
on @ wide range of astrophysical’ subjects; in his 
latest papers he reverted to his early interest in 
eclipsing binaries. ‘ i 

In addition to his many scientific papers, he 
published books on “Stellar Parallaxes”, “The Solar 
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System and its Origin”, “The Masses of Stars”, “Fate 
and Freedom”, and in 1926 (with R. S. Dugan and 
J. Q. Stewart) a text-book on astronomy which has 
been for years the standard work on the subject. His | 
researches were recognized by many awards. In his 
own. country he was given the Henry Draper Medal 
(1922), the Bruce Medal and the Rumford Medal 
(1925) and the Franklin Medal (1934). .France 
awarded him ‘the Lalande Prize in 1922 and the 
Janssen Medal in 1936. He was elected. an associate 
of the Royal Astronomical Society in 1916, foreign 
member of the Royal Society in 1937, a corresponding 
member of the Paris Academy of Sciences in 1939 
and an honorary member of a number of other foreign 
academies. He was elected an Honorary Fellow of 
King’s College, Cambridge, in 1941. He was president 
of the American Association for the Advancement of 
Science in 1933. A man of overflowing energy, never 
sparing himself m his own work or in assisting the 
researches of others, he was the most eminent and 
versatile theoretical astrophysicist in the United 
States, if not in the world. F. J. M. Srrarron 


NEWS and VIEWS 


Mechanical Engineering at University College, 
London : Prof. B. J. Lloyd-Evans 


Pror. B. J. Luoyp-Evans is to retire at the end 
of this session from the Kennedy chair of mechanical 
engineering at University College, London—a post 
which he has occupied since the retirement of the 
late Prof. G. T. R. Hill in 1948. His long and devoted 
service to the Mechanical Engineering Department 
dates back thirty-seven years, during which time he 
has lectured mainly on applied thermodynamics and 
- hydraulics, and has been in charge of the workshop 
and mechanical engineering laboratories. Dr. Lloyd- 
Evans is an honours graduate of the Universtty of 
London. Among his duties when first appomted as 
senior lecturer under the late Prof. E. G. Coker were 
the extension and reorganization of the workshop and 
the establishment and equipment of the Hawksley 
hydraulics laboratory. He, acted as head of the 
Department during the War period when the Faculty 
of Engineering was evacuated to Swansea. After the 
return to London a considerable programme’ of 
modernization of equipment had to be undertaken. 
In spite of the heavy demands upon his time made 
by teaching and routine, he has carried out a good 
deal of original research. One of his subjects was the 
extinction pyrometer technique for measurement of 
flame temperature in internal combustion engines, 
while, in conjunction with the Physics Department of 
the College, he worked on the development of high 
intensity electromagnets. Throughout his career, 
Dr. Lloyd-Evans has been distinguished for his 
ability as a teacher, his personal interest in his 


students and his friendliness with those who have’ 


been privileged to work with him. 
Dr. R. E. D. Bishop 


Dr. R. E. D. Bisnor, lecturer in engineering at 


the Universıty of Cambridge, has been appointed to 
succeed. Prof. Lloyd-Evans. Dr. Bishop served 
during the latter part of the Second World War in 
the Royal Navy and entered University College, 
London, in 1946 under the Further Education and 


Training Scheme. He read mechanical engineering 
and took a first-class honours degree, the Diploma of 
the College (with distinction) and was awarded the 
Head Memorial Medal and Prize. Between 1949 and 
1951 he held a Commonwealth Fellowship at Stanford 
University for study under Profs. J. N. Goodier and 
S. P. Timoshenko, and, while there, conducted 
research on elastic wave propagation. An appoint- 
ment to a demonstratorship in engineering took 
Dr. Bishop to Cambridge in 1952. He was made 
university lecturer in 1965, having been admitted to 
a fellowship of Pembroke College in 1954. The 
Stanford school is specially strong in applied mech- ` 
anics and, while there, Dr. Bishop became par- 
ticularly interested in its various branches. He has 
since worked in this field, paying particular attention 
to the general wave motions of elastic bodies and, 
more recently, mechanical vibration. In the early 
stages of this latter work he collaborated at Cam- 
bridge with D. C. Johnson before his move to Leeds 
as professor of mechanical engineering. A book of 
vibration analysis tables recently appeared. under 
their names and its preface states that they are 
producing a second book together. Dr. Bishop is a 
member of the Applied Mechanics Committee of the 
Institution of Mechanical Engineers. 


Building Science at Liverpool : 

: Prof. A. W. Hendry 
- More engineers and others with scientific training 
should be encouraged to enter the building industry, 
and more than a veneer of science is needed in 
architectural courses. The University of Liverpool, 
which has a strong Faculty of Engineering and 
School of Architecture, as well as a special section of 
the Department of Physics which deals with acoustics, 
has therefore created a new chair of building science. 
Prof. A. W. Hendry is to be the first holder of this 
chair. He initially graduated in the University of 
Aberdeen. After gaining practical experience with 
Sir William Arrol and Co., Ltd., Glasgow, he returned 
to lecture at Aberdeen for six years. For two further 
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years he held a readership at King’s College, London, 
and then in 1951 became professor of civil engineering 
and later dean of the Faculty of Engineering in the 
University College of Khartoum. In these capacities 
he has been studying the relationship between civil 
engineering and architecture and has been instru- 
mental in starting a Department of Architecture, 
within the Faculty of Engineering, at Khartoum: 
Prof. Hendry is well known in Britain for his work 
on photoelastic stress analysis of structures, and 
load distribution in interconnected frameworks. His 
breadth of outlook should be of considerable value to 
him in speeding the scientific renaissance in building 
and architecture in Britain. 


Royal Society of Edinburgh : New Fellows 


Tas following have been elected Fellows of the 
Royal Society of Edinburgh: Dr. G. O. Aspinall, 
lecturer in the Department of Chemistry, University 
of Edinburgh; Prof. A. J. Beattie, professor of 
Greek; University of Edinburgh; Dr. W. Bolton, 
principal scientific officer, Poultry Research Centre, 
Edinburgh ; Prof. J. H. Burnett, professor of botany 
in the University of St. Andrews ; Dr. W. A. Clark, 
lecturer in the Department of Botany, King’s College, 
Newcastle; Dr. G. E. R. Deacon, director, National 
Institute of Oceanography ; Dr. J. M. Dodd, lecturer 
in zoology, University of St. Andrews (in charge of 
the Gatty Marine Laboratory); . Dr. A. T. Doig, 
H.M. Deputy Senior Medical Inspector of Factories, 
Ministry of Labour and National Service; Dr. J. W. 
Gregor, ‘director, Scottish Plant Breeding Station ; 
R. A. Hamilton, senior meteorological officer, Prest- 
wick; Dr. H. Lees, lecturer in the Department of 
Biological Chemistry, The University, Aberdeen ; 
D. N, Lowe, secretary to the Carnegie United King- 
dom Trust, Dunfermline; J. Macdonald, director of 
research and education, Forestry Commission, London ; 
Prof. J. W. McLeod, emeritus professor of bacteriology 
in the University of Leeds; Dr. A. C. G. Menzies, 
director of research, Hilger and Watts, Ltd., optical 
instrument manufacturers, London; Dr.-C. H. 
Mortimer, secretary of the Scottish Marine Biological 
Association and director of the Association’s Marine 
Laboratory, Marine Station, Keppel Pier, Millport, 
Isle of Cumbrae ; A. Nisbet, lecturer in mathematical 
physics and director of studies in arts and science, 
University of Edinburgh; Dr. E. M. Patterson, 
Research Department, Imperial Chemical Industries 
(Explosives Division), Ltd.; Prof. S. Piggott, 
Abercromby professor of prehistoric archeology, 
University of Edinburgh; R. W. Plenderleith, 
assistant keeper, Department of Technology, Royal 
Scottish Museum; J. N. Ritchie, chief veterinary 
officer, Animal Health Division, Ministry of Agri- 
culture, Fisheries and Food ; Dr. S. M. Shah, reader 


in mathematics, Muslim University, Aligarh; Prof. , 


F. H. Stewart, regius professor of geology and 
mineralogy in the University of Edinburgh; Prof. 
‘EE. W. Walls, professor of anatomy, Middlesex Hos- 
pital Medical School; Dr. G. A. P. Wyllie, lecturer in. 
theoretical physics, University of Glasgow. 


National Agricultural Advisory Service: Appoint- 
ments _ 

Tx following appointments in the National Agri- 
culturali Advisory Service have been announced : 
Mr. J. W. Reid, at present députy provincial director 
at the South Western Provincial Sub-Centre, Star- 
cross, is to be provincial director ,of the Yorkshire 
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and Lancashire Province in succession to the late 
Mr. H. Trefor Jones. Mr. T. W. Williamson, deputy. 
provincial direczor, at present chief.adviser on rabbit 
destruction, wil be returning to the Advisory Service 
and will succeed Mr. Reid at Starcross. Mr. W. E. 
Jones, who is at present temporarily filling the post 
of chief farm management adviser during the absence 
of Mr. Arthur Jones with the Organization for 
European Economic Co-operation, has been appointed 
director of the Advisory Service in Wales in succession 
to Mr. E. Ll. Harry. Mr. Harry has been appointed 
regional controller of the East Midland Region." Mr. 
H. E. Evans, at present county agricultural officer 
for Carmarthenshire, is to be deputy director for 
Wales at the Bangor Sub-Centre. 


Research in Universities 

In his Perkm Medal address to the Society of 
Chemical Industry in New York on January 11, Dr. 
G. T. Seaborg said that by its nature and purpose 
the university is the natural centre for basic research, 
though the rising costs of research, particularly in 
the physical sciences, and the participation of private 
foundations, the National Science Foundation and 
other State anc Federal agencies, have recently had 
@ profound infuence on the development of basic 
research. A generous supply of funds is not in itself 
sufficient: in the end, investing in basic research 
implies backing the investigator rather than the 
programme, and Dr. Seaborg urged that the univer- 
sities need means to create more positions comparable 
with that of the professor with regard to freedom, 
prestige and tenure, whether or not formal teaching 
is entailed. He also urged more imaginative thought 
regarding increase in the service facilities available 
for the creative scientists and directed attention to 
the waste of man-power involved when a highly 
trained research worker spends hours rectifying 
faulty equipment which a competent technician could 
correct m a fewminutes. He pointed out that it is the 
choice of the experiment and experimental tech- 
niques, and not the extent of the assistance required 
to build and service the equipment, which determines 
whether the incividual’s or some collective judgment 
is being exercised. The university graduate school, 
said Dr. Seabcrg, is our most effective device for 
cultivating the intellectual powers of a potential 
scientific imveszigator and, stressing the difference 
between undergraduate and postgraduate work, he 
thought that the challenge to their skill and the 
development of their manual and mental powers 
would be a permanent asset to those trained in the 
graduate schools. He also suggested that, of the 
5,000 million dollars a year spent in the United 
States by government, industry, universities and 
non-profit-making institutions, the 5-10 per cent at 
present devoted to basic research should be doubled 
as soon as possible, and noted that the Atomic 
Energy Commission has increased its budget for basic 
research by 50 per cent during the past two years. 


The Perkin Centenary Trust 
Tus Trustees of the Perkin Centenary Trust, which 
was established to commemorate the discovery of 
mauveine by William Henry Perkin in 1856, have 
announced a number of awards to promote technical 
education in any ‘aspect of the manufacture or the 
application of nolouring matters. The Perkin Cen- 
~tenary Fellowship is offered for one or two years to a 
graduate for the purpose of higher study. It has a 
value of £600 per annum, and is tenable at any 
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university, technical college or other institution 
approved by the Trustees. . Two Perkin Centenary 
Scholarships are offered, each for two years, renew- 
able at the discretion of the Trustees for one further’ 
year, to enable candidates employed in an industrial 
firm or other institution concerned with the manu- 
facture or the application of colouring matters to 
receive an education at a university or technical 
college. Each award will have a value of £300 per 
annum. There is no means test for the award, and a 
successful candidate is not debarred from receiving 
the whole or a part of his normal salary from his 
employers during his tenure of the Scholarship. 
Appheations for either Fellowship or Scholarship 
must be submitted, on forms available from the 
Secretary to the Trustees, not later than May 1. 
Perkin Exchange Lectureships: a short-term appoint- 
ment will be made from time to time by' the Trustees 
to enable a senior teacher at any appropriate univer- 
sity, technical college or other institution to visit 
some similar establishment overseas in order to 
deliver a short course of lectures. In return, @ visit 
to a British institution by some overseas scientist 
will be arranged. A longer-term appointment is also 
contemplated to permit the exchange of lecturérs for 
@ period of up to one year between comparable 
institutions in Britain and overseas. 

The Trustees are Mr. H. Jackson (chairman), Dr. 
D. W. Hill, Dr. L. H. Lampitt, Mr. W. R. Mathers, 
Mr. M. W. Perrin and Sir Robert Robinson. ‘The 
secretary to the Trustees is Dr. J. R. Ruck ‘Keene, 
to whom inquiries relating to the above awards 
should be addressed, c/o The Chemical Society, 
Burlington House, London, W.1. 


Investigations on Coast Erosion in Britain 


Ixy an adjournment debate on March 5 in the 
House of Commons- the’ subject’ of discussion was 
coast erosion. Mr. N. Nicolson agreed with the 
Waverley Committee that the intensity of research 
in this field should be increased, and asked a number 
of questions about the activities of the Hydraulics 
Research Board; he also urged the Ministry of 
Housing and Local Government to make grants for 
maintenance and repair and for temporary first-aid 
to works of coastal defence, as it is empowered to 
do ‘and as the Waverley Committee has recom- 
mended. Replying for the Ministry, the Parliamentary 
Secretary, Mr. J. R. Bevins, declined to comment on 
Mr. Nicolson’s argument that sea-defences should be 
made mainly a national charge, beyond pointing out 
that there is no obligation on the central government 
to provide the full cost of such schemes and that 
this would require legislation. Nevertheless, the 
Treasury has been paying up to 85 per cent of the 
capital cost of coast protection works carried out by 
local authorities since the end of the War, and on 
average more than half. On research into coast 
protection problems, Mr. Bevins said that an ad- 
visory committee on sea defence research was set 
up two years ago which has issued two reports. 
One of these dealt mainly with embankments on 
-estuaries and the other with the movement of beach 
materials; the Advisory -Committee is at present 
considering the effect of vegetation. 


European Organization for Nuclear Research 


At a Friday Evening Discourse, delivered at the 
Royal Institution on March 8, Sir Ben Lockspeiser, 
who is president of the Council of European Organiza- - 


tion for Nuclear Research (C.E.R.N.), said that the shield. 
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resources, human and material, required for scientific 
research have grown in some fields to large dimensions 
in recent years. This is particularly so in the field of 
nuclear physics where the means necessary for con- 
ducting experiments have increased beyond the single 
capacities of most nations. The European Organiza- 
tion for Nuclear Research (see Nature, 178, 902; 
1956) was, therefore, brought into being to enable 
twelve European countries to achieve together what 
they are unable to do alone. The first task of the 
Organization has been to provide itself with research 
tools, and two particle accelerators are being built 
at Meyrin, near Geneva: one, a 600-MeV. synchro- 
cyclotron, in which the path of the accelerated 
particle is a flat spiral, and the other, a 25-GeV. 
proton-synchrotron, which accelerates the particle in 
a repeated circular path. Sir Ben outhned some of the 
scientific and technological problems presented in 
the course of their design and construction. The 
present staff, drawn from various countries, num- 
bers about three hundred. A multi-national venture 
of this kind requires its own form of organization 
to govern itself and to maintain essential relation- 
ships with the governments of member States. It 
requires also an administration capable of dealing 
with both the present constructional period and the 
succeeding stage,-now beginning, when scientists 
from various countries will be enabled to use the 
machines for limited périods dependent on their 
programme of work. 


National Institute for Research in Nuclear Science 


Tue Chancellor of the Exchequer, in a written 
reply in the House of Commons on March 12, stated 
that the.governing board of the National Institute 
for Research m Nuclear Science, under the chairman- 
ship of Lord Bridges, has been constituted by the 
Lord President of the Council and himself, with the 
following representative members: Universities : 
Sir Philip Morris, Sir James Mountford, Prof. N. F. 
Mott, Prof. H. S. W. Massey, Prof. J. Diamond, Prof. 
R. E. Peierls and Dr. D. H. Wilkinson ; University 
Grants Committee : , Sir George Thomson, Mr. J. C. 
Gridley ; Royal Society: Sir David Brunt; Atomic 
Energy Authority: Sir John Cockcroft, Sir Donald — 
Perrott and Dr. B. F. J. Schonland ; Department of 
Scientific and Industrial Research: Dr. H. W. Mel- 
ville and Prof. P. M. S. Blackett. 


New Reactor at Harwell 


A NEW experimental low-energy reactor, NERO, 1s 
now operating at the Atomic Energy Research 
Establishment, Harwell. It became critical for the 
first time at 7.45 p.m. on February 23, and its 
experimental programme is now beginning. The 
reactor will be used to investigate the design problems 
associated with the more advanced types of graphite- 
moderated power reactors now under study by the 
Authority. The reactor consists of a graphite stack 
which can be varied in size up to a cylinder of about 
14 ft. diameter by 10 ft. high “within a concrete 
biological shield 2 ft. thick. Fuel elements of differing 
types may be arranged within the graphite stack mm 
any one of a number of possible lattice patterns. 
The restacking of the graphite to permit a change in 
the fuel element arrangement can be done in a few 
days. The reactor is controlled by two vertical 
cadmium, control rods which can be moved into the 
graphite stack through the top of the biological 
Cadmium ‘shut off’ or ‘safety rods’ are 
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arranged to move into the graphite stack in a similar 
manner. ‘The maximum thermal neutron flux is 
about 108 neutrons cm./sec. and the heat output 1s 
restricted to less than a hundred watts. 

The reactor will at first be used to check calcula- 
tions on the effect of separating the fissile content of 
the fuel (for example, uranium-235 or plutonium-239) 
from the fertile content (for example, uranium-238) ; 
data, of this kind are of importance for the design 
of reactors in which nuclear fuel may be recycled 
through the reactor. Another application of the 
reactor is to investigate problems associated with the 
design study of a sodium-cooled graphite moderated 
reactor. For this reason the name NERO 1s derived 
from the phrase ‘Na (sodium) experimental reactor’. 


The ʻO’ 16 added to indicate that it is a zero-energy . 


(that is, low-energy)- reactor. 

NERO was designed and built by an Atomic Energy 
Research Establishment team m association with 
the “followmg imdustrial firms: Saben, Hart and 
Partners, Ltd., London, and Technical Design and 
Tool Co., Ltd., Reading (detail design work) ; Messrs. 
March, Ltd., Readmg (steel work fabrication); 
R.O.F., Nottmgham (roof trolleys); and H. M. 
Hobson, Ltd., Wolverhampton (control mechanisms). 


The National Museum of Wales 


Tus forty-ninth annual report (1955-56) of the 
National Museum of Wales, after recording the usual 
formal matters, refers to the fact that the major part 
of the reorganization of the first-floor galleries has 
been completed. - All folk-life material has been 
transferred to St. Fagans, archeology to the west and 
art to the east galleries. The circular gallery has 
thus been freed for temporary exhibitions, and the 
previous Welsh rooms are being converted to provide 
a print room and a small gallery for the Old Masters. 
Unfortunately, an application to the Treasucy for 
funds to make provision for a Department of Industry 
was not successful in spite of frequent statements by 
the Government that technological education is an 
urgent need of our times. It is earnestly hoped that 
this matter will be reconsidered as soon as possible. 
The Department of Geology has made mstallations 
whereby temporary exhibits of maps and photo- 
graphs can be prepared easily. The Department of 
Botany records the revision of various existing 
exhibits and the maimtenance of the wild-plant table 
throughout the year. The Department of Zoology 
has prepared two new exhibits. One deals with the 
economie products of the cow, pig and sheep, while 
the other is concerned with British freshwater fishes. 
In the Department of Archeology the reorganization 
consequent on transference to the west galleries has 
been extensive, while a similar major rearrangement 
has taken place m the Department of Art. At St. 
Fagans the re-erection of Capel Pen-rhiw was com- 
pleted and the chapel is attracting a record number 
of visitors, As usual, the staff of this live institution 
have been particularly active in research problems 
and many published works are hsted. (See also this 
issue of Nature, p. 562.) 


Fast—Slow Reactor at Harwell 


Harwewt now has a fast-slow reactor, a simple 
modification having resulted in mteresting changes 
to the characteristics of the fast reactor ZEPHYR. 
Graphite has been substituted for the uranium bars 
that originally formed the outer reflector. The thin 
inner reflector of uranium still surrounds the 
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plutonium core In its new form the reactor diverged 
with .a critical mass of plutonium very close to 
that in the uranium-reflected system. Because the 
neutrons reflected back into the inner reflector have 
been slowed down, ZEPHYR now shows soms of the 
characteristics >f a thermal reactor. For example, 
experiments have shown that the chain reaction can 
now be controlled, as in a thermal reactor, by putting 
an absorber of slow neutrons such as cadmium into 
the graphite. It is too early to predict the applic- 
ability of this ‘mixed’ system to power breeder 
reactors such a5 that at present under construction 
at Dounreay. 


International Symposium on Proteins 


A SYMPOSIUM on protein chemistry is to be held in 
Paris during July 25-29 under the auspices of the 
Commission on Protems of the Section of Biological 
Chemistry, Intemational Union of Pure and Applied 
Chemistry. The programme will be devoted to a 
survey of present knowledge of the structure and 
biological funcsion of protein molecules, and the 
papers will ke published in monograph form. 
Inquiries and applications to register should be 
addressed, befcre April 1, to the chairman of the 
symposium, Prof. Jean Roche, Collège de France, 
Place Marcellin-Berthelot, Paris 5. 

In connexion with this symposium and as an 
exploratory step towards determming the demand 
for internationally available standard samples of 
proteins, the Commissiox, on Protems has announced 
the present availability of a special sample of a single 
lot of beef insalin. Designated as crystalline beef 
msulm, Batch No. 2189, the protein has been tested 
by Craig’s counter-current distribution method and 
Porter’s chromatographic procedure. Copies of the 
curves thus obtained are supplied with each sample. 
The insulin is cbtainable by writing to British Drug 
Houses, Ltd., Graham Street, City Road, London, 
N.1, and is packed in I gm. ampoules at £6 (18 dollars) 
to cover the cost of manufacture and distribution. 
The purpose ix making this sample available is to 
provide a smgle lot of insulin to which different 
laboratories can turn im experiments where it may 
be of value to be using the same protein preparation. 
lf reference samples of this type prove useful to 
protein chemists, the Commission on Proteins of the 
International Union of Pure and Applied Chemistry 
hopes to meak> available other single batches of 
proteins prepared in as pure a state as is practicable 
with current methods of commercial processing. 

Comments on this programme will be welcomed 
and should be addressed either to the President of 
the Commission, Prof. A. Neuberger, Department of 
Chemical Pathology, St. Mary’s Hospital Medical 
School, Londor, W.2, or to the Secretary, Dr. Stan- 
ford Moore, Tne Rockefeller Institute for Medical 
Research, 66th Street and York Avenue, New York 21. 


Supply of d,!-Aldosterone 


A LIMITED supply of d,l-aldosterone for biological 
and clinical investigation has been made available to 
the Endocrinology Study Section, National Institutes 
of Health, by CIBA Pharmaceutical Products, Inc., 
Summit, New Jersey. This synthetic racemic 
material has one-half the biological activity of the 
natural d-aldosterone. It is available to qualified 
investigators in the following forms: d,l-aldosterone 
21-monoacetate—purified sesame oil solution—200 
vgm./ml.; d,l-aldosterone 21-monoacetate—purified 
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sesame oil solution—20 pgm./ml.; d,l-aldosterone 21- 
monoacetate—95 per cent ethanol solution—1 mgm./ 
mil.; and d,l-aldosterone (non-esterified)—95 per cent 
ethanol solution—10 pgm.j/ml. The monoacetate 
will be distributed for biological work and the non- 
esterified form limited to use as a chromatographic 
standard. The alcohol solution of the monoacetate 
can be diluted for intravenous injections. Purified 
, Sesame oil can be obtainsd from CIBA for those who 
have occasion to dilute the oil solutions. Requests 
should be made to Dr. R. T. Hill, Executive Secre— 
tary, Endocrmology Study Section, National In- 


stitutes of Health, Bethesda 14, Maryland, briefly - 


stating the exact amount wanted and the nature of 
the investigation. 


Aerial Photogrammetry 


Tue École Nationale des Sciences Géographiques, 
which is part of the Institut Géographique National, 
is to hold a theoretical and technical course in aerial 
photogrammetry, intended for non-French students 
and photogrammetrists wanting to practise the 
instruments and methods currently used in France. 
It will be held at Saint-Mandé, near Paris, during 
June 24-August 2. Lectures will be delivered in 
French, with explanations in English and Spanish 
for those not familiar with the French language-- The 
programme includes discussion of problems of aerial 
photogrammetry ; aerial surveys; principles, con- 
struction and adjustment of plotting machines; 
problems concerning mean scale and small-scale 
plotting; and a newly elaborated method of aerial 
triangulation. The number attending is limited to 
twenty-five, and the fee for the six-weeks course is 
20,000 franos. Applicatians for registration must be 
sent to the Director, Hesle Nationale des Sciences 
Géographiques, 2 Avenue Pasteur, Saint-Mandé 
(Seine), before May 15. 


University of London: Appointments. 


Ir has been announced that Dr. F. D. Richardson, 
Nuffield Fellow at the Imperial College of Science 
and Technology in the University of London, has 
been appointed to the chair of extraction metallurgy 
tenable at that College. The title of professor of 
_ theoretical physics in the University of London has 
been conferred on Dr, R. K. Hisenschitz in respect 
of his post at Queen Mary College; and the title of 
reader in agricultural botany in- the University of 
London has been conferred on Dr. I. W. Selman in 
respect of his post at Wye College. Dr. W. B. Bonnor, 
lecturer in the University of Liverpool, has been 
appointed to the University readership m mathe- 
matics tenable at Queen Elizabeth College. The title 
of professor of hematology has been conferred on 
Dr. J. V. Dacie, and that of professor of clinical 
endocrinology on Dr. T. Russell Fraser in respect of 
the posts held by them at the Postgraduate Medical 
School of London. 


Science Museum: Appointments 


Dr. D. H. Forrerr has been appointed keeper of 
the Department of Electrical Engineering and Com- 
munications at the Science Museum, South. Kensing- 
ton, in succession to Mr. F. St. A. Hartley, who has 
just retired. Until his appointment, Dr. Follett was 
deputy keeper in the Department of Physics and 
secretary to the Advisory Council of the Science 
Museum. Mr. J. A. Chaldecott has been appointed 
to the posts vacated by Dr. Follett. 
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Announcements . 


THe Hinchley Medal for 1956 of the British 
Association of Chemists has been awarded to Mr. 
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"H. L. Howard, and the formal presentation will be 


made at a meeting to be held at the Royal Society 
of Medicine on March 19. Mr. Howard will deliver 
an address on ‘‘Chemists and the Community”. 


Dr. V. G. W. Harrison has been appointed 
director of research of the Printing, Packaging and 
Allied Trades Research Association. He succeeds 
Dr. G. L. Riddell, who ıs leaving the Association to 
join Albert E. Reed and Co., Ltd., as head of their 
expanding Packaging Research and Development 
Division, Dr. Harrison, who is forty-five and has 
been wıth PATRA since 1937, has for the past nme 
years been in charge of the-Association’s optics ' 
laboratory. : 


A SUMMER school in theoretical chemistry is again 
being organized at Oxford during September 14-25. 
As in each of the previous years, the School is being 
directed by Prof. C. A. Coulson. Other courses are 
to be given by Prof. D. P. Craig, Dr. S. L. Altmann, 
Dr. J. W. Linnett and Dr. J. T. Lewis. Inquiries 
should be made in the first instance to the Delegacy 
for Extra-Mural Studies; Rewley House, Wellington 
Square, Oxford, from which a descriptive brochure 
can be obtained. Accommodation (at St. Antony’s 
College) is limited. The closing date for applications 
is May 15. 


_A Symposium on “Humane Technique in the 
Laboratory”, organized by the Universities Federa- 
tion for Animal Welfare, will be held in the Harkness 
Hall, Birkbeck College, Malet Street, London, ‘on 
May 8, under the chairmanship of Prof. P. B. Medawar: 
The symposium will be introduced by Major ©. W. 
Hume, secretary-general of the Federation; papers 
will be read by Dr. W. Lane-Petter, Dr. Phyllis Croft, 
Dr. W. M. S. Russell, Mr. G. Sykes, Dr. F. K. Sanders, 
Dr. W. Grey Walter and Dr. M. R. A. Chance. These 
will be published later in the year in Vol. 6 of the 
Laboratory Animals Bureau Collected Papers. Ad- 
mission to the symposium is without charge. 


Tue Istituto Sperimentale Italiano ‘L. Spallanzani’, 
which is affiliated to the University of Milan and this 
year celebrates the twentieth anniversary of its 
foundation, is organizing an international sym- 
posium on ‘Zootechnical and Health Aspects of 
Artificial Insemination’’, to be held in the agricultural 
and technical quarter of the thirty-fifth International 
Samples Fair m Milan, during April 23-24. The 
symposium will be presided over by the Director of the 
‘L. Spallanzani’ Institute, Prof. T. Bonadonna, of the 
University of Milan,.to whom all mquiries should be - 
addressed. 


THE Scientific Film Association, on behalf of the 
International Scientific Film Association, is organ- 
izing a conference to be held at the French Institute, 
South Kensington, London, 8.W.7, during April 4-6, 
which will be attended by sponsors of films, scientists 
and television producers from Britain and overseas. 
The main question to be considered is how films and 
television can do more to introduce and interpret 
science to the man in the street. The conference will 
be opened by Prof. P. M. S. Blackett, president of 
the British Association. Inquiries should be addressed 
to the Scientific Film Association, 164 Shaftesbury 
Avenue, London, W.C.2.- 
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INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE: 
REPORT FOR 1955-56 


- 


HE annual report for 1955-56 of the Indian 
Association for the Cultivation of Science* pays 
warm tribute to Prof. M. Saha, its director, who died 
on February 16, 1956, and gives some details of the 
revised Five-Year Plan of the Association for 1956- 
61. These include the creation of a new Department 
of Magnetism, estabhshment of a research training 
centre in analytical chemistry and a training section 
in high polymer technology. In the Department of 
General Physics, X-rays and Magnetism, work on 
thermal diffusion and inter-diffusion of gases .con- 
tinued and the design of the thermal diffusion column 
(of the concentric metallic tube type) was completed. 
An apparatus for measuring diffusion coefficients over 
a wide range of temperatures, a low-temperature bath 
operating down to liquid air temperatures and a 
drfferential conductivity analyser have also been 
designed and constructed. Two methods have been 
developed for determming the potential parameters 
for unhke molecules on the modified Buckingham 
exponential-six model from experimental data on 
thermal diffusion. The thermal conductivities of 
gaseous neon, argon and krypton and of their bmary 
and ternary mixtures have been determined and 
work continued on the application of the methods 
of Hesse, Stoswick and Lipson to determine crystal 
classes, hkl indices and space groups. The radial 
distribution of carbon has been calculated from the 
X-ray diffraction of amorphous carbonized organic 
substances at 500--1,000° C. Measurements of the 
magnetic anisotropies of single crystals of hydrated 
salts of Fet+, Cot+, Ni++ and Cut+ at moderately 
hgh and at low temperatures indicated that the 
behaviour of all salts having the same paramagnetic 
ion is roughly the same, and attempts are being made 
to explain the anomalies. A systematic study was 
commenced of the magnetic anisotropies of single 
crystals of Tutton salts of Cutt ions differently 
diluted with zinc, etc., at room and at low tem- 
peratures, and X-ray studies of the mherent dis- 
tortions m the lattice of smgle crystals of graphite 
continued. ~ 
In the Department of Optics studies have been 
made of the Raman spectra of m-chlorotoluene, 
m-bromotoluene and the three cresols in the sohd 
state at different temperatures and of those of 
bromobenzene, anisole and methyl and ethyl benzo- 
ates in the liquid and solid states. Observations of 
the Raman spectra of frozen solutions of carbon 
disulphide in methyleyclohexane at — 180° C. sug- 
gest that the lines 70 and 81 cm. are due to vibra- 
tions in dimers. Studies of the fluorescence of 
p-chlorotoluene at — 180° C. and in frozen solutions 


led to the conclusion that the fluorescence bands are , 
due to association between the chlorine atom of one, 


molecule and the hydrogen atom of a neighbouring 
molecule. Studies of the absorption of 3-18 em. 
microwaves in o-bromophenol, 2: 4: 6-trichloro- 
phenol, o-methoxyphenol, p-cresol and diphenyl 
ether in the liquid state showed maximum absorption 
at certain temperatures with o-methoxyphenol and 


* Indian Association for the Cultivation of Science. Annual Report 
for 1955-56. Pp. 31. (Jadavpur, Calcutta. Indian Assotntion for 
the Cultivation of Science, 1956.) 


p-cresol and the radius of the rotor calculated from 
Debye’s theory was that of the hydroxyl group 
rotating about an axis in the molecule. 

In the Depertment of Theoretical Physics an 
attempt was made to determine the relative im- 
portance of spin and relativity on the decrease of the 
Klem-Nishina 2ross-section in the Compton seat- 
tering of light vith increasing photon energy. Other 
work was concerned with polarization effects in 
proton-proton szattering and with magnetic moments 
of the nucleons. The Department of Physical Chem- 
istry ıs studying the mechanism of the formation of 
colour in the polymerization of methyl isopropenyl 
ketone. A micro-colorimeter has been constructed 
and standardized, and is being used to study the 
thermodynamic properties of high polymer solutions. 
Other studies were concerned with the effect of end 
groups on the osmotic behaviour of polymethyl 
acrylate, the efficiency of azo-bis nitriles as mitiators 
m vinyl polymerization, the styrenation of shellac in 


alcoholic medis, the kinetics of decomposition of > 


lauroyl peroxide and the applicability of non-aqueous 
acid-base titration for analysis of organic compounds. 

The Departmant of Organic Chemistry has obtained 
important correlations between the pecular mech- 
anical properties of the fibres of Bombas malabaricoum 
and the structare of the fibre. A tentative con- 
stitution has been deduced for a crystallme lactone 
isolated from cactus roots of Kashmir origin, while 
investigations cn polynuclear compounds and fused 
alicyclic systems are being actively pursued. The 
Department of Inorganic Chemistry continued to be 
concerned mainly with the-study of co-ordination 
complexes and their application m analytical chem- 
istry. The dipLenyl, dimethyl, diethyl and dibenzyl 
derivatives of rubeanic acid have been used in the 
colorimetric devermination of copper, cobalt, nickel 
and palladium, and a number of bi-positive silver 
complexes with pyridine carboxylic acids have been 
prepared which. are fairly stable and highly coloured 
and have a magnetic moment of nearly 1-74, while 
benziminazole nas been used for the gravimetric 
determination of silver and 3- and 5-oximmo-methyl- 
salicyhe acids for the estimation of copper and its 
separation from other metals. 


UNITED STATES FEDERAL 
RESEARCH AND DEVELOPMENT 
BUDGETS FOR 1955, 1956 AND 1957 


N the fifth of its reports, “Federal Funds for 

Science’*, the National Science Foundation 
analyses the US. Federal research and development 
budget for the fiscal years 1955, 1956 and 1957, 
including for the first time, besides data on several 
small agencies not previously reported, the pay and 
allowances of military personnel in research and 


* National Science Foundation. Federal Funds for Science. 5: The 
Federal Research ami Development Budget, Fiscal Years 1955, 1956, 
and 1957. Pp. ii+47. (Washington, D. G.: Government ‘Printing 
Office, 1957.) 35 cents. 


development establishments. The. analyses are 
presented after the pattern of the three previous 
reports, but data are also given on the allocation of 
Federal funds for research and development in the 
Government’s own laboratories, and in profit- and 
non-profit-making organizations, including educa- 
tional institutions. Expenditure on the collection of 
general purpose statistics is now excluded. 3 

The total U.S. Federal Government expenditure on 
research and development is estimated at about 
2,300 million, 2,400 million and 2,700 milhon dollars 
in 1955, 1956 and 1957, respectively. These figures 
should be increased to 2,900, 3,100 and 3,400 million 
dollars, respectively, 1f expenditure from procurement 
and production appropriations of the Department of 
Defense for analogous work in the field of engineermg 
is taken into account. Excluding such expenditure 
but including pay and allowances for military per- 
sonnel, these figures would be 2,300, 2,500 and 2,900 
million dollars. About &5-90 per cent of the total is 
for research and development, the balance being for 
the expansion of research and development plant. 

If the Department of Defense is considered a single 
agency, these funds were administered by twenty- 
five agencies of the executive branch in 1955 and 
by twenty-four agencies in 1956 and 1957, agencies 
engaged in collecting data, training scientists, etc., 
being no longer included. Individual agencies 
administer funds ranging from less than 50,000 
dollars'to about 2,000,000,000 dollars, but 99 per 
cent of the expenditure in each of the three years is 
accounted for by eight agencies, among which the 
Department of Defense (1,936 million dollars) and 
the Atomic Energy Commission (529 milhon dollars) 
rank first and second, respectively, while the budget 
of the Department of Health, Education and Welfare 
(110 million dollars) now exceeds that of the Depart- 
ment of Agriculture (103 million dollars). The 
National Advisory Committee for Aeronautics (80 
million dollars) and the Department of the Interior 
(44 million dollars) come next, while the National 
Science Foundation, the expenditure of which has 
risen from 10 million dollars in 1955 to 21 million 
dollars in 1956 and 43 million dollars in 1957, has 
now passed the Department of Commerce (24 million 
dollars), largely due to the funds it administers for 
the International Geophysical Year, though apart 
from this it would still retain its place among the 
eight principal agencies financing research and 
development. 

In scientific fields, the physical sciences (including 
engineermg sciences) continued to claim the major 
share, the proportion during 1955-57 being 87 per 
cent compared with 11 per cent for the biological 
sciences and 2 per cent for the social sciences. Com- 
maitments for the physical sciences are estimated to 
have increased by more than 17 per cent in 1956 
and a further increase of 7 per cent is expected in 
1957; about 95 per cent of funds for use in this 
field are administered by the Department of Defense, 
the Atomic Energy Commission and the National 
Advisory Committee for Aeronautics. Funds for the 
biological sciences come mainly from the Depart- 
ments of Health, Education and Welfare; Defense ; 
the Interior; and the,Atomic Energy Commission, 
Veterans Administration and the National Science 
Foundation; they increased about 11 per -cent m 
1956 and are expected to increase about 18 per cent 
in 1957, when expenditure is estimated as 143 million 
dollars on medical sciences, 72 mullion on biological 
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sciences and 54 million dollars on agricultural 
sciences. Funds for the social sciences, about 40 per 
cent of which come from the Department of Agri- 
culture, increased by 27 per cent in 1956 and a 20 per 
cent increase is envisaged in 1957. 

Of the total expenditure in 1955, 130 million 
dollars was .on basic research, of which 42-3 million 
was on biological sciences, 85-7 million on physical 
sciences and 2-1 million dollars on social sciences ; in 
1956 the corresponding figures are estimated at 162 
million, 50-5 million, 108-7 million and 2-9 million 
dollars, and in 1957, 215 million, 71-8 million, 138-8 
million and 4-5 million dollars, respectively. Ex- 
penditure on applied research and development in 
1955 was 1,915 million dollars, of which 164 million 
was on biological sciences, 1,570-1 million on physical 
sciences, 23-3 million on social sciences and 157-2 
million dollars on pay and allowances of military 
personnel. For 1956, the corresponding figures are 
estimated at 2,208 million, 178-2 million, 1,835-6 
million, 29-3 million and 164-6 million dollars, and 
for 1957 at 2,336 milhon, 197-3 million, 1,935-8 
million, 34:2 million and 168-9 mnullion dollars, 
respectively. ss 

In 1956, 47 per cent of the total, or 1,110 million 
dollars, meluding pay and allowances, was spent 
within the Federal Government’s own institutions, 
38 per cent, or 899 million dollars, in profit-making 
organizations, and 13 per cent, or 304 million dollars, 
on educational institutions. About 15 per cent of the 
total was expended in research centres, of which 
roughly 8 per cent were connected with profit-making 
organizations, 6-per cent with educational institutions 
and 1 per cent with non-profit-making organizations. 

The report includes graphs of the figures for 
expenditure on research and development since 1940. 
Although there is a general tendency for expenditure 
on research and development to increase, this trend 
would probably be substantially reduced if the data 
were expressed in terms of constant prices. , 
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SURGICAL TECHNIQUES IN THE 
STUDY OF FLORAL MORPHO- 
GENESIS 


. CUSICK has described floral ontogenesis m 
Primula bulleyana and hes shown that the 
application of surgical techniques may contribute to 
an understandmg of some aspects of the observed 
developments (Trans. Roy. Soc. Edin., 63, 153; 1956). 
The flower of Primula bulleyana, in its early 
ontogeny, passes through presepal, primordial-sepal, 
primordial-stamen and ovarial stages. Petals first 
appear at either the end of the primordial-stamen 
stage or the beginnmg of the ovarial stage. The 
relatively long presepal stage is conveniently divided 
into early, mid and late periods. If a flower prim- 
ordium m the early-presepal stage is bisected with a 
median incision, the tissue along (and on each side 
of) the wound typically produces the full sequence of 
floral parts—sepals, stamens and petals, and an 
ovary. Bisections of older primordia indicate that 
the ability to form sepals in this position is lost 
during the mid-presepal stage; at about the late- 
presepal stage, the ability to form stamens and petals 
along the wound is also lost. Paired ovaries (a com- 
plete ovary on each side of the cut) still develop 
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after most primordial-sepal stage bisections and 
after a minority of primordial-stamen stage bisections. 

In primordia bisected during the ovarial-stage, the 
ovary wall usually develops as two arcs, separated 
by the wound and widely open above it. These 
results are interpreted as evidence in favour of the 
hypothesis that a developing flower passes through 
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a succession of physiological states that permit and 
regulate the formation of each kind of organ in turn. 
The sites of new organs are defined by existing ones, 
or by the creation experimentally of new areas 
marginal to a new morphogenetic centre. But the 
nature of thé organs formed is more a response to the 
morphogenetic state of the primordium as a whole. 


PHYSICAL’ MEASUREMENT OF CONE PIGMENT IN THE LIVING 
HUMAN EYE ” 


By Dr. W. A. H. RUSHTON, F.R.S. 
Physiological Laboratory, Cambridge 


T has long been recognized that twilight vision is 
mediated by the rods of the retina, and that the 
first step in the utilization of light is its absorption 
by the visual pigment rhodopsin (visual purple). The 
ensuing photolysis results in bleaching, and upon 
measurements of this colour-change a great body of 
knowledge has been built. 

Daylight vision with colour discrimination is 
mediated by the cones, and it is generally believed 
that these contain visual pigments analogous to 
rhodopsin. One such pigment, ‘iodopsin’, has in fact 
been extracted by Wald? from the predommantly 
cone eyes of the chick. Its sensitivity is maximal in 
the yellow-green and it regenerates much faster than 
does rhodopsin. These are properties likely to be 
possessed by human cone pigments, but since cones 
(in the chick) appear to contain extremely little 
extractable iodopsin, the chance of obtaining detect- 
able quantities from mammalian eyes (where, in 
general, rods predominate) is not good, and so far 
attempts have proved unsuccessful. It is therefore 
satisfactory that an alternative approach seems 
available, and that physical measurements made 
upon the normal human eye may give information 
about the cone pigments of the fovea. 

Campbell and I? were able to develop a technique 
of ophthalmoscopic densitometry by means of which 
we could measure the change in rhodopsin density 
which occurred in any small region of the retina as a 
result of change in the light falling there. A modi- 
fication of the apparatus has permitted the former 
conclusions to be confirmed and amplified’, and the 
present account summarizes what seems reliable in 
an extension to the analysis of the cone pigments in 
the human eye. 

In essence the method is that of ref. 3. , Yellow 
light too weak to bleach the pigments appreciably 
was passed through a photometric wedge and shone 
into the eye through one half of the dilated pupil and 
brought to a focus upon the fovea in a 2-7° circle 
contrally fixated. The small fraction of this light 
which was reflected back from behind the retina and 
left through the other half of the pupil was caught 
upon a 45° mirror and reflected sideways into a red- 
sensitive E.M.I. photomultiplier tube. Since this 


light had passed twice through the retina it must- 


have suffered absorption by the yellow-absorbing 
cone pigments there. If, now, these were bléached 
away by exposure to a strong light the signal received 
by the photocell would be stronger, and in order to 
reduce it to its former strength the wedge would 
have to be displaced to a denser position. The 
inorease in wedge density will clearly be equal to the 


decrease in the pigment double- density (= density 
for a double pessage). 

In practice, a great many Sedait must be 
taken if the chenge in photocell output is to measure 
simply the change in the density of thè visual pig- 
ment. These have already been described?, and the 
present accouns simply gives in outline the prin- 
ciple upon which it is possible to deduce the change 
in the density of cone pigments from an analysis of 
light received from the eye. - 

(a) The rate of regeneration. The subject fixated 
continuously for about 10 min. but especially at the 
moments when the wedge was being set to return the 
photocell outpct to its initial value. In Fig. 1 the 
wedge settings are expressed as the density of wedge 
interposed (messured downwards) which is the same 
as the double-density of the photolabile pigment 
measured upwards from an arbitrary zero. Initially 
the eye is dark-adapted (though exposure to the 
moderate artifizial lighting of the dark room con- 
stitutes ‘dark adaptation’ for cone pigments ; . so 
rapid is their regeneration). 

Then a very bright light was shone upon the fovea 
for 30 sec. and immediately afterwards wedge settings 
were taken, at frst in quick succession, later at longer 
intervals. As i3 seen from Fig. 1, there is a sudden 
change of some 0-15 in density upon bleaching. 
Regeneration follows a curve of exponential type, 
which in 90 sec. has half returned and in 5 or 6 min. 
has reached thə initial value. 






30sec bleaching 
with szrong orange light 


02 





Subject J.WHD. 





o 1 2 3 4 5 Mm. 


Fig. 1. Ordinatəs, double-density of foveal visual pigments. 

Initial values, after ‘dark adaptation. The g ap represents 30 seo. 

bleaching with on orange light (ford filter 203). Density 

measurements were then made during dark adaptation at times 
shown. Recovery is complete in 6 min. 


~ 


` ascending towards the left); 


i» 


572 


100 











Subject B. J S. 


F| llgord filter o/- Subject J.M. 
5 203 Hford ‘filter 
Ş 50 @range) 206 

Z ° (deep red) 

$ 

3 


2 1 0 


+ Interposed filter 
log bleaching energy — 


Fig. 2. Ordinates, percentage bleaching produced by light flashes 

of various intensities, as given by abscisas on a logarithmic scale 

The curves show the theoretical relation to be expected from any 
‘visual pigment 


This is a very regular phenomenon, and éasy to 
obtain. Rhodopsin cannot be the pigment involved, 
for the fovea, contains no rods, neither is rhodopsin 
bleachable by the orange light used nor measurable 
by the yellow ; and it take half an hour to regenerate?. 

(6) The rate of bleaching. The course of bleaching 
cannot be measured in the same way, for when the 
bleaching light is strong the process goes too fast, 
and when weak, bleaching is ‘confounded by con- 
current regeneration. The method adopted was to 
bleach for exactly .10 sec. and then immediately to 
make measurements during dark regeneration. From 
these the total density change after exactly 10 sec. 
in the dark could bé read off by interpolation. The 
bleaching light could be of various wave-lengths and 
various intensities. By keeping the time course of 
these operations always identical, the complications 
of regeneration are nearly removed. For at the 
moment when the density was measured the amount 
of regeneration was nearly proportional to the 
amount of bleaching, and hence the results approx- 
imate to those expected in the absence of regeneration. 
(at a slightly reduced density scale). 

Fig. 2 shows the percentage bleaching plotted as a 
function of the logarithm of the bleaching energy. 
Abscisses show the density of neutral filters inter- 
posed in the path of the fixed bleaching light (scale 
ordinates show the 
change of wedge setting on bleaching expressed as 
percentage of the maximum change which could be 
obtained. 

For subject B. J. S. the bleaching light was passed 
through an Ilford filter 203, which transmits most of 
the spectrum beyond 570 my and cuts off everything 
of shorter wave-length. For J. M. the filter was 206, 


_which cuts off at 630 mp. and hence appears deep red. 


Now it is easy to derive a mathematical expression 
relating the percentage bleaching of a dilute photo- 
sensitive pigment with the logarithm of the incident 
bleaching energy provided that no regeneration 
occurs. It is shown by the two curves of Fig. 2. 
The expression has a single arbitrary constant per- 
mitting the curve to slide horizontally, thus allowing 
for -differences in the colour and strength of various 
bleaching lights. The agreement between this 
theoretical curve and the experimental points sup- 
ports the view that a visual pigment is being 
measured. 

(c) Spectral photosensitivity. The ‘arbitrary’ con- 
stant above is, in fact, completely determined if we 
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know the energy and compositidntyot” “the? ‘lesching 
light and the spectral photosensitivity’ of-the foveal 
pigment. - We may therefore estiriaté “thet photo- 
sensitivity by evaluating the constant from Fig. 2 
and measuring the bleaching energy photometrically. 

‘The_bleaching light was always a wide spectral 
band. This (reduced in intensity by neutral filters) 
was matched both for colour and brightness against 
a narrow spettral band, and it is assumed that lights 
which look alike bleach visual. pigments ‘equally. 
The results are thus interpreted as though the 
bleaching light was in fact that monochrome. 

In principle, then, the experiment was to obtain 
upon. the subject a series of bleaching curves as in 
Fig. 2; using bleaching lights of various colours. Since 
each point upon the curve represents an experiment 
rather like Fig. 1, the procedure had to be shortened, 
so instead of plotting the whole of the Fig. 2 curves, 
just a couple of points were obtained near the 50 per 
cent level which adequately determined the lateral 
shift of the theoretical curve. 

Fig..3 (circles) shows the logarithm of the spectral 
photosensitivity obtained by this method, plotted 
against that wave-length which matches the colour of 
the bleaching light. The red’and green logarithmic 
sensitivity curves of Stilest are also shown, derived 
from psychophysical measurements of just perceptible 
merement thresholds. 

The absolute value of the photosensitivity (that is, 
1fnumber of quanta cm.-? required to reduce the pig- 
ment to lje of its initial density) was calculated upon 
the usual assumption that half the bleaching light 
was lost in the eye media’. For optimum colour the 
value is 4 x 10-7 om.*. This is 4-5 times as great as 
the sensitivity of rhodopsin in solution? but only a 
quarter the figure which Brindley’ has deduced from 
changes in colour matches after viewing very ee 
lights. 

Conclusions, Despite obvious limitations in tech- 
nique, results have been obtained which permit some 
comparison with theory and with the psycho-physical 
measurements of colour vision. Relation (b) points 
to changes in a visual pigment and it is clear from (a) 
that this cannot be rhodopsin. Wald’s' iodopsin would 


“fit nicely. However, there is clear evidence! that at 
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least’ “td: hor iabiio pigments aro present in the 
fovea," “though: T ‘have not yet succeeded in separating 
them ‘satishactanily: All the work described here was 
designed to’ give prominence to the red-sensitive 
component, and the results of bleaching with red 
lights are probably confined to ıb. “These points 
(Fig. 3) lie upon Stiles’s curve for ‘red’ sensitivity. 
When, however, ‘green or blue lights were, used for 
.- bleaching, the green-sensitive pigment was probably 
‘more affected and may have contributed con- 
spicuously to the photosensitivity measured. Cer- 
tainly these points le closer to Stiles’ s ‘green’ 
sensitivity. 

The fact that cone photosensitivity i is areal times 
that of rhodopsin suggests that light is more con- 
centrated in cones than in rods (see Tansley and 
Johnson’s® beautiful photograph of light in snake’s 
cones). Great economy would then result if the visual 
pigment were also concentrated at this focus. 

The actual density in the cones must be greater 
than my wedge differences, and this is already some 
0:15 double density—about the same as rhodopsin 
on average. This large density can be reconciled 
with the negligible quantity extractable if a small 
amount were very concentrated at the effective focus 
of the cone. Such an arrangement would also explain 
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the high photcsensitivity and the Stiles-Crawford 
directional effecs, and it would account for the success 
of the present type of measurement. For the photo- 
cell ‘views’ the visual pigment through the magni- 
fying system of the cone, and, just as a lamp filament 
at focus fills tha whole (Maxwellian) lens with light, 
so may most of the cones’ inner segments be optically 
filled with the great density of but a particle of 
pigment if that lies at the focal point. 

I wish to thank the Medical Research Council for 
@ grant, Clive Hood for his ready help and resource, 
and the many students who.volunteered as subjects 
for coming so o-ten and fixating so steadfastly. 
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MECHANISM OF RETICULO-ENDOTHELIAL STORAGE 
` By Pror. N. MELCZER and J. KISS : 


Department of Dermatology and Venereology, University of Pécs, Hungary 


HE mechanism of reticulo-endothelial storage 

by which microheterogenic and colloidal living 
and non-living particles circulating in the blood- 
stream linked tò protein are accumulated at the site 
of stimulation has not yet been sufficiently elucidated. 
The analogy of storage to phagocytosis is still open 
to debate, and it is not known how the substance to 
be stored can enter the cell adsorbed to protein or 
how it is transferred from the cell into the extra- 
. vascular space. The significance of thé linkage to 
protein is also unknown. 

Gréf}, one of our associates, observed several years 
ago that procaine and its derivatives prevented 
reticulo-endothelial storage in the skin of rabbits and 
rats. He showed that 1-2 hr. following the intra- 
venous injection of trypan blue, which is known to 
be not readily transmitted by semi-permeable mem- 
branes, the skin of the animal became discoloured 
by the dye diffusing into the extracellular space ; 
but no diffuse blue colour appeared at the site of 
procaine injection. A purely central nervous effect 
cannot be held responsible for the above phenomenon, 
because it has been shown experimentally that the 
skin of the perfused isolated limb exhibited storage 
under the influence of a wide variety of stimuli when 
the perfusion fluid contained protein and an electro- 
negative dye. 

As procaine inhibits reticulo-endothelial storage 
and synaptic transfer alike, it has been suggested 
that the forces controlling reticulo-endothelial storage 
may be similar to, or eventually identical with, those 
responsible for synaptic conduction. This view is 
further supported by the demonstration that all 
agents which are known to ‘interrupt nervous con- 


duction also inhibit storage. According to Flecken- 
stein’, such inhibitors are potassium and rubidium 
ions, citrates, oxalates and some cellular respiration 
blocking agents. 

In the present experiments more than a hundred 
albino rats were used. The skin of the back was 
epilated by means of barium sulphide paste at least 


48 hr. prior to the experiment. Intradermal injections: 


of procaine, 0-76 per cent calcium chloride, 0-76 per 
eent potassium chloride, isotonic sodium citrate, 
sodium fluoride and oxalate were.then given at 
separate sites, and each animal next received 2 ml. 
of 1 per cent trypan blue dissolved in distilled water 
intravenously. The untreated sites served as controls. 

‘It was found that inhibition was complete at the 
sites of injection of procaine, calcium chloride and 
potassium chlaride, and incomplete at the injection 
sites of isotoni2 sodium citrate, sodium fluoride and 
oxalate. 

It is well known that reticulo- endothelial storage is 
inhibited by stoppage of the blood flow. However, 
in isotonic concentration, none of the blocking agents 
of synaptic junctions used caused such vascular 
changes; and after intradermal injection of these, 


compounds we have never observed by capillaro-".* 


scopy in vivo 3 stasis in the small blood vessels of 
the skin, or any appreciable vascular changes n 
biopsy specimens. 

From these əxperiments we suggest that the con- 
ditions for reticulo-endothelial storage are similar to 
or identical wish those for synaptic conduction. 

Storage in vro. To study storage experimentally, 
æ Michaelis cell was prepared, consisting of a glass 
ring sealed with rat or calf peritoneum. The cell was 
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filled with heparinized rat or human plasma, or serum, 
and its external surface was submerged in Tyrode’s 
solution containing 0-1-0-2 per cent. blood serum. 
The whole model was maintained in an meubator at 
37° ©. In the model the capillary wall was represented 
by the animal peritoneum and the circulating blood 
by the fluid in the cell. In this arrangement the 
external aspect of the rat peritoneum was electro- 
positive and did not permit the passage of detectable 
amounts of albumin or trypan blue linked to albumin 
during the first 30 min. of the experiment. 

On. stimulating the external surface of the peri- 
toneum by mild burning or painting with 0-1 per 
cent histamine, permeability increased; and in 30-40 
min. appreciable quantities of albumin, or of trypan 
blue attached to albumin, passed into the fluid- out- 
side the cell, representing the extracellular space. In 
the presence of trypan blue a blue spot visible to the 

naked -eye developed in the stimulated areas of the 
peritoneum. This phenomenon is essentially the 
same as that described by Schiirer* and Ebbecke‘, 
namely, an accumulation of dye at the stimulated 
areas. Microscopically, the stored dye was found in 
sol form chiefly in the extracellular spaces. 

As our investigations showed the mechanism of 
storage to be similar to that of synaptic conduction, 
it was assumed that in storage also electric phenomena 
would take place. It is known that in the Donnan 
model, in which the semipermeable membrane 
inhibits or slows down the transfer of albuminate ion 
and in which the concentration of both cations and 
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anions is different on the two sides, a potential 
difference, estimated at about 20 mV., will develop 
at the normal pH relations prevailing in blood. In 
our cell we have measured approximately 30 mV., by 
using the string-type galvanometer, and non-polar- 
izing copper—copper sulphate, or mercury and calomel 
electrodes. : 

As already mentioned, the permeability of the 
peritoneum increased after painting with histamine or 
burning. Albumin, as well as trypan blue attached 
to albumin, passed in such cases into the external 
fluid space representing the extracellular space and 
reached significant concentrations therein. At the 
same time the electropositivity of the membrane 
increased. Our instrument indicated an increase in 
the electric potency of the cell. 

From these results it appears that storage is the 
result of an increase in permeability and also in the 
electropositivity of the cell membrane, induced by 
exogenous or endogenous histamine action, which 
produces increased ion concentration changes similar 
to the injury potential. Im such cases the micro- 
heterogenic or colloidal particles, which are linked 
to the blood proteins and are electronegative, migrate 
as in electrophoresis towards the anode in the electric 
field and pass through the membrane into the extra- 
cellular space. 

1 Gróf, P., Meeting of the Hungarian Dermatological Association, 
Dec. 1951. 
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RECOVERY OF LETHALLY IRRADIATED MICE BY TREATMENT 
WITH BONE MARROW CELLS MAINTAINED IN VITRO 


By Dra. DANIEL BILLEN 
Biology Division, Oak Ridge Nationa! Laboratory, Tenn. 


T has been demonstrated by Lorenz, and his 
associates that death from acute radiation can 
be prevented by treating irradiated animals with 
normal bone marrow cells?*. Lorenz’s group (C. O. 
Congdon, personal communication) made several 
unsuccessful preliminary attempts to prove that 
tissue-cultured,. blood-forming tissues would keep 
lethally irradiated animals alive. 

The experiments reported here were undertaken 
with the following objectives: (a) retention of 
effective bone marrow cells in tissue culture; (b) 
identification of the cell type or types responsible for 
the recovery of lethally irradiated- animals; and 
(c) multiplication of such cells. The present com- 
munication is concerned with (a), and shows that 
bone marrow cells can be maintained in vitro for two 
weeks and still retain their ability to keep lethally 
irradiated mice alive. Miller has reported that 
injections of embryonic liver after four days in tissue 
culture prevents death from acute radiation’. 

The vaccine vial-suspension method of Osgood and 
Brownlee‘ with the modifications to be described was 
used. Bone marrow cells of twelve- to fourteen-week- 
old C,H x 101F, mice were obtained by flushing out 
the marrow from femurs with a needle and syringe 
containing the culture medium. Clumps were broken 
up in the suspension by the gentle agitation of 


several pipettings. Each femur yielded 10-12 million 
nucleated cells. An aliquot of the cell suspension was 
stained with a methylene blue ~ acetic acid mixture, 
and the stained nuclei were counted in a hamocyto- 
meter. 15 ml. of a cell suspension, containing 6,000—- 
8,000 nucleated cells per mil., was added to a 25-ml. 
vaccine vial. Two vaccine-vial cultures were usually 
used for each experiment. After addition of the cell 
suspensions, the vials were capped with rubber 
vaccine-vial stoppers and incubated at either 37° or 
25° C. The cultures were allowed to remain undis- 
turbed except for changing the medium. Changes of 
medium were made by removal of 6-10 ml. of the 
cell-free fluid above the settled cells and the addition 
of an equal amount of fresh medium. At termination 
of the culture, a portion of the cell-free fluid was 
removed and the remaining fluid used to suspend 
the cells. In the cultures incubated at 37° C., some 
cells were attached to the glass surface after removal 
of the cell suspension. These were resuspended by 
treatment with 0-25 per cent trypsin in Hanks’s salt 
solution as described by Puck’. The resuspended , 
cells were combined with the initial cell suspension, 
and a nucleated cell count was made from en aliquot 
of the final suspension. The compositions of the 
several media used for tissue culture are given in 
Table 1. 
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Table 1. COMPOSITION OF THE CULTURE MEDIA ~ 


Chick embryo 
-~ extract 
(per cent) 


Serum content 
(per cent) 


rel (horse) 


6 (mouse) 


Medium* Gey’s salts 





* All media contained 50 units each of streptomycin and mycostatin 
plus 80, units of peniolllin/ml, 

As given by Gey and Gey (Amer. J. Cancer, 27, 45; 1986) except 
that 0-26 gm./l. of sodium bicarbonate was used 


Male and female C,H x 101F, mice twelve to 
fourteen weeks old were used for testing the ability 
of the tissue-cultured bone marrow cells to bring 
about recovery after lethal exposure. The mice were 
given 900 r. of X-rays in a partitioned rotary plastic 
drum; radiation factors were 250 kVp., 30 m.amp., 
3 mm. of aluminium added filtration, 80 em. distance 
from X-ray target, dose-rate in air approximately 
95 r./min. Within one to two hours after irradiation, 
the experimental mice were injected intravenously 
with 0-25-1-0 ml. of a cell suspension. 

The results presented in Table 2 show that, under 
favourable conditions, the effectiveness of cultured 


- bone marrow cells in causing recovery of lethally 


irradiated mice was preserved for fourteen days. At 
an incubation temperature of 37° C., the most 
favourable conditions included a medium having a 
high serum content (medium Æ) plus a feeding 
schedule of 24 hr. The use of a medium consisting of 
a lower serum content to which chick embryo extract 
was added (medium C) resulted in the earlier loss of 
effective cells (Table 2). Isologous serum (medium J) 
proved to be less satisfactory than the heterologous 
horse serum. 

The maintenance period of effective cultures was 
increased by incubation at 25°C. At this temperature, 








Table 2. RECOVERY OF LETHALLY IRRADIATED MIOE BY TISSUE- 
OULTURED BONE MARROW CELLS 
No. 
nucleated Thirty-| Per- 
Materlal injected cells in- day | centage 
jected/animal survival survival 
(millions) 
(A) Cultures incubated at 
37° C. in: 
Medium C 
4-day culture 08-32 17/18 92 
6-day ,, 1-6-3 5 6/25 24 
, 7-day ,, 3°7-7°5 4/15 27 
9-day 3 1-4 0/9 0 
Medium £ B 
At 7-day culture 1-4-2 8 12/13 92 
9-day ,, 0:75-1 3 UL 50 
10-day ,„ 0:7 4} 100 
ines. 7 01505 | ga fios 
-uay ps : 
Medium J 
7-day culture 20-0 (?)* 0/7 0 
(B) Saluces es incubated at 
Medion 6 5 
{cay culture 4:3-8-7 19/20 95 
edinm E 
11-day culture 0-9-1 8 11/11 100 
` 2-day ,, 1-8-2 -7 6/10 60 
13-day ,„ 1-25 6/8 75 
14-day ,, 0-08 712 58 
(0) Controls 
No trestment — 6/334 2 
Medium 0 only — 0/8 0 
Medium E only — ojii 6 
~Cell-free gupernatang from 
2-day culture: Medium C — 0/4 0 








* Observations on stained smears showed much éel] debris; only 
normoblasts were recognizable. 
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the cells of a seven-day culture in medium O brought 
about a 95 per cent survival when injected into 
lethally irradiased mice as compared to 27 per cent 
when the cells were obtained from a seven-day 
culture in the same medium but incubated at 37° C. 
(Table 2). 

In all experiments, the total number of nucleated 
cells decreased with increasing age of the culture. 

Injection of either fresh medium or the cell-free 
supernatant fram a two-day culture did not incresse 
the number of survivors among the lethally irradiated 
mice (Table 2). These results are based on a thirty- 
day survival period. Very few additional deaths have 
occurred in the surviving mice observed for as long 
as five months after treatment. 

The number of nucleated bone marrow cells 
required to bring about recovery in exposed mammals 
has occupied tae attention of a number of investi- 
gators?*, In taese experiments, a question may be 
raised as to the number of viable cells actually 
injected. Stained smears showed many degenerate 
forms as well as nuclear debris. In the counting 
procedure used, it was sometimes difficult to dis- 
tinguish between intact and degenerate nuclei. 
Where doubt existed, the forms were inclided in the 
total nucleated cell counts recorded in Table 2; thus 
these counts are probably an over-estimate of the 
true number of intact viable cells present. For 
further information on this matter, Schrek’s tech- 
nique’, which is based on eosin staining of dead cells, 
was used in several experiments, In fresh marrow 
preparations, less than 2 per cent of all cells present 
stained pink. In the eleven-day culture promoting 
100 per cent recovery in irradiated mice (Table 2), 
30 per cent of the cells showed uptake of the dye, 
indicating the loss of selective permeability, and were 
presumed to be dead cells. 

Experiments in progress may give further informa- 
tion on the tissae-cultured cell type or types respons- 
ible for recovery of treated lethally irradiated mice. 

Mice exposed to lethal doses of X-rays showed 
100 per cent survival if treated with bone marrow 
cells maintained in vitro for eleven days. Twelvé- 
and fourteen-day cultures were partially effective. 
The conditions most suitable for maintenance of such 
cultures includsd a culture medium of high serum 
(heterologous) content, replenishment of the medium 
every 24 hr., and incubation of cultures at 25° C. 

This work was carried out under U.S. Atomic 
Energy Commssion Contract No. W-7405-eng-26, 
and was presensed in part at the Radiation Research 
Society meeting, Chicago, Illinois, May 17-19, 1956. 
I wish to thank Dr. ©. C. Congdon for his helpful 
comments, anc Mr. W. F. O’Toole for technical 
assistance during a portion of this investigation. 

Note added in proof. Since this manuscript was 
submitted for publication, the maintenance time of 
effective bone marrow cell suspensions has been 
extended to 21 days by incubation of bone marrow 
cells m medium 199 plus horse serum at 25°C. 
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No notice is taken of anonymous communications. 


3 
Spontaneous Ignition of Gaseous Hydrogen 
Pa Azide 


HYDROGEN azide is an extremely unstable and ` 
endothermic compound, and even in the: absence of 
oxygen it may detonate violently. Nitrogen, hydro- 
gen and ammonia are its decomposition products, 
and stoichiometrically decomposition must lie be-_ 
tween the extremes of equations (1) and (2). Experi- 
mentally, it is found that the slow thermal decom- 
position of gaseous hydrogen azide is heterogeneous? 
and follows equation (2), yielding mainly ammonia, 
while the rapid, explosive decomposition initiated by 
sparking? follows equation (1), yielding no ammonia: 


Enthalpy increase Pressure increase 


Ad (keal. mole!) AP (per cent) 
py £ D UAH + 3/2; —71 100 
TN (2) 1/3NH, + 4/3N; -75 66 7 


The spontaneous ignition of ethyl azide has been 
examined and interpreted? in terms of thermal ex- 
plosion theory applied to.the slow reaction’. Accord- 
ingly, we have now examined in outline the spon- 
taneous ignition of hydrogen azide. The apparatus 
used has been described elsewhere®. 

Explosive ignition. Critical limits of pressure and 
temperature exist above which admission of hydrogen 

-azide to the reaction vessel ig succeeded by violent 
explosion. Induction periods are brief—about one- 
fifth of a second—and the white flash of spontaneous 
ignition often travels back into the remainder of the 
apparatus, igniting the cold vapour there. The final 
increase of pressure is 100 per cent. This is in accord 
with equation (1) and in agreement with the results 
of work? on the spark ignition of hydrogen azide. 
Fig. 1 shows the relation between temperature and 
pressure required for ignition. 






Explosion 


Pressure (cm. mercury) 
bo 









Luminescence 





600 


600 550 650 


Temperature Cee) 


Fig. 1. Spontaneous ignition of gaseous hydrogen azide. Critical 

pressure limits for explosive ignition and for mminescent decom- 

position as functions of temperature. Cylindrical quartz vessel; 
ratio surface/volume, 0-6 cm.—* 
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The thermal theory of spontaneous ignition, which 
relates the temperature-dependence of the critical 
pressure limit of sporitaneous ignition to the activa- 
tion energy H of isothermal decomposition, has been 
applied with success to ethyl azide. There a value of 
E of 39 kcal. mole-! is obtained both from kinetict 
and from ignition? data. The same`theory applied 
to the results obtained here with hydrogen azide 
leads to the value Æ of 21 kcal. mole~ if the overall 
decomposition is assumed to follow a first-order law. 
However, though no complete kinetic investigation 
of the slow, homogeneous decomposition has been 
reported, a preliminary study sets £ between 60 and ' 
70 kcal. molet, and thé discrepancy between the 
two values for Æ suggests that branched radical 
chams may play a part mthe spontaneous ignition. 

The, decompositions of all the covalent azides that 
have been examined are consistent with an initial 
step of the type: 

' AN, > xn’ 


\ FM 


Striking confirmatory 
evidence is the production of azobenzene from phenyl 
azide and of F,N, from FN;. The corresponding 
initial step (3) for hydrogen azide yielding the 
di-radical, imine, is thermochemically* easy : 

HN, ~ HN + N: AG, kcal. molet, ~ 5 (3) 
whereas an alternative scheme based on fission of-the 
hydrogen-azide bond (4) requires* almost a hundred 
kcal. : ; 

‘HN, > H + Ns AG, kcal, mole, ~ 96 (4) 
and therefore could not determine the rate unless # 
were at least 95 kcal. mole-!. Of course, the possibility 
of a chain reaction initiated by reaction (4) is not 
excluded. Such a reaction could have an overall 
activation energy much lower than that of the 
initiating step. However, strong independent evidence 
exists for the participation of imine radicals in the 
decomposition of hydrogen azide. Thus, the emission 
spectra of free NH or ND have been observed’ in 
the explosions of hydrogen azide or deuterium azide. 
Also, NH. has been detected! in the solid obtained 
by suddenly chilling the pyrolysis products of HN,. 

There’are thus reasonable grounds for accepting , 
equation (3) as the initial step. Subsequent reactions’ 
are thought to involve the formation of hydrogen 
from imine by reactions such as (5) and (6): 


AH keal. mole~t 


NH + NH > Na +H, 154 (5) 
NH + HN, > 2NH +N, > 2Na +H, —149 (6) 
NH + HN, > NH, + Ny 8 (7) 


These, steps (5) and (6) are preferred for two reasons 
to steps such as (7), in which amine (NH,) radicals 
are formed by hydrogen abstraction. First, (5) and 
(6) are thermochemically® much more favourable 
than (7). Secondly, if amine radicals are important 
intermediates, they would be expected to yield 
ammonia. Now ammonia is known’ to survive the 
decomposition flame of hydrogen, azide unchanged, 
and thus its absence from the final products suggests 
strongly that both it and NH, are also absent from 
intermediate stages. 
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Luminescent decomposition. The slow reaction 
unaccompanied by light emission and the violent 
explosive ignition are not-the only possible modes of 
decomposition of hydrogen azide. Under conditions 
too mild for explosion, a third mode of decom- 
position has been observed. This mode of inflamma- 
tion is characterized by a whitish luminescence 
spreading from the entry to the vessel. It is preceded. 
by an induction period of about one second. No 
noise accompanies the luminescence, and relatively 
little reaction occurs during it: the pressure increases 
only by some 2-5 per cent. The critical conditions 
for its occurrence have been measured and are shown 
in Fig. 1. In view of the chemical simplicity of hydro- 
gen azide and its decomposition, especially when 
compared with other systems and processes giving 


rise to luminescence, ` for example, hydrocarbon 


oxidation, this is a remarkable result. 
. PETER GRAY 
School of Chemistry, 
University of Leeds. 
T. C. WADDINGTON 
National Research Council, - 
Ottawa. : 
Dec. 14. 
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Structure of Silver lodide Dibenzoate 


Smonri! found that the reaction of silver 
carboxylates with one equivalent of iodme gave 
compounds of the general formula (R:CO,),Agr: for 
example, 2Ph-CO,Ag + I,--> (Ph:CO,),AgI°+ AgI. 
These compounds were further -investigated by 
Wieland and Fischer?, while Crawford and Simonds? 
have more recently confirmed a similar formulation 
for. the compounds formed from silver perfluoro- 
carboxylates. Bryce-Smith and Clarke* have found 
that homolytic phenylation and electrophilic halo- 


genation and benzoyloxylation can occur when silver 


iodide dibenzoate and silver bromide dibenzoate react 
with certain aromatic compounds. 

Prévost® proposed an ion-pair structure, for 
example : = 


I*[Ag(Ph -CO2),]- (1) 


which can explain the electrophilic halogenation 
reactions. It cannot account for the electrophilic 
benzoyloxylation reactions unless the complexes are 
able to react in the alternative form, for example : 


Ph-CO,+[Ag(0,0-Ph)I]- (2) 


at the demand of a suitable reagent. A structure 
containing a formal carbonium ion is very improbable, 
except as an unattained limit during reaction. A 
serious objection to structure (1) is that it contains 
unco-ordinated cationic iodine. It is unlikely that a 
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cation with six valency electrons would remain 


-unco-ordinated in the presence of potential oxygen 


donors. 

Analternative formulation (3) can explain the ability 
of the compourd to function as a source of- positive 
halogen or benzoyloxyl. However, it seems improb- 
able that 3(or &)-co-ordinated trivalent silver, ather- 
wise unknown would be produced under mild 
oxidizing condizons in the presence of weak donors. 


. (3) 


It is suggested that structure (4) for'silver iodide 
dibenzoate meets the above objections and accords 
with the available evidence. The dotted lines represent 





ôt ô- 
sy O-> I. K 
—C 5 - R (4) 
Soule: (0) 4 


more or less wesk co-ordinations, the 5-positive 1odine 
relaying co-ordmation from oxygen to silver. Struc- 
ture (4) contairs the elements of structures (3) and 
(5). The assumption of a weak silver-iodine bond, 


(5), 


resulting from cverlap of the equatorial I+ electrons 
with vacant Agt orbitals, enables the electrophilic 
halogenation aad benzoyloxylation reactions to be 
interpreted in serms of a transition state structure 
resembling (3) more than (5). On the other hand, 
structures (4) amd (5) account for the simple quantita- 
tive formation of the complex from silver benzoate, 
which, by analogy with other silver carboxylates’, 
probably has tae dimeric structure (6). 


(6) 


We have oktained silver iodide dibenzoate free 
from silver iodide by taking advantage of the ready 
solubility of she former in dimethylformamide. 
When obtained from a solution in dimethylformamide 
by evaporatior of the solvent at 0:1 mm., silver 
iodide dibenzoate is an amorphous pale cream- 
coloured solid which decomposes below its melting 
point. No satisfactory X-ray powder photographs 
could be obtained, and attempts to prepare crystalline 
material were <=ruitless. The colourless solution in 
dimethylformamide slowly decomposes when kept 
under nitrogen at 0°. It reacts instantaneously with 
a solution of sodium iodide in dimethylformamide to 
give a precipitate of silver iodide. There is no 
apparent reaction with silver nitrate in this solvent. 


i 
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These facts suggest the presence ‘of Ag+ and the 
absence of I-, and are also consistent with structure 


(4). 
L R. BEATIE 
Chemistry Department, 
King’s College, 
London, W.C.2. 


: `- D. Bryon-Surre 
Chemistry Department, 

The University, 

Reading, Berks. 
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Dec. 31. 


1 Simonini, Monatsh., 14, 81 (1898). 
* Wieland and Fischer, Ann., 446, 49 (1926). 
* Crawford and Simonds, J. Amer. Chem. Soc., 7%, 2805 (1955). 


*Bryce-Smith and Clarke, J. Okem. Soc., 2264 (1956). Cf. Bryce- 
Smith, Nature, 172, 863 (1953). 5 ' i 


* Prévost, O.R. Acad. Sci., Paris, 200, 942 (1935). 


* Blakeslee and Hoard, J. Amer. Chem. Soc., 8, 3029 (1956). Griffith, 
J. Chem Phys., 11, 499 (1943). 


ig 


Effects of some Copper Complexes upon 
the Formation in vitro of Melanin 


Cuprio ions are known to accelerate the autoxida- 
tion of dihydroxyphenylalanine. It has also been 
reported that the action of these ions in catalysing 
the oxidation of the amino-acid is much enhanced by 
the addition of certain substances which co-ordinate 
with cupric ions?. , 


, 


e 
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Fig. 1. Manometric determination of the accelerating effect of 


copper complexes upon the autoxidation of $,4-dihydroxy- 

De per auctor] (pH 7 8, 37:5° 0.) : 
Ourve A : 0:5 ml. of 2x 1073 M cupric sulphate, 0-5 ml. of M/15 
phosphate buffer and 1-4 ml. of deionized water in the main 
chamber of the flask. Curve B: 1:0 ml. of deionized water in 4 
replaced by 1-0 ml. of 2 x 107° M pyridine. Curve Q: 1-0 ml. of 
defonized water in 4 teplacod by 10 ml. of 2x 10° M 
pyrrole. Curve D: 0'5 ml. of delonized water ın A replaced 
by 0-5 ml. of 2 x 10° M dipyridyl. Curve E. 0-5 ml. of 
deionized water in A replaced by 0 5 ml, of 2 x 10-? M cuproin. 
Curve F: 0:5 ml. of deionized waterin A replaced by 0-5 ml. of 
2 x 10-° M o-phenanthroline. Curve G: 0-5 ml. of deionized 

water in A replaced by 0-5 ml. of 2 x 107? M neocuproin. 
Other components in the main chambers were all common to A. 
Each of the side-arms of the flasks contained 0-5 ml. of 0 01 M 
8,4-dihydroxyphenylalanine and each of their wells, 0-2 ml. of 
15 per cent potassium hydroxide. 
Pyrrole, dipyridyl, o-phenanthroline and neocuproin were dissolved 
in a small amount of ethyl alcohol and diluted with water. 
Cuproin was used as alcohol solution. These complexing agents 
themselves did not promote the autoxidation of dihydroxy- 
phenylalanine in significant amount. The gas space of the 
manometric flask was filled with air. The contents of the side- 
arms were transferred into the main chambers when the flasks 
reached thermal equilibrium 
+ 
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0 1 2 3 
Mixing ratio of chelating agents to copper 


Fig. 2, Manometrio determination of the catalytic activity 
of copper chelates as affected by the mixing ratio of chelating 
agents to cupric sulphate, in the autoxidation of 3,4-dithydroxy- 
phenylalanine (pH 7'8 at 87°6° C.). 
Each of the experimental flasks contained 0:2 ml. of 2 x 10-° M 
cupric sulphate, a varying amount (0:1, 0-2, ... 0-8 mL) of 
2 x 107? M chelating agent (dipyridy!, o-phenanthroline or 
neocuproin), 0:5 ml. of M/15 phosphate buffer and a varying 
‘amount (1 ‘6-11 ml. according to the amount of the chelating 
agent) of deionized water. The control had 0 2 ml. of 2 x 107° M 
cupric sulphate, 0-5 ml. of M/15 phosphate buffer and 1-7 ml. 
of deionized water. Each of the side-arms of the flasks contained 
0-5 ml, of 10-* M dthydroxyphenylalanine, and each of the wells, . 
0-2 ml. of 15 per cent potassium hydroxide. Other conditions 
were similar to those in the experiments shown in Fig, 1. The 
oxygen uptake in wl. per hr. in experimental and contro! flasks 
is plotted against .the concentration ratio of the chelating agent 
to cupric sulphate. “ --~O-~-, Copper (I1)-dipyridyl; 
-=~~ @ ---—, copper (II)-o-phenanthroline ; ---@-—-=~, copper 
(T1)-neocuproin 


In order to get further information on the mech- 
anism of the dihydroxyphenylalanine oxidase, we 
have carried out some experiments on the effects of 


| Several copper complexes upon the oxidation of 


dihydroxyphenylalanine. In these experiments we 
used, as enzyme models, some copper complexes 
which were formed by. complexing agents such as 
pyridine, pyrrole, 2,2’-dipyridyl, cuproin(2,2’-di- 
quinolyl), o-phenanthroline and neocuproin(2,9-di- 
methy]-1,10-phenanthroline). All these agents possess 
nitrogen atoms which may co-ordinate with metallic 
ions. 

As shown by the curves of oxygen uptake in Fig. 1, 
all the above compounds co-operated with cupric ions 
to accelerate, more or less, the oxidation of dihydroxy- 
phenylalanine. Cupric ions with pyridine and with 
pyrrole are generally known to act as oxidation 
catalysts, and they behaved also as such toward this 
amino-acid, though weak in activity (see curves B 
and C, Fig. 1). In each case, the metal and the 
organic agent were mixed m the concentration ratio 
of 1:2. 

The upper three curves (D, F and Q) represent 
other cases in which the mixing ratio was 1:1. The 
catalytic activity seems to increase with the struc- 
tural complexity of the organic agent, in the order 
pyridine < dipyridyl < o-phenanthroline < neo- 
cuproin. This result. reminds us of an interesting 
paper by Dr. M. Calvin?, who enlarged the concept 
of evolution to include that of biocatalysts. Fle cited 
the works of Langenbeck and other authors which 
show parallelism between structural complexity of 
certain catalysts and the strength of their catalytic 
activity. However, copper (II)-diquinolyl had only 
a weak accelerating action, as curve E in Fig. 1 
demonstrates. 

The catalytic strength of the complexes varies with 
the mixing ratio of copper to chelating agents, as is 
shown in Fig. 2. Roughly speaking, the catalytic 
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activity of each copper chelate reaches ‘the highest 
level when the mixing ratio of the metal to the 
organic compound is 1:2. In copper (II)-neo- 
‘cuproin, however, this optimal ratio is about 1: 1:5; 
this is probably due to the steric hindrance of the 
methyl.groups in the 2- and 9-positions. The above 
results, which were obtained by manometric methods, 
were also confirmed by the direct determination of 
dihydroxyphenylalanine itself by Arnow’s method’. 

From these results it may be considered that all 
the bonds of copper in- copper (I1)-dipyridyl and 
-phenanthroline are fully co-ordinated with nitrogen 
-atomas of the chelating agents when the catalytic 
activity of these complexes is at the maximum. 
During the course of reaction, however, the di- 
hydroxyphenylalanine will also chelate, if tempor- 
arily, with the copper. 

Among the copper complexes investigated, copper 
(II)-neocuproin showed the highest activity, as shown 
in Figs. 1 and 2. Comparing the structure of this 
complex with that of copper (II)-phenanthroline, it 
seems that the high catalytic activity has been 
acquired under the mfluence of the electron-releasing 
methyl groups in the 2- and 9-positions. On the other 
hand, copper (I1)-neocuproim strongly inhibited the 
oxidation of the substrate if the chelating agents 
were present in excess, that is, if the mixing ratio 
exceeded 1:2. The competition between chelating 
agents and substrates for the metal would be 
responsible for this. 

The copper seems to act as an electron carrier in 
this reaction, for copper (II)-chelates could be ex- 
tracted with chloroform when copper (II)-neocuproin 
or -cuproin reacted with dihydroxyphenylelanine in 
an excess of chelating agents. One of the extracts 
was purple in colour and was found to be copper (I)- 
cuprom‘, having the maximal absorption band at 
545 mu; the other was orange-yellow and was 
identified as copper (I)-neocuproin', with the maximal 
absorption band at 457 my. It is likely that a 
reversible change of valency takes place in the copper 
atom under oxidation. ` 
: SABURO ISAKA 
Biological Instatute, - 

Chiba University, 
Konakadai, Chiba, 
Japan. 

Dec. 28. 
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A New Micromethod for the Estimation of 
Cellulose 


TEE only recorded micromethod for the estimation 
of bacterial cellulose is that of Schramm and Hestrin?, 
which requires the acetolysis of a previously purified 
sample and careful neutralization of the hydrolysate 
with sodium hydroxide prior to colorimetric estima- 
tion of the reducing power of this neutralized solution. 
This method is rather long—a disadvantage when 
several samples are to be assayed—-and the neutral- 
ization step is critical. A micromethod has now been 
devised which halves the time taken for analysis, by 
eliminating acetolysis, hydrolysis and neutralization. 
This new method is an adaptation of that reported 
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by Mendel, Kemp and Myers? for estimating blood 
glucose. These workers found that their method 
was also applicable to such polysaccharides as starch 
and glycogen. Although cellulose is much more 
difficult to hydrolyse than either of these poly- 
saccharides, adaptation of their method has proved 
successful in essimating cellulose directly without 

initial hydrolytic treatment. ; 

Sámples of bacterial cellulose are prepared by 
treatment with 4 per cent (w/v) sodium hydroxide 
to remove cells, washed and centrifuged as described 
by Schramm and Hestrin’. Talc is added to weight 
the cellulose fibres in the centrifuge tubes as recom- 
mended by these workers. Each dried sample is 
suspended in a definite volume of water in a large 
test-tube to bring the concentration of cellulose 
‘within the correct range of 0-150 pgm. per ml. 
Three times this volume of 96 per cent (w/v) sulphuric 
acid is added dropwise to the tube while it is shaken. 
(The commercial origin of the sulphuric acid used 
should be one of those recommended by Mendel and 
his co-workers?.) The tube is then heated for exactly 
6-5 min. in a boiling water-bath, and cooled under 
running water. The pink solution is centrifuged to 
remove any suspended tale, and its optical density 
is measured at £20 my. in a ‘Coleman Junior’ spectro- 
photometer. The standard curve uses glucose as a 
reference substance. This is a straight lme between 
values of 0 and 150 pgm. of glucose per ml. 

In a typical sxperiment to test the method, the 
cellulose formeé by a static culture of A. sylinum 
was purified, air-dried, weighed and homogenized to 
give a uniform suspension of a concentration falling 
within the limits of the method. The cellulose content 
of a series of duplicate samples of the suspension 
was then estimeted as described above. The results 
are given in Table 1. 


Table 1. RECOVERIES OF SAMPLES OF BACTERIAL CBLLULOSE (IN GM.) 


Recovery 
(per cent) 


Weighed 
(air-dried) 








The method also works well for filter paper, and 
possibly also for other suitably purified forms of 
cellulose. 

G. Q. Dearmea* 

Drvision of Applied Biology, . 
National Research Laboratories, g 

Ottawa. 
Nov. 2.. 
me National Research Council Postdoctorate Fellow 1955-56; 1956- 


Schramm, M, and. Hestrin, S., Biochem. J, -» 56, 163 (1964). 
t Mendel, B., Kemp, å., and Myers, D'K., Biochem. J., 56, 680 (1954). 


Action of Solvents on Dried Linseed Oil 

` Films 

Tax action o7 a range of organic solvents on aged 
linseed oil filme, both pigmented and unpigmented, 
has been investigated’. A specially designed appar- 
abus based on tie parallel plate viscometer was used? 
to make precise measurements of changes in thickness 
of films coated on a rigid substrate, while free films 
(these proved bo be isotropic in behaviour) were 
observed under a measuring microscope. The results 
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thus obtained, ‘together with related gravimetric 
measurements, made it possible to determine rates 
of swelling and deswelling, and to examine the char- 
acteristics of the leaching process in which con- 
stituents of low molecular weight are removed when 
the felt-like structure is swollen. 

From such observations support is given to the 
random, amorphous structure concept for linseed oil 
films**, It is probable that, due to solvent penetra- 
tion, the molecular network of triglycerides is given 
greater freedom and the units of lower molecular 
weight actually diffuse out into the solvent phase. 

The result of leaching and deswelling was a film 
of greater density with altered swelling character- 
istics. Thus it was possible to prepare, from films 
40u thick, aged 44 weeks at 32°C., films ranging 
in density from 1-150 + 0-002 to 1-170 + 0-002 
gm./em.° by exposure to solvents of mereasing swell- 
ing power. When these films were immersed in 
methyl alcohol, the corresponding degrees of swelling 
(volumetric) at equilibrium ranged from 1-73 + 0-03 
to 0:56 + 0-03 cm.3/em.%. It was interesting to note 
that with many types of film, by extrapolating 
the curves relating the equilibrium swelling and the 
leached film density, the density of the least soluble 
triglyceride polymers was found to be close to 
1:20 gm.jem.?. 

The degree of swelling at equilibrium was found 
to depend on the solvent used. For a given type of 
film the results with a variety of solvents were best 
analysed according to the well-known concept of 
cohesive energy densities and solubility parameters. 
(These terms have been discussed by Hildebrand and 
Scott4.) Plotting the degree of swelling against the 
solubility parameter of the swelling solvent results 
in @ ‘resonance’ curve from the maximum of which 
the value of 9-3 units was obtained as the solubility 
parameter for films of dried linseed oil, Solvents 
which have parameters close to this were found to 
have great swelling action, for example, chloroform, 
benzene ; whereas those far removed from 9:3, for 
example, methyl alcohol, or n-heptane, had a small 
swelling action on linseed oil films. 

The method of measurement also enabled rates 
of swelling or diffusion to be investigated, and rb 
was found that Fick’s law of diffusion for a semi- 
infinite solid in the form: (ujko) = KsVt/Ho, 
applied up to 0-6-0-8 of the swelling maximum. Here 
lu, hay refer to the changes in film thickness for sup- 
ported films at the times z and infinity, and H, refers 
to the unswollen film thickness. A similar equation 
to this was found to apply to the deswelling data for 
linseed oll films, and from the constants K; and Kg 
(8, swelling case; d, deswelling case), obtained 
graphically, it was possible to measure the mean 


diffusion coefficient D from: D =§ (Ks? + Ka), 


as proposed by Prager’ and Long®. The diffusion 
coefficients were found to be related to the kinematic 
viscosity of the solvent through empirical equations 
of the form: D = Bfexp(Ap/n) — 1}, where p/n is 
the reciprocal kinematic viscosity (c.g.s. units), while 
B and à are empirical constants. The effect of in- 
creasing the viscosity of the solvent was therefore 
to decrease rapidly the diffusion coefficient. Thus 
for pigmented stand oil films aged for eight weeks 
at 32°C. (81-0 per cent 2PbCO;3.Pb(OH), by weight 
in films before solvent treatment} the values of D 
were found to be 5 x 10-° and 2-3 x 10-7 cm.?/min. 
respectively for benzene and isobutyl alcohol at 
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22°C., where the corresponding values of p/n were 
140 and 22 c.g.s. units. 

The effect of temperature was also investigated, 
and it was found that by raising the temperature the 
rate of diffusion of solvent was markedly increased. 
From graphical plots of n D against 1/T (T, the abso- 
lute temperature), it was possible to evaluate the 
activation energies of sorption, which were found to 
be in the range of 5-9 kcal./mole. The magnitude of 
these energies suggests that the diffusion process in 
linseed oil films is a straightforward physical absorp- 
tion of solvent. The diffusion results for pigmented 
and unpigmented films were compared, and it was 
found that the effect of pigmentation was to slow 
down the progress of diffusion due to the impedance 
of the pigment particles. 

I am very grateful to Mr. 8. Rees Jones, lecturer- 
in-charge of the Technology Department of this 
Institute, for his interest and advice in this investiga- 
tion, a fuller account of which will be published 
elsewhere. 
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. N. StoLtow 
Department of Technology, 
Courtauld Institute of Art, 
University of London, 
20 Portman Square, 
London, W.1. 
Oct. 22. 

1 Stolow, N., “Some Investigations of the Action of Solvents on 

te 01l Films”, Ph D thesis, University of London, Feb. 28, 
2 Stolow, N., J. Set. Instr., 31, 416 (1954). 
3 Blom, A. V., Koll. Z., 75, 223 (1936). Hollis, ©. E., J. Oil and Colour 

Chem Assoc., 27, 67 (1944). 
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A Device for concentrating and eluting the 
Spots from Chromatograms 


CONSIDERABLE difficulties are encountered in the 
elution of spots or zones from paper chromatograms 
when the substance to be eluted has a low solu- 
bility, or when a large number of papers containing 
small amounts of substance have to be eluted 
simultaneously. 

In the course of work on the fractionation of 
4C-labelled cell extracts by electrophoresis’, it was 
necessary to extract completely, in as concentrated 
a solution as possible, the zones obtamed from a 
series of eighty electrophoretic runs in a single 
experiment. The simple and very efficient device 
used in these experiments is shown in Fig. 1. 

Ten similar spots to be extracted and concentrated 
simultaneously are superposed in two groups of five 
spots; one group is replaced on one side of the 
Whatman No. 20 paper (140 mm. x 30 mm.), and 
the other group on the opposite side of the same 
paper. This pile is then pressed between two ‘Perspex’ 
plates (2 mm. thick, 120 mm. x 40 mm.), the tip 
of the Whatman No. 20 paper protruding on one 
side. The plates are pressed together with rubber 
bands. The strip of Whatman 3MM paper, which 
serves as & wick for feeding the solvent, is then 
inserted; a strip of ‘Cellophane’ 120 mm. wide is 
tightly wrapped several times around the ‘Perspex’ 
plates, and is held in position by rubber bands. This 
prevents solvent evaporation from the sides, estab- 
lishing a vapour-saturated atmosphere between the 
‘Perspex’ plates. 


$ 
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Position A 
{as front view) 
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envelope 


Rubber band 
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Whatman 
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Eluent 








~ Tip 
Position B 
(as side view) 


Fig. 1 


Holding the apparatus with the point upwards 
(position A), the ascending solvent evaporates from 
the tip, and passing through the spots elutes and 
draws the substance into the tip of the Whatman 
No. 20 paper. After all the substance has been con- 
centrated in this way (usually left overnight), the 
apparatus is turned downwards (position B) and the 
substance is eluted from the tip by the descending 
eluant in the smallest possible amount of solvent 
dripping slowly from the paper. If necessary, the 
apparatus can stand in a box through which an inert 
gas can be perfused. 

Experiments with dyes and other coloured sub- 
stances have shown the high working efficiency of 
this device. ° 

W. S. REH 
Medical Research Council 
Experimental Radiopathology Research Unit, 
Hammersmith Hospital, London, W.12. 
‘Reith, W. S , Nature, 178, 1393 (1956). 


Cleavage in Chromium of High Purity 


Durie a study of the brittle fracture of chromium, 
we have made the following observations concerning 
cleavage in electro-polished test-pieces which were 
cut from ingots of argon arc-melted electro-deposited 
metal of high purity and fractured in bending 
at room temperature. ; . 

Cleavage occurs principally on {100} crystallo- 
graphic planes, but in many grains {112} cleavage 
is also present. These two types of cleavage are 
readily distinguishable by microscopical examination 
of the fracture surface; the {112} cleavage being in 
general restricted to small areas which appear as 
specular plane surfaces relatively free from crystallo- 
graphic markings and other irregularities of the type 
exhibited by the {100} cleavage facets. Less clearly 
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defined cleavage also occurs on other crystallographic 
planes. ` 

The {100} cleavage surfaces show certain features 
which appear to have been observed previously only 
in the fracture of glass and other non-metallic 
materials. For example, a smooth ‘mirror’ surface 


' (the smooth, relatively flat, area adjacent to the point 


of origin of a fracture surface in glass is always referred 


. to as the ‘mirra of the fracture) may be present 


at the origin of the cleavage facet; on the ‘mirror’ 
and other smoota portions of the {100} facets two sets 
of curved parallel lines, identical with the Wallner 
lines! which frequently occur on fracture surfaces 
m glass, have also been observed. These lines originate 
at non-metallic inclusions or other defects in the 
metal which ses up transverse elastic waves when 
the fracture front passes through them. The wave 
travels outwards with a constant velocity (which is 
a function of the physical properties of the metal) 
and continuously intercepts the advancing fracture 
front, thus mamentarıly deflecting the plane of 
cracking and producing two curved lines on the 
fracture surface which radiate from the originating 
inclusion or flaw. ` 

The geometry of these lines shows the relationship 
between the vebcity of fracture and the velocity of 
the transverse elastic wave. Smekal? and Shand? have 
given methods for determining the fracture velocity 
in glass from measurements made on the lines. In 
the case of chromium, the matter is complicated by 
the fact that the velocity of the transverse wave 
appears to vary with the crystallographic direction. 
It is clear, however, from the geometry of the lines 
that the speed of fracture increases across the ‘mirror’ 
surface to a valie approximately two-thirds that of. 
the transverse elastic wave in the direction of 
propagation of fracture. 

It has also been observed that thin filaments 

‘may be prodcced during cleavage; these are 
generally attached at one end to the cleavage 
facet, and, in ccntrast to the bulk properties of the 
chromium test-piece, they show a remarkably high 
ductility at room temperature. 

This communication is published by permission of 
the Chief Scientist, Department of Supply, Australia. 
A fuller account of the work will be published else- 
where. 

J. F. MONE 
H. R. Lims 
South Australia Branch, 

Defence Standards Laboratories, 

C/o Post Office, Woodville, 

South ‘Austraia. Dec. 24. 

1 Wallner, H., Z. Ph48., 144, 368 (1939). 

1! Smekal, A., Glasteck. Ber., 28 (3), 57 (1950). 

3 Shand, E. B., J. Amer. Cer. Soc., 37 (12), 559 (1954). 


Latent Energy in-Flames 


Ir has been shown! that, to bring about ignition 
in an explosive medium, two conditions must be 
satisfied, namely, a certain temperature must be 
reached and a certain quantity of heat supplied. The 
same criteria gcvern change of physical state, and 
this presents an interesting analogy-which I hope to 
develop elsewhere. ~ 
` It was furthe: indicated that ignition is an endo- 
thermic process and that the subsequent exothermic 
phase of the chemical reaction belongs to the process 
of flame propagation rather than to that of flame 
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generation. There is, therefore, a latent energy factor 
in ignition which corresponds to latent heat in change 
of state. This term is obviously related to the 
chemical quantity known as ‘activation energy’, and 
is reminiscent of the ‘latent energy’ concept of the 
late Prof. W. T. David’. : 
Because of this latent heat factor, energy is absorbed 
when a flame is created and, conversely, energy is 
released when a flame expires. It ıs well known 
that, when a flame reaches the walls of 1ts containing 
vessel and expires, a sudden flush of heat, sometimes 


referred to as the ‘afterglow’, passes through the - 


combustion products. The faster the flame travels, 
the quicker it is extinguished at the surface of the 
vessel and the more rapid the release of energy. 

A study of the impact of flame on the closed end 
of a pipe has been made with the aid of piezo-electric 
pressure gauges, and it has been confirmed that 
high-speed flames produce a mechanical effect sumilar 
to that of a projectile. It is suggested that the familiar 
phenomenon of ‘knock’ m an mternal combustion 
engine is due to this cause. : 

ELWYN JONES 
Research Department, 
I.C.I. (Nobel Division), 
Stevenston, Ayrshure. Dee, 14. 


1 Jones, E , Proc. Roy. Soc., A, 198, 523 (1949). 
2David, W T, and Jordan, J., Phu. Mag , 18, 228 (1934). 


A New Safflower Oil with a Low Iodine 
Value 


SAFFLOWER (Carthamus tinctorius) is an ancient 
crop of India and Egypt. The valuable properties of 
its oil in the manufacture of paint have recently 
attracted the attention of agronomists and oil 
chemists, and commercial production of safflower in, 
several countries has commenced. 

As shown in Table 1, safflower oil is typical of 
oils rich in linoleic acid. Its drying properties are 
similar to those of linseed oil but superior to the latter, 
due to its non-yellowing on ageing and its particular 
suitability for the manufacture of alkyd resins‘. 

Oil quality, as expressed in terms of iodine value 
and component fatty acids, varies with environ- 
mental factors such as geographical latitude and 
altitude’, day and night temperatures, and amount 
of rainfall during the periods of flowering and seed 
setting’, These factors may influence the quality 
of the oil to such an extent that technologically 
different types of oil are obtained from the same 
variety of an oil plant when it is grown under ex- 
tremely different conditions‘. Under the same grow- 
ing conditions, however, the composition of a vege- 
table oil is no doubt characteristic for each species 
or variety’, and marked deviation from this rule 
seems to be very rare indeed. However, such a 


Table 1 COMPOSITION OF NORMAL SaFFLOWER OIL FROM A NuMBER OF SOURCES IN COMPARISON 
WITH VARIANT TYPE 
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F, segregation of cross 4 





x 





F, segregation of cross B 


No. of plants 
w 


F, segregation of an F, plant (from cross A) with 1odine value of 
5 
2 
3 


90 110 
Todine value 


130 150 


Fig. 1. Iodine values of progeny from two crosses between parents 
with iodine values of 90 and 141 


deviation from the normal was found when assaying 
a sample of safflower seed grown in 1949 at the Waite 
Agricultural Research Institute. The original seed 
was obtained, in 1947, as variety I.P. from Pusa 
Research Institute, India. A‘ normal iodine value of 
146 was obtained from a bulk sample of a row, and 
most of the individual plants from this row showed 
a normal range of iodine number, 145-148. However, 
two individual plants had iodine numbers of 105 and 
100. The progenies from the latter plant, inbred for 
two generations, gave iodine numbers ranging from 
88 to 97. Similarly, four generations of inbreeding 
of one of these plants, with an iodine number of 96, 
produced seed with a range of iodine numbers of 
89-98. Thus safflower plants producing an entirely 
new type of oil with an iodine number of about 
90-100 have been found. 

The plants producmg this new type of oil were 
spineless, 50-60 cm. high, with six to seven capitula, 
orange florets and relatively small heads, and the 
chromosome number (2n = 24) was the same as that 
of plants of ‘normal’ iodine value. 

The component fatty acids of some samples of the 
new type of oil are shown in Table 1, together with 
the composition of the oil from samples of normal 
safflower. It can be seen that in contrast to normal 
safflower oil, the new oil is rich in oleic acid. In this 
‘latter respect it resembles olive oil. Of considerable 
interest also is the fact that the content of saturated 
acids of some of the oils of low iodine value was very 
low indeed, but varied considerably. 

Thus two technologically different oil types, an 
edible one and a drying one, were obtained within the 
same species. Apart from the commercial possibilities 
of the new oul, the broad differences in composition 

of the two types of oil make the 
material eminently suitable for 
studies on the inheritance of oil 
quality and possibly also on the 
biosynthesis of saturated and 

- unsaturated fatty acids. 
The results of two crosses 




























Todine 
Origin value | Saturated 
Normal | United Stafes 145 8 
ü Kenya q| 143 10 
ab South Australia 148 6 
Variant | South Australia | 91-101 4-8 





Note: The South Australian safflower oils were analysed spectrophotometrically. 
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ee between ‘normal’ and ‘variant’ 
safflower are illustrated in Fig. 
1. These- indicate that the 
iodine value may be controlled 
by a single gene, with incom- 
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plete dominance in the heterozygote. The numbers 
of ‘variant’ (iodine value, 90-112), ‘intermediate’: 
(121-137) and ‘normal’ (141-148) were 15, 41 and 
24 respectively in the F, generation, and 5, 23 
and 16 in the F, from an F, plant with an iodine 
value of 130. Two other F, plants, with iodine 
values of 125 and 128, showed a similar distribu- 
tion of iodine values in the F, segregation. Whether 
modifying genes are influencing the effect is not 
clear at'this stage; but in view of the accepted 
complexity of biosynthetic processes leading to 
the formation of non-saturated acids, it would 
seem surprising that the predominance of linoleic or 
oleic acid in safflower oil is determined by the 
homozygous condition of a single gene. 

: (The late) B. Hornowrrz 

Division of Plant Industry, ` 

Commonwealth Scientific and 
Industrial Research Organization, 

R © Q. WINTER* 
Defence Standards Laboratories, 
Melbourne. Dec. 6. 


* Present -address : N.S.W. University of Technology, Sydney. 
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Absorption Changes induced by the Photo- . 
chemical Reaction of Photosynthesis 


If a series of flashes of bright light is given to 
a suspension of green algae, the primary photo- 
product and subsequent intermediates will be largely 
removed in the course of each interposed dark period, 
if its duration is sufficiently long. At room tempera- 
ture a dark-time of about 50 msec. will be a minimum’. 

If one or several of the ` 
intermediates involved are 
pigments changing their ab- 
sorption spectrum in the 
course of the reactions, the 
cyche variations of the opt- 
ical density will- be , most 
pronounced if a suspension 
of algae is exposed to these 
flashing-light conditions. On 
the basis of this principle, 
we have looked for the 
occurrence of such fast ab- . 
sorption changes with the 
view of correlating them 
with our studies of photo- 
synthetic oxygen exchange 
under comparable condi- 
tions of steady-state flash- 
mg light. 

The apparatus used for 
illuminating the algae was 
the same as that used in our 


increase — 


Change of absorption 
i] 


+- decrease 


400 


NATURE ` 





583 


slit of a monochromator and thus was eross- 


illuminated by weak monochromatic light in addition 


to the strong irtermittent light from a mercury arc. 
The monochroraatic light, after passing the reaction 
vessel, was coLected on to the sensitive area -of a 
photocell. The rotating disk was provided with a 
small metal blede, which acted as a shutter, briefly 
shutting off the photocell each time the bright flash- 
irradiated the elgae., The photocurrent, after ampli- 
fication, was fed into two channels, each of which 
was opened elestronically only during an adjustable 
time interval, ai any desired point of the cycle. One 
channel was inrariably open during the last fraction 
of the dark-time (just before the flash); the other 
one, for the experiments reported below, was open 
immediately after the flash. The output of the two 
channels was fnally compared and recorded via a 
difference amplfier. oa’ 

In principle, the method described allows wide 
variation of the various constants involved, such as 
duration of flash- and dark-time, intensity of flash 
and arrangement in time of the observation points 
during the cycls. Fluorescence induced by the flash 
does not mterfsre. Chemiluminescence will be seen 
by the photocell and also ‘after-changes’, which occur 
eventually, of tre intensity of the fluorescence caused 
by the measuring light beam. But these phenomena, 
if at all perceptible or existent, will influence the 
readings rather independently of the wave-length of 
the measuring light. Therefore, only changes in 
light-absorptior (and only those persisting for less 
than a complese cycle) will cause deflexions of the 


- recorder, dependent upon wave-length. 


We may br-efly describe the difference spectra 
observed with green algae over a wave-length range 
extending from 400 to 730 my. The major effects, 
illustrated in Fig. 1, are observed consistently, but 
considerable quantitative variations are found be- 
tween different strains and also between different 
samples of the same straim. ' 

In the range of short wave-lengths, the observed 


‘absorption chamges are roughly comparable with 


those described by Duysens?, Lundegardh’, Witt‘ and 
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Fig. 1. Changes of absorption induced by strong light-flashes in suspensions of Scenedesmus 


earher work with flashing sp. Mi 
light. The reaction vessel, 
mstead of bemg connected 
with the microvolumeter, 
was placed behind the exit 


easurements were made at intervals of E my; the differences observed in four ex- 
periments were averaged and plotted as a function of wave-length. The hght transmission 
of the suspension imm 
immediately after it. The ‘observationtimes’ were 4 msec , the flashes lasted 0°5 msec., while 
the dark-time was 60 msec. 
the same value and the changes of this current AT are expressed as a fraction of this 


tely before each fash was compared with the transmussion 
For each wavelength the photo-current was adjusted to 
uniform siznal 7 
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Spruit® under conditions of either continuous ' or 
intermittent illumination. 


The minima at 423 and 555 my (the latter is some“ 


times more pronounced than in Fig. 1) could indicate 
that oxidation of cytochrome f* 1s closely related to the 
photochemical photosynthetic reaction. The increase 
of absorption around 565 my might indicate a sim- 
‘ultancous reduction of cytochrome b, described by 
Hill’. The absorption changes in the region’ 460-550 
mu are very pronounced ; the intensity and the shape 
of the bands may show significant variations. At 
Yeast two, but probably three, components contribute 
to the increase of absorption around 520 mp. 

Between 570 and 640 mp no changes at all are 
often observed ; but in several instances significant 
effects such as those indicated by the dashed curve 
were found. 

The changes in tho red spectral region are large 
and very detailed. Fig. 1 shows maxima of decreased 
absorption at 650, 670, 685 and 703 mu. At 660 mp a 
sharp positive peak looks as if it were superimposed 
on the broad negative shift in the same wave-length 
region (as indicated by the dotted line in Fig. 1). 

The maxima and minima indicated wefe observed 
in all experiments, although there was a great deal 
of variation in relative intensity. -A prolonged series 
of observations or exposure of the algae to bright 
light (conditions which cause photo-inhibition) may 
induce decreased changes, but that around 700 mp 
is affected to a lesser extent, being shifted a few 
millimicrons to the longer wave-lengths. Two strains 
of Chlorella showed relatively. smaller changes at 


700 mu ; either the shift at 650 my. (cf. ref. 8) or those - 


around 680 myu (cf. ref. 9) were most prominent. In 
Fig. 1 the change at 520 my is drawn as having about 
the same magnitude as that at 703 my; more 
generally, however, the first one is much (two to 
three times) higher. 

Preliminary experiments, in which the time of 
‘observation succeeding the flash was varied, indicated 
that the time courses of the major changes are 
roughly similar and-characterized by half-times of 
the order of 5 msec. at room temperature. The flash 
intensity required for yielding the maximum effects 
was quite high and comparable to the intensity 
required for obtaining flash saturation in oxygen 
exchange measurements under comparable conditions. 
These changes therefore are probably closely correlated, 
with the primary photochemical reaction (cf. ref. 1). 

The shift at 703 mp may indicate the existence of 
a hitherto unknown pigment, probably present in 
very small concentration. Disappearance of its 
absorption might be caused by energy transfer from 
chlorophyll a. The complexity of the difference 
spectrum largely prohibits further interpretation and 
requires @ more detailed analysis. A detailed paper 
ineluding difference spectra of various photosynthetic 
organisms will appear shortly”. 

BESSEL Kox 
T.N.O. Solar Research Group, 
Laboratory of Plant Physiological Research, 
Agricultural University, Wageningen. 
1 Kok, B., and Businger, H. J., Nature, 177, 185 (1056). 
1 Duysens, L. N. M., Science, 120, 353 (1954) ;~121, 210 (1955). 
1 Lundegardh, H., Phys. Plantarum, 7, 375 (1954). 
‘Witt, H. T., Z. Elektrochemie, 59, 981 (1955). 
5 Spruit, C. J. P., Rec. trav. chim. Pays-bas, 75, 1097 (1958) 
* HIN, R., and Scarisbrick, R., New Phytol., 50, 98 (1951). 
1 HUL R., Nature, 174, 501 (1964), 
8 Strehler, B. L., and Lynch, V. M., Science, 123, 462 (1956). 
poeman d J, NG Holt, A. 8., and Rabinowitch, E. I., Science, 128, 
1 Kok, B., pe Botanica Neerlandica (in the press). 


NATURE 


VoL. 179 


March 16, 1957 


Near-Eastern Equine Encephalomyelitis 


Durme intermittent investigations of encephalitis 
of horses and donkeys in Egypt and Syria, spread 
over the past six years, we have isolated from infected 
equines and other hosts twenty-three strains of virus 
which, in respect of pathogenicity for laboratory 
animals and other characters so far determined, are 
indistinguishable. The equine disease, which is 
apparently carried by arthropods, conforms broadly 
to earlier descriptions of equine encephalomyelitis in * 
the Middle East! ; and, recently; we have recognized 
three outbreaks of encephalitis in sheep and.one in 
cattle from each of which strains of virus, indis- 
tinguishable at this stage from the equine strains, 
have been isolated. 

In equines the important lesions are confined to 
the central nervous system. Marked congestion of 
the superficial ‘cerebral vessels and the sinus trans- 
versalis is common. Histologically, one finds con- 
gestion, lymphostasis, perivascular cuffing and diffuse 
infiltration by lymphocytes, mobilization of microglia, 
satellitism and neuronophagia by microglia and 
lymphocytes. Joest-Degen bodies have not been 
found. Lesions are most pronounced in the cerebral 
cortex, hippocampal area, pons and medulla. They 
occur less commonly in the grey matter of the cord, 
and scarcely at all in the cerebellum. This description 
applies equally to lesions of the central nervous 
system in all host species, whether naturally or 
artificially infected. 

Initial isolations of virus have been made in rabbits, 
day-old chicks and a guinea pig by subdural inocula- 
tion; in eggs after one or two blind passages in the 
yolk sac; and in kittens fed on infective brain. 
Recovered strains of virus cause encephalitis in 
rabbits, infected subdurally or intramuscularly, after 
incubation periods of a few days to several weeks. 
Serial passage of fresh material in young tabbits 
generally shortens the average incubation period.to 
less than 15 days. Symptoms, apart from loss of 
weight, are not apparent until a few hours before 
death, when paralysis in extension, clonic spasms, 
paralysis of the bladder, and occasional somersaulting 
may be observed. Inoculated day-old chicks usually . 
show somnolence and ataxy, and die between the 
fourth and sixth days. ` 

Kittens infected per os, after an incubation period 
of 11+22 days, show stomatitis, head tremors, ataxy, 
for a period of 24—72 hr. before death in convulsions. 
The capacity of strains isolated from equines and 
wild birds to infect kittens by the mouth suggests 
that the equine disease may be identical with 
the Kazakstan equine encephalitis of Russian 
workers‘. 

Two lambs infected subdurally with a rabbit- 
passaged horse strain died of encephalitis after 35 
and- 95 days, while two yearling sheep moculated 
subdurally with brain from naturally infected sheep 
developed symptoms after 56 and 15 days. In each 
ease virus could be transferred in rabbits serially. 
We have not yet succeeded in unequivocally repro- 
ducing the disease in horses, but in both sheep and 
horses there may be viremia for considerable periods 
after moculation. 

All strains are readily filtrable through Seitz HK 
or Chamberland L5 filters. After preliminary clari- 


fication four strains of varied origin have passed 


‘Gradocol’ membranes ranging from 94 mp to 34 mp 
a.p.d., and only in one instance was there an indication 
that the end-point was being approached. 
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The virus is not particularly labile and will survive 
in normal saline suspensions, containing penicillin and 
streptomycin, ‘for some weeks at + 2°C. It can be 
preserved for at least a year as frozen tissue at 
~~ 30° C., and freeze-dried material was still viable 

after 3$} years at — 30°C. 

-Three ‘outbreaks in horses began in early spring 
and subsided spontaneously in May or early June. 
Of possible vectors in the area it seemed that only 

the over-wintering adults of Hyalomma excavatum 
¿< were likely to be active as early as February; and 
that the feeding of hibernating adults, followed by 
that of adults newly moulted from hibernating 
ymphæ, would in all probability continue to the 
f May. Systematic monthly collections of ticks 
ned this hypothesis, and inoculation of ex- 
of unfed ticks resulted in isolations of virus in 
bbits and eggs.. Virus was also shown to pass trans- 
varially to the larvæ of H. excavatum.. 
Since larve and nympha of H. excavatum have 
been taken from nestling birds, wild birds, particu- 
-larly aquatic species, were collected in an infected 
: area: in Syria, and pooled suspensions of brain were 
inoculated into rabbits or fed to kittens. In this 
way virus was recovered from Ardea p. purpurea, 
Ardeola lloides, Ardeola ibis ibis, Egretia g. garzetta, 
“Oriolus oriolus, Glareola p. pratincola, Sturnus vulgaris 
d others. 
> was our intention to compare all these strains 
serologically, and for this purpose rabbits had 
i ‘recently been repeatedly inoculated with adjuvant 
vaccines. It was also intended during the present 
esson. to try to effect tick transmissions; but 
hios developments have necessitated the post- 
nt of our plans, perhaps. for some considerable 
The disease in sheep is not uncommon in 
yria, and since in the past. two years outbreaks 
ve been both frequent and extensive it is probably 
ically more important. than the disease in 
It is largely on this account that we have 
pared this preliminary communication. 
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_ Uptake of Radioactive Zinc in vitro by the 
Prostate 


An HIGH concentration of zinc has been demonstrated 
the prostate gland of many animals, especially in 
rso-lateral lobe of the ratt, in human prostate? 
spermatozoa, Because the radioactive isotope 
_ of zine (zinc-65) at present available has a half-life 
of 250 days, it is unsuitable for studies in man, with 
‘the possible: exception of cases with advanced malig- 
` nant disease’, 
-Slices of- dorso- lateral lobe of rat prostate, liver, 
muscle and other tissuog have been incubated in 
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Fig. 1. Zine-65 aken up by rat prostate and liver in vitro 


buffered Krebs-Ringer phosphate at. 37°C. in a 
Warburg apparatus... They show a steady oxygen 
uptake, and added zine-65 with carrier is taken up 
by the tissues in concentrations relative to those’ 
obtained after injection of the isotope into the intact — 
animal. Fig. 1. sows the result of such an experiment. 


Human prostate: obtained at surgical operations 


has been taken to the laboratory in ice and ‘slices . 
incubated in a similar manner. The tissue, which has | 
usually been removed. because. of benign hyper- 
trophy, shows a marked concentration of the isotope 
at 4 hr, and autoradiographs have been prepared 
from the slices. 

This technique offers an acceptable method of 
studying zinc metabolism in human prostatic disease, 


SeLwyn TAYLOR 
Departmen: of Surgery, 
Postgraduate Medical School, 
Hammersnuth Hospital, 
Ducane Road, 
London, W.12. 
Jan. 7 


1 Mawson, C, A., and Fischer; M. T., Nature, 167, 859 (1951). 
* Mawson, ©. A., and Fischer, M. L, Biochem. J., 55, 696 (1953). 


3 Daniel, O., Haddad. F., Prout, G., and Whitmore, W.F., Bril, J 
Urol., 28, 271 (958). ; 





Histological and Histochemical cianga in 
Gamma-irradiated Lima Beans, Phaseolus 
lunatus 


CLARK’S Bush variety of ‘lima bean was grown on 


~ the farm of Farmington Experiment Station, Farm- _ 
ington, Utah ; pods were- harvested when beans were 


in the prime canning stage and were placed and... 
sealed under vaeuum in No. 10 tin cans. Each can- 


was labelled, indicating the dose of gamma-rays to- S 


be given. The cens thus prepared for irradiation were 
transported under refrigeration. (40° F.} to the: 


National Reactor Testing Station, Arco, Idaho. _ 
The radiation used in the experiment was froma _ 
source of active spent fuel rods. Irradiation was by 


exposing the spent fuel rods from the reactor in a 
canal containing approximately 18 ft. of water. The 
rods were placed under columnar racks, and the cans 
containing lima beans were placed on the racks. The- 
rate of irradiation was 1 x 10° rep/hr. at 78° F. 
beans received the following doses of radiation : 
0 x 10° (control, 1 x 105,2 x 10%, 4 x 105, 8 x 105, 
10 x 10°, 20 x 10°, 40 x 10°, 60 x 10%, 70 x 105, 
80 x 10° and 190 x 10° rep. 

Following irradiation, the cans were returned to the 
Horticultural Research Laboratory, where some of 
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Fig. 1. 


00 x 10° rep, very few starch grains liberated, 


the pods from each can were preserved in 95 per cent 
ethanol for histological and microscopic studies. 
From the remaining pods, the beans were separated, 
and a slurry of beans was prepared with a Waring 
blendor in 95 per cent ethanol for chemical analyses. 

After irradiation, the normal green colour of the 
pods of lima beans was faded, and the reduction of 
colour was directly correlated with the amount of 
radiation received. Apparently the chlorophyll con- 
tent was degraded progressively as the intensity of 
the radiation increased. Similarly, the turgidity of 
the pods was decreased. At the higher doses (40 x 10° 
to 100 x 10° rep) of radiation, pods were split at 
the dorsal and ventral sutures and the beans were 
detached. The greenish-white colour of cotyledons 
had turned progressively brown from 8 x 10° to 
100 x 10° rep. This browning may be the result of 
the condensation of soluble nitrogenous and sugar 
fractions which are formed upon the hydrolyses of 
proteins and carbohydrates, or probably in the 
carmelization of sugars or perhaps be due to the 
catalytic effect of certain eomponents on the process 
of the carmelization in beans at high doses (more 
than 8 x 10° rep) of radiation. 

Microscopic examination of cells and cell structures 
of the beans showed that the cells had separated 
from each other when the dose (more than 2 x 10° 
rep) of radiation increased. This may be due to the 
partial or complete destruction of the constituents 
of the middle lamellw. The starch grains were 
liberated readily from the cells of unirradiated beans. 
However, the liberation of starch grains from the 
cells of radiated beans was inversely proportional to 
the amount of radiation (Fig. 1). The walls of the 
cells of radiated beans were rather elastic and not 
easy to break open. No noticeable effect of radiation 
on the size, shape, hilum and lamell of starch grains 
was seen. In addition, the protoplasm within the 
cells appeared unchanged even at the highest dose 
(100 x 10° rep) of radiation. Nevertheless, the inter- 
cellular continuity of cytoplasmic strands might have 
ceased, 

Chemical analyses (to be published in detail 
elsewhere) showed that the amount of reducing sugars 
and total sugars in beans was increased, approx- 
imately in the same proportion as the starch 
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Effect of irradiation of lima beans on the liberation of starch grains from the cells of cotyledons. a, Unirradiated (control), 
starch grains liberated readily from — of the cells ; 6, radiation dose 10 x 10° rep, some starch grains liberated ; c, radiation dose 


x 100 


(especially amylose) content was decreased, as the 
dose of radiation increased. This concurs with the 
findings of Roberts’. She reported that the threshold 
value of irradiation, by high-energy cathode rays, 
producing changes on potato starch was approx- 
imately 5 x 10° rep. At this radiation dose, traces 
of fructose, glucose, and dextrin were noticed. The 
conversion of starch to sugar may result from pro- 
gressively accelerated enzymatic action and/or chem- 
ical breakdown in the beans. A slight reduction in 
the .protein content of the radiated beans was 
observed, but it was not significant. 

My thanks are due to Dr. P. H. Krumperman for 
making the necessary arrangements for the irradiation 
of lima beans and to Dr. W. S. Boyle for taking the 
photomicrographs. 

This communication reports research sponsored by 
the Quartermaster Food and Container Institute for 
the Armed Forces, but the views and conclusions 
presented are those of the author alone. 


D. K. SALUNKHE 


Horticultural Research Laboratory, 
Utah State Agricultural College, 
Logan, Utah. 


! Roberts, B. A., Plant Physiol., 31, xi (1956). 


Influence of Illumination on the Synthesis 
of Leuco-Anthocyanins in Leaves 


RecENtLY, Phillips? suggested that the controlling 
factor in lignifieation in home-grown ash (Fraxinus 
excelsior) is the illumination received by the leaves. 
A coppice shoot of ash was hooded at various times 
during the growing season, and when sections of the 
stern were afterwards examined, it was found that 
poor lignification (in the botanical sense) coincided 
with the periods of shading. 

It has been shown that the occurrence of leuco- 
anthocyanins in leaves is closely associated with a 
woody habit in plants*, and that such leuco-antho- 
cyanins are possible precursors of heartwood ex- 
tractives in Hucalyptus spp. in which their con- 
centration in leaves varies throughout the season*. 
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Table 1. METHANOL-SOLUBLE LEUCO-ANTHOCYANINS AND TOTAL 
PHENOLS (MGM./GM. DRY WEIGHT) IN 4-44-IN. LEAVES OF THE VICTORIA 














PLUM TREE 
ar E AE ERE E E A E A A e 
| On sunny side On shady side | 
Date of p | Methanol- o] 
collection | Total soluble leuco- Total 
nins LP phenols. | anthocyanins | _Phenols 
pee lant capes rote tenes AE | Biola ies 
i 
29 113 21 94 
41 1283 31 . 109 
63 124 40 90 
42 | 110 21 108 
36 112 Rå 90 
33 100 31 74 | 


















We have now shown that their synthesis in the leaves 
of the Victoria plum (Prunus domestica var. Victoria) 
is markedly affected by illumination. Samples of 
leaves from the shady (north) and sunny (south) 
des of one tree of Victoria plum were collected at 
two- to three-weekly intervals throughout the season 
May-October 1956. The leaves were extracted 
. exhaustively with methanol within two hours of 
~ eollection and the content of leuco-anthocyanin and 
total Pon of the extract determined (unpublished 
results)... Leaves of the same ‘size, taken from high 
or low branches on the'same side of the tree, showed 
F little difference in leuco-anthocyanin or total phenol 
ontent on either a dry-weight or total-extractives 
basis. However, leaves from the shady side of the 

ere found to have a markedly lower eontent 
of leuco-anthocyanins, and to a lesser extent total 
phenols, than leaves of similar size from the sunny 
side (see Table 1). The inconsistent results for 
l coanthocyanin in the leaves on the shady side 
23-August 8) may be associated with the 
growth of fruit which took place at that 




























Illumination was shown to be responsible for the 
ference in analyses by shading experiments. Small 
aches on the sunny side of the tree were shaded 
black paper and the leaves from these branches 
ted with the next. sample collection: ‘The 
crease (20 per cent) in leuco-anthocyanin in the 
first batch of leaves (shaded June 20) was much less 
than the increase (55 per cent) in the unshaded leaves. 
Similar results were obtained in experiments on a 
second tree growing in a different locality. 
It. should be noted that the leuco-anthocyanin 
ntent of the leaves on the sunny side increases and 
hen decreases during the course of the season. This 
e to an increasing portion of the leuco-antho- 
being rendered insoluble in methanol, as the 
uction of anthocyanidin from the methanol- 
acted residue on digestion with acid increases 
roughout the season (unpublished results). 
The second batch of leaves was shaded on July 23, 
en the leuco-anthocyanins in the unshaded leaves 
_ had begun to become insoluble in methanol. In this 
- ease the decrease (10 per cent) in methanol-soluble 
_ leuco-anthocyanins in the shaded leaves was much 
less than the decrease (29 per cent) in the unshaded 
leaves. 
‘The dependence of leuco-anthocyanin synthesis in 
© plum leaf on illumination is paralleled by lignin 
formation in the stone (endocarp) of the fruit. Stone 
-cin the fruit from the shady side showed a slower 
hardening, as judged by ease of dissection, than that 
from the sunny side. 
It is felt that the results of these experiments point 
to a correspondence between lignification and forma- 
tion of leuco-anthocyanin which may lead to a better 
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understanding of the metabolism and biosynthesis of : 
aromatic compounds in woody species. 
The work described in this communication was 


carried out as part of the programme of the Food 


Investigation Organization of the Department of 

Scientific and Industrial Research, and the Division 

of Forest Products, Commonwealth Scientific and 

Industrial Research Organization. Sys 

We wish to thank Drs. E. C. Bate-Smith and. 

E. W. J. Phillps for helpful discussions. ce 
W. B. Aieiais* 
T. SWAIN 

Low Temperatare Research Station, 

Dowrang Street, 
Cambridge. 
Dec. 17. 


* Present address: Division of Forest: Products, Commonwealth: 


Scientific and Indussrial Research Organization, Melbourne, Australia. o 


* Phillips, E. W. J.. Nature, 174, 85 (1954). 


* Bate-Smith, B, C. „and Lerner, N. H., Biochem: J., 58, 126 (1954), 
Bate-Smith, B. O., Set. Pree. Roy. Dublin Soe., 27, 165 ¢ 1956). 
* Hillis, W, B., Ause J. Biol. Sei., 9, ‘263 (1956). 


Inhibition of Acetylcholinesterase by 
Reserpine in Suspension 


In the routine examination of compounds as 
possible inhibitors of enzymatic reactions, it appears 
to be fairly common practice to ignore that part of 
the added compound which remains in suspension in 
the reaction flask when the limits of solubility have 
been exceeded: © Any inhibition which may be 
observed. is thought to be. due to the portion in... 
solution. The necessity: to remove the insoluble .. 


material from the system has been made clear in: a 


the course of a study to determine if reserpine. 
act as an inhibitor of acetylcholinesterase. 


The enzyme was derived from bovine ecithiveytes. SES 


(purchased from Nutritional Biochemicals- Corp., 
Cleveland, Ohio) and- its activity was measured 
manometrically by the method of Ammont. 
amounts. of reserpine were tipped into the reaction. 
flasks so as ‘to yield concentrations. of 10-*, 10-4 and 
10-5 M if comolete solution had occurred. The 
results showed: inhibition of 75-80 per cent at 
10-8 M, 20-25 per cent at 10-4 AZ and 5-10 per cent 
at 10-° M. Close examination of the reaction flasks, 


however, showed the presence of visible suspensions: 


when. the two higher concentrations of reserpine 
were used. WEile no suspension was visible for the 
lowest concentration of reserpine, it was afterwards 
found that appreciable: quantities of reserpine had 
been adsorbed on the glass,- Since the presence of 
insoluble reserpine indicated that the medium of each 
flask was satureted with the alkaloid, it was difficult 
to explain the lifferences observed in the degree of 
inhibition of tha enzyme. The amount of reserpine 
in suspension aspeared to be the only real variable 
in the experimant and was immediately suspected 
as being the-cause of the inhibition. To eliminate the 
insoluble mater! from the system, the buffer was in- 
cubated with reserpine for 15 min. at 37° C., filtered and 
added to the reaction flasks containing the enzyme 
in the side-arm. Analysis of the buffer solutions 
by measuring tke absorption at 268 showed that all 
were saturated with reserpine. Under these conditions 
no inhibition of the enzyme could be observed, Jt- 
should also be roted that no inhibition was observed 


for the acetylckolinesterase activity of homogenates 


of the brains of guinea pigs killed at either 20 min. 











Various > 





588 


or 4 hr. after the intravenous injection of 5 mgm./ 
kgm. of reserpine. It may be concluded, therefore, 
that reserpine has no inhibitory action on acetyl- 
cholinesterase. 

In order to obtain some insight into the nature 
of the interaction between the enzyme and the sus- 
pended reserpine which resulted in inhibition, these 
materials were mixed with buffer and the insoluble 
material filtered off. The supernatant was tested 

. for acetylcholinesterase activity and was found to 
. be devoid of active enzyme. The insoluble material 
was resuspended in buffer and extracted with toluene. 
Only one-third of the total reserpine was extracted 
and no enzyme activity was released, The remainder 


C of the reserpine was extracted with chloroform but _ 


“still no active enzyme was released. All that remained 
. of the insoluble mass after the chloroform extraction 
was a slight filmy precipitate. It should be noted 
© that shaking a solution of the enzyme with toluene 
has no effect on its activity, and shaking with chloro- 
form reduced the activity by only 10 per cent. It 
appears, therefore, that reserpine crystals adsorb the 
acetylcholinesterase on their surface, resulting in 
denaturation of the protein and loss of activity. 
“While it is not possible to state whether this 
phenomenon, has general application, we have 
“observed it to occur with the alkaloid ibogaine, 
which may explain the results reported by Vincent 
and Sero* concerning the inhibition of serum cholin- 
esterase by ibogaine. 
In conclusion, one must emphasize the need of 
working within the limits of solubility when studying 
the effects of a substance on enzyme activity. 


HERBERT SHEPPARD 
Wen Hui TSIEN 
ALBERT J. PLUMMER 


Research Department, 
Ciba Pharmaceutical Products, Inc., 
Summit, New Jersey. 


1 Ammon, R., Pfliigers Arch., 288, 486 (1433). 
es * Vincent, D., and Sero, L; CLR. Soe, Biol., 186, 612 (1942). 


a : Antistaphylococcic Factors in Brain Extract 


«Our. colleagues, Nutini and Lynch, have shown’ 
that a crude extract (prepared by freezing and thaw- 
ing ox brain, centrifuging, precipitating proteins with 
95 per cent ethanol, filtering and concentrating in 
vacuo) was very effective in the prevention and treat- 
ment of Staphylococcus: aureus (Micrococcus pyogenes, 
var, aureus) infections in mice. Jn vitro, the extract 
was found to stimulate the growth of the organism 
on nutrient agar, with conversion of the orange or 
yellow S variety to a white P contiguration™, and 
to inhibit toxin formation by the. organism. We 
wish to report investigations on the concentration 
and characterization of the active factors in the 
extract. Effectiveness of the fractions was evaluated 
in terms. of the dose which protected mice from 
death by S. aureus infection, using a combined 


- prophylactic-therapeutic procedure based upon that 


originally described’. 

The active material is essentially stable between 
-pH 2-5 and 9 and to heat. It is soluble in water 
“and the more polar solvents. Percolation of the crude 
extract through the strong cation exchange resin, 
‘Amberlite LR-100°, followed by elution with dilute 
pytidine increased the activity ten-fold with a yield 
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of about 10 per cent and with the removal of inactive 
inorganic salts which constitute up to 40 per cent of 
the crude extract. Elution with N/4 hydrochloric 
acid from the strong anion exchanger, ‘Amberlite 
IRA-400’, also gave a potent preparation. These 
properties, confirmed by other reverse deionization 
procedures and by percolation through a mixed bed 
followed by separate elution after back classification, 
suggested an amphoteric substance. f 

Paper chromatography revealed the presence of 
amino-acids (aspartic acid, glutamic acid, glycine, 
alanine, arginine, histidine, and -aminobutyric acid} 
and peptides. Separation of the pyridine eluate from 


ʻIR-100 into amino-acid fractions by chromato- = 


graphy on cellulose columns did not achieve notable 
concentration of activity ; y-aminobutyrie acid was 
the main constituent of the most active fraction. 
Chromatography on alumina also failed to concen- 
trate the activity. Elution with dilute pyridine from 
the weak cation exchanger, ‘IRC-50’, gave a fraction 
of comparable in vivo activity which contained about 
10 per cent of y-aminobutyric acid as the only 
ninhydrin-positive material. Pure y-arminobutyric 
acid was ineffective against experimental staphylo- 
coccus infections. Thus, ninhydrin-positive materials 
did not appear to be responsible for the activity of 
the extract. 

Acidic and basic substances were demonstrated in 
crude brain. extract and the pyridine eluate from 
‘IR-100° by paper chromatography using n-butanol/ 
acetic acid/water (4:1: 1)? followed by spraying with 
bromocresol green®, Accordingly, crude brain extract. 
was acidified strongly with hydrochloric. acid, ex- 





tracted repeatedly with ether, then made strongly — 


basic and extracted again with ether. The acid 
fraction (3-5 per cent of the solid content of the 
extract) was about forty times as active as the crude... 
extract, The basie fraction (1 per cent of the extract) 
and the residue (95-5 per cent) were moderately 
active. Lactic and fumaric acids, identified in the 
acid fraction by paper chromatography in the ratio 
of about 10:1, were inactive against ©. aureus in- 
fections. Re-extraction of the acid fraction with ether 
at pH 7, 4-5, 2 and 1 in succession produced about 
a ninety-fold increase in activity in the pH 4-5 ex- 
tract; slight activity was present in the extracts 
obtained at pH 7 and 2, while the pH 1 extract was 
inactive and toxic. In addition to small amounts of 
fumaric and lactic acids, the pH 4:5 fraction con- 
tained high concentrations of two unidentified acids 
which were slightly present in the whole brain-acid 
fraction. 

‘These two acids, accompanied by traces of lactic 
and fumaric acid, were separated by developing a 
strip chromatogram‘ of the pH 4-5 fraction with 
ethanol/concentrated ammonium hydroxide/water 
(80:5:15). Insufficient material being available 
for animal assay, the acid fractions with eight others 
obtained from the strip were tested im vitro against 
S. aureus by the filter disk method, using ‘Difco’ 
staphylococcus medium 110. The acid fractions 
inhibited growth of S. aureus, whereas four fractions 
slightly stimulated the growth. The whole pH 4-5 
extract, a composite of these fractions, had no effect 
on growth. Future work will be directed to the study 
of the active fractions. 

Because the original crude extract stimulated the 
growth of S. aureus on nutrient agar, several of 
the fractions described were tested on the organism, 
using a nephelometrie procedure in a highly supple- 
mented liquid medium (‘Difco’ leucine assay medium 
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with added leucine) to minimize the possible nutri- 
tional effects of amino-acids and other materials. 
Crude extract caused an increase of about 35 per 
cent, whereas the pyridine eluate from ‘Amberlite 
IR-100 produced 12 per cent inhibition and the 
whole acid fraction about 79 per cent inhibition. 
Since the inhibitory fractions were considerably more 
potent than the crude extract against infections 
in vivo, it is doubtful whether the growth stimula- 
tion originally observed is related to the effectiveness 
against the infection. The antistaphylococcic activity 
probably may be attributed to as yet unidentified 
acid substances, 

We thank Dr. Frank X. Biondo and Dr. Carl M. 
Morgan of our staff for assistance with the in vivo 
assays, and Wyeth Laboratories, Division of American 
Home Products Corporation, for a grant-in-aid. 
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A Probable Peptidase in Carcinoid Tumours 


Carcrnorm tumours (argentaffin carcinomas) are 
considered to arise from the argentaffin (entero- 
chromaffin, Kultschitsky) cells of the intestine. 
These tumours contain and secrete 5-hydroxytrypt- 
amine’, and histochemical investigations? make it 
likely that enterochromaffin cells do likewise. In 
three cases of argentaffin carcinoma recently in- 
vestigated, we have observed a strong esterase (Fig. 1) 
capable of hydrolysing a variety of substrates. Using 





a 1. Frozen section (154) of human ileum. Carcinoid tumour 
infiltrati in 


ng serous coat. Indoxyl esterase (1} hr., no counter- 


stain), (x 175) 
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EFFEOT OF INHIBITORS ON CARCINOID ESTERASE 
(F gures represent visual estimate) 


Table 1. 


Activation | Inhibition 
(per cent) | (per cent) 


Inhibitor ana concentration 


Diethy!-p-nitrophenyl phosphate, | 
x 10 M 
Silver nitrate, 2 x 107° M 


Sodium fluoride, < 10-? M 

Sodium taurocholate, x 10-* M 
Cysteine, x 10-* of 
Hydroxylamine, = 10° M 
Hydrocinnamic acid, x 10 M 
Sodium dodecyl sulphate, x10 M 





O-acetyl-5-bromoindoxy] as substrate and an incuba- 
tion time of 4 ħr., inhibition studies gave the results 
shown in Table 1. 

Inhibition by diethyl- p-nitrophenyl phosphate 
(#600) confirms the general identity of the enzyme 
as a carboxylic acid esterase. Enzymes of this class 
are known to function as peptidases, and several of 
the latter can split indoxyl acetates. Although the 
results with taurocholate and dodecyl sulphate do 
not exclude the possibility of a lipase, we believe, on 
the basis of other work*, that the pattern of activation 
and inhibition given above indicates the presence of 
an intracellular peptidase. > 

Enterochromaffin cells in man, rat and guinea pig 
could not be shown by histochemical methods to 
contain any type of esterase or peptidase. We thus 
have to consider a tumour containing an enzyme 
which is absent from the presumed parent cell. This 
is the reverse of what is usually found by biochemical 
and histochemical methods. 

An esterase with similar properties to the carcinoid 
esterase is found in the mucous-secreting cells of the 
intestinal glands, and these were believed by Popoff* 
to give rise to enterochromaffin cells. His theory 
has had little sapport, the majority of workers sub- 
scribing to the reural crest theory of origin. Although 
our results preclude neither theory, they make 
necessary a reconsideration of the ancestry of the 
cells which give rise to carcinoids, and invite specula- 
tion as to the connexion of the enzyme with the. 
behaviour of these tumours. 

A. G. E. PEARSE 
W. J. PEPLER 
(Nuffield Foundation Fellow) 


Postgraduate Medical School of London, 
Ducane Road, 
London, W.12. 
Dee. 31. 
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Acylacrylic Acids and Biological Activity 


Ir has recentiy been reported! that $-acetylacryliec 
acid and its (ethyl) ester are rather poisonous to 
mice, about 1 mgm. given subcutaneously to a 
25-gm. mouse being lethal. There was also an in- 
crease in leucocytes, which in the case of the ester 
appear after abcut three weeks and in the case of the, 
acid after a few hours. In the latter case the effect 
disappeared after about a day and this increase 
was assumed tc be due to acidosis. This has now 
been found to be almost certain, because injection of 
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a neutralized solution caused no clear rapid increase 
followed by a rapid decrease in leucocytes. However, 
the poisonous effect with neutralized acid remained. 
almost unchanged, 2 mgm. being lethal. 

The acetylacrylic acid in alkaline solution, 0-1 N 
sodium hydroxide {as the esters), shows a change in 
its ultra-violet spectrum. Acetylacrylic acid dissolved 
in alkali and kept overnight and then neutralized 
has now been found to be far less lethal to mice than 
the free or freshly neutralized acid, 40 mgm. not 
being lethal. The reaction undergone by the acid in 
alkaline solution was previously! discussed on the 
basis of cis- and trans-isomerism and in the case of 
the cis isomer in open or cyclic form, and this question 

has now been studied also with the aid of infra-red 
absorption. Benzoylacrylic acid and related aryl 
acids easily isomerize?, and this supports the findings 
made and opens a way to further contributions in 
the field of cis-trans-isomers, cyclic and acyclic forms 
and biological activity. 

The cis-8-formylacrylic acid? has also been 

_ investigated in these respects. Its ultra-violet spectra 
in acidic and alkaline solution are similar to those 
obtained with B-acetylacrylic acid. The lethal dose 
of the formyl.compound dissolved in water is about 
0-5 mgm., owever, there are differences in the 
infra-red spectra now being investigated. The formyl 
cormmpound gives absorption maxima at 1,799, 1,765, 
1,696 em.-! and a broad bandat 3,400-3,000 cm, 
This seems to be in accord with the presence of a 
cyclic form*. The acetyl compound, however, has 
not given equally clear information. Further, some 
experiments with protoanermonin and ranunculin 
indicate that the lethal dose of the former is somewhat 
higher than 0-5 mgm. and that of the latter 40 mgm. 
One has consequently the sequence: protoanemonin 
about equal to formylaerylic acid, acetylacrylic acid, 
anemonin® and ranunculin in regard to the lethal 
dose for mice. 

To judge from our injection trials, acetylacrylic 
acid ought to be a rather strong irritant. Regarding 
the. conception of the development of cancer as due 
‘to the co-operation of a carcinogenic substance with 
an irritant®, it might be worth while to study the 
aetion of compounds that carry a site of carcino- 
genic action as well as a site of irritation within the 
sameé molecule. Investigations along this line may 
ehicidate the mechanism of the proposed co-opera- 
tion ; and according to resources available this line 
will be followed up with aliphatic, isocyclic and hetero- 
cyclic ‘carcinogenic sites’ and an enone as the ‘irritant 
site’. In this connexion the findings regarding anti- 
neoplastic effects with compounds with conjugated 
*-enones are of importance (ef. ref. 7). Details concern- 
ing the results so far obtained will be published 
elsewhere. 
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“ Polysepta: a New Genus and Sub-Order of 
Bacteria 

Two similar pathogenic bacteria have been _ 

described which possess morphological characters so 


unusual as to merit the description of a new sub- > 


order Polyseptineae, of the order Eubacteriales, accord- 

ing to the morphological classification of Bissett. : 
The first description was that of Bull*, who isolated 

from dermatomycosis (‘lumpy wool’) in sheep in 


Australia a filamentous Gram-positive micro-organism 


which he called Actinomyces dermatonomus. The © 


generic name was afterwards altered to Nocardia. 


The second species was isolated by Thompson? from. 
‘strawberry foot-rot’ in sheep in Great Britain, and: 
was at first believed to be related to Rhizobium, _ 
because of its production of small, motile, coceal 
swarmers, resembling those found in this genus.: 
Latterly, however, its cellular structure was examined ~ 
by cytological methods, and was found to be of a. 
most unusual type*. x 
In Fig. 1 this structure is shown compared with 


that of other types of bacteria. Most Gram-positive: 


genera are subdivided by septa or cross-walls at — 
right-angles to the long axis of the cell; Polysepta 
species are unique among known filamentous bacteria 
in having such cross-walls also parallel to the long 
axis, so that fission occurs not only in the transverse, 
but also in the longitudinal plane, resulting in the 
budding off of motile coccal units which superficially .. 
resemble the swarmers of Rhizobium (Fig. 2b). Such 
cross-walls at right-angles one to another are other: — 
wise found only in Gram-positive: cocci. Be 

Diagnosis: Sub-order, Polyseptineae (filamentous, ` 
flagellated, Gram-positive bacteria, with many cells: 
separated by cross-walls both parallel with and at 





right-angles to the long axis; fission both transverse. _ 
and longitudinal). One family, Polyseptaceae. One 


genus, Polysepta (pathogens of sheep, and experiment- _ 
ally of other mammals, causing pustular dermatitic o 
infections. Catalase-positive, weakly fermentative). 
Species. Polysepta dermatonomus : (Actinomyces 
dermatonomus, Bull, 1929}: Causes dermatomycosis 
(lumpy wool’) in sheep in Australia. Liquefies 
gelatin and coagulated serum; ferments galactose 
with production of acid. (The culture of this species 


S S KD 
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Fig. 1. Polysepta compared with other bacterial genera. a, Bacillus ; 
b, Corynebacterium ; c, Actinomyees; d, Staphylecoceus ; e, Polysepia 





a 
Fig. 2. Division in Polysepta. a, transverse; b, lateral budding 
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examined by us was kindly supplied by the Director 
of the Animal Health Station, Yeerongpilly, Queens- 
land, Australia.) A 

Species. Polysepta pedis. Causes strawberry foot- 
rot in sheep in the United Kingdom. Fails to liquefy 
-gelatin or coagulated serum; does not ferment 
galactose. 
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Relational Incompatibility in Diploid and 
- Tetraploid Lucerne $ 


CULTIVATED lucerne, Medicago sativa L., is a 
tetraploid (2n = 32) and in all probability is an 
autotetraploid. Both it and its wild, blue-flowered, 
diploid relative M. coerulea Less. display incomplete 
self- -sterility. Genetical situations being so much 
simpler in diploids, a study was begun at this 
Institute to see whether a single-locus, multi-allele, 
oppositional system of self incompatibility was at 
work in M. coerulea, similar to that found in Trifolium 
pratense. 

The technique used, briefly, was card pollination 
without emesculation, in an insect-proofed gréen- 
house. Fertility is expressed as pods per 100 flowers, 
counts being made some ten days after pollination. 

An attempt to distinguish intra-sterile, inter- 
fertile groups in biparental families showed that if 
such a system were operating, the degree of illegit- 
imate fertility must be very high, makmg it very 
difficult to distinguish compatible and incompatible 
matings. Attention was then turned to a simpler 
situation, produced by parent~offspring crossing. 
This should give families each dividing into two 
groups, one of them identical with the pollen parent 
(for example, Sy. 2 X Sig 8 > Sia, Sarg). 

Typical results for one family, 32 x (1 x 3) 3, 
are given in Table 1. Crossing with the pollen parent 
gives higher fertility than selfing, but not as high as 
crossing with an unrelated plant. There is no sign 
of a division into two groups distinguishable by 
degree of compatibility with their pollen parent. It 
seems very unlikely that a single-locus system of 
self-incompatibility is at work, but there is an 
indication. that the fertility of a pollmation 
depends on the degree of mbreeding it 
represents. 

The inbreedmg coefficients (f) of the 
zygotes to be produced by the pollinations 
shown in Table 1 (and others) were calculated 
on the assumption that the original parents 
(plants 1, 2 and 3) were neither inbred nor 
related. The values of f represented were 
0, +, 4, $, 4 and §; if the original parents 
were inbred and related, the true values 
would be higher and less widely separated. 
For each of four small famulies (two pairs of 
reciprocals) the mean fertility for each of 
these five values of f was estimated, and it 
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Table 2. COMPATIBILITY AND: INBREEDING IN. M. sativa (2n = 4x 


(a) Selfin 
crossing 


(6) Continued 
selfing 


(ce) Continued 
selfing 
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Table 1, FERTILITY oF SELF- AND CROSS-POLLINATION IN THE FAMILY 
382 x (1 x 3) 








Self-pollinated Crossed reciprocally 
with1 x 8 


























Plant tested | Flowers | Pods Flowers | Pods For 
` | cen 
1 137 138 66 | 48 | ł 
2 46 129 114 89 | 0 
3 160 195 122 63 | t 
. Lx3 80 — — — | e 
3x(1x3} 1 79 120 40 33 |g 
j 2 18 62 13 21i,, 
se 3 40 ' 95 28 | 30 |, 
os 4 33 58 17 | 20 |,, 
5 5 18 55 26 | 47 1, 
8 35- 64 23 | 36 |, 
7 











was found that there was a linear relation between 


‘fertility and inbreedmg. The overall means for all 


families are plotted in Fig. 1. It will be seen that the 
points depart very little from the (unweighted) least- 
squares regression line, which has a slope of — 1-17. 

It is proposed to use the term ‘relational incom- 
patibility’ to denote this inverse proportionality 
between the fert-lity of matings and the inbreeding 
they represent. 

In the cultivated, tetraploid species, M. sativa L., 
it is already well known that self-sterility mcreases as 
inbreeding progresses. The question to be settled is 
whether the quentitative relation between fertility 
and inbreeding ic the same as in the diploid. This in 
turn depends or whether the inbreeding coefficient 
has the same meaning in disomic and polysomic 
cases. Wright? kas defined the inbreeding coefficient 
as the correlatior between alleles in the same zygote, 
in which sense it applies equally to disomic and 
polysomic cases. Another possible definition is the 
probability that two alleles taken at random from 
the zygote are identical (that is, descended from a 
single allele in some ancestor). In disomic inheritance 
this reduces to Malécot’s’ definition and gives evalua- 
tions -identical with those of Wright. 

The two defintions also give. identical results for 
selfing polysomics, -and so there seems no reason to 
doubt that the inbreeding coefficient has equivalent 
meanings in disomic and polysomic cases. But 
equivalent intensities of inbreedmg may have stronger 
effects on male and female fertility in autopolyploids 
than in diploids. if only because the former need a 
more exact cont-ol of chiasma formation, having to 
avoid both univalent and multivalent formation. 
Whatever the reason, experience of inbreeding M. 
sativa shows thet male fertility is often drastically 
reduced, female Zertility more rarely. These effects, 
which have nothing to do with compatibility, can 
be minimized by considering either (1) only crosses 
involving plants the fertility of which is established, 


= 32) 










































Generation Mean T. 
fertility | (per 
(per cent) | cent) 
and | 3rd inbred 13:7 42 3 
is i 41-9 16-7 
Hybrids* 82-0 5'1 
4-8 51-9 
16-8 42-3 
27-3 30°7 
5-9 60-0 
15-9 51-9 
23-8 | 42:3 








* Produced by crossing second inbreds with unrelated non-inbreds, 
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Fig. 1. Fertility and inbreeding coefficient in diploid and tetra- 
ploid lucerne 


or (2) in contmued inbreeding by selfing, only those 
pedigrees where the most inbred plants are still quite 
fertile both as pollen and as seed parents. 

From the routine records of lucerne breeding work 
at this Institute, three groups of data are available 
meeting the conditions specified above and are 
presented in Table 2. The data for group (a) were 
obtained by crossing second inbred (34) plants with 
unrelated non-inbreds, and by selfing both the 
second inbreds and the non-inbreds. Groups (b) and 
(c) each refer to several pedigrees of routine selfings, 
performed under comparable conditions. Inbreeding 
coefficients were calculated assuming that the original 
parents were not inbred, that segregation is tetra- 
somic and that double reduction can be ignored. 
The results are also plotted in Fig. 1. 
cases there is again a good approximation to a linear 
relation between fertility and inbreeding, and the 
regression lines are nearly parallel to that for the 
diploid material (slope for group (a), — 1-27; 


(b) — 1-06; (c) — 0:99; unweighted mean, — 1-11).° 


Evidently the same system of relational incompat- 
ibility is at work in both tetraploid and diploid 
lucerne. 

Embryological studies by Cooper and Brink‘ 
showed that the difference in fertility observed, when 
inbred plants of M. sativa were crossed or selfed had 
three causes: (1) foreign pollen tubes penetrated 
farther into the ovary, (2) they entered ovules more 
frequently ; and. (3) after fertilization had occurred 
there was proportionately less abortion of cross- 
fertilized ovules. The young endosperm appeared to 
take a key role in ovule abortion. Relational in- 
compatibility could result from interaction between 
gametophytes before fertilization (corresponding to 
cause (2) above) or interaction within and between 
gametic complements after fertilization (cause (3) 
above). Self incompatibility is usually regarded as 
due to an interaction between pollen and maternal 
tissue (torresponding to cause (1) above) and its 
genetical consequences are somewhat different, though 
the distinction might be hard to make in practice. 
There'seems no reason why both relational- and self- 
incompatibility should not operate in tandem, and 


r 
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further work ıs therefore needed to assess their 
relative importance in lucerne. 
J. L. Fyre 
Plant Breeding Institute, 
Trumpington, 
Cambridge. 
Jan, 4. _ 
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Environmental Modification of Œstrus in 
- the Vole 


THE reproductive processes of the field --vole, 
Microtus agrestis, have previously been investigated 
by Brambell and Hall. Their material was obtained 
from animals caught in the wild and they concluded 
that the vole was polycestrous and exhibited spon- 
taneous ovulation. 

Our investigations have been made on voles that 
have been bred in captivity for many generations, 
initially at Oxford and more recently, from the same 
stock, in London also. At Oxford, control stocks of 
voles were kept in breeding pairs or in groups con- 
sisting of a single litter each. For the purposes of 
experiments on social interactions in vole populations 
groups of strangers were assembled for varying 
periods. In London, on the other hand, though 
breeding was carried out with the voles in mono- 
gamous pairs, the weanlings were separated according 
to sex and the males and females were then kept 
in groups without regard to litter relationships. 
During the period of observations, the voles were 
kept in groups of three or four or up to a dozen, 
or else as isolated pairs of males and females. 

Examination of the vaginal smears of the control 
animals kept at Oxford gave clear evidence of a 
regular vaginal cycle though the various phases of 
the cycle were not as sharply defined as those ex- 
hibited by the familiar laboratory rodents. Cornified 
epithelial cells were generally present throughout but 
the proportions of these cells, their chromatic pro- 
perties with hematoxylin and Pasini’s alcohol stains, 
and the nature of the other cells present all varied . 
in & regular cyclic manner. Willingness for coitus 
was investigated by placing male and female voles 
in a cage that was strange to both animals and 
watching them closely for periods up to 1% hr. or 
until coitus occurred. Cistrus was shown by ready 
acceptance of coitus, often within the first few 
minutes: at other times the voles would show no 
sexual interest. It was found that cestrus could be 
predicted from the appearance of the vaginal smear, 
and copulation, succeeded almost invariably by 
pregnancy, took place at precise stages of the cycle 
and not at other times. The occurrence of cestrus 
every third or fourth day was thus clearly demon- 
strated. 

The voles studied in London showed a different pat- 
tern of events. There was little evidence of regular 
variation in the composition of the vaginal smear, 
which as a general rule consisted exclusively or pre- 
dominantly of cornified cells, and results were consist- 
ent with the idea that the animals experienced 
prolonged periods of cestrus interrupted occasionally 
by a dicestrous interval. When female voles were 
placed with males at any time during an cestrous phase, 
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the examination of the ovaries in histological prepara- 
tions nor the search for eggs in the Fallopian tube gave 
any indication of spontaneous ovulation. Moreover, 
ovulation could readily be mduced by the injection 
of a single dose of pregnancy-urine gonadotrophin, a 
procedure that has long been successfully employed 
in the rabbit. In most animals ovulation occurred 
between 9 and 12 hr. after injection. 

We have therefore come to the conclusion that the 
field vole is capable of showing two kinds of cestrous 
behaviour: a typical short estrous cycle as in rats 
and mice, with sexual receptivity restricted to a 
particular stage of the cycle, or else prolonged periods 
of an cestrous state as in rabbits and cats, during 
which coitus is effected at any time and. is associated 
with induced ovulation. The idea that these two 
phenomena represent no more than variations of the 
same basic hormonal pattern has recently been ably 
expressed by Eckstein and Zuckerman’, and it is 
our’contention that the hormonal pattern in voles is 
less rigidly defined than in the other animals men- 
tioned, so that environmental conditions may exert 
a decisive influence. One of these environmental 
conditions, namely, the size and composition of a 
group, is known to produce a variety of effects", and 
it is thought that changes in the vaginal cycle might 
also occur as a result of ‘social stress’. This is sup- 
ported by the fact that regular cestrous cycles have 
so far been found only in females hving apart from 
strangers. On the other hand, even under the 
conditions prevailing m the Oxford colony, prolonged 
periods of cestrus are found to be typical for un- 
related animals living in groups. Even isolated females 
may not have a cycle, however, and there is reason 
to believe that the history of the animal is one of 
the factors that must be taken into account. Our 
observations suggest that the continuous vaginal 
cornification in the London stocks may have been 
induced by keeping the animals in mixed groups. 

These investigations are being continued, and it is 
intended that a full report will be published later. 

HELEN Currry 
Bureau of Animal Population, 
Botanic Garden, 
High Street, 
Oxford. p 
r C. R. AUSTIN 
Division of Experimental Biology, 
National Institute for Medical Research, 
Mill Hill, : 
London, N.W.7. 
Jan. 7. 
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Evolution of Nitrogen-fixing Symbiosis 
in Higher Plants 


Tue study of nitrogen-fixing symbiosis has been 
mostly confined to legumes. Other symbiotic associa- 
tions are known, including members of at least four*, 
possibly five?, families of higher flowering plants, and 
one bryophyte*. The root nodules of Alnus, Myrica 
and Hippophae appear to contain lower fungi®, but 
the symbiont responsible for those of Casuarina seems 
ill-defined. The leaf nodules of the Rubiaceae contain 
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bacteria, and the liverwort carries the blue-green 
alga, Nostoc in exterior sacs in the thallus‘. 

The origins of these associations, and the relation- 
ships between them, are not known. Bond et, al.’ 
recently suggestec that “the possession of root nodules 
and-the ability so to use atmospheric nitrogen are very 
ancient characters, and mostly date from a time 
when only woody flowering plants existed and when 
conditions were azparently particularly favourable to 
the initiation of symbiotic associations” (my italics). 
The variety of pants and micro-organisms found in ` 
association, and =he occurrence of nodulation in all 
three sub-familiec of the Leguminoseae®, support the 
view that these associations began early in the evolu- 
tion of the nodulated plants. But this does not 
explain the deve:opment of the symbiosis, which is 
likely to be a centinuous process, rather than, one 
which originated during some. “favourable” period, 
and is now to ke found only in nodules. In the 
apparent absence of an integrating theory the follow- 
ing is proposed. - 

Symbiotic nitrogen fixation ın plants is a stepwise 
evolutionary development, determined by selection 
pressure upon beth the plant, which requires com- 
bined nitrogen, and the heterotrophic microbe, which 
requires an energy source. This culminates in anatom- 
ical adaptations by the plant which can thus house 
the microbe, provide it with energy, and in its turn 
carry off the nitrogen. 

Scientific investigation has been focused upon 
symbiosis in plents which possess nodules. There 
is no known reason, however, why symbiotic fixation 
should be confinad within visible structures, and the 
possibility that other associations exist should not 
be ignored. Other associations have been reported 
in the roots of rye grass? and in the rhizosphere of 
peas!?, (With peas, in the absence of root-nodule 
bacteria, carbokydrate is excreted from the roots 
where it can be ctilized by nitrogen-fixing Azotobacter. 
This may be a version to the primitive association 
postulated in (1° below.) But there is a considerable 
gap between such loose associations as these and the 
complex and hizhly specialized legume nodule. 
seems indisputeble that the latter has evolved 
through less complex stages before reaching its 
present degree of organization. The major stages are 
envisaged as: I1) casual association between free- 
living nitrogenixing bacteria and plants, on the 
surface of the roasts ; (2) loose symbiosis on the surface 
of the root; (37 entry into, and symbiotic establish- 
ment within, the cortical tissues of the root; (4) 
specialization of root tissue, resulting finally in the 
organized noduls. 7 

Stages 1-4 above are based on the assumption 
that symbiosis arose through ‘association. Another 
possibility is that the invading organism was prim- 
arily a pathogen, which would eliminate stages 1, 2° 
and pert of 3. But invasion of the legume root, as 
it occurs now?4, does not exhibit pathogenic char- 
acteristics. Mozeover, the liverwort-algal symbiosis, 
‘involving a specialized structure, has probably arisen 
through association. It is reasonable, therefore, to 
suppose that exdopliytic symbiosis has occurred by 
mutual adaptetion of plant and nitrogen-fixing 
microbe. Whichever was the mode of entry, there 
must have beer a stage(s) in which symbiosis in the 
existing nodulated plants occurred before the develop- 
ment of the nedule. 

Leaf nodulation as in the Rubiaceae may have 
arisen similarly, by stages, from association on the 
leaf surfaces. Nitrogen-fixing bacteria have been 
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reported on the leaves of tropical plants'* and the 
prevalence of bacterial leaf glands in New Zealand 
plants" is suggestive. ae. F 

The associations between Nostoc and the bryophyte, 
and with certain fungi*“4, do not fit`into this general , 
picture, because Nostoc does not depend on the other 
symbionts for its energy source. (These symbionts. 
could provide Nostoc with a more favourable mineral 


supply; and extend the periods during which water -- 


is available for its growth.) £. ; f 
I am indebted to many people,’ particularly Mr. 
A. W. Humphries, for suggestions und criticisms, and 
to Prof. E. J. Underwood for his support. - 
ae een ‘UC. AL PARKER 
, Institute of Agriculture, _ g 
University of Western Australia. 
m a Dec. 19. : i 
1 Bond, G., Fletcher, W. W., and Ferguson, T., P., Plant and Soil, 5, 
309 (1854). ; : : 
3 Mowry, H., Soil Sci., 36, 409 (1933). i 
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First Record of the Elver of the African Eel 
‘Anguilla nebulosa labiata Peters 


Four species of eel have been recorded from those 
freshwaters of the African continent and the island 
of Madagascar which enter the Indian Ocean. Of these, 
Anguilla mossambica Peters and A. becolor bicolor 
McClelland are known from both the mamland and 
from Madagascar; but the records of A. nebulosa 
labiata Peters and those of A. marmorata Quoy and 
Gamard refer to the continent and Madagascar 
respectively!. Three of these species are ‘long-finned’ 
eels and one, A. bicolor bicolor, is ‘short-finned’. 

Elvers of three of-the four species of eel have been 
found. For the mainland Barnard? records an elver 
of A. mossambica from Natal and another specimen 
from the Breede River (Cape Provmce), and elvers 
belonging to this species have been taken in Mad- 
agascart. The elvers of A. marmorata and ‘A. bicolor 
bicolor are known only from Madagascar, and there are 
no records at all of the elvers of A. nebulosa labiata.. * 

In 1956 I received from Mr. G. J. Lockley, fisheries 
officer for, Tanganyika Territory, two elvers which 
had been collected on January 29 and provisionally 
identified by Dr. P. H. Greenwood, of the East 
African Fisheries Research Organization, Jmja, 
Uganda, as A. nebulosa labiata ; later Mr. Lockley 
sent me eleven others taken m mid-February. These. 
thirteen elvers were collected in the Mzinga River at 
Mtoni, near Dar-es-Salaam, Tanganyika. The water 
supply for this town is pumped out of the Mzinga 
River which flows into a tidal system, Mzinga Creek, 
and the elvers’ were discoyered at a point about 200 
yards above high-water mark in this creek and just 
below the intake of the water supply by Mr. G. Rowe, 
secretary to the Tanganyika Aquarist Society. The 
elvers, which ranged from 50-0 to 61-5 mm. in 
length, were preserved in alcohol, and those of the 


NATURE 


24 
» 


March 16, 1957 von. 179..’ 


first sample had retained their shape and pigmenta- 
tion—characteristics marred in the second due to 
damage in the post. - fe ži a 
The characters by which Ege! separates adult ééls 
include colour, dentition and. certain body propor- 
tions, in particular that of the “distance between 
verticals through anus and origin of dorsal fin in ~ 
percentage of total length”, a character‘ which, in con- 
junction with vertebral counts, pigmentation of the 
tail, ete., he also uses ,to identify elvers. This ano- 
dorsal distance formula, when applied to the ‘elvers 
from Dar-es-Salaam; gave values by which'I identified 
two of the fish as A. nebulosa labiata and the remain- 
ing eleven as A. bicolor bicolor. ‘These values, together 
with some specimens, were then sent-to Dr: V. Ege 
of the Marinbiologisk Laboratorium, Charlottenlund 
Slot, Denmark, who had kindly offered to examine 
them. He confirmed my identification: of A. bicolor 
bicolor, which is the only species of eel in Africa with 
a short dorsal fin, but he suggested that I should 
check the identity of the two elvers assigned “to. 
A, nebulosa labiata by @ count of the vertebra. This’ 
count, which Dr. Ege also made, agreed with that’ 
given for A. nebulosa labiata. `. fm art 
Therefore, of the thirteen’ .elvers from Dar-es- 
Salaam, two (one of the two collected -in January 
and one of the February collection) are 4. nebulosa 
labiata and are the first elvers of this'species' (which, 
is confined to Africa) to be found, and eleven belong 
to A. bicolor bicolor and are the first record of elvers 


wag 


. of this eel for the mamland of Africa and the second 


time they have been recorded from African fresh- 
waters. i 
Records of elvers from African waters are most 
welcome since not only do they extend knowledge 
of the distribution of Anguilla spp. but also they 
throw light on the life-history of eels in Africa about 
which so little is known. ` 
, WINIFRED E. Frost 
Freshwater Biological Association, 
The Ferry House, Ambleside. Jan. 3. f 


\ 
1 Bge, V., Dana Report, No. 16 (1939). 
3 Frost, W. E., Colonial Office Fish Pub. No. 6 (1955). 
3 Barnard, K. H., Rep. South Afr. Mus for 1934, p. 10 (1935); Rep- 
South Afr. Mus. for 1946, p. 8 (1947). 


Thermostable Liquid Culture Medium for the 
Minute Inoculum of Human Tubercle Bacilli , 


. Bove serum or its fraction is generally used in 
liquid ‘culture media, such as Kirchner! or Dubos? 
medium, for the minute moculum of tubercle bacilli. 
This makes preparation of the media very cumber- 
some, and there has been a need for a long time for a 
thermostable liquid medium the whole of which can 
be subjected to autoclaving sterilization. 

We have devised such a medium, using ‘Tween 80° 
aqueous solution of egg-yolk extract, and we have 
succeeded in cultivating the minute size of human - 
tubercle bacilli. The present communication deals 
with the method of preparation of the medium and 
the results obtained with cultures. 

The composition of the medium is as follows: “ 


KH,PO, 
Na ,HPO,.12H,0 
Sodium glutamate 
Sodium citrate 
MgSO,.7H,0 
Ferric ammonium citrate 
, 0-2 per cent Malachite green solution 
Egg-yolk ‘Tween 80’ solution extract 
Distilled water 
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A. ‘Tween 80’ water extract of egg-yolk was pre- 
pared by extracting 10 gm. of egg-yolk in 100 ml. of 
6 per cent aqueous solution of ‘Tween 80° with 1 gm. 
of active:charcoal, at 120°C. for 20 min. This egg 
extract was a yellowish transparent solution and 
very thermostable as regards its growth-promoting 
property. This was added to the basal medium. 
The medram was sterihzed_ by autoclaving at 120° C. 
for 20 min. without adjustment of pH. 

Culture results with the medium are shown in 
Table 1, compared with those with Dubos ‘Tween’ 
albumin medium. At the fourteenth day of incuba- 
tion, the 10-7 mgm. inoculum of H37Rv strain of 
Mycobacterium tuberculosis had grown equally well in 
the yolk extract medium and in the ‘Tween’ albumin 
medium. Similar results were also obtained when 
several clinical strains isolated from tuberculosis 
patients were tested. 


Table 1, MEAN RELATIVE GRADE OF GROWTH AT FOURTEENTH Day 
OF INCUBATION 


Inoculum size (mgm. 1n 2 ml, medium) 











Culture medium 


Yolk extract 
medium 











Medium without 
yolk extract 


‘Tween’ albumin 
medium 


The culture grown in this medium showed a rather 
dispersed growth, and could therefore be employed 
as the inoculum for various growth and animal 
experiments without grinding up the culture. On 
the other hand, the resistance of many climecal 
strains to various chemotherapeutic agents could be 
determined in five days, employing this medium 
(Imamura, unpublished work). This medium is very 
convenient from the point of view of simplicity of 
preparation and the dispersibility of cultures grown 
on it. 

Isao YAMANE 
Kunio [MAMURA 
Department of Bacteriology, 
Fukushima Medical College, 
Fukushima, Japan. 
Nov. 18. 


1 Kirohner, Zbl. f. Bakt., 124, 403 (1932). 
* Dubos and Davis, J. Exp. Med., 83, 409 (1946). 


Distribution of Word Frequencies 


TsE purpose of this communication is to explain, 
m terms of the theory of information, the implications 
of the Zipf distribution of word frequencies!. The 
distribution is formally identical with the Pareto 
mcome and Willis taxonomic distributions, but the 
present discussion is restricted to word frequencies. 
The discussion resembles that of Mandelbrot? but is 
simpler. The discussion by Parker-Rhodes and 
Joyce? also resembles Mandelbrot’s, but is fallacious. - 

Let the population frequencies of the distinct 
words of a language, arranged in decreasing order, 
be Py, Pos Ps, -- - » Where Lp, = 1. Let o(x) be the 


f 
density of words at population frequency z, so that 
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ie 9 (x) dv =r. The Zipf distribution can be 
Pr 


described either ky 9(z) x x-2? or by pr & I/(r + a), 
where @ is independent of r. If we wish, for formal 
reasons, to allow r to be unbounded, then it is desir- 
able to introduce a convergence factor* and to write 
pr = b exp(—er)/(r + a), where £ > 0 1s very small 
and b is chosen so that Xp, = 1. 

Let the effort required to extract the rth word 
from the memory be f(r). The expected amount 
of information® ver word is — Ep, log Ppr, so that 

r 


the expected amount of informatıon per unit of 
effort is I = — (£o log p;)/(2f(r)pr). We now assume, 
not Zipf’s distribution, but his prmciple of least 
effort for the development of languages... Its natural 
interpretation is that the population frequencies pr 
are such as to minimize I, subject to the restraint 
Ep, = 1. It folows by Lagrange’s method of un- 
determined multipliers that pr = exp(—cf(r) ), where 
the positive number c is such that the restraint is 
satisfied. If the Zipf distribution is true, it follows 
that f(r) is proportional to er + log(r +a). This, 
then, is the interpretation of the Zipf distribution. 
The term er is not to be taken too seriously. 

Tf, on the other hand, we make the assumption 
of Parker-Rhodes and Joyce? that f(r) is proportional 
to r, then p, would be 2-, which is inconsistent with 
the Zipf distribution. It is interesting that the 
distribution of the number of ‘strokes’ in connected 
symbols in Pitman’s shorthand is close to the dis- 
tribution defined by pr = 2-7, according to a fre- 
quency count given by Herdan*. For this short- 
hand example, f(r) probably is approximately 
proportional to 7. 

I. J. Goop 


25 Scott Eouse, 
Princess Elizateth Way, 
Cheltenham. 


1 Zipf, G. K., “The >sychobiology of Language” (Boston, 1935). 
“Human Behaviaur and the Principle of Least Effort” (Cam- 
bridge, Mass., 1949). 

2 Mandelbrot, B., in ‘Communication Theory", 486, edit. by Willis 
Jackson (London, 1953); “Information Theory: Third London 
Symposium”, 135 (edit. by E. C Cherry, London, 1956). 

3 Parker-Rhodes, A. E., and Joyce, T , Nature, 178, 1308 (1956). 

‘Corbet, A. 8, Fisher, R. A., and Wilhams, C. B., J. Anim. Ecol., 
12, 42 (1943). Good, I. J., Biametrika, 40, 287 (1953). 

£ Shannon, C. E., Bell System Tech. J., 27, 379 and 623 (1948). Wiener, 
N., “Cybernetics”, 75 (New York and Paris, 1948). Good, I. J. 
“Probability and the Weighing of Evidence”, 75 (London and 
New York, 1950); Proc. Inst. Elect. Eng., O, 108, 200 (19586). 


* Herdan, G , “Languege as Choice and Chance” (Groningen, 1956). 


First, we must apologize’ for having evidently 
given the impression in our original communication, 
especially ım ocr assumption (iv), that we were 
intending to use information theory in treating the 
problem. Our aim, however, was to attack the 


.problem without recourse to the assumptions of this 


theory. These necessarily involve regarding language 
as consisting of messages, and the words as being, 
for all statistical purposes, packets of information. 
This model is unrealistic as applied to real language 
situations, on the basis of which the faculty of speech 
is learned and which even in the most sophisticated 
communities dominate its natiural evolution. We 
accordingly sought for some approach which would 
avoid the need for the concept of ‘information’ in 
the technical serse; our condition (iv) should have 
been put in the form: “Languages will tend to 
evolve in such a way that the time required to recall 
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a given number of distinct words is a minimum”, - 


Our unusual mathematical method was designed 
because of the difficulty in giving an exact formula- 
tion of this condition. 

To make this approach lead to @ definite solution, 
it is sufficient to regard the evolution envisaged as 
proceeding according to a statistical estimation 
procedure, leading to the state where the frequency 
of a word ranking rth in the order of frequencies, is, 
for each r, an efficient estimate of the theoretical 
frequency given by the distribution function which 
we are seeking. This estimation procedure is that 
of making the mean effort of memory, which we call 
‘access-time’, a minimum. Of the three points in 
question, namely, estimation procedure, theoretical 
word-frequency, and estimated word-frequency, the 
first is given by our assumptions, and the other two 
are assumed to tend to coincide as evolution proceeds. 
Our niethod is to state the condition that the criterion 
of minimum effort shall be an efficient statistic for 
estimating each word-frequency, and to find, as a 
solution of the resulting integral equation, an ex- 
pression for the frequency distribution function. 

There are thus at issue two ways of looking at 
language and two models of memory. Language 
can be regarded either as an information system 
(‘Shannon language’) or as composed as lexical units 
the informational properties of which are irrelevant 
for memory (‘lexeme language’); effort of memory 
can be taken as either proportional to the frequency- 
rank of the word recalled (our model), or as approx- 
imately proportional to a logarithmic function of 
the rank (Good’s model). The four resulting possi- 
bilities may be tabulated thus: 


View of language 
Memory model 


Lexical units ~Informative symbols 
7 (lexeme language) (Shannon language) 
I. J. Good Mathematically intractable a 
but clearly distinct from Pr =F 
other cases 
* a 
ae a =F Pr = oxnt-a) 


Good, considering only Shannon languages, has to 
accept the possibility that different memory models 
apply in different cases; he therefore adheres to the 
second column of the table. We take the view that 
it is unlikely that more than one memory function 
18 available, and accordingly adhere to the second 
row of the table, since we find that our memory 
model gives the Zipf distribution as a possible solution 
for the case of a lexeme language. We are gratified 
to learn that Pitman’s shorthand, which may well 
behave as a Shannon language, having regard to its 
origin and purpose, also agrees with our model. 

On discussion with our colleagues, we find that 
ow theory requires @ very much more detailed 
exposition than can be given here, and we hope that 
in due course such an exposition may appear in an 
appropriate journal. 

Equation (3) of our original communication was 

wrongly stated; it should have read: 


f vp(v) . [Pe(idv.ay è 
[7 voa T vw log (T Yy) 





A. F. PARKER-RHODES 
T. JOYCE 
Cambridge Language Research Unit, 
20 Millmgton Road, 
Cambridge. 
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Dr. A. F. Parker-Rhodes and Mr. T. Joyce! state 
that if o(v) is the number of words in. a vocabulary 
which occur Tv times in a text of T words, then 
it has been shown by word counts that 9(v) = a/v?. 
They put forward a theory to. account for this 
distribution. 
` Tf one uses the rather more general form 9(v) = b/v™ 
and assumes that the function can be treated as 
continuous up to an upper limit vo, then the number +. 
of words’ in the vocabulary with a frequency exceed: 
ing v is a 

b l 1 


m—1 Nym ~ yom 





and together they occupy a fraction of the text 


b (vem =n vem) . 
2— m 


Clearly, m must be less than 2 and b = (2 — m)/ 
it must also exceed unity, otherwise the 
number of words in the vocabulary 1s limited to 
(2 — m)/(1 — m)vo. Yo is rather greater than the 
frequency of the most common word. 

The number of different words in a text can be 
estimated by assuming that all words for which Tv 
exceeds unity will appear at least once, and that a 
selection of rarer words will occur once each. The 
number of the commoner words in the text will then be 





Bi . 
Vor m > 


2—m m-i — 
ai, E — y 
and the number of rarer words T/({Z'v,)*-™, giving a 
total of { (Tv "= — 2 + mym — 1)vo. 

If m = 2, there are no common words and all the 
words in a text of any length are different—an 
obviously absurd result. At the other end of the 
scale, if m exceeds unity only infinitesimally, the 
number of different words is 


1 + log Ty, 
Yo 


The increase of the number of different words used 
with the logarithm of the length of the text looks 
reasonable, but a count of two pages of manuscript 
taken at random gave a maximum frequency of 0-06, 
indicating that less than 200 words should exist with 
a frequency exceeding 10-*, a small vocabulary even 
for Basic English. 

It should be possible to find a formula of the type 


ab 
e0) av + by? 
which is m reasonable agreement with word counts 
and gives possible results when applied to- the 
number of different words in a text. 

This type of distribution would not accord with 
Parker-Rhodes and Joyce’s electromorphic process 
of repeatedly scanning a mental dictionary; but 
there is stil scope for the application of their idea 
that language develops in such a way that the 
maximum of meaning can be conveyed with the 
nunimum of trouble. 

C. H. BOSANQUET 
Dingestow, 
Fairfield, 
Stockton-on-Tees. 


1 Nature, 178, 1308 (1956). 
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FORTHCOMING EVENTS > 


(Meetings marked, with an dsterisk * are open to the public) 


Monday, March 18 ; 
ZY MANOHESTAR LITERARY AND PHILOSOPHICAL SOCIETY (at the Engin" 


*eers’ Olub, Albert Square, Manchester), at 4.45 p m.—Siır Ewart 


Smith—Clayton Memorial Lecture. 
‘INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.0.2), at 5 30 p m —Duiscussion on ‘‘What is Limiting the Application 


of Servo Mechanisms in the Electrical Industry ?”, opened by Mr. ©. - 


Ryder, 


SOOTY of CHEMIOAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave . 


a 


Square, London, S W.1), at 5.30 p.m.—Dr. R, F. Tredre: 
somiasis or Bilharziasis”, 5°, à 
INSTITUTE OF METAL FINISHING (at the Northampton Polytechnie, 

. E. Wemer: 


Schisto- 


“Recent Developments in Copper Plating”. 

ROYAL GEOGRAPHICAL Soorety (at 1 Kensington Gore, London- 
S.W.7), ab 8.80 p m.—Mr, Allan Cunningham :- “Exploration in the 
Northernmost Andes” 


Tuesday, March 19 ees 


IMPERIAL CoLLEGE (in the Main Chemistry Lecture Theatre, Im- 
perial Institute Road, London, 8,W.7), at 5.80 p.m.—Prof. J. M 
Kay “The Nuclear Power Programme and Its Impact on Education”. 


JOINT COMMITTEE ON STRUCTURAL CONORETE (at the Royal Empire 
Society, 18 Northumberland Avenue, London, W C.2), at 6 p.m.— 
Dott. Ing. Riccardo Morand: ‘Modern Conceptions in the Planning 
of Bridges in Reinforced Conciete and in Prestressed Concrete”. 

Sooty FOR VISITING Scrgntists (at 5 Old Burlington Street, 
London, W.1), at 7 30 p m.—Disecussion Meeting on “The Widenin: 
Field of Apphcation of Hlectronic Computers’. Chairman: Dr. A. M. 
Uttley. Speakers Dr. A D Booth, Prof. A. Tustin and Mr R L, 

chaelson 


z f » Wednesday, March 20 


GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m —Prof.L C. King. “Basic Palwogeography 
of Gondwanaland during the Late Paleozoic and Mesozoic Eras” 

ROYAL -METEOROLOGIOAL Soorery (at 49 Cromwell Road, London, 
8 W.7), at 5 p m.—Mr. T. Pearcey and Mr. G. W. Hill: ‘Theoretical 
Estimate of the ‘Collection Efficiencies of Small Droplets”; Mr 
T, W. R. East: “Inherent Precipitation Mechanism im Cumulus 
Clouds” , Mr. P. J. Feteiis and Mr. B. J. Mason: Radar Observations 
of Showers Suggesting a Coalescence Mechanism”. 


ROYAL STATISTICAL Soclery (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, London, W.C.1), at 515 p.m 
-~Mr. M. J. Farrell: “The Measurement of Productive Efficiency” 

HuaeEnics Socrmry (at the Royal Society, Burlington House, Picca- 
dilly, London, W.1), at 5.30 p.m.—Mr. G. Ainsworth Harrison: “The 
Measurement and Inheritance of Skin Colour in Man”,* 

INSTITUTION OF ELECTRICAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SECTION-(at Savoy Place, London, W.C.2), at 5.30 p.m — 
Dı. V E. Cosslett and Mr. ©. W. Oatley: ‘Recent Developments 
in X-ray and Electron Microscopy with some Applications to Radio 
and Electronics”, 


y ROYAL MicroscoricaL Society (at Tavistock House South, 
Tavistock Square, London, W.0.1), at 5.80 p.m.—Mr. E. H. Leach . 
“Structural Changes in the Eye caused by Various Diets”. 
ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the CHELSEA 
POLYTEOHNIO CHEMICAL SOCIETY, at the Chelsea Polytechnic, Manresa 
Road, London, S.W.8), at 6380 p.m.—Mr . J. Fry. ‘Organic 
Chemistry in the Photographie Industry”, 


Thursday, March 21 


Sooluty OF CHEMICAL INDUSTRY, CORROSION GROUP, and ROAD 
AND BUILDING MATERIALS GROUP (at the Institution of Civil Engineers, 
Great George Street, London, S W.1), at 9 30 a m.—Symposium on 
“The Corrosion of Metals in Buildings”. 


ROYAL Soorty (at Burlington House, Piccadilly, London, W.1), 
at 415 p.m,.—Hlection of Fellows. 480 p.m.— J. E. Bennett, 
Mr, J. F. Gibson and Mi. D. J. E. Ingram: “Electron Resonance 
Studies of Hemoglobin Derivatives, I: Hem Plane Orientation”; 
Mr.C J Danby, Mr J. D Lambert and Mi. C. M. Mitchell: “Separa- 
tion of Hydrocarbon Isomers by Thermal Diffusion”. - 

INSTITUTION OF: MINING AND METALLURGY (at the Geological 
Society, Burlington House, Piccadilly, London, W 1), at 5 p.m — 
Mr, J. Halpern and Mr, F. A. Forward: ‘Separation of Uramum 
and Copper during the Acid Pressure Leaching and Sulphidic Uranium 
Ores”; and Mr. F. A Forward and Mr. J. Halpern: ‘Hydrometal- 
lurgical Processes at High Temperatures”. 


LINNEAN Society of LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.--Symposium on ‘‘Plant-parasitic Nematoda” 
Invited speakers: Prof. B. G. Peters, Mr. N., G. Hague, Mr. T. D. 
Willams, Dr. B. S. Pitcher and Dr. J. E. Crosse. i 

INSTITUTION OF ELEOTRIOAL ENGINEERS (at Savoy Place, London: 
W.C.2), at 5.80 p.m.—Mr J. W. rae Mr. D. D. Vonberg, Mr. R. J- 
Post, Mr. W. B. Powell, Mr, M A. J. Sharp, and Mr P. J. Waterton. 
“A Gyclotron for Medical Research”. 

ROYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place, London» 
W.1), at 7 p.m—Dr. S. H Hollingdale: “The Application of Auto” 
matic Digital Computers to Aeronautical Problems”. 

ROYAL SOQIETY OF TROPICAL MEDICINE AND HYGIENE (at the 
Royal Army Medical College, Millbank, London, S.W.1), at 7.30 p.m 
Pe Te ea ea Chairman: Prof. R. M 

ordon, D 
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Friday, March 22 
:PHYSIOAL Sooty, LOW TEMPERATURE GROUP (at thegInstitute 


-of Ph ies, 47 Belgrave Square, London, 5.W.1), at 11 a.m.—All-day 
$ Discussion Meeting on “Low Temperature Distillation”. 


. ROYAL ASTRONOMIOAL Soormty (at Burlington House, Piccadilly, 
~ London, W.1), at 4,15 p.m.—Geophysical Discussion on papers received 


during the Session 1956-57. Chairman: Mr. B. ©. Browne. Speakers : 
Mr. Ka Darbyshire, Sir Harold Jeffreys, F.R.8., Mr. B. R. Leaton, 
Mr. A. E. M. Nairn and Dr. R. Stoneley, F.R.S, 


INSTITUTION OF MESHANICAL ENGINEERS (af 1 Bırdcage Walk, 
Westminster, London, 3.W.1), at 6 p.m.—Annual General Meeting. 
`, SOCIETY OF CHEMIOAL INDUSTRY, FINE CHEMICALS GROUP (joint 
meeting with the Soorety FoR ANALYTICAL CHEMISTRY, in the 
Chemistry Lecture Theatre, King’s College, Strand, London, W.C.2), 
t. H. Irving: “Organic Reagents in Inorganic Analysis— 
Some Recent Developments”. z f 

ROYAL -INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Dr. G. V. T. Matthews: “Bud Migration”. 


F Saturday, March 23 


NUTRITION Soormty (at the Royal Society of Medicine, 1 Wimpole 
Street London, W.1), at 10.30 a.m.—Symposium on “Man’s Need 
or Water”. 


APPOINTMENTS. VACANT 


APPLICATIONS are icvited for the following appomtments on ot 
before the dates ment oned. 

LECTURER IN SCIEYOE, NUTRITION AND HEALTH EDUCATION— 
“The Principal, Radbrovke College, Shrewsbury (March 23) 

LECTURER IN THE DEPARTMENT OF METALLURGY—The Registrar, 
The University, Liverpool (March 23). 

ASSISTANTS IN MATESMATIOS—The Secretary of University Court, 
The University, Glasgcw (March 25). 

DEMONSTRATOR or LECTURER (honours graduate in chemistry or 
biocherustry, or medically qualified) IN CHEMIOAL PaTHoLnoay—The 
Registrar, The University, Leeds 2 (March 23). 

PHYSICAL, ANALYTICAL and ASSISTANT CHEMISTS In the Research 
Laboratories, Leatherh2ad Surrey, to work on problems arising from 
the generation of electr_city in conventional and nuclear power stations 
—The Director of Estabhshments, Central Electricity Authority, 
Winsley Street, London, W.1, quoting Ref. No. N./108 (March 25). 

TEOQHNICIAN (preferaoly with some practical knowledge of physics 
and chenustry and capable of taking responsibihty for the routine 
work of an experimental laboratory) FOR THE PHYSIOLOGIOAL 
LABORATORIES in the Department of Botany—The Registrar, Univer- 
sity College of North Wales, Bangor, North Wales (March 25) 

JUNIOR RESEARCH FELLOW IN ZooLnoay—The Registrar, The 

- University, Sheffield (March 30) 

LEOTURERS IN EXPERIMENTAL Puysics—The Secretary of Univer- 
sity Court, The University, Glasgow (March 30). 

PHARMACOLOGIST/TOXICOLOGIST (with a first- or second-class 
honours degree in a bidlogical science, and at least three years post- 
graduate research expe-ience, including some in a branch of pharma- 
cology or toxicology, cnd preferably with a knowledge of statistical 
methods) at a Ministry of Supply Establishment near Salisbury, Wilts 
—The Ministry of Labour and National Service, Technical and Scien- 
nie Heelster (K), 26 King Street, London, S W.1, quoting G.49/7A 

are è - 

SCISNTIFIO OFFIOER [organic chemist, with a first- or second-class 
honours degree or equ valent) AT THB COLONIAL PRODUCTS LABORA- 
TORY, Colonial Office, London, S.W.7, for laboratory investigation 
and intelligence work—The Ministry of Labour and National Service, 
Technical and Scientific Register (K), 26 King Street, London, S8.W.1, 
quoting F.79/7A (March 30). 

SENIOR LEOTURER ir [INORGANIC CHHMISTRY—The Registrar, The . 
University, Sheffield (arch 80). 

UNIVERSITY STUDENTS AND FELLOWS for experimental or theoretical 
research in nuclear ami elementary particle physics—The Professor 
of Natural Philosophy, The University, Glasgow, W.2 (March 30). 

LIBRARIAN (with good academic qualifications and experience)— 
ne Beorotary, Institute of Education, Malet Street, London, W.0.1 

pri 

PHYSIcistT (with a un versity honours degree in physics or equivalent 
ualifications, and preferably with research experience to at least 

h.D. standard) AT TEB RADIO RESEARCH LABORATORIES, Camden, 
N.S.W. (C.S.I.R O ), to work on problems associated with the propaga- 
tion of natural and man-made electromagnetic waves through the 
isnosphere—Chief Scicntific Lialson Officer, Australian Scientific 
Liaison Office, Africa House, Kingsway, London, W.C.2, quoting 
Appointment No, 644/£ (April 1). 

LECTURER or ASSIST.NT LECTURER IN PHYSIOLOGY—The Registrar 
The University, Sheffie'd (April 6). 

LECTURER or ASSISTANT LECTURER (with qualifications in physical 
or morganic chemistry, and ‘preferably experience in radiochemistry) IN 
CHEAMISTRY—The Registrar, The University, Hull (April 6). 

LEOTURER IN PURE MATHEMATIOS at the University of Adelaide, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Goron Square, London, W.C.1 (Australia, April 8). 

LECTURER (with special qualifications in chemical physics and 
independent research axperience ın some branch of this subject) 
IN THE DEPARTMENT OF CHEMISTRY—The Registrar (Room 9 O.B.B.), 
The University, Reading (April 10). 

CHAIR OF PHYSIOS; and a SENIOR LECTURER or LECTURER IN 
Puysics at the University College of the Gold Coast—The Secretary, 
Inter-University Cound! for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (April 18). 

ASSISTANT LECTURER IN PHYSIOAL or INORGANIO CHEMISTRY— 
The Secretary, The Queen’s University, Belfast (April 15). - 

LECTURER or ASSISTANT LECTURER IN PHysics—The Registrar, 
The University, Hull (April 15). 
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SENIOR LEOTURER or LECTURER IN VETERINARY ANATOMY at the 
University of Khartoum-—The Secretary, Inter-University Council for 
Tie aton Overseas, 29 Woburn Square, London, WC1 

ri : 3 

bnar OF ANTHROPOLOGY in the University of Khartoum—The 
Secretary, Inter-University Council for Higher Education Overseas, 
20 Woburn Square, London, W.C.1 (April 30). 

LECTURER IN APPLIED MATHEMATICS or PURE MATHEMATICS; and 
a LECTURER IN Paysics—Joint Clerk to the University Court, Queen’s 
College, Dundee (April 80). 

LEOTURER or ASSISTANT LECTURER IN PHysios at the University 
of Malaya—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1 (April 30) 

SENIOR LECTURER IN BIOCHEMISTRY at the University of Melbourne, 
Australia—-The Secretary, Association of Universities of the British 
qommonwealth, 86 Gordon Square, London, W.C.1 (Australia, 

pri : 

TURNER AND NEWALL RESSAROH FELLOWS IN ENGINRERING, 
INORGANIC CHEMISTRY, PHysics and allied subjects—The Registrar, 
The University, Manchester (April 80). 

ENGLISH ELECTRIO RESEARCH FELLOW IN ABRONAUTICS—The 
Warden, College of Aeronautics, Cranfield, Bletchley, Bucks (May 1) 

ASSISTANT (Grade “B”) TO TEACH PHystcs—The Principal, Tech- 
nical College, Queen Street South, Huddersfield. 

ASSISTANT PROFESSOR IN THE 
Dean, Faculty of Medicine, Dalhousie University, Halifax, Nova 
Seotia, Canada. 

BACPERIOLOGISTS (2), Senior Scientific Officer or Scientific Officer 
grade, to assist In work on the nutritional significance of miero- 
organisms of the digestive tract—The Secretary, Rowett Research 
Institute, Bucksburn, Aberdeenshire. 

EXPERIMENTAL OFFICER or ASSISTANT EXPERIMENTAL OFFICER 
(graduate in chemistry or bacteriology), to work on formed constituents 
of milk leading to spoilage as a rejection test for raw milk—The Secre- 
tary, National Institute for Research in Dairying, Shinfield, Reading, 
quoting Ref, 57/6. 

GRADUATE (metallurgy, chemistry or physics) IN THE INFORMATION 
DEPARTMENT, for work dealing with every aspect of the reoording 
and transmission of information on the extraction, manufacture an 
uses of non-ferrous metals and their alloys—The Secretary, British 
Bone erróus Metals Research Association, Euston Street, London, 


LECTURER or ASSISTANT PROFESSOR (with griduate training, 
preferably at the Ph.D. level) oF GxEOPHYSICS—Robert J. Uffen, 
Department of Physics or Geology, University of Western Ontario, 
London, Ontarto, Canada. 

Prysiorst (with a first- or second-class honours degree, and prefer- 
ably research experience), for fundamental research on the infra-red 
spectroscopy of proteins and related substances—The Wool Industries 
Research Association, Torridon, Headingley, Leeds. 

RESHAROH ASSISTANT (with an honours degree and some experience 
of stress analysis and the properties of materials), for research into 
the prosess of expanding tubes in high pressure boilers—Prof Hugh 
Ford, City and Guilds College, London, 8.W.7. 

RESEAROH BIOCHEMIST to work on the fractionation of serum—The 
Secretary (R), The Hospital for Sick Children, Great Ormond Street, 
London, W.C.1. x > 

RESHARCH OFFIOER (FOREST ENTOMOLOGIST) (with a good honours 
degree in a biological science with special reference to entomology, 
and at least two years postgraduate experience, and preferably ex- 
perience in forest entomology) WITH THE East CAN AGRICULTURE 
AND FORESTRY RESEARCH ORGANI ATION, Kenya, to collaborate with 
and advise the forest departments of Kenya, Uganda and Tanganyika 
in organizing research work and control measures against insect pests 
of forests and forest products—The Director of Recruitment, Colonial 
Office, London, S W.1, quoting BCD.196/151/01. 


REPORTS and other PUBLICATIONS 


(not included un the monthly Books Supplement) 
Great Britain and Ireland 


1956.) m1 
Occastonal Papers. No. 1: Land 


Pp 41437 figures 
Ltd., 1956.) 5s. 
Seventh Report of the Nazional Parks Commission for the year 


1956.) 48 6d. net. 151 

Colonial Office. Annual Report on the East Africa High Commis- 
sion, 1955. (Colonial No. 326.) Pp. v+81+4 plates, (London 
E.M. Stationery Office, 1956.) 6s. 6d. net, 151 

Department of Scientific and Industrial Research: Mechanical 
Engineering Research Laboratory. Heat Division Paper No. 11 
Conversion Factors for Specific Energy, Energy and Pressure. By 
E. J. Le Fevre. Pp. ti+6. (Hast Kilbride, Glasgow: Mechanical 
Engineering Research Laboratory, 1956.) {151 

The United Steel Companies Limited. Report and Accounts for 
the year ended 30th September, 1956. Pp. 24. (Sheffield . The 
United Steel Companies Limited, 1957.) h [151 
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Institute of Personnel Management. Integration of Social with 
Technological Change. By The Rt. Hon. the Earl of Halsbury. 
(Occasional Paper No. 11.) Pp 11, 2s. Gd. Industrial Training - 
an Introduction. By A Tegla Davies. Pp. 40. 4s. 6d. (London: 
Institute of I'ersonnel Management, 1956 and 1957 ) [15t 

University of Cambridge. School of Agriculture Memoirs, No. 28: 
A summary of the papers published by the members of the Staff of 
the School of Agriculture and its Associated Research Organisations 
during the period Oct. 1st, 1955—Sept. 30th, 1956. Review Series ! 
No. 11; Agricultural Teaching at Cambridge, 1894-1955. By Sir 
Frank L. Engledow, F.R.S. Pp. 32. (Cambridge: The University, 
School of Agriculture, 1957.) 3s. 291 

Association of Universities of the British Commonwealth. Report 
of the Executive Council together with the Accounts of the Association 
for the year 1st August, 1955, to 31st July, 1956. Pp. 25. (London . 
Association of Universities of the British Commonwealth, 1956.) pe 

Department of Scientific and Industrial;Research. Notes on D.8.1.R. 
Grants for Graduate Students and Research Workers. Revised Janu- 
ary, 3957. Pp xu. f Loncon: HM Stationerv Office, 1957.) 18351 
net. 291 


Other Countries 


South African Journal of Scwnce. Special Publication No.1. The 
Physical Characteristics of the Korana. By C. S. Grobbelaar. Pp. 
97-144. (Supplement to Vol. 53, No. 4, November 1956.) (Johannes- 
burg: South African Journal of Science, 1956 ) 1 

Unesco. Reports and Papers on Mass Communication. No 20 
(July 1956): Catalogue of 50 Popular Science Films. Selected and 
appraised by the International Scientific Rilm Association. Pp. 34. 
(Paris: Unesco; London: H.M. Stationery Office, 1956.) 50 francs ; 
1s,; 0 20 dollars 111 

Bulletin of the Astronomical Institute of the Netherlands. Vol. 13, 
No. 472 (1956 November 26): The Flux Densities of some Radio 
Sources at 400 Mc/s. By Ch. L, Seeger, G. Westerhout and H. V. 
van de Hulst. Pp. 89-110. Vol. 13, No. 473 (1956 December 5) 
Comparison of the Systems of Photographic Magnitude in Kapteyn’s 
Northern Selected Areas. By L. Plaut. Pp. 111-132 (Sterrewacht, 
Leiden: Astronomical Institute of the Netherlands, 1956.) 11 

Faculty of Science, Osaka University. Annual Report of Scientific 
Works, Vol. 4, 1956. Pp. li+181. (Osaka: Faculty of Science, 
Osaka University, 1956.) : 111 

Institut pour la Recherche Scientifique en Afrique Centrale. Sep- 
tıème Rapport Annuel, 1954. Pp. 268. (Bruxelles: Institut pour 
la Recherche Scientifique en Afrique Centrale, 1956.) 111 

United Nations : Permanent Central Opium Board. Report to the 
Economic and Social Council on the Work of the Board in 1956. 
Pp. 82. (Geneva: United Nations; London: H.M. Stationery Office - 
1958.) 3.50 Swiss francs ; 5s, 62 ; 0 80 dollars. (16r 

Centre National de la Recherche Scientifique. Observatoire de 
Haute Provence. Pp. 23-+-21 figures. 600 francs. Centre National 
de Coordination des Études et Recherches sur la Nutrition et }’Allmen- 
tation. Pp.83. 320 francs. Centre de Documentation Cartographique 
et Géographique. Pp. 16+-7 figures. 300 francs. (Paris: Centre 
National de la Recherche Scientifique, 1956.) (151 

Union of South Africa. Report of the Archwological Survey of the 
Union of South Africa for the period 1st April, 1955 to 31st March, 
1956. (Annual Report No. 21.) Pp. 1i+6. (Pretoria: Government 
Printer, 1956.) Şi [291 

The New Atomic Age. Pp. 40. (New York: United Nations, 
London: H.M. Stationery Office, 1956.) 26 cents; Is. 9d, [291 

Occasional Papers of the Natural History Museum of Stanford 
University, No.3: A Beview of the Philippine Lizards of the Genus 
Lygosoma (Leiolopisma). By Walter C. Brown and Angel C. Alcala. 
No. 4: The Generic Status and Subfamily Relationships of the 
Colubrid Snakes of the Genus Sijynophis in Madagascar. By Alan B. 
Leviton and Harold E. Munsterman. Pp. li+22. (Stanford, Calif. : 
Natural History Museum of Stanford University, 1956.) {291 

Province of Quebec: Department of Mines. Laboratories Brauch. 
P.R No. 327: Accurate X-ray Fluorescence Analysis without Internal 
Standard. By Fernand Claisse. Pp. lv+24. (Quebec: Department 
of Mines, Laboratories Branch, 1956.) (291 

Meddelelser fra Danmarks Fiskeri- og Havundersegelser. Ny Serie, 
Bind 1. Nr. 12: Planktological Contributions. 2: Taxonomical 
Studies in Some Danish Coastal Localities. By Jul Grøntved, Nr. 13: 
Distribution and Growth of the Queen, Chlamys opercularie (Lamell:- 
branchiata), in Danish and Faroese Waters. By Erik Ursin. Nr. 14: 
Efficiency of Marine Bottom Samplers with Special Reference to the 
Knudsen Sampler. By Erik Ursin. Nr. 15: Development and Dıs- 
tribution of a North Atlantic Pelagic Squid, Family Cranchiidae. 
By Bent J. Muus Nr. 16: Contribution to the Life History of the 
Halibut at the West of Iceland in Recent Years (1936-1950). By 
Adalsteinn Sigurdsson. Pp. 92. (Kebenhavn C A. Reltzels Forlag, 
1956.) 15 D.Kr. s {291 
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7 ° THE TRAINING OF ENGINEERS 9 


N common usage the words education and training 
are not-sharply differentiated in their meanings. 
* There are, however, instances in which it is useful to 
: assign to-each a special significance. An example of 
-this is to be found in @ report issued recently by the 
Institution’ of Electrical Engineers under the title 
“The Training of Graduates”*. *, As with the medical 
doctor and the lawyér,/the qualification of the pro- 
fessional engineer involves both academic study and 
experience of -practice, and to these divisions of his 
preparation are assigned the two terms. “Training,” 
states the report, “is the term used for the portion 
of the course concerned’ with the acquisition of 
experience of engmeering practice and of the tech- 
niques appropriate to a professional engineer.” 
While it is true that engineering graduates in 
Britain have received training in industry through- 
out the whole period of nearly ‘one hundred and 
twenty years since the inception of the engineering 
' schools in British universities, it is only .within the 
* past fifty years that a generally recognized pattern 
of training has evolved. 

Civil engineering ım the full" scope of its original 
conception comprised the whole field of technology 
outside the area of strictly military application. The 

_ often quoted words of the Royal Charter of the 
Institution of Civil Engineers, “the art of directing 
the great sources of power in Nature for the use and 
convenience of, man”, establish a clear title to 
universality. In the event, however, engineering has 
“developed sub-divisions, and civil engineering, in an 
“accepted restricted sense, is only one of three, sharing 
with mechanical and electrical engineering the cover- 
age of the main field of engineering practice. These 
major divisions of the field comprise many areas of 
‘Specialization, some long éstablished, such as niarine 


1 
` 


engineering and mining engineering, while others like 


‘aeronautics, electronics and chemical engineering are 
relatively new: Graduate training, although it has 
the same basic meaning in all branches, has a some- 
what different detailed interpretation for each of them. 
Civil engineering and mechanical engineering began as 
“crafts and had achieved considerable -development 
before the unifying scientific principles underlying 
them had been enunciated and had, by their incor- 
poration, created two major branches of applied 


science. Electrical engmeermg, on the other hand, had _ 


-no craft ancestry, except in the mariner’s compass, 
and came to birth as the child of pure science. 
` It is not difficult to understand how the individual 
master and pupil relationship of medieval apprentice- 
ship became the normal method of entry to engineer- . 


ing as a craft and so continued while the scientific’ 


framework was being slowly built into the oraft- 
fabric. The practice of deliberate association of a 
university education with a career in engineering 
developed very slowly during the nineteenth century, 

* The Professional Electrical Engineer: The Training of Graduates. 
{A Report of the Joint Committee on Practical Training in the Elec- 


trical Engineering Jodustry.) Pp. 85. (London: Institution of Elec- 
trical Bngineers, 1957.) | 


er ‘the engineering graduates, few in number, had 
for the most pars to struggle on entering industry 
against ignorance and prejudice. At Cambridge the 
Mechanical Sciences Tripos was not established until 
1892, under Ewing. Prior to that, many prospective 
engineers read msthematics. It is interesting to note 

that Parsons, wko was eleventh wrangler in 1877, 

attended such lestures on mechanism and applied 

mechanics as were given in the University and that, 

following graduation, he served a four-yéat appren- 

ticeship at the Elswick Works of S William Arm- 

strong and Company. Not until the turn of the 
present’ century was it recognized as desirable to 
provide in industry. special schemes of apprenticeship | 
for university graduates. 

Civil engineering retains in the highest degree the 
practice of pupilage with a master in which the pupil, 
whether or not he is a university graduate, acquires 
by day-to-day aasociation with senior men in the 
practice of the profession the knowledge and experi- 
ence which will in due course establish his professional 
competence, The Institution of Civil Engineers lays 
down that the university graduate shall, in addition to 
certain other requirements, have had at least two years , 
training as an articled pupil, apprentice or assistant 
under agreement with a ghartered civil engineer. - 

Pupilage, in the directly personal sense in.which it 
can be practised in civil engineering, is much less 
practicable “in mechanical or electrical engineering, ~ 
for the master or his deputy is more rarely a clearly 
identifiable individual and indeed is often a very 
highly complex entity. This results largely from the 
fact that. practice in an independent consultative 
capacity, although ah important activity in relation 
to mechanical and electrical engineering, is pro- 
portionately much less so than in civil engineering, 
and a high proportion of mechanical and electrical 
engineers are employed in manufacturing or operating 
organizations or in research establishments. 3 

Traditionally in thése two branches of engineering 

«the graduate apprentice spends some time ‘at the 
bench’ leaining something of the basic operations 
“and of the men who carry them out, and generally 
forming a first-hand acquaintance with the tech- 
niques of enginesring manufacture. While it is not 
expected that the graduate will achieve any con- 
siderable degree of manual skill, he should have 
sufficient first-hand experience to enable him to 
understand the fundamental problems of manufac- 
ture and to appreciate the outlook of engineering 
.craftsmen, The assembly, inspection and especially 
“the testing of machinery and equipment constitute 
an important part of the course of training. Finally, 
the young graduate will be introduced to the 
-~ branch of work in which he will take up his first 
professional responsibilities, for example, in design, 
in research or in manufacture. It is not difficult 
to understand that training of this kind, if it ‘is 
conducted in a relatively large manufacturing 
organization, will involve the co-operation of many 
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individuals in positions of widely varied character 
and responsibility, and will -require a carefully 
devised and executed scheme of organization. 
Equally, it may not be practicable to provide a 
wholly satisfactory scheme of training in a firm’ of 
relatively small size. 

The report to which reference has already been 
made deals with the organization of schemes of 
training for graduate electrical engmeers. The main 
recommendations of the report may be summarized 
as follows. 

The training programme should last two years and 
should comprise three parts, namely, basic work- 
shop training, general mechanical and electrical 
‘training and directed objective training. No specific 
recommendations are made in regard to the periods 
to be allocated to the three parts, but it is suggested 
that an appropriate division might be three to four: 
months on basic workshop training, eight to fifteen 


months on general mechanical and electrical training. 
and six to twelve months on what is termed directed ` 


objective traming. By this is meant training which, 
is more closely related to the specific type of work 
which the graduate mtends to take up on the com- 
pletion of his training period. 

Following these rather general considerations, the 
report goes on to outline the character of the training 
in the three main divisions but does so under two 
heads: first, that of. training in a works makmg 
heavy electrical plant and equipment ; and secondly, 
training in a factory making light electrical equip- 
ment. It is noteworthy that attention is directed to 
the possibility that, in a firm manufacturing a rather 
limited range of products, the training might be too 
narrow and it might be advisable for the trainee to 
be sent to other organizations for a period for the 
purpose of gaining wider experience. Equally note- 
worthy is the provision of special programmes of 
training for graduates in operating organizations and 
in research establishments. 2 

The comment is made in the sections dealing with 
basic workshop training that this can be made more 
effective by its association with classroom instruction 
and that, in some firms, training schools cover a 
substantial part of this work. The view is expressed, 
however, that work in a training school should always 
be supplemented by experience in production depart- 
ments where the trainee may mix with craftsmen 
and technicians on ‘the shop floor’. Emphasis is 
placed on the provision of suitable test experience as 
part of the general mechanical and electrical training 
phase of the course, as this gives an excellent oppor- 
tunity for the acquisition: of knowledge as to how 
items of equipment are constructed and operated and 
of the standard by which their performance will be 
assessed. A further feature of training should be the 
requirement to study the practical, technical and 


managerial considerations relating to the project in.. 


hand and to present in a written report the trainee’s 
conclusions and recommendations. 

Directed objective training represents the final 
phase of the training programme, and this, as has 
been mentioned, relates fairly closely to the trainee’s 
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chosen field of work. Seven main sub-divisions are 
given’as follows: (æ) research; (b) development ;* 
(c) design and application ; (d) manufacture ; (e) out- 
side erection and installation; (f) ‘operation and 
maintenance ; and (g) commercial engineering. 

Tt is assumed that, by the end of the general 
training period, the trainee-will have decided, aided 
by the advice of management, the branch of work in , 


‘which he will commence his professional career. 


Thus; during the final period his programme should 
be determined in co-operation: with the head of the 
department in which he hopes to take UP an 
appointment. 

There`are several references to the desirability of. 
the trainee continuing his studies during the training’ ~ 
period, and it is pointed out thab suitable short : 
special courses are often available at local technical 
colleges.: It may occasionally be appropriate -for the 
trainee to spend up to a year on full-time postgraduate- 
study in a university or in a college of technology, 
provided such studies are directly relatéd to the work 
which he will be taking up. 

An interesting feature common to both the ‘heavy 
current’ and ‘hght current’ programmes is the sug- 
gestion that the trainee in the manufacturing organ- 
ization might well have some experience with an 
appropriate operating authority, in one case an organ- 
ization using heavy electrical plant such as the Central 
Electricity Authority, or in the other, for example, the 
Post Office or the British Broadcasting Corporation. 

For graduates in operating organizations the 
recommendations for basic workshop training are 
similar to those for the manufacturing side, but there 
is an important difference under general mechanical 
and electrical training. Here’ it is stated that this 
phase of training can only be implemented fully with 
the co-operation of manufacturing firms in which 
experience can be gained iof fitting, assembly work, 
inspection and testing. The directed objective train- 
ing, which it is recommended should oceupy from 
six to twelve months, is subdivided under four heads : 
(a) operation and maintenance ; (b) installation ; (c) 
commercial engineering ; and (d) research and design. 

A separate section of the report ‘is devoted to 
training in research establishments, in particular, the 
research laboratories of government departments or 
of research associations. The proposed scheme could, 
it is suggested, apply not only to graduates in engin- 
eering but also to graduates in physics and mathe- 


matics who wish to qualify professionally as electrical 


engineers. 

The basic workshop training for this group occupies 
two months. This should be followed by four to six 
months in laboratories, of general electrical and 
mechanical training, ;which should comprise work 
on the commonly used structural, conducting, mag- 
netic and insuleting materials, and in addition should 
provide some experience of the main branches of 
physical- measurement. Thereafter, six to nine 
months of general mechanical and electrical training 
should be obtained outside -the laboratories, and 
finally the directed objective training, occupying six 
to twelve months, should constitute an introduction 
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to research methods obtained by engagement on 
selected research ‘projects. This should carry indi- 
vidual responsibility under “the direct supervision of 
a senior research engineer. . 

The report concludes with a group of sub-sections 
offering suggestions as to the structure of apprentice 
associations, hostel accommodation and the provision 
of brary and study facilities. An appendix gives in 
tabular form a summary of, typical programmes for 


graduates in a variety of branches of the electrical 


dustry.: ; ‘ 
There is no revolutionary change in practice in the 
recommendations of this report. On the other hand, 
.it:does provide for balanced schemes of training for 
sections of the mdustry in which in the past there 
was little such provision. It is important to recognize 
that the British system of education and trammg 
differs quite materially from the corresponding 
systems for professional engineers in, the United 


States, Western Europe and the U.S.S.R. The.. 


graduate apprenticeship as it is understood in Britam 

- 1s not & feature of American industry. On the con- 
tinent of Europe the five and a half year course of the 
technical college comprises some of the.material which 
the British graduate acquires during his practical 
training. All these systems are no doubt open to 
criticism on one ground or another; but equally they 
all work comparatively well. It is.probably wise m 
Britain to accept the proverbial virtue in diversity and 
to endeavour to mould something which has a long 
native tradition to meet modern requirements. At 
the same time, when British industry has to meet 
intense competition in world markets and is experi- 
encing a severe shortage of scientific man-power, it 
is of supreme importance that the practical training 
of engineering graduates should be soundly con- 
ceived and efficiently executed. The report on the 
training of graduates which has been produced by 
the Institution of Electrical Engineers is a most 
welcome aid to national self-criticism in this important 
matter. It is, however, not unjustified to ask whether, 
in the engineering industry as a whole, the profound 
character of the changes which are taking place have 
been fully recognized in relation to their effects on 
training. Nuclear energy, the application of semi- 
conductors and the use of high-speed electronic com- 
puters indicate some of the ways in which funda- 
mental science will increasingly influence engineering 
practice. Is not this factor one which should affect 
most strongly the development of engineering train- 
ing in the immediate future ? 


THE LIFE AND WORKS OF 
ARCHIMEDES 


Archimedes , 
By E. J. Dijksterhuis. (Acta -Historica Scientiarum 
Naturalium et Medicinalium, Vol. 12.) Pp. 422. 
(Copenhagen: Ejnar Munksgaard, 1956.) 68 kronor. 


T is curious how few facts of real importance’ are 
known about the life and parentage of Archimedes, 
while the trivial story of his leaping out of his bath 
shouting “Heureka” is familiar to évery schoolboy. 
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The first record of it, however, is in the works of 
Vitruvius, written about two hundred years’ after 
Archimedes’s death, so that there was ample time 
for the story to have been embroidered, even if it is 
not @ pure inveation. It is much the same with the 


- account of his launching a large ship single-handed, 


saying, “Give me a place to stand on and I will 
move ‘the eartn”, and with the myth that -he 
bumed the Roman fleet by using mirrors on &® 
sunny day. z 

These traditicnal stories, and others, are critically 
considered in Frof. E. J. Dijksterhuis’s book and 


_ traced to their eriginal sources; but this constitutes 


little more than one-twentieth of his book. The rest 
is a translation ef all the known works of Archimedes, 
preceded by a snort account of the origin and history 
of the various texts and codicés. It makes clear what 
a tremendous contribution Archimedes made to 
geometry, astronomy, mensuration, statics and 


‘hydrostaties, and how very near he came to a 


formulation of the integral calculus. The method 
by ,which he cGetermined the ratio of the ‘circum- 
ference of the zircle to its diameter by calculating 
the perimeter >f the circumscribed polygon of 96 
sides to arrive at his approximate value of 22/7 can 
be followed with interest. 

Comparison cf this new translation with that which 
Sit Thomas Hesth made sixty years ago is inevitable. ' 
Prof, Dijksterhris smooths the way of the reader by, 
including a lomg preliminary chapter called “The 
Elements of ths Work of Archimedes”, in which he 
collects the basic ideas and elementary propositions 
which will be applied in the subsequent works. This 
allows him late: to omit some of those-introductory 
and subsidiary propositions which might obscure the 
main line of Arhimedes’s argument. In some cases, 
too, he omits propositions which''are redundant 
because Archimedes proves both the general, as well 
as a particular, case. At the same time, he con- 
tinuously adds his own comments where necessary 
and explains £rchimedes’s line of attack, whereas 
Heath producad 2 more literal and complete 
translation of the original Greek, confining his 
explanations mainly to his introductory chapters 
and making little- comment -in the translated 
text. 

In his book on the growth and establishment of 
the mechanical explanation of physical phenomena 
(called “Die M3chanisierung des Weltbildes’’), Dijk- 
sterhuis showec. his understanding of the processes of 
thought of earty philosophers, and his comments in 
this translatioc do much to shed light on those of 
Archimedes. ‘ 

The work under review first appeared in- Dutch 
between 1938 and 1944, and Miss C. Dikshoorn has 
here translated it into English. The English is almost, 
but not quite, perfect. A further small criticism is 
that the English reader would, I think, prefer Roman 
to Greek letterng on the geometrical diagrams, and 
he will not find she notation generally quite so familiar 
as that used by Heath. As references in the text are 
given to earlier chapters and sections rather than 
pages, it would have been a convenience if the number 
of the chapter had been printed-at the top of each 
page. 

Prof. Dijksterhuis’s book will appeal to those with 
& general knovledge of mathematics who are inter- 
ested to learn about the methods and achievements 
of Archimedes and because Heath’s book is long 
since out of print this new version of the works is to 
be welcomed. H. R. CALVERT 
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AFRICAN GRASSHOPPERS 


Annotated Catalogue of African Grasshoppers 

By H. B. Johnston. ‘Pp. xxii+833. (Cambridge: 
At the University Press, 1956. Published forthe 
Anti-Locust Research Centre.) 105s. net. 


ee appearance of this catalogue heralds the 
approach of a new era in the study of African 
grasshoppers. Until a score or so of years ago, our 
knowledge of the grasshopper fauna of this continent 
was too rudimentary for a list of species to have 
more than an ephemeral value, and it is only during 
the past-decade that descriptive and revisionary work 
on the family has reached a level which permits, as 
it were, a pause for breath. 

After prefatory remarks on the need for a catalogue, 
the text proper opens with an introduction explaining 
the scope and general layout of the work. In addition 
to the Acrididae, two other Acridoid families are 
incorporated in the catalogue: the Pneumoridae and 
Eumastacidae. The whole of the African continent 
is covered, including the adjacent islands to the east 
and west but not those of the Mediterranean Sea. 
The catalogue aims to index, by means of references 
under species and @ terminal bibliogiaphy under 
authors, all the information published on the grass- 
hoppers of this area up to the end of 1953. No 


reference is made to the fact that a certain amount- 


of information published in 1954 is included both in 
the text and bibliography, but one assumes that, 
this year is only treated in part. 3 
The bibliography relates not only to taxonomic 
works, but also to papers containing morphological, 
ecological, bionomical, and economic information ; 
it is thus a very full one and runs to almost a thousand 
titles. The presence of keys, figures, and descriptions 
of nymphal stages is noted, and an outlme of the 
distribution records is given under each species. 
- It need scarcely be stressed that this comprehensive 
treatment extends the useful field of the catalogue 
beyond the domein of the taxonomist into the spheres 
of general and applied entomology. Thus many locust 
workers and any economic entomologist whose studies 
touch on thé biology of grasshoppers should find these 
indexed references an invaluable source of information. 
The text is set up in a commendably clear fashion, 
giving the greatest ease of reference and maintainmg 
the high standard of consistency which must be 
demanded from a catalogue of this sort. In view of 
the general‘ excellence of presentation it is regrettable 


that some of the conventions adopted in the text are - 


not adequately explained in the introduction, and 
that certain mysterious_anomalies have crept in. 
For example, the first citation of a synonym is given 
in italics, all other citations both of synonyms and 
the valid species name being in roman type; no 
-mention of this is made in the introduction. The 
authority for a synonym, as the author states, 1s 
given in parenthesis after its citation; we are not 
told, however, why there is sometimes a parenthetical 
reference after the citation of a name which is valid 
{though we may presume, perhaps, that such a 
reference is to the citation of the valid name in a 
synonymic list). It seems particularly unfortunate 
in a work of -great taxonomic importance that the 
author does not conform io Article 22 of the Inter- 
national Rules of Zoological Nomenclature, which 
requires that the name of the author of a zoological 
name be separated from the date of publication by a 
comma. This-rule, which has survived all. congres- 
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sional amendments, seems a reasonable one, .and 
taxonomists would have welcomed an explanation of 
its abandonment in this catalogue. ot 

For the purpose of listing published distribution 
records the author groups the countries of the 
African continent into five distribution areas : North, 
West, East, Central, and South Africa; these he 
defines in extent by listing their component countries. 
The Cameroons are listed under “West Africa’. It 
is not explained, however, whether the term “Camer- 
oons” refers to the whole of the United Nations 
Trust Territory, under both British and French 
administration, or merely to the relatively small area 
which is governed by Nigeria. An examination of, 
the text suggests that the former is the case, but this 
conflicts with the author’s unqualified inclusion of 
French Equatorial ‘Africa in “Central Africa”. The 
issue could have been clarified by listing all the 
component territories of French Equatorial Africa 
separately, as the author has done with the colonies 
of French West Africa. Gambia and Basutoland 
might well have been mentioned, though one may 
easily infer the distribution areas to which they 
belong. ght 

The use of the older name Truxalinae for the 
subfamily which is generally called Acridinae by 
modern workers creates, together with the retention 
of the Acrididae as the family name, a nomenclatural 
anomaly. If Truxabnae is used on the grounds of 
priority the family name should be Truxalidae for 
the same reason ; if, on the other hand, Acrididae is 
retained as the name in current usage, it is reasonable 
to expect the same stem to be applied to the sub- 
family name. Indeed, one fervently hopes that the 
latter alternative will remain in general use, as 
acridologists would be justifiably disconcerted to 
find their subject converted by the upholders of 
priority into truxalidology. 

It should be emphasized that such criticisms as 
have been made above relate to the author’s over- 
brief explanation of his approach to the subject, and 
these minor failings, once recognized, should not 
detract from the great value of the catalogue itself. ` 
Mr. Johnston deserves the highest praise for the years 
of painstaking work which he has devoted to this 
immense task, and we can well understand that, when 
the text of the catalogue reached ccmpletion, he 
found it difficult to give quite the same degree of 
concentration to the explanatory notes of his intro- 
duction, The author should also be commended for 
the generally Ingh standard of the proof-reading, 
though it is perhaps worth noting that in the contents 
all but the first of the tribes of the subfamily 
Pamphaginae are aligned with the subfamily name 
instead of being inset at the level of tribe. 

In conelusion, one may glean from this catalogue 
an insight into the progress which has been made 
in the systematics of African grasshoppers during 
the past two centuries. In each successive quarter- 
century since the tenth edition of Linnsus’s 
“Systema Naturae” (1758) the number of species to 
be newly described has increased. The total number 
of grasshoppers known from Africa has thus been 
increasing at a remarkable rate: m 1900 this number 
was in fact double what it was in 1875, and the 
present total is double the figure for 1900. ` The 
present rate of increase is about 300 new species per 
decade. Clearly, so far as the higher forms of 
taxonomy are concerned, the study of African 
grasshoppers is still in its infancy. 

: Davin R. Racer 
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Resistance of Materials 

By Prof. Fred B. Seely and Prof. James O. Smith. 
Fourth edition. “Pp. xvi+459. (New York: John 
Wiley and Sons, Inc.; London: Chapman and Hall, 
Ltd., 1956.) 52s. net. z 


HE subject ‘strength of materials’ covers the 
study of the relations between applied loads and 
the stresses and strains caused by them in basic 
structural and machine eléments ; it is a fundamental 
part of all undergraduate courses in engineering and 
there are a large number of text-books dealing with 
it. When faced with a new book on such a well- 
. documented subject the reviewer must therefore ask 
fitst whether the authors are justified in adding to an 
already extensive literature. The book under review 
is the fourth edition of a text-book first produced in 
1925 by two professors of the University of Illinois ; 
it has been extensively re-written and contains a good 
deal of additional material—it is therefore appropriate 
to think of ıb as a new book. 

The book differs in two ways from many other 
text-books in this field. The authors explicitly define 
the relation of their subject to the basic subject of 
mechanics and direct the attention of students 


to the very important difference between methods of - 


analysis and methods of design; and they do not 
limit their field of interest to the elastic behaviour of 
structural.components. On these grounds alone the 
publication of this book is very welcome. 

The authors make it clear to the reader, both by 
explicit statements and by the way in which problems 
are worked out, that this subject essentially deals with 
conditions of statical equilbrium and conditions of 
the compatibility of displacements ; that the ultimate 
purpose is not only to determine the bending moments, 
shear forces, stresses, strains, etc., in an existing or 
specified structure, but also to determine the dimen- 
sions of structural components, suitable for their pur- 
pose: to carry specified loads without collapsing or 
without exceeding prescribed deformations. This 
realistic approach leads on naturally to the inclusion 
of sections on the inelastic behaviour of the basic 
structural components and, in fact, every chapter in 
the first part of the book contains separate sections 
on elastic and inelastic behaviour. The chapters of 
Part 1 deal with elementary topics : torsion, bending, 
the deflexion of beams by the moment—area method, 
combined axial and bending loads, the instability of 
columns, statically indeterminate members, analysis 
of stress, fatigue and dynamic loads. Part 2 covers 
the additional topies of composite beams, unsymme- 
trical bending and elastic vibrations of structural 
members, together with chapters on three further 
methods of obtaining the deflexion of beams: the 
double integration method, the conjugate-beam 
method, and the use of the theorem of three moments. 

The inclusion of material not usually covered in 
elementary text-books has led to the exclusion of 
topics such as the analysis of strain and strain energy 
methods, In common with all American text-books 
I have seen (or for that matter most English text- 
books whose authors were not closely connected with 
the Department of Engineering of the University of 
Cambridge), the authors do not appear to be aware 
of the great economy of effort which is achieved 
. by the use of Macaulay’s! method when using the 
~ ..double-integration approach for the calculation of 
„+ the defiexion of beams. 


oe 
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` Ib is a common experience for university teachers 
to find that the introduction into undergraduate 
courses of now material based on recent developments 
is criticized by their colleagues on the grounds that 
this material involves new and difficult ideas. For- 
tunately these prophecies of doom are often proved 
false—the undergraduate to whom all the material is 
new does not share the prejudices of his elders, who 
can distinguish between what is familiar and unfami- 
liar to themselvss. There seems no doubt that an 
elementary presentation of inelastic behaviour on the 


lines proposed by the authors of this book would . 


enliven the teaching of strength of materials in the 

many universities where this has not yet been 

attempted and would not be found unduly difficult 

even by first-year students. E. K. FRANKL 

1 Macaulay, R., “Noze on the Deflection of Beams”, Messenger of 
Mi ics, 48, 129 (1919). See also, for example, Southwell, 

E. V., “Theory of Elasticity”, p. 187 (Oxford University Press, 


1941); or Case, J., “Strength of Materials”, p. 225 (Edward 
Arnold and Co., London, 1941). 


FUNGICIDAL ACTION 


Principles of Fungicidal Action 

By Dr. James G. Horsfall. (A New Series of Plant 
Science Books, Vol. 30, issued under the auspices of 
the Internationsl Plant Science Publications Society.) 
Pp. xx+280. (Waltham, Mass.: Chronica Botanica 
Company; London: Wiliam Dawson and Sons, 
Ltd., 1956.) 6.50 dollars. 


HIS book, by one who has long been the leader 

of a very prolific group in fungicide research, is 
a commentary rather than a text-book, although it 
covers the field remarkably well. It is a development 
of the author’s earlier (1945) book, ‘Fungicides and 
their Action”, issued by the same ~ publishers, 
which gave considerable attention to the uses of the 
dosage—response curve and to problems of protectant 
fungicide application. The author is still impressed 
with the DR curve, as he calls it, but the four chapters 
on deposition, coverage and tenacity have been 
reduced to one. On the other hand, a good deal more 
can now be said about the mode of entry of a protec- 
tant fungicide into the spore or germ-tube of a 
fungus, and four chapters are devoted to problems of 
mobilization, permeation and intrinsic toxicity, and 
@ paragraph in the earlier book on Zentmyer’s 
observation of antagonism between oxine and zinc 
now becomes ə chapter on chelation of needed 
metals, though the term ‘chelation’ is used rather 
broadly. 

The enormous developments since the Second 
World War in organic fungicides are reflected. in the 
inclusion of chapters on organo-sulphur compounds ; 
ketones, cluding quinones ; and heterocyclic com- 
pounds. In spite of the world-wide efforts to find 
substances suitable for chemotherapy, by which the 
author means uttacking a pathogen already within 
the plant, there is suitable material for only one 


- chapter on this El Dorado of biologist and chemist 


alike, a@ chapter longer than that m the previous 
book but concerned mainly with work published 
during 1950-54. 

This stimulating book is somewhat marred by 
various signs of haste. Thus a little more care in 
proof-reading eould have avoided a number of 
errors, particularly several misleading references to 

Re-caleulation would quickly have shown 
that the arithmetic on p. 49 is wildly inaccurate, 


604 
calling upon spores to defy the laws of matter and 
to occupy the same space ; -the logic in the penulti- 
mate line of that paragraph is also shaky. The 
author has confused phthalimide with phthalimidine ; 
this seriously weakens his -argument on pp. 205, 
206 and 213. 

There is, indeed, too great a tendency to extrapolate 

and to speculate from speculations. There is ample 
room in the laboratory and meetings for inspired 
guesses; J am not sure that there is a place for 
them in books where they so quickly become expired 
guesses. Fortunately, the author is very willing to 
admit past errors. The style is not improved by 
occasional lapses into current American patois which, 
contrary to intention, tend to reduce clarity, except 
perhaps to the local inhabitants. 
- Printers’ errors are very few, and the type is much 
better than that used ın the previous book. The 
table of contents is enlivened with some tantalizing 
facsimiles from various publications of historic 
interest ; the list of illustrations is rather hidden at 
the end of the book. 

The bibliography contains nearly ‘700 references, 
includmg a few from 1955, and there is an author 
index. A. H. M. Kinsy 
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MODERN CYTOLOGY 


International Review of Cytology ‘ 

Edited by G. H. Bourne and J. F. Danielli. Vol. 5. 
Pp. xii+570. (New York: Academic Press, Inc. ; 
London: Academic Books, Ltd., 1956.) 11.50 
dollars. 


HIS book contains fourteen papers ranging from 

such subjects as the histochemistry of labelled 
antibody, enzyme adaptation in micro-organisms and 
the chemical composition of the bacterial cell wall, 
to the evolution of the mitochondrial nebenkern and 
the acrosome reaction. One reviewer alone could not 
cope with all. this. It would be regrettable if the 
three papers mentioned above were overlooked by 
pathologists and bactericlogists because they appeared 
in a volume containing a round dozen of reviews on 
metazoon cell inclusions. The authors of these three 
useful papers are Albert Coons, of Harvard; C. 8. 
Cummins, London Hospital Medical School; and J. 
Mandelstam, of the National Institute for Medical 
Research at Mill Hill. 

The other papers are on more familiar cytological 
ground. There is a masterly review by Peter Cald- 
well, of University College, London, on the intra- 
cellular pH, the various methods being critically 
discussed. R. and C. Vendrely, of Strasbourg, 
have written on the results of cytophotometry of 
deoxyribonucleic acid in resting and dividing nuclei. 
These authors give a pleasing account of the work of 
that inspired investigator, T. Caspersson. This article 
and those on protoplasmic contractility in relation 
to gel structure by Douglas Marsland, of New York 
University, on the activity of enzymes in meta- 
bolism and transport in the red blood cell by T. A. J. 
Prankerd, of University College Hospital, and on the 
uptake and transfer of macromolecules by cells in 
growth and development written by A. M. Schecht- 
man, of Los’ Angeles, all recall the editors’ stated 
task—to form in the reading cytologist’s mind a 
unified concept in this field. Schechtman’s paper 
includes a review of the work of Brambell e¢ al. on the 
passage of macromolecules in the mammal. 
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In 1942, Bensley began the: analysis of the par- 
ticulate constituents of the cytoplasm: from this 
emerged a, type of cytological experimentation which, 
in the case of muscle, is here dealt with expertly by 
John W. Harman, of Wisconsin. 

Junquiera and Hirsch of São Paulo, Brazil, 
have written on cell secretion based on the study 
of pancreas and salivary glands. They have 
dealt competently with some structural and many 
biochemical aspects of the work ‘jinder review. 
Their report on microsomes; cell ribonucleic acid, 
and the information obtained by the use of radio- 
active isotopes is particularly lucid. Unfortun- 
ately, their description of the Golgi apparatus is 
much less satisfactory, and they have failed to 
present a clear-cut presentation of different theories 
of secretion. During recent years ıt has again been 
clearly shown by J. Dalton et al. and by D. Lacy in 
Hirsch’s chosen material that the Golgi apparatus is 
not & number of discrete neutral-red or methylene- 
blue staining bodies, a theory strongly supported in 
the past by Hirsch. Both types of inclusions exist 
side by side in pancreas cells. Yet Junquiera and 
Hirsch have identified them as a single type of 
organelle. The confusion to which this has led in 
their ‘review is difficult to describe. 

Warren Andrews’s paper on the mitochondria of the 
neurone reminds us of the debt we owe to E. V. 
Cowdry in this field ; perhaps & perusal of T. Moussa’s 
papers on the neurones of toads, etc., might have 
assisted Andrews in his section on recent observations. 
From Japan comes a well-illustrated and original con- 
tribution on acrosome reaction. This subject dates 
back to Popa’s work in 1927; Afzelius’s electron 
micrographs of, sea urchin sperms are included by 
Jean E. Dan in this contribution. Vishwa Nath has 
collected his spermatogenesis work, mostly published 
previously in the Research Bulletin of East Panjab 
University and generally unknown in Britain. For 
fixed material, Nath and his pupils used exclusively 
Flemming-without-acetic and iron alum hæma- 
toxylin. Many of the points raised by Nath can 
now be settled by study of electron micrographs. 
We do not believe that mitochondria metamorphose 
into Golgi bodies. Nor do we believe with Nath that 
the Lepisma sperm is unique among insects in having 
its acrosome where its middle piece should be, a 
centriole at its tip in lieu of an acrosome, and no 
mitochondrial part. No doubt Nath will find further 
stimulus in the wonderful electron micrographs of 
spermatogenesis by Beams et al. and Afzelius. 

-Finally, we have to congratulate Fritiof S. Sjostrand 
on his 78-page article on the ultra-structure of cells 
revealed by tbe electron microscope. For the non- 
cytologist teacher, and for the senior undergraduate 
facing ‘Finals’, this paper is unreservedly recom- 
mended as 2 straightforward non-controversial 
account of the subject. There is no doubt that some 
of the other’ contributors in this volume will be 
helped by reading Sjostrand. As to nomenclature— 
are the y-cytomembranes or agranular reticulum 
related to endoplasmic reticulum? So far as the 
reviewer can make out, this means ‘Is the Golgi 
apparatus related to ergastoplasm (basophil sub- 
stance of histologists) ? Finally, on fixation for 
electron microscope studies—Sjéstrand claims that 
the veronal-acetate buffer for osmium tetroxide 
(Palade) is not so important as originally claimed. 
The isotonicity and the accessibility of the fixative 
are now said to be more important. This has a 
familiar ring. J. BRONTË GATENBY _ 
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Bones for the Archaeologist ` 
By Dr. I. W. Cornwall. Pp. 256. (London: Phoenix 
House, Ltd., 1956.) 50s. net. 


LTHOUGH the title of this book might at first 
glance suggest a light-hearted detective story, & 
suggestion which is perhaps enhanced by the gay 
picture on the cover of a skeletomzed man on a 
skeletonized horse hunting a skeletonized stag with 
a skeletonized dog, it.is a serious and systematic text- 
book designed to teach aspiring archxologists how 
to recognize and distinguish animal bones found in 
association with archeological relics. Detailed 
descriptions are given of the skull, dentition and 
limb bones of a variety of mammals likely to be found 
in paleolithic or later deposits, providing a useful 
key for their determination. Students will find that 
this text-book must be used essentially as a guide in 
the course of studymg the actual skeletal elements 
described, for experience shows that, however careful 
and detailed the descriptive accounts may be, æ 
learning of osteology is not to be acquired from books 
alone. The author has certainly done his work well 
so far as the systematic descriptions go, and he has 
incorporated useful sections dealing with the practical 
treatment of fossil bones in the field or in the labor- 
atory. Except for those depicting the dentition of 
smaller creatures, which are rather too obscure, the 
illustrations are clear and precise, and in all cases 
the scale of drawing 1s indicated. A small point of 
criticism, perhaps of not great importance in a work 
of this kind, is that the author perpetuates a popular 
fallacy by his statement that it was Charles Darwin 
who first propounded the theory that all living 
species had developed from more primitive and 
simpler forms. W. E. Le Gros CLARE 


The Bird Watcher’s Reference Book 
By Michael Lister. Pp. 256+16 plates. 
Phoenix House, Ltd., 1956.) 45s. net. 


SUALLY the authors of books written for bird- 

watchers occupy themselves with ‘what’ and 
‘how’, devoting much space to descriptions of species, 
bird biology and field-work techniques. Mr. M. Lister 
does not follow this practice, devoting the general part 
of his book to problems which, although of great 
importance to every ornithologist, are seldom in- 
cluded in the bird books. Thus in this part of this 
ornithological book nothing 1s said about the bird 
itself, its life, behaviour, etc. Instead of this, the first 
four chapters deal with “Habitats, Vegetation, and 
Birds”, “Types of British Vegetation”, ‘“Weather”’ 
and “On Writing a Paper”. All matters discussed 
here are of great interest for every ornithologist and 
1b 18 very good indeed that, at last, they have been 
presented to him in detail. Chapter 5—‘Directory” 
—contains information referring to periodicals, 
institutions, bird observatories and ringing schemes, 
in almost every country of the world. The amount of 
information gathered by the author shows how much 
effort and labour had to be made to reach such an 
excellent result. Objection could be raised only with 
reference to North American ornithological life, which 
seems to be treated with a little less care; but on 
the whole this directory is probably the most com- 
prehensive ever published. Chapter 6—‘‘Glossary 
and General Reference Section’’—embraces explana- 
tions of about seven hundred terms used in ornith- 
ological literature together with their German, Dutch 
and French equivalents. This glossary should render 
good service, especially for non-professional ornith- 
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the Habitats of British Birds”, by W. B. Yapp; 
Appendix 2 lists 648 ornithological and zoological 
periodicals arranged alphabetically. Bibliography and 
very detailed inclexes (57 pages) close this extremely 
useful and impcrtant book. W. RYDZEWSKI 


Principles of Prysical Metallurgy 

By Morton C. Smith. Pp. xii+417. (New York: 
Harper and Brothers; London: Constable and Co., 
Ltd., 1956.) 5Cs. net. 


‘Alloy Series in‘ Physical Metallurgy 


By Morton C. Smith. Pp. x+338. (New York: 
Harper and Brothers; London: Constable and Co., 
Ltd., 1956.) 50s. net. i 


HESE two volumes may be taken as constituting 

a general account of physical metallurgy at 
introductory level. They would serve satisfactorily 
as a student’s text. “The Principles of Physical 
Metallurgy” deals with general principles, namely, 
atomic considerations, crystallography, electrical and 
magnetic properties, and the various effects of stress 
on metals, inclaiding details of fracture. Some idea 
is also given of the types of phases present in metals. 
However, phase equilibria and alloying comprise the 
subject-matter of “Aloy Series in Physical Metal- 
lurgy”, in which binary equilibrium diagrams are 
thoroughly dissussed, followed by consideration of 
the structure and heat treatment of steel, and then 
of the cast irons, although important non-ferrous 
alloys are not covered to the same-extent. Finally, 
‘ternary systems are briefly described and mention is 
made of quaternary systems. 

The subject-matter included and its treatment are 
in the main quite conventional, although the author 
apparently claims some originality in these directions. 
One might quarrel over small points but the text is 
generally sound. The style of writing is sometimes 
laborious, the development rather drawn out, and 
illustrations are not always used economically. 

A. R. BamEy 


German-English Mathematical Vocabulary 

By Dr. Sheila Macintyre and Edith Witte. With a 
Grammatical Sxetch by Lilias W. Brebner. (Univer- 
sity Mathematical Texts.) Pp. xi+95. (Edinburgh 
and London: Olver and Boyd, Ltd.; New York: 
Interscience Publishers, Inc., 1956.) 8s. 6d. net. 


HE younz mathematician, obliged to learn 

enough German for professional reading, would 
be well advised to purchase this little book. A 
careful study of the thirty-page grammatical sketch, 
coupled with conscientious reference to the two 
thousand words of the skilfully selected vocabulary, 
should enable him to read most German mathe- 
matical works with readiness, although, of course, 16 
will not equip him to skim a newspaper or enjoy a 
novel. A’ good plan would be to begin with one of 
Landau’s tersely written works, and go on from there 
to more verbose authors. An admirable feature of 
the present book ıs a page from: Ince’s “Integration 
of Ordinary Lifferential Equations” faced by the 
corresponding page of the authorized German trans- 
lation, and two similar pages’ from Gillespie’s 
“Integration” and its translation. The pure mathe- 
matician will >e grateful for this addition to the 
series of University Mathematical Texts ; the applied 
mathematician. the mathematical physicist, the 
statistician, may wish for a companion volume. 

T. A. A. BroapBENT 
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THE ATOMIC ENERGY RESEARCH ESTABLISHMENT, HARWELL 


H% the Queen and H.R.H. Prince Philip, Duke 
. A of Edinburgh, visited the Atomic Energy 
Research Establishment, Harwell, on March 1, at a 
very interesting time in its history. In the late 
summer of 1956 the Queen turned the switch which 


. sent nuclear-generated electricity into the National ` 


Grid of Great Britain for the first time. Smce then, 
industrial firms have begun to build the first three 
commercial nuclear power stations for which Calder 
Hall was the prototype. The immediate task of the 
Establishment is now to assist in the development of 
more efficient versions of the gas-cooled graphite- 
moderated reactor and to do basic research and 
development work on those advanced types of reactor 
systems which might ultimately replace the simpler 
Calder Hall type of reactor. During the visit the 
Queen and the Duke of Edinburgh were shown some 
of the more striking technological work being carried 
out in this reactor research programme. They were 
also shown some of the long-term experimental work, 
going on into the possibility of generating power from 
the thermonuclear fusion reaction. 

The tour of the DIDO reactor took place about 
four months after its official opening by the president 
of the Royal Society, Su Cyril Himshelwood. The 
main purpose in designing and building this re- 
actor 18 to provide regions in which possible fuel 
elements, and other constructional materials for 
future reactor systems, can be studied under condi- 
tions of intense irradiation. Irradiation inside a 
nuclear reactor considerably alters the properties of 
possible fuels ; 
‘creep’ at a lower stress under irradiation than that 
required to cause creep on the bench. Also, the 
generation of fission products within the fuel may 
cause profound structural alterations within the 
element; for exaniple, the evolution of gaseous 
fission products may even cause swelling. In addition, 
corrosion-rates and rates of chemical reactions 
between possible reactor materials are frequently 
significantly altered under these conditions. 

Experiments on these problems in the early stages 
of research can often be done on the small seale, but 
as development progresses it 1s essential to investigate 
the behaviour of the proposed components of a future 
reactor channel (complete with fuel elements) in a 
test system mounted m elaborately designed holes 
built into the core of a testing reactor such as DIDO. 
DIDO is æ heavy-water moderated reactor and is 
fuelled by enriched uranium ; it was designed to give 
the highest radiation flux over a large accessible core 
volume consistent with a limited heat output. The 
available neutron flux is 104 n./em.*/sec. at a heat 
output of 10-MW. Three of the holes built into the 
core are designed to accept test systeras which are 
virtually . complete reactor ‘channels’ together with 
the ancillary engineering equipment; these large- 
scale.experiments are called engineering ‘hot loops’. 
(PLUTO, a smilar reactor to DIDO, which will 
start operating this year, is specially designed to 
accommodate ‘hot loops’.) Other holes in DIDO 
are designed to-hold equipment for testing systems at 
earlier stages of development. 


for example, uranium begins to, 
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Although many of the problems planned for study 
in DINO are simple in principle, the design of the 
apparatus is complicated by the need to control and 
record externally the temperature and the other 
reaction conditions inside a confined space within 
the core. In addition, the materials of construction 
have to be selected from those which have small neu- 
tron capture cross-sections and which are also stable 
under the expected irradiation conditions.- Experi- 
ence in the design and use of apparatus of this kind 
was first gained usmg BEPO; some of the equipment 
used in these experiments was shown during the 


` open days at the Establishment last year (see Nature, . 
. 177, 1195; 19656). 


Samples of fuel removed from the reactor for metal- 
lurgical study after irradiation are highly radioactive . 
and can only be safely handled inside ‘cells’ with 
shielding walls made of lead or concrete. Metallurgi- 
cal examination of specimens inside cells of this kind 
is done by using a specially designed television micro- 
scope ; preparation of the specimens before examina- 
tion requires a sequence of connected cells in which 
the essential operations can be carried out. Chemical 
operations inside cells of this kind can be done by 
using large ‘master-slave’ manipulators in which the 
slave ‘grab’ within the cell faithfully copies the 
movement of the hand in the master ‘grip’ outside 
it by mechanical transmission through a tube high 
in the wall of the cell. The work inside the cells 
is viewed through special ‘windows’; these are 
transparent glass tanks filled with a concentrated 
aqueous solution of zinc bromide having a physical 
density equivalent to that of concrete. The delicacy 
of operation of a pair of manipulators in a typical 
handlmg cell was demonstrated to the Royal party 
by lighting a candle with a match taken from a 
matchbox withm the call. DIDO is also used for 
fundamental studies in solid-state physics, neutron 
physics and radiation chemistry ; radioactive cobalt- 
60 for medical use is made in special irradiation units 
in which a large number of cobalt disks can be irradi- 
ated simultaneously ; these units are like the experi- 
mental irradiation assemblies. 

The LIDO reactor was opened at the same time as 
the DIDO reactor; its purpose, however, is quite 
different. The reactor core is suspended in a large 
concrete tank of water from a trolley which can be 
moved to and fro down the length of the tank. Two 
aluminium panels are set mto the base of the concrete 
tanks so that experiments to study the design of 
hght-weight reactor shielding for propulsion reactors 
can. be set up in front of the panels. During the tour 
of LIDO, the Royal party saw the progress of the 
work directed towards the development of the British 
nuclear-powered submarine. The work is being done 
by an Admuralty team in association with the Estab- 
lishment. 

In the plutonium laboratory of the radiochemical 
building, the study of the chemistry and metallurgy 
of the unusual materials of atomic energy was shown. 
Plutonium and its compounds do not emit penetrating 
radiation, but are highly toxic materials. For this 
reason the work is confined to sealed glove boxes 
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in which every chemical of metallurgical operation 
required can be carried out. i 

Since it is expected that plutomum will be used to 

. fuel future reactor systems, the study of the detailed 
chemistry and metallurgy of plutonium, its com- 

pounds and alloys is very’ important from a tech- 

nological point of view; in addition, more basic 

studies of the chemistry of plutonium and other 

transuramec elements are carried out. Before leaving 

the laboratory, the Royal party were shown some of 

. the results of research into methods for fabricating 
materials hke uranium and thorium or beryllium 


Organization of Postgraduate Studies 


HE subject for the second session of the Home 
Universities Conference held m London durmg 
December 14-15 was “Organization of Postgraduate 
Studies”. Sir James Mountford, vice-chancellor of the 
University of Liverpool, gave the opening address and 
surveyed the problem with a light touch. His com- 
ment thas in arts the Ph.D. student is a relatively rare 
bird foreshadowed a discussion that concerned. in the 
main the problems of scientists. He feared that with 
much organization there was little or no room for the 
student with ‘a private hunch’ in science departments. 
. He was followed by Dr. D. A. Bell, Department of 
Electrical Engineering, University of Birminghem, 
who emphasized the value of the M.Sc. degree by 
examination. Dr. Bell considers that while industry 
obviously needs the first-class man, it can also make 
use of the good honours man who has had post- 
graduate traming. Dr. Bell also directed attention 
to the difficulties of organizmg fundamental research 
- in fields where research needs a staff of technicians 
as well as large and expensive apparatus. 

Prof. F. 8. Dainton, professor of physical chemistry, 
University of Leeds, showed an appreciation of the 
problem of selection of students for postgraduate 
research work, and felt that note should be taken of 
the quality of “persistence under adversity”. He 
drew an interesting comparison between educational 
practice in universities ın Britain and in the United 
States of America. He emphasized the value to the 
student of changing his university after his first 
degree, but made it clear that in the United States 
the interval between the first degree and the Ph.D. 
is sometimes four and often five years. Prof. Dainton 
doubted if the number of Ph.D. students should 
increase as rapidly as the number of those trained in 
directed research. 

« Prof. E. R. H. Jones, of the University of Oxford, 
welcomed the decision of the Department of Scientific 
and Industrial Research to give grants for students 
taking postgraduate diplomas. He thought that the 
traming of postgraduate students in science should 
include training in methods of communicating results. 
Migration of senior postgraduate students from one 
university to gnother would be encouraged if there 
were more research awards for those who had already 
obtained the Ph.D. degree. He associated with this 
a plea that there be an increase in the number of 
postgraduate science students given permanent 
deferment from national service. 

The discussion that followed emphasized the 
length of time needed to train the independent 
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and zirconium into forms which withstand the 
intense radiation conditions inside nuclear reactors. 
In particular, powder metallurgical methods 
have proved te be extremely important in this 
field. i ? 
The Royal party were also shown some of the 
experimental work which is being done at the 
Establishment cirected towards thé ultimate use of ` 
controlled thermonuclear reactions as a source of 
power. It is hoped to summarize the essential 
problems in th:s very interesting work shortly m 
Nature. A. H. S. Marrmrson 


HOME UNIVERSITIES CONFERENCE 


research worker. It was accepted that if notice was 
to be taken of the morning discussion, which had 
emphasized the overloading of the curricula of 
undergraduate studies, more would have to be done 
after the first cegree. There was also considerable 
support for givmg some training in the methods of 
research to thcse who might never become inde- 
pendent research workers. 

Prof. J. G. Semple, of King’s College, London, 
proposed a new ‘Certificate of Advanced Studies’. 
Lord Chorley made it clear that the problem con-. 
cerns law students as well as scientists, and that 
postgraduate treining in law is increasingly demanded 
by the profession and by government departments. 


Technology and the Universities 


The third session of the Conference was devoted 
to the “Impact on the Universities of the Govern- 
ment’s Policy Zor the Expansion of- Technological 
Education”. Three papers were presented and there 
was & lively discussion. Sir Eric Ashby, president 
and vice-chancallor of The Queen’s University, 
Belfast, opened the session. He drew a parallel 
between the present upsurge of technological educa- 
tion and. the upsurge of scientific education about a 
century ago. Competition from the proposed new 
colleges of tecknology, an increase in the prestige 
(and cost) of faculties of technology, and greater 
dependence on -government finance—all these are 
problems for which there are precedents and for 
which it should not be difficult to devise solutions. 
But there rema.n two problems for which phere. are 
no precedents: one is the future faculties of arts, 
and the other i£ the place of humanities in faculties 
of technology, 

These problems, though not new, now require 
solution urgently, for they are brought to a head by 
the expansion and encouragement of higher tech- 
nological educasion. There are no precedents for 
them, because until recently the viability of faculties 
of arts was assured by the ‘market-value’ of arts 
degrees in the Civil Seryice and elsewhere; and 
technologists rarely attained positions of adminis- 
trative responsibility, so that they were not obviously 
handicapped by their lack of any formal training in 
the humanities. The social climate has now entirely 
changed. In so Zar as faculties of arts pursue scholar- 
ship and train scholars, their place in universities is 
secure. But the greater part of their time is not 
spent on either of these activities, and it is their 
‘bread and butter lines’ which need re-examination 
in the light of present Government policy. 
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As to technologists, Sir Erie gave some evidence to 
indicate that more than a quarter of them end up in 
administration, for which some familiarity with arts 
- Subjects is quite essential. Technology is in any 
event inseparable from humenism, for it is the 
application of science to man and society. Sir Eric 
proposed two remedies: the firat, that courses in 
such subjects as political institutions, economic 
history, social anthropology, and jurisprudence, 
should be obligatory ingredients of university courses 
in technology ; the second, that arts faculties should 
secure their viability by ensuring that their own 
graduates are familiar with the contemporary prob- 
lems of civilization, and at the same time by providing 
essential courses for faculties of science and tech- 
nology. This would involve raising the “ivory 
curtains between faculties”. i 

Sir Harry Pilkington, chairman of the National 
Advisory Council for Industry and Commerce, 
emphasized that the responsibility of universities is 
to place technology in perspėctive as a servant of the 
community and not as a subject to be studied for its 
own sake. He would like to see the sharp division 
between science and ‘arts at the universities deliber- 
ately blurred ; he agreed with Sir Eric Ashby that 
university education should cut across faculties. 
Another important point made by Sir Harry 
Pilkington was that industry requires among its 
technologists not only specialists but also men with 
imaginative and creative casts of mind ; -universities 
must produce the thinkers for industry. The very 
successes of industry in solving technological prob- 
lems will give rise to new demands for non-material 
needs, in literature and the arts, for example; and 
the country will look to ‘the universities to satisfy 
these needs too. Finally, Sir Harry mentioned the 
impact on the universities of the inevitable improve- 
ment in the prestige of industrial work for graduates ; 
as they come to realize that industry is neither dirty. 
nor dull, some of the best scientists will certainly be 
attracted to industry away from universities. 

The third paper was from Dr. Willis Jackson, of 
Metropolitan-Vickers Electrical Co., Ltd., who is 
chairman of the Joint Committee on the Supply and 
Training of Teachers for Technical Colleges. Dr. 
Jackson directed attention to a difficulty inherent in 
modern traming in higher technology, namely, that 
technologists must, on one hand, become increasingly 
specialized and, on the other hand, must recognize 
the mterdependence of different specialisms when 
technological problems have to be solved. In Dr. 
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Jackson’s view, universities should concentrate their 
curricula upon basic science and interdepartmental 
activities, leaving it to industry to supply training in 
narrow specialist fields. One of the chief problems | 
facing faculties of technology, Dr. Jackson said, will 
be the recruitment of staff; for an able. young tech- 
nologist wants to practise technology, not to teach it. 
This problem might be solved by two means: first, 
academic men should more commonly be appointed 
as consultants in industry, and from time to time 
should spend periods of full-time work in industry ; 
secondly, universities should draw upon industry for ` 
visiting lecturers—not simply to give occasional 
lectures but to-give complete and‘examinable courses 
to technology students. One obstacle to a closer 
integration between teaching and practice in tech- 
nology is the fact-that pension schemes are not 
ordinarily transferable between industry and univer- 
sities ; this obstacle should be removed. 

During the discussion, Prof. J. Greig (King’s 
College, London) asked universities to be prepared. to 
recognize (with suitable safeguards) the new diploma 
in technology as a qualification allowing students to 
work for higher degrees. Mr. J. W. Gray (Queen’s 
University, Belfast) challenged Sir Eric Ashby’s 
suggestion that the contribution of arts faculties to 
faculties of technology should be confined to studies 
of contemporary society: it is often preferable to 
introduce students to unfamiliar civilizations. Prof. 
A. H. Naylor (Queen’s University, Belfast) suggested 
that students with a better background in humane 
studies would be recruited into faculties of technology, 
if these faculties were prepared to forgo their special 
faculty requirements. Prof. A. F. Burstall (Newcastle 
upon Tyne) supported the plea for formal courses in 
the humanities for engineering students ; and it was 
mentioned that the faculties of economics and law 
also have contributions to make to technological 
education. A very interesting contribution was made 
by Prof. J. J. Auchmuty, who is dean of the Faculty 
of Humanities in the New South Wales University of 
Technology. He is engaged in doing precisely what 
Sir Eric Ashby proposed should be done in British 
universities, for in the New South Wales University 
of Technology all students are obliged to study 
English, history and psychology. The chief difficulty, 
Prof. Auchmuty said, is to recruit suitable staff, and 
he considered that it will become necessary to 
institute a faculty of arts in the University of Tech- 
nology in order to provide cohesion and stimulus for 
the humanities. 


RADIO STAR SCINTILLATIONS AND INTERSTELLAR HYDROGEN 
By Dr. G. A. HARROWER i 


Department of Physics, Queen’s University, Kingston, Ontario 


T is generally believed that the scintillation of a 

radio star is the result of irregularities in the 
density of ionization at a height of about 400 km. 
which move with a wind-lke motion past the 
observer’s line of sight?. Two general questions 
remain unanswered: the question of what agent or 
agents may contribute to this ionization, and the 
question of whether the ionization is produced in an 
irregular pattern or becomes irregular after its pro- 


« 
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duction, perhaps due to turbulence. The work 
reported here was undertaken with the hope of 
obtaining at least a partial answer to the first of 
these questions. 

At Ottawa during 1954, the radio signal from the 
strong source in Cassiopeia was recorded practically 
continuously at a frequency of 50 Mc./s. The records 
were examined and judged to show scintillations, or 
not, for each hourly interval. The most prominent 
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variation in the percentage occurrence of scintillations 
was easily seen to depend on the altitude of the 
source, with the occurrence being a maximum at 
lower transit and a minimum at upper transit. Group- 
ing the measured data in eight categories, correspond- 
ing to eight equally spaced positions of Cassiopeia 
on its diurnal circle, allowed the altitude effect to be 
removed. Thereafter, the year was divided into 
twenty-four approximately 15-day periods, and for 
each of these a plot was made of variation in per- 
centage occurrence of scintillations against solar hour 
of the day as shown in Fig. 1. Each of these twenty- 
four graphs shows two or three broad maxima at 
certain hours of the day; these hours of maximum 
scintillation changed systematically throughout the 
year. They comprised five features as follows: from 
approximately September 13 to March 30, scintilla- 
tions reached a maximum at the nearly constant hour 
at 0300 (feature A) and displayed a second maximum 
at hours between. 1500 and 2100 (feature Æ) ; for the 
remainder of the year a maximum occurred between 
2100 and 2400 hours (feature F), and in addition two 
features (B and C), less promment than. those already 
mentioned, were present between the hours of 0600 
and 1300. This division of the year into two parts 
and the lack of circular symmetry with respect to the 
Sun suggest that the Sun is not primarily responsible 
~ for the variations observed, but rather, as has been 
suggested before?’, a mechanism external to the 
solar system should be considered. 

The suggestion is made here that interstellar par- 
ticles captured by the Sun’s gravitational field can 
explain the scintillation measurements. The accretion 
of interstellar matter by a star has been studied by 
Hoyle and Lyttletont. The Sun, moving through a 
cloud of particles, will deflect these particles, forming, 
with the help of many inter-particle collisions, a 
relatively dense accumulation of particles behind 
itself. The situation is shown schematically in Fig. 2. 
From this so-called collision region, particles fall 
toward the Sun. If such particles strikmg the Earth’s 
atmosphere contribute to the ionization responsible 
for scintillations, the solar hour of the day of maximum 
occurrence of scintillations corresponds to & most 
nearly perpendicular incidence of the infalling 
particles. It is possible, therefore, to proceed from 
solar -hour of maximum scintillation, through a 
correction for the Earth’s orbital velocity, to direction 
of the component of the velocity of infalling particles 
in the Earth’s equatorial plane. These. directions of 
arrival of particles, derived from the scintillation 
measurements, are shown in Fig. 2 for twenty-four 
positions of the Harth on its orbit, having been 
corrected for the Earth’s orbital motion. 

Such an analysis serves to identify feature A men- 
tioned above, with particles falling radially toward 
the Sun from the collision region. Their speed is 
calculated (making use of the Harth’s known orbital 
velocity) to be 3-3 x 104 m./s., and in addition, the 
collision region is calculated to be 200 million miles 
from the Sun. This last number falls satisfactorily 
within the outer limit for the Sun’s collision region 
of 400 million miles derived from the Hoyle and 
Lyttleton theory. The E feature, which occurs along 
with the A feature, is considered possibly to result 
from A particles being accreted by the Harth’s 
gravitational field. The B and O features are believed 
due to particles leaving the collision region with 
sufficient tangential velocity to miss the Sun, crossing 
the Earth’s orbit and striking the Earth when it is 
on the side of the Sun opposite the collision region. 
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Fig. 1. Variation ir percentage occurrence of scintillations against 
local mean solar sime for twenty-four approximately 15-day 
intervals throughoct the year 1954. A common ordinate scaleis , 
given in the upper left corner. Each of the twenty-four curves 
shows two or three maxima, which are grouped into features 4, 
B, O, F and E. These features are believed to be attributable to 
the accretion of interstellar matter by the Sun, and the points 
marked with crosse are beleve due to particles coming directly 
om the Sun 


The F feature is assumed to result from the direct 
infall of interstellar particles toward the Sun. 

In addition i the effects just mentioned, there - 
were three periods during the year when the scintilla- 
tion record reached a maximum near 1200 hr., sug- 
gesting the arrival of particles from the Sun. These 
occasions are marked with crosses on the graphs of 
Fig. 1. On two of these occasions (February and 
October-November} particle speeds of about 2 x 
105 m./s. were calculated from the observations, and 
these two periods coincided with the two broad 
maxima which were displayed by the planetary K 
index during 1954, On. the third occasion (August~ 
September) the speed of the particles was very much 
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U Fig. 2. Connexion between the accretion of interstellar matter by the Sun and the observed scintil- 
lations of radio stars. The Earth traverses its circular orbit about the Sun and is at the point P on 
June 8 approximately. Interstellar particles, arriving from the right, form a collision region behind 
the Sun—-shown here schematically as a dotted hemispherical region. Particles arriving both directly 
and from the collision region are believed responsible for the scintillation observations. The apparent, 
directions of arrival of particles (corrected for the Earth’s orbital motion) are shown for twenty-four 
positions of the Earth on its orbit, as derived from the scintillation measurements presented in Fig. 1 
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400-km. level believed to 
be important here; and 
further, show no correla- 
tion between meteor act- 
ivity and radio star scintil- ` 
lations. Secondly, the 
Sun’s radiation pressure 
would remove small dust 
particles from its vicinity 
while allowing hydrogen 
atoms to fall inward. 
Combining information 
about solar times of maxi- 
mum occurrence of scintil- 
lations with the observed 
annual variation (the 
Earth is determined to 


be on the forward side - 


of the Sun on June 8) 
allows the celestial radiant 
of the infalling hydrogen 
to be estimated. ~The 
radiant appears to lie with- 
in the limits: mght ascen- 
sion 16 h. 40 m. to 17 h. 
and declination — 20° to 
— 40°. In addition, the 
components of the velocity 
of the particles with re- 
spect to the galactic plane 
can be estimated as fol- 
lows: tangential, 28 x 
10* m/s. (the particles 
are judged to be over- 
taking the Sun from be- 
hind), radially outward 
2 x 104 m./s., and trans- 
verse 0-2 x 104m./s. 

A detailed account of 


higher, which may be related to the fact that the 
only solar flares of 1954 occurred during that period. 
There was no ‘other evidence in the scintillation 
measurements of effects directly attributable to the 
Sun. 

The kind of particles involved must depend on the 
kind of interstellar matter available. On that basis, 
only hydrogen atoms and interstellar dust need be 
considered. Two arguments strongly favour hydrogen. 
First, meteor studies suggest that dust particles 
produce ionization only at altitudes lower than the 


t 


these measurements and 

the analysis performed will be published elsewhere. 

The scintillation measurements used here were 
made by T. R. Hartz, who also, with P. A. Forsyth 
and ©. O. Hines, gave much helpful advice. The 
work was carried out at the Radio Physics Laboratory 
of the Defence Research Board, Ottawa. 
1 Hewish, A., Proc. Roy. Soc., A, 214, 494 (1952). 
* Ryle, M., and Hewish, A., Mon. Not. Roy. Astro. Soc., 110, 881 (1950). 
* Ginzburg, V. L., Dok. Acad. Nauk, U.R.S.S., 84, 245 (1952). 


t Hoyle, F., and Lyttleton, R. A., Proc, Camb. Phil. Soc. .85, 405 and 
592 (1939). 


l OBITUARY 


Prof. R. N. Rudmose Brown 


Dr. RoserRrt NEAL Ropmosze Brown, emeritus 


professor of geography in the University of Sheffield, 
died on January 27 in his seventy-eighth year. Born 
on September 13, 1879, he was educated at Dulwich 
College, the University of Aberdeen and the Univer- 
sity of Montpellier. By training, a botanist with a 
strong inclination for field-study, he held the.post of 
assistant professor of botany in University College, 
Dundee, during 1900-2. But he yearned for explora- 
tion and in 1902 was appointed naturalist to the 
Scottish National Antarctic Expedition, which for 
two years sounded and charted 10,000 miles of 
unexplored Antarctic seas. For his part in this work 


he was awarded the Medal of the Royal Scottish 
Geographical Society. 

In 1904 he was appointed assistant at the Scottish 
Oceanographical Laboratory, and in 1906 visited 
Burma to report to the Government of India on the 
pearl oyster fisheries of the Mergui Archipelago. 
Later, m 1909, 1914 and 1919, he served as surveyor 
and naturalist on three Scottish Arctic expeditions 
to Spitsbergen, on which region he became an acknow- 
ledged authority and for which work he was awarded 
the Cuthbert Peak Grant of the Royal Geographical 
Society. Hois interest in polar regions never waned. 
In 1907 he was elected vice-president of the Inter- 
national Polar Congress; in 1932 president of the 
Antarctic Club, and in 1949 of the Arctic Club. 
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In the earlier years of his career Rudmose Brown 
was much influenced by the thought and teaching of 
Patrick Geddes, and by some of the earliest pioneer 
teachers of geography—a new subject that was then 
only just emerging, at the beginning of the century, 
to replace the teaching of ‘capes and bays’. When, 
in 1908, the University of Sheffield took, for that 
time, the very progressive step of creating a Depart- 
ment of, Geography, Rudmose Brown was appointed 
its first head. The development of the new subject 
and the new Department became his life’s work, and 
he will always be remembered as one of the leading 
pioneer teachers in that field, who did much to 
promote the status of geography as an academic 
discipline in Britain, through the critical early 
decades of its development. From the start he placed 
great emphasis on the importance of the physical 
basis as the foundation and core of the subject, to 
which human and regional studies must be welded 
later, and his approach gave the work of his Depart- 
ment at Sheffield a distinctive character. i 

His own numerous published. researches were 
mamly concerned with polar geography, on which he 
wrote many texts of acknowledged standing. But 
his scholarship and interests covered very many 
fields, and included a standard text-book of economic 
geography, and a contribution to a text-book on the 
scope and teaching of the subject. As a lecturer he 
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was renowned for his lucidity and powers of exposi- 
tion, no less thar. for the diverse fields of the subject 
over which his interests ranged. For a number of 
years he contributed much appreciated notes and 
articles on geographical topics to the columns of 
Nature. 

In 1931 a ckair of geography was created at 
Sheffield, and Rudmose Brown was appointed pro- 
fessor, a post which he held until his retirement in 
1945 after thirty-seven years of service. For two 
years, 1920-22, he also held the post of reader in 
geography in the University of Manchester, jointly 
witb his post in. Sheffield. During the First World 
War he was seconded to the Admiralty Intelligence 
Division and some of this work he continued during 
the Second World War, for which confidential ser- 
vices King Haakon of Norway awarded him the 
insignia of the Commander of the Order of St. Olav. 

Rudmose Brown’s scholarship brought recognition 
in many academic spheres. He was president of 
Section E (Geography) in 1927 and a member of 
Council from 1923 until 1938 of the British Associa- 
tion for the Advancement of Science; he served on 
the Council of tha Royal Geographical Society during 
1925-28, and again during 1945-46. ln. 1938-39 he 
was elected president of the Institute of British 
Geographers—tha second holder of this important 
office. . j A. GARNETT 


NEWS and VIEWS 


Ministry of Supply: Aircraft Mechanical Engin- 
eering : Mr. Robert Graham, C.B.E. 


Mr. Rosser Granmam retired from the post of 
director of Aircraft Mechanical Engineering Research 
and Development, with the Mmistry of Supply, in 
January 1957, after thirty-nine years of government 
service. He was born in Glasgow in 1894 and after 
attending- the Gateshead Secondary School and 
Darlington Technical College, served an engineering 
apprenticeship with Messrs. Robert -Stephenson, 
locomotive builders, at Darlington: his apprentice- 
ship was broken by two years overseas service in 
H.M. Forces. Mr. Graham joined the government 
service under the Air Board in 1917. In 1920 he was 
seconded to act as chief engineer to Mr. Louis Brennan, 
who was designing and developing the Brennan 
helicopter under Air Mini sponsorship. The 
aircraft was completed in 1925 and Mr. Graham 
acted as test pilot throughout its trials. Although 
the aircraft showed considerable promise and a 
number of short free flights were made, it was decided 
to abandon the project, following damage in a minor 
accident, because the Air Ministry was advised that 
the autogyro held more promise of success than the 
helicopter. In 1926, Mr. Graham joined the Air- 


worthiness Department of the Royal Aircraft Estab- 


lishment, but maintained a private collaboration with 
Brennan in the development of a gyroscopically 
stabilized two-wheeled motor-car. A successful 
vehicle was produced but it was found thet all such 
vehicles suffered from an: inherent disability which 


made them unsafe for use on the public highway, and. 


the project was abandoned. After serving during 
1928-38 as resident technical officer at some of the 
major aircraft firms, Mr. Graham was put in charge 
of the Mechanical Engineering Division of the 
Structures and Mechanical Engineering Department 


t 


at the Royal Aircraft Establishment, where he was 
chiefly engaged on research into pressure cabins and 
other equipmens for high-altitude flying and into 
aircrew safety. When the Department was split up 
in 1946, he became the first head of the Mechanical 
Engineering Department and in 1950 was appointed 
director of aircraft research and development at 
the Ministry of Supply headquarters in London. In 
a subsequent re-organization of the London head- 
quarters, Mr. Graham was appointed to the post from 
which he has recently retired. Since his retirement 
Mr. Graham is maintaining his interest in aero- 
néutical engineer-ng and has taken up an appomtment 
as technical director of Messrs. Microcell, Ltd. 


Mr. E. A. Poulton 


Mr. E. A. Poutton has been appointed to the post 
of director of aircraft mechanical engineering equip- 
ment research and development at the Mumustry 
of Supply in suecession to Mr. R. Graham. Born 
in 1915, Mr. Eoulton was educated at Bourne- 
mouth School and Bournemouth Municipal College. 
He gained a Royal Scholarship to the City and 
Guilds College, where he graduated in mechanical 
engineering with first-class honours m 1937. After a 
year’s postgraduate study in aeronautics he joined 
the Supermarine Works of Vickers-Armstrongs, Ltd., 
and later became technical officer to the Air Regis- 
tration Board. With the cessation of crvil aviation 
in the early months of the War he transferred to the 
Royal Aircraft Establishment and, later, to the 
Ministry of Aircraft Production headquarters, where 
his main objective was to shorten the period between 
new research discoveries and their application in 
aircraft design. In February 1946 he returned to the 


Royal Aircraft Establishment and became superin-* 


tendent of the Structural Research Division. His 
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next task was to re-establish research “work on 
aircraft airworthiness, and he held the post of 
superintendent of the Airworthiness Division for four 
years. In July 1951 he went to the Ministry of Supply 
headquarters to become deputy director, and later 
director, of aircraft research and development. 
Mr. Poulton is well known in the aircraft industry for 
his long association with the Joint Airworthiness 
Committee, of which he is still chairman. 


University of Sydney: Visiting Professor of Pharma- 

cology 

Pror. J. M. Rosson, who is professor of pharma- 
cology at Guy’s Hospital Medical School, London, has 
been appointed as the 1957 visiting professor of 
pharmacology in the University of Sydney. The 
pharmaceutical manufacturers ‘of Australia have 
established a fund to enable the University to mvite a 
guest professor in this subject each year. Prof. Robson 
is joint author of “Recent Advances in Pharma- 
cology”, and is an active research worker in chemo- 
therapy, particularly in connexion with tuberculosis. 
He will leave for Australia early ım April and return via 
the United States early in June. During his stay in 
Australia he will lecture in Sydney and other capital 
cities, and will visit the Australian National Univer- 
sity in Canberra. 


City and Guilds of London Institute: Fellowships 


Tum Council of the City and Guilds of London 
Institute has conferred the Fellowship of the Institute 
(F.C.G.I.) upon the following past students of the 
City and Guilds College or Finsbury Technical College 
in recognition of their distinguished contributions to 
industry or the professions in which they are engaged : 
H. Drew, chief engineer, General Motors Overseas 
Operations (formerly director and chief engineer, 
Vauxhall Motors, Ltd.); R. J. Halsey, assistant 
engineer-in-chief, General Post Office; A. M. R. 
Montagu, consultant on irrigation and hydraulics, 
with Sir Murdoch MacDonald and Partners, con- 
sulting engineers, London; G. W. Tookey, barrister- 
at-law. 


Royal Scottish Museum: Appointment 


Tre retirement has been announced of Mr. A. R. 
Hutchieson, keeper of the Department of Technology 
in the Royal Scottish Museum since 1934. Under his 
administration, the Department made great progress 
in the artistic and educative display of technological 
material, often of a most intractable nature. He is 
succeeded by Mr. R. W. Plenderleith, who has been 
assistant keeper of the Department since August 
1935. Mr. Plenderleith has been conspicuously suc- 
cessful in designing working exhibits able to stand 
up to heavy public usage, and has introduced many 
novel ideas in museum audience participation in the 
field of the applied and physical sciences. 


University Grants in Britain for 1957-62 


Is the House of Commons on March 14, the Chan- 
cellor of the Exchequer said that he has been con- 
sidering recommendations made to him by the 
University Grants Committee for grants for the 
ensuing five years when the present quinquennial 
settlement expires next July. He is satisfied that an 
increase in grant is necessary to enable the univer- 
sities to maintain the present level of activity. 
’ Taking into account both the growing number of 
qualified applicants for admission and the importance 


NATURE 


March 23, 1957 


VoL. 179 


of the output of graduates at a tme when the need 
for highly trained people in business, industry, 
administration, teaching and research is increasing, 
and when it is necessary for us to keep in the’ fore- 
front of scientific and technological development, 
and the financial and economic difficulties of Britain 
which call for general restramt, he proposes to invite 
Parliament to vote the following recurrent grants for 
the five university years: beginning on August 1 next: 


- 1957-58 £30,600,000 
1958-59 £32,300,000 
1959-60 £34,350,000 
1960-61 £36,750,000 
1961-62 £39,600,000 


\ 

These sums do not include, the Chancellor said, pro- 
vision for non-recurrent grants towards capital 
expenditure and take no account of the recently 
announced mmprovements in academic salaries. 


Colleges of Advanced Technology 


REPLYING to a question in the House of Commons 
on March 14, Sir Edward Boyle, Parliamentary 
Secretary to the Ministry of Education, said that 
eight technical colleges have now been designated as 
colleges of advanced technology. They are as follows : 
Birmingham College of Technology ; Bradford Tech- 
nical College; Cardiff College of Technology and 
Commerce ; Loughborough College of Technology ; 
the Royal Technical College, Salford; and, in 
London, the Battersea, Chelsea and Northampton 
Polytechnics. 


University College of Rhodesia and Nyasaland 


Tue University College of Rhodesia and Nyasa- 
land opened its doors’on Monday, March 4. The 
total number of students registered was seventy-four 
forty-three men and thirty-6ne women—including 
seven African men and one African woman. Of the 
seventeen men and twelve women entered for the 
postgraduate course m education at the College, three 
are African men students and one is an Indian woman 
student living in Southern Rhodesia. The rest of the 
students are studying for the B.A. (General) degree 
of the University of London (twenty-seven students), 
and for the B.Sc. (General) degree of the University 
of London (eighteen students). Most of the students 
are in residence at the College, the European men 
being accommodated in the Manfred Hodson Hall of 
Residence, and the African men in the Carr-Saunders 
Hall of Residence. The number of students regis- 
tered at the start of the College is greater than was 
expected, and for the next academical year it 1s 
estimated that the intake will be about 120. This 
means that the anticipated total of 200 students 
during the fifth year of the College’s hfe will in fact 
be reached, and exceeded by the third year. The 
acceleration of the plans for building, and for the 
additional expenditure thus needed, are under con- 
sideration. 

The funds which are available or which have been 
promised, and which are committed for present 
necessary capital expenditure, are as follows: 

Grant from the Government of the United King- 
dom (Colonial Development and Welfare Fund) 

Grants from the Territorial Governments of the 
Federation of Rhodesia and Nyasaland 

Grant from the British South Africa Company 
and the lo-American and Rhodesian 
Selection Trust Organizations 

Contributions from other bodies and the 
public of the Federation of Rhod 
Nyasaland 


£1,400,000 
£100,000 


£150,000 
eneral 
a and 

£260,000 
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Recurrent expenditure will be met by an average 
grant of £150,000 a year for the next five years, from 
the Government of the Federation of Rhodesia and 
Nyasaland. There is also a grant for education from 
the Carnegie Corporation of £30,000 spread over five 
years, while an Oppenheimer Grant of £2,000 a year 
for seven years provides for a lecturer in Portuguese. 
Estimates suggest that another £1,250,000 is re- 
quired to place the University College m a position 
to meet the demands which will arise during ıts first 
decade of existence. It is to be hoped that the 
financial problems of this most important expermment 
in African multi-racial education will not seriously 
impede its development. 


The Imperial College of Science and Technology 


” Tux forty-ninth annual report of the Governing 
Body of the Imperial College of Science and Tech- 
nology, covering the year ended July 31, 1956 (pp. 
101. London: The Imperial College, 1956), refers at 
some length to the revision of the plan for the expan- 
sion of the College. The contract for site clearance 
and for the foundations of the first part of the 
mechanical engineering building was placed in May 
1956, and the Governing Body hopes that the major 
obstacles to planning have now been removed and 
that erection of the buildings for the expanded 
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College will proceed steadily. The inaugural address - 


on the future of the College, delvered by the rector, 
Dr. R. P. Linstead, in October 1955 is printed in an 
appendix. 

The acquisition of the Princes Gardens site for 
halls of residence offers a reasonable prospect that 
both the long-term aim of providmg one year of 
residence for every student and the short-term aim 
of providing about 500 study-bedrooms may be 
reahzed before the end of the coming quinquennium. 
There has been a satisfactory number of applications 
for the prelimmary one-year course for students who 
had not specialized in science at school. Full-time 
men students totalled 2,006 and women students 67, 
compared with 1,810 and 60, respectively, in 1954- 
55. Of the total, 538 were undergraduate and 253 
postgraduate students of science, and 852 under- 
graduate and 430 postgraduate students of tech- 
nology. There were 60 research assistants in science 
and 55 in technology, and 486 students were per- 
suing research for higher degrees or diplomas. 


suet Programming at the University of Birming- 
am 


LINEAR programming, a method of planning inter- 
related activities, has developed at an ever-increasing 
rate since its start about eight years ago. Mathe- 
matically, it is a routme for maximizing a given 
linear combmation of variables which are subject to 
lmear inequalities. Since its first apphcation, by 
George B. Dantzig in 1949, to problems of inter- 
industry relations, transportation, mmimum adequate 
diets, warchousmg, and a hypothetical airlift problem, 
many economic problems have been found amenable 
to this technique, and the mathematical terest of 
the subject has both deepened and widened. One of 
its most interesting formal applications has been that 
to J. von Neumann’s theory of games. Many geo- 
metrical and combinatorial problems are also related 
to linear programming theory, while in the field of 
economic appheations quadratic and dynamic pro- 
gramming have been added to the earlier discipline. 
The maturity of the subject has been acknowledged 
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by the Institute of Production Engineering of the 
University of Bumingham, where a senior executive 
residential course was organized by the staff tutor m 
operational research, Mr. R. S. Gander. S. Vajda 
gave a course of six lectures on theory, and some 
practical aspects end special cases were dealt with in 
lectures by M. A. Aczel, K. B. Haley, A. Hoffman, 
G. Morton, E. Key and D. G. Prinz. Animated dis- 
cussions took place after every meeting and practical 
work periods in she afternoons gave opportunities: 
for testing the unclerstandimg of the principles. The 
course was generally judged a success and it is 
intended to repeat it in the coming summer. 


The Bose Instituce, Calcutta 


Tue thirty-ninsh anniversary of the foundation 
of the Bose Institute was celebrated on November 
30, 1956, in the hall of the Bose Institute, when 
Dr, A. C. Uki, president of the National Institute 
of Sciences of India, delivered the eighteenth 
Acharya Jagadisk Chandra Memorial Lecture. Dr. 
Ukil chose as tha subject of his lecture “Frontiers 
of Biology”. The director presented a short report 
of the activities of the Bose Institute during the 
past year. The main activities of the Institute, 
he mentioned, centre around the different aspects 
of plant life, studied from the biochemical, the 
physiological, the cytological and the genetical points 
of view. The odjects of such studies range from 
the simplest of actotrophic cells, the green and blue- 
green algae, thrcugh the fungi, up to the higher 
plants. Different methods of investigations are em- 
ployed for the purpose. During the second five-year 
plan period, the Instituto expects to receive Rs. 25 
lakhs as recurring grant and Rs. 12:5 lakhs as non- 
recurrmg grant. In addition, the Institute ‘will 
receive this year more than Rs. 2 lakhs as grants- 
in-aid, including 2 grant of Rs. 30,000 from the All 
India Committee for Jute and Oilseeds Research, 
for the installation of a 20-curie cobalt-60 source of 
gamma, radiation for field irradiation of economic 
plants. 

The use of racioactive isotopes of some common. 
elements as tracers for the study of photosynthesis 
and plant metabolism is being successfully developed. 
A Tiselius electrophoresis apparatus recently con- 
structed in the wcrkshop has been. put into operation. 
A number of protlems of human pathology are being 
investigated in co-operation with workers from 
medical research institutes. A successful method of 
growing plant gell tumour in synthetic media has 


„beon worked ouf Investigations of their cellular 


structure and mətabolism promise to be of great 
importance. Physiological and cytological investi- 
gations on the machanism of mechanical response in 
plants, in continuation of J. C. Bose’s pioneermg 
work, are being successfully continued. 

At Mayapuri, Darjeeling, cosmic ray studies in 
co-operation with the International Geophysical 
Year (1957-58) have started. The apparatus con- 
structed for the purpose are continuous recording 
cubical meson telescope and neutron monitors. A 
large continuously recording pressure ionization 
chamber will be used in Calcutta. 


The Society for Visiting Scientists 


Tx report presented by the Council to the ninth 
general meeting cf the Society for Visiting Scientists 
on December 14, 1956, expresses grave concern with 
the financial position of the Society. Successful dis- 
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cussion meetings were arranged on such varied 
subjects as: “Road Traffic: Flow and Control” ; 
“Government Responsibility in Industrial Research” ; 
“Hopes' and Aims of the International Geophysical 
Year”; “Vital Statistics in Psychiatry”; and “The 
Visit of the Royal Society Delegation to the U.S.S.R.”, 
but lack of funds curtailed the number of receptions. 
Nevertheless, overseas delegates to the International] 
Congress on the Documentation of Appled Chem- 
istry and to the Faraday Society Discussion on 
Nucleic Acids were entertained and receptions were 
arranged for representatives of the Academy of Sciences 
of the U.S.S.R. visiting Britain under the auspices of 
the Royal Society and the British Council, for Sir 
K. S. Krishnan, director of the National Physical 
Laboratory of India, and for members of the Bureau 
of the International Council of Scientific Unions. 
The Overseas Science Students Association had a 
successful year. Although the Society now has nearly 
2,700 members from sixty-four countries, it has been 
necessary to launch a further appeal for funds. An 
annual income of £10,000 a year would enable the 
Society to treble or quadruple the value of its work, 
which seems to have even greater potentialities at 
this juncture in international relations. Tribute is 
paid to the support and co-operation received from 
the scientific societies. 


Physiology and Pathology of the Kidney . 


In his introduction to “Physiology and Pathology 
of the Kidney”, Prof. Robert Platt directs attention 
to the wide variety of scientific and medical dis- 
ciplines brought together in the study of renal disease. 
This is borne out by: the diversity of subjects involved 
in the sixteen summaries which constitute British 
Medical Bulletin, 13, No. 1, edited by Prof. Clifford 
Wilson (Pp. xv+74+12 plates, London: British 
Council, 1957. 20s. net). Appropriately, the first essay 
is on renal function in the new-born (by Prof. R. A. 
McCance and Dr. E. M, Widdowson), and the last 1s 
one on the effects of old age on the kidney by Dr. 
G. C. Kennedy, who finds that over-nutrition pro- 
duces lesions in rats which seem to represent pre- 
mature senility. Three of the essays deal with 
potassium in relation to the kidney and three with 
hypertension. Urinary stone formation is discussed 
by Dr. M. G. MeGeown and Prof. G. M. Bull, and 
the influence of renal disease on bone by Dr. S. W. 
Stanbury. Perhaps the balance in these reviews 
seems weighted somewhat in favour of the pathology 
rather than the physiology of the kidney, but the 
diseased. organ often furnishes a ready-made experi- 
ment which can throw light on normal function in 
man. Dr. H. Harris’s article on renal amino-aciduria 
provides a case in point, for it shows how the three 
genetically determined disorders included under this 
title may help to explain tubular absorption in the 
normal kidney. This collection of reviews, which 
includes a good deal of hitherto unpublished experi- 
mental work, claims to present only a sample of the 
research now in progress on the-kidney. It is to be 
followed by a similar review on the liver. 


Field Studies Council ‘ g 


Tax annual report of the Field Studies Council for 
1955-56 (pp. 68+8 plates. London: Field Studies 
Council, 1957) should give considerable satisfaction 
to all who wish to promote interest in field studies. 
With each of its four Centres recording a student 
attendance of well over 1,000, the total attendances 
at all Centres in 1956 showed a considerable inorease 
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over the figures for the previous year. Most encour- 
aging 1s that well over half the total number of 
visitors to the Centres came from schools; in itself, 
this is sufficient justification for their existence. Even 
more use could be made of the Centres, however, 
and to fill them during the ‘off-season’ months of 
May and June, in 1957 the Council is providing 
courses which should be specially suitable for pupils 
and teachers in secondary modern schools. To meet 
the increased pressure at the four existing Centres 
during the popular periods, a fifth Centre has been 
opened at Preston Montford in Shropshire. Like’ the 
others, 1t offers a variety of courses in 1957 which 
should cater for many differmg interests in natural 
history. The problem of finance has again caused 
great concern to the Council and, to resolve the 
difficulties so that it may plan solidly for the 
future, it has been decided to try to raise the sum 
of £10,000 by loans, subscriptions and donations. 
Copies of the Council’s report and particulars of the 
appeal may be obtained from Mr. F. H. C. Butler, 
Ravensmead, Keston, Kent. 


Amino-acids in the Growth of Plant Embryos 


A. H. G. ©. Risvmen has investigated the value of 
glutamine and asparagine as nitrogen sources for the 
in vitro growth of embryos (Austral. J. Biol. Sei., 9, 
511; 1956). A comparative study of twelve species 
was made. Subsequent to his earlier work -on 
Capsella bursa-pastoris (L.) Moench., embryos of 
species from nine families, monocotyledons and 
dicotyledons, excised from young developing ovules, 
were grown in a ‘sitting drop’ culture. For each 
species, the embryome growth in length was com- 
pared in a control medium, that is, without nitrogen, 
and in media containing L-glutamine and L-asparagine. 
In all cases the growth in glutamine was superior. 
Additional data on Capsella are presented which deal 
with the growth-concentration relationships of glut- 
amine and asparagine. Glutamine increasingly 
stimulated growth up to 600 mgm./l. Asparagine 
stimulated growth at 10 mgm./l. but became in- 
hibitory at higher ‘concentrations, The inhibition of 
growth with asparagine (400 mgm./l.) was also found 
in Arabidopsis thaliana (L.) Heynh. and Reseda 
odorata L. However, at this concentration, asparagine 
proved stimulating in Sisymbrium orientale L., 
Cleome viscosa L., Medicago tribuloides Desr. and M. 
orbicularis All., in Anagallis arvensis L., Datura 
stramonium L., Chenopodium album L. and Allium 
cepa L. 


Halidrys siliquosa : Haploid Member of the Fucales 


Ir has long been accepted—admittedly on very 
scanty evidence—that the Fucales (or Cyclosporeae) 
are diploid organisms, with no somatic alternation of 
generations, the brief haploid phase occurring between 
meiosis in the antheridium and oogonium and the 
fertilization of the oyum. In 1909 Yamanouchi 
demonstrated that the first nuclear divisions in the 
antheridia and oogonia of Fucus vesiculosus were 
Since thén there have been few further 
cytological investigations. In a recent study of the 
cytology of Halidrys siliquosa, B. L. Moss and E. 
Elliot (Ann. Bot., 21, 143; 1957) have made some 
interesting observations which suggest that the- 
thallus of this brown seaweed is haploid, reduction 
division taking place immediately after the fertiliza- 
tion of the ovum. They record eight chromosomes in 
the vegetative cells of the thallus and in the developing 
antheridial and oogoniel cells. No meiosis was 
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observed in these reproductive cells, whereas what 
seem to be typical ‘bouquet’ and diakinesis stages, 
suggesting meiotic division, have been seen on the 
germination of the zygote. In cells of the meristo- 
derm, of the apical meristematic „tissue, and of the 
sterile paraphyses, a complement of eight chromo- 
somes has been determined. In the nuclear divisions 


of the antheridium it has been possible to distinguish . 


the same number of chromosomes as in the somatic 
cells. Only two nuclear divisions take place during 
development of the oogonium, and at each of these 
divisions eight chromosomes have been counted. 
Typical ‘bouquet’ and diakinesis stages of a reduction 
division have been seen on germination of the zygote. 
The evidence thus suggests that Halidrys siliquosa 
has a haploid thallus, with reduction division occur- 
ring immediately followmg fertilization. It seems 
likely that these observations will trigger-off a 
renewal of interest in the cytology of this important 
group. 
The New Atomic Age 

A RECENT illustrated booklet, “The New Atomic 
Age”, published by the United Nations Department 
of Public Information (pp. 40. New York: United 
Nations; London: H.M. Stationery Office, 1956. 
25 cents; ls. 9d. 1 Swiss franc), describes ım non- 
technical language the principles of the production of 
atomic energy and examimes the role of nuclear 
energy in industry, medicine ard agriculture. It 
emphasizes that atomic energy is nothing new, but 
what is new is man’s harnessing of this energy. In 
one chapter the three categories of reactor—hetero- 
geneous and homogeneous, fast and thermal, and 
breeder——are briefly described, and in the two suc- 
ceeding chapters, nuclear radiations and their useful 
applications, and the expected economic, social and 
political repercussions of advances made possible by 
atomic energy, are outlined. The steps which have 
been taken towards the establishment of the future 
International Atomic Energy Agency, the initiative 
for which was first given by the President of the 
United States in his speech before the United Nations 
General Assembly on December 8, 1953, are described 
m the chapter on international co-operation ,m the 
atomic field, and it is shown how the various organ- 
izations and specialized agencies of the United 
Nations are already collecting vital information and 
directing their efforts towards the use of the atom 
for the benefit of all mankind. 


Isotopes of Einsteinium 


Fivz new isotopes of the element einstemium 
(symbol E, atomic number 99) with mass numbers 
248-252 have been identified by members of the 
Radiation Laboratory and Department of Chemistry, 
University of California, Berkeley (Phys. Rev., 104, 
1314-1319; 1956). The isotope einsteinium-248 was 
identified among the products of the deuteron bom- 
bardment of californium-249 with 18-22 MeV. 
deuterons in a 60-m. cyclotron. It decays principally 
by electron capture with a half-life of 25 + 5 min. 
and also by the emission of (6-87 + 0-02 MeV.) 
alpha particles. The four isotopes emsteinium-249 to 
einsteinium-252 were produced by bombardment of 
berkelium-249 with helium ions. A recoil method 
was used to separate the bombardment products 
from the target material, so that the target, which 
consisted of no more than 1-2 x 10-8 gm. of berke- 
lium, could be used many times. The nuclear prop- 
erties of the isotopes, including the half-lives and 
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types of decay, were ascertained and are listed 
together with meny other details of the experimental 
arrangement and apparatus, and of the measurements 
taken. 


The Manchester Museum 


Tus report of the Committee of the Manchester 
Museum for the year ended July 31, 1956 (pp. 24. 
Manchester: Manchester Museum, The University, 
1956), records welcome additional annual grants from 
both the City Council and the University for the next 
five years. In view of these, considerable efforts are 
being made to modernize the Museum and high 
priority is being given to exhibition work. All depart- 
ments are endeavouring to increase.the storage space 
available so that the well-organized reserve material 
could be readily accessible to those. engaged in 
teaching and ressarch. The Lancashire and -Cheshire 
Antiquarian Furd has been used for providing two 
important lecturss and for purchasing several inter- 
esting additions to the collections of British bronze 
implements as well as a sixth-century Anglo-Saxon 
urn. Progressiva work is recorded from all depart- 
menis and an impressive list of publications by 
members of the staff is included. 


The United States National Museum .- 


THE annual report of the United States National 
Museum for the year ended June 30, 1956 (pp. ix + 
105+10 plates. Washington, D.C.: Government 
Printing Office, 1956), states that a contract between 
the Government and an architect for the design of a 
building for the Museum of History and Technology 
was signed in March 1956. The schedule of require- 
ments for the building was based on several years 
study by the Snithsonian staff. It is gratifying to 
note that a sum of no less than 36 million dollars has 
been allocated for the buildmg. The programme of 
modernizing the axhibition halls was continued during 
the year and contracts signed for a second American 
Indian Hall and a Health Hall. During the year 
the new Bird Eall and the east side of the North 
American Mammal Hall were completed. The 
curatorial part cf the report records the installation 
of many new exhibits, and a list of publications by 
the staff is supplemented by a description of the 
investigations and researches carried out during the 
year. 


The Clean Air Act, 1956 2 


UNDER the t:tle “The Clean Air Act, 1956: a 
Guide for Industrialists”, the Federation of British 
Industries has published a useful handbook (pp. 
vi+10. London: Federation of British Industries, 
1956. 2s.) explaming the main points of the Act and 
describing the provisions dealing with dark smoke, 
smoke from furnaces, grit and dust from furnaces, 
smoke control areas and smoke nuisances. Provisions 
dealing with scheduled processes under the Alkali 
Act and other special cases are summarized, as well 
as those relating to research and publicity and to the 
penalties which may be incurred under the Act. 


Research in Orthoptera 


THE recent increase in the number of workers 
engaged in locust research and much more wide- 
spread use of lozusts as biological material have led 
to the risk of overlapping of effort and duplication of 
research. In the hope of reducing this risk and to 
facilitate communication between workers in related 
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fields of Orthopteroid research, the Anti-Locust 
Research Centre has issued a questionnaire to all 
persons known to be engaged in such work asking 
them for information on their research programmes. 
The data gathered from this survey will be cir- 
culated in the form of an indexed list of workers and 
their current problems, and distributed to all inter- 
ested institutions and persons. Any workers who 
wish to be included in the list, or to receive it when 
published, are asked to write to the Director, Anti- 
Juocust Research Centre, 1 Princes ‘Gate, London, 
S.W.7. 2 f 


Zoological Nomenclature 


Tse International Commission on` Zoological 
Nomenclature gives notice that as from July 25, 
1957, it will start vóting on the following cases 
involving the possible use of its plenary powers for 
the purposes specified. Full details were published 
on January 25 in tho Bulletin of Zoological Nomen- 
clature (18, Part 1): (1) bullata Müller (O.F.), 1776 
(Akera), validation (Cl. Gastropoda) ; (2) bengalensis 
Daudin, [1802] (Tupinambis) and salvator Laurenti, 
1768 (Stellio), validation (Cl. Reptilia); (3) Bithys 


: 


and Chrysophanus Hübner, 1818 (Neotropical Thec-" 


lids), suppression (Cl. Insecta, Order Lepidoptera) ; 
(4) Cephalomuiilla André (1908), designation of type 
species (Cl. Insecta, Order Hymenoptera); (5) 
Aurelia Lamarck, 1816, validation (Cl. Scyphozoa) ; 
(6) Indiana Matthew, 1902, designation of type 
species (Cl. Crustacea, Order Ostracoda). ‘Comments 
“should be sent as soon as possible and in duplicate 
to Francis Hemming, Secretary to the Commission, 
28 Park Village East, Regent’s Park, London, N.W.1. 


“The X-ray Powder Data File” < 


Dr. G. W. Bruovprey requests the authors of 
papers describing investigations in which X-ray 
powder measurements were made, but omitting the 
actual X-ray data, to submit these data to him as 
Editor of the Joint Committee on Chemical Analysis 
by Powder Diffraction Methods, for possible inclusion 
in the “X-ray Powder Data File” published by the 
American Society for Testing Materials. The data 
should include accurate lists of ‘Œ values and in- 
tensities of reflexions. Other items of information 
of value for the data file are: hkl indices and lattice 
parameters if known, radiation used, type of X-ray 
recording employed, method of estimating intensities 
(visual, photometric, Geiger-counter), plus any relevant 
information concerning the nature and preparation of 
specimens studied. The address of Dr. Brindley is: 
The Editor, “X-ray Powder Data File”, College of 
Mineral Industries, Pennsylvania State University. 


Life Insurance Medical Research Fund of Australia 
and New Zealand ' 


Tue Life Insurance Medical Research Fund of 
Australia and New Zealand has been established by 
the Life Offices’ Association for Australasia to pro- 
mote and assist scientific and medical research. For 
the present it is intended to use the resources of the 
Fund to stimulate and support research in the field 
of cardiovascular function and disease. 

Grants in aid will be given to non-profit making 
institutions with- basic facilities and qualified per- 
sonnel for medical research to be used in support of 
a specific programme of investigation under the 
direction of a particular investigator. Both funda- 
mental and clinical research projects will be sup- 
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ported. Grants will usually range from £1,000 to 
£3,000 per annum, to cover all the financial require- 
ments of a programme. 

Research Fellowships will be open to medical 
graduates or those with equivalent scientific training 
for full-time research on fundamental problems 
broadly related to cardiovascular function and 
disease or clinical investigations m these fields. 
Fellowships taken up in Australia and New Zealand 
will be granted for one year in the first instance, for 
work in an approved institution, under the super- 
vision of a qualified investigator. Awards will range 
from £1,800 to £2,000 for the term of one year. 
Travelling Fellowships will be granted for a period 
of two years abroad, followed by a third year in an 
approved institution in Australia or New Zealand. 
Awards will range from £2,000 to £2,250 per annum, 
and in addition approved travelling expenses will be 
allowed. 

Further information and application forms (to be 
returned before July 1) may be obtained from Dr. 
J. H. Halliday, Medical Director, Life Insurance 
Medical Research Fund of Australia and New Zea- 
land, 87 Pitt Street, Sydney, New South Wales. 
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International Symposium on Curare 


A symposium on the problem of curare and curar- 
izing substances will take place in Brazil during 
August 5-17, organized by Unesco, the Conselho 
Nacional de Pesquisas (National Council of Research, 
‘Brazil), the Academia Brasilera de Ciencias and the 
University of Brazil. During August 5-10 meetings 
will be held at the University of Brazil in Rio de 
Janeiro on (a) the ethnographic problems concerning 
South American curares; (b) the botanical origin of 
the active principles of curares ;' (c) the chemistry of 
the curarizing alkaloids; (d) synthetic curares; (e) 
physiology of neuromuscular transmission and 
mechanism of curarization; (f) pharmacological 
properties; (g) clinical applications of curares. 
During August 11—17 a visit to Manaus (Instituto 
Nacional de Pesquisas de Amazonia) and to Belem 
(Instituto Agronomico do Norte) will be arranged. 
The official languages of the symposium’ are Portu- 
guese, English, French and Spanish, and the pro- 
ceedings will be published by Unesco and the Paternd 
Foundation of the Istituto Superiore di Sanità, Rome. 
Correspondence should be addressed either to Prof. 
C. Chagas, Instituto de Biofisica,” Universidade do 
Brasil, 458 Avenida Pasteur, Rio de Janeiro, or to 
Prof. Daniel Bovet, Istituto Superiore di Sanita, 
299 Viale Regina Elena, Rome, or to Prof. P. B. 
Carneiro, Délégation du Brésil, Unesco, 19 Av.’ 
Kiéber, Paris 16. 


Nutrition of Parasites 3 

Tar Institute of Biology is arranging a whole-day 
symposium on “‘The Nutrition of Parasites”, which 
will be held in the rooms of the Royal Entomological 
Society, 41 Queen’s Gate, London, S.W.7, on April 12. 
The morning session will deal with the nutrition of 
parasitic protozoa and will include papers on amcebe, 
trichomonads, trypanosomes, plasmodia and the 
ciliates of ruminants. In the afternoon the nutrition 
of helminths is to be' considered: papers will deal 
with the in vitro and in vivo approaches to helminth 
nutrition, the feeding habits of trematodes and the 
nutrition of nematodes. The symposium will be 
open to all interested persons. Further particulars 
may be obtained from the General Secretary, 
Institute of Biology, 41 Queen’s Gate, London, S.W.7. 
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Announcements 


Dr. GERHARD HERZBERG, director of the Division 
of Pure Physics, National Research Council of 
Canada, has been elected an honorary member - of 
the Indian Physical Society. He is the first person 
outside India to be thus honoured. During his 
current lecture tour in India, undertaken at the 
invitation of the Indian Science Congress, Dr. 
Herzberg was also presented with the Joy Kissen 
Mookerjee ‘Gold Medal for 1954, awarded by the 
Indian Association for the Cultivation of Science. 


Tum award of the Rennie Memorial Medal for 1956 
has been made to Dr. P. R. Jefferies, senior lecturer 
in chemistry at the University of Western Australia, 
for his researches on terpenes and the stereochemistry 
of cyclohexane derivatives. This annual award is 
administered by.the Royal Australian Chemical 
Institute and is made to a member under thirty years 
of age for the best contribution to the development 
of chemical science in Australia. 


Tue Bourke Lectures of the Faraday Society will 
be given by Prof. A. J. Rutgers, of the University of 
Ghent, who will speak on ““EHlectrokinetic Researches”. 
The Lectures will be delivered in the Department of 
Chemistry, University of Bristol, on May 8 at 5.30 
p-m.; of the University of Reading on May 9 at 
4.30 p.m.; and of King’s College, Newcastle upon 
Tyne, on May 10 at 5 p.m. Admission in each case 
is free and without ticket. 


Tue 361st meeting of the Biochemical Society will 
be a joint meeting with the Société Belge de Bio- 
chimie~Belgische Vereniging voor Biochemie, and 
will be held in the Department of Biochemistry of 
the University of Oxford on Friday and Saturday, 
April 12 and 13, starting at 11 a.m. on the Friday. 


Tue following appointments in the University of 
Birmingham have been announced: Dr. J. C. Robb, 
at present lecturer in chemistry, to be professor of 
physical chemistry ; Dr. G. F. Alfrey, to be lecturer 
m electron physics; S. V. Hayes, to be lecturer in 
mechanical engineering; E. H. L. Harries, to be 
lecturer in physiology. 


A SEOTIONAL meeting of the World Power Con- 
ference will be held in Belgrade during June 5-11, 
after which there will be a series of study tours. The 
general programme and membership application 
forms are available from the British National Com- 
mittee, World Power Conference, 201-2 Grand 
Buildings, Trafalgar Square, London, W.C.2. 


Tue Fourth International Congress of Nutrition, 
to be held under the auspices of the International 
Union of Nutritional Sciences, is to take place in 
Paris during July 26—-August 1. For information 
about the Congress, early application should be made 
to Prof. E. Terroine, 4°™° Congrès International de 
Nutrition, Centre National de Coordination des 
Études et Recherches sur la Nutrition et l Alimenta- 
tion, 71 Boulevard Péreire, Paris, 17°, as enrolments 
should be in his hands early in April. Information 
about the International Union of Nutritional Sciences 
can be obtained from the. Secretary-General, Dr. 
Leslie J. Harris, Dunn Nutritional Laboratory, Milton 
Road, Cambridge. 


Tue British Glaciological Society has recently set 


up @ sub-committee to encourage and advise on 
glaciological research. This sub-committee has 
already advised some ten expeditions visiting Nor- 
way, Kashmir, Iceland, Africa, and Antarctica, on 
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their glaciological programmes, and is preparing a 
series of duplicated Technical Notes on the kinds of 
measurements that it is desirable to make on glaciers, 
and on the techniques involved. Inquiries from 
persons organizing scientific expeditions to glacierized 
regions should bs addressed to the Secretary, British 
Glaciological Society, c/o Scott Polar Research 
Institute, Lensfield Road, Cambridge, England. 


A Symeostum on “Recent Developments in 
Research Methods and Instrumentation”, sponsored. 
by the Washington sections of the American Chemical 
Society, the Instrument Society of America, the 
Society of American Bacteriologists, the American 
Association of Clinical Chemists, the Society for 
Experimental Biology and Medicine and the group 
on medical electronics of the Institute of Radio 
Engineers, is tc be held in conjunction with the 
seventh Annual Research Equipment Exhibit, during 
May 13-15, at tke Clinical Center Auditorium, Public 
Health Service, National Institutes of Health, 
Bethesda, Maryland. The symposium will include 
sections on the processing and computation of bio- 
logical data, ausomation in the laboratory, nuclear 
magnetic and peramagnetic resonance, tissue culture 
and its significarce in bacteriology and virology, and 
on electron microscopy. Further details can be 
obtained from the Department of Health, Education 
and Welfare, Public Health Services, National 
Institutes of Health, Bethesda 14, Maryland. 

Tue fifth Midlands Conference of the British 
Institute of Maragement is to be held at Droitwich 
during April 5-7. The programme has been planned 
in conjunction with the Institution of Production 
Engineers; its theme will be “Meeting To-morrow’s 
Problems”. The conference is organized by the- 
British Institute of Management and the Institute 
of Industrial Administration with the support of 
regional organizations of the Federation of British 
Industries and the National Union of Manufacturers. 
At each of the working sessions the emphasis will be 
on an exchange cf information between top managers 
in the Midlands. Speakers will summarize papers 
previously circulated to delegates and discussion 
from the floor will occupy the greater part of the 
meeting. Guest speaker at the closing dinner on 
April 6 will be Mr. Aidan Crawley. Further informa- 
tion can be obtained from the Conference Secretary, 
British Institute of Management, 8 Hill Street, 
London, W.1. 

Tue essay subjects for this year’s Endeavour Prizes 
of-the British Association for the Advancement of 
Science will be as follows: the International Geo- 
physical Year; science fiction; Irish contributions 
to science; atmospheric pollution; chemistry and 
the conquest of Cisease ; particles in plant or animal 
cells. Essays, which must be in English and should 
not exceed four thousand words in length, must be 
sent in before June 1. Competitors must be less than 
twenty-five years of age. Prizes will be 50, 25 and 
15 guineas, respectively, with two special awards of 
5 guineas to those less than eighteen years old. Full 
particulars can be obtained from the Assistant 
Secretary, British Association for the Advancement 
of Science, Burlinzton House, Piccadilly, London, W.1. 

Tue general headquarters of the Institution of 
Electronics has moved to a new address at 78 Shaw 
Road, Rochdale, Lancashire. The former general 
headquarters, at 20 Buckingham Street, Strand, 
London, W.C.2, is to be retained as the headquarters 
of the London "Division of the Institution. 


‘ 
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O mark the tercentenary of the birth of Halley 

in 1656, the British Astronomical Association 
has published a “Meomoir”*, prepared by Mr. C. A. 
Ronan, who is director of the Historical- Section of 
the Association. The “Memoir” includes a repro- 
duction of a portrait of Halley by Thomas Murray, 
in the possession of the Royal Society, a photograph 
of Halley’s transit instrument, supplied by the Royal 
Greenwich Observatory, and a drawing of the 8-ft. 
mural quadrant made for Halley by George Graham. 
Dr. Angus Armitage, lecturer in the Department of 
the History and Philosophy of Science at University 
College, London, contributes an introductory paper 
on “Halley’s Astronomical Heritage”. 

Dr. Armitage provides an outline of the position 
which astronomical knowledge and speculation had 
reached about the time when Halley was entering 
upon his labours. It is remarkable that, in spite of 
the fact that seventeenth-century Christendom was 
racked by strife and dissension, nevertheless western 
Europe then saw -the rise of scientific societies 
“pledged to promote natural knowledge by concerted 
investigation and free discussion”. Among the 
developments in astronomical thought, the most 
momentous for the future was the conception of the 
universe extending indefinitely in all directions, 
populated with suns and possibly planetary systems 
which were, perhaps, inhabited. In his later years 
Halley supported this view and opposed the view 
that, if the entire universe was so constituted, the 

-whole surface of the celestial sphere would appear 
luminous. While Halley thus showed his interest in 
ultimate cosmological speculations, he was largely 
concerned with problems of practical and geometrical 
astronomy. - 


This subject is well developed by Dr. Armitage . 


and provides an excellent introduction to the two 
succeeding chapters ; in Dr. Armitage’s own words : 


* Memoirs of the British Astronomical Association. Vol. 37, No. 3: 
Edmond Halley, 1656-1742—Papers to Commemorate the Tercen- 
ten of his Birth. Pp. 39+2 plates. (Hounslow West, Mddx, : 
British Astronomical Association, 1966.) 5s. 
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“He (Halley) lived at a crucial and formative period 
in the growth of the science when energies that had 
been slowly building themselves up for centuries 
were almost simultaneously released, enhancing and 
intensifying one another’s effects”. 

Mr. Ronan’s first paper, “Edmond Halley—the 
Man and his Work”, gives a short account of Halley's 
earlier years, and his versatility is shown from the 
fact that after leaving Oxford in 1676 he com- 
municated a learned paper to the Royal Society 
when he was only twenty, in which he discussed the 
problem of finding the eccentricities and aphelia of 
the planets, finally abolishing the notion of a fixed 
centre about which uniform motion was supposed to 
take place. While much of this chapter is ‘ancient 
history’ to many, nevertheless thére is a very great 
advantage in having it presented in such an inter- 
esting form. Perhaps more interesting still is the 
last chapter, “The Effect of Halley’s Astronomical 
Work on Later Astronomy”, which points out that 
many histories of ‘astronomy are content to mention 
Halley’s work on comets and his efforts which 
resulted in the publication of Newton’s “Principia”. 
Mr. Ronan directs attention to various other sides of 
Halley’s work, such as the discovery that stars shift 
their position in space, a phenomenon later known 
as ‘proper motion’; his pioneer work on geo- 
magnetism and geophysics and also in meteorology ; 
the stimulus that he gave by his early efforts to 
determine the solar parallax ; his work in cataloguing 
southern stars, laying the foundations for his suc- 
cessors in this field; and his interest in nove and 
variable stars. As the author comments (p. 33): 
“Tf he himself had made no discoveries and had not 
persuaded Newton to pursue his work on universal 
gravitation, Halley would still -be remembered for 
the effect he had on subsequent research. Adding 
then his own discoveries and his efforts on the 
‘Principia’ we can see clearly that this great astro- 
nomer played a vital part in furthering astronomical . 
science not only in his own day but also in the years 
that followed”. 


HYDROMEDUSAE OF THE SOUTHERN HEMISPHERE 


N a recently published report*, Dr. Kramp deals 
with the systematics and zoogeography of eighty- 
five species of Hydromedusae chiefly from the earlier 
voyages of the “Discovery” Investigations, and 
although the material is mainly from the Southern 
Ocean, it also includes medusae collected in the 
North and Central Atlantic and in the Indian Ocean. 
Let it be said immediately that this is the most 
importdnt contribution that has ever appeared on 
the hydromedusan fauna of the southern hemisphere. 
This report fills many gaps in our knowledge of the 
distribution of medusae, and suspicions (which have 
been growing for some time) are confirmed that many 
species, which were once thought to be restricted to 


+ “Hydromedusae from the Discovery Collections”. By P. L. 
Kramp. (Discovery Rep., Vol, 29.) Pp. 128+-7 plates+19 text figs. 
(Cambridge: At the University Press, 1957.) 63s- net. 


x 


the North Atlantic, are now shown to have an 
extensive distribution. Many, with names made 
familiar to us through F. S. Russell’s “Medusae 
of the British Isles”, are now recorded from the South 
Atlantic and elsewhere. The great contribution which 
this report makes to the zoogeography of medusae 
can best be appreciated by consulting the sixteen 
excellent distribution maps. 

Seven new species are described, one, Russellia 
mirabilis, being so remarkable as to require a new 
family, the Russellidae, to take it. It is suggested 
that the genus has affinities with the Calycopsidae . 
and the Pandeidae rather than with the Bougain- 
vilidae to which ıt has a superficial resemblance. 

Dr. Kramp has made the interesting discovery of 
stolons and stalked hydranths carrying medusa buds 
on the stomach of the medusa Bougainvillia platy- 
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gaster Haeckel. These stolons and polyps issue from 
the corners of the stomach and are regarded by him 
as a means of asexual propagation. This implies that 
the medusa is no longer restricted to coastal waters 
by the need for a benthic hydroid phase and can 


range farther afield ; in fact, as the distribution map- 


shows, it is in process of becoming an oceanic species. 

The fragile Narcomedusae are not easy to investi- 
gate in expedition material because of the difficulty 
of obtaining satisfactorily preserved specimens. 
Nevertheless, much. progress has been made by con- 
centrating on hitherto little-used characters, and by 
careful work Dr. Kramp has gone a long way towards 
a revision of the genera Pegantha, Solmissus and 
Cunina ; his own comment is that a reliable revision 
requires the study of living specimens. 

The life-histories of most Narcomedusae still await 
elucidation, but their larve are known to develop 
attached to other medusae, Here four kinds, two of 
them tentatively assigned to Pegantha triloba and to 
Cunina peregrina, are recognized, 

In all narcomedusan larve hitherto studied ‘‘the 
larva propagate by budding, but the primary 
individual, as well as all the others, develops into a 
medusa, so that (as emphasized by Brooks) there is 
no true alternation of generations’. In the examples 
studied by Dr. Kramp, however, the tentacles of the 
primary polyp are dimorphic and different from those 
of the medusa buds which are “of equal size and 
structure, and the primary mdividual remains in a 
polypoid stage”. If the latter statement is true— 
and we have no reason for doubting it from the 
evidence—then the text-book concept, that all the 
Narcomedusae have a direct development, will have 
to be considerably amended. 

In the zoogeographical remarks the author indicates 
that “the dominant factor in the distribution of 
medusae is the temperature of the water, and for 
holopelagic species ıt is often the only factor of 
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umportance, althcugh indeed some of these medusae 
can tolerate a -vide range of temperature’. He 
groups the species into very useful distributional 
tables according to whether they are neritic, epi- 
pelagic or bathypelagic, and it is possible to tell 
at a glance whether a species has been found in 
a particular area. These distributional regions 
are based mainly on Ekman’s divisions and have 
been modified to take account of oceanic areas. 
This is followed by a detailed discussion of the 
different species m the ecological groups noted above 
and it is stated that ‘‘very few epipelagic species of 
medusae are common to antarctic and antiboreal 
waters, the Antarctic convergence evidently con- 
stituting an effe2tive barrier to the distribution of 
these animals”. Only one neritic leptoline medusa 
(Staurophora mertensi) is bipolar. North of the 
Antarctic convergence is the area embracing the 
Falkland Islands, which has a number of character- 
istic neritic Leptolina such as Proboscidactyla muta- 
bilis, Laodicea pulchra and Phialella falklandica. 
Species hke Zanclonia weldoni, Calycopsis borch- 
grevinki and Ptychogena antarctica, which are well- 
known Antarctic species, are shown to have a-cir- 
cumpolar distribution. 

These brief comments cannot do more than indicate 
that this authoritative report is a very interesting 
one containing a wealth of information for the 
planktologist. Its publication in February 1957 
coincided with Dr. Kramp’s retirement from his post 
as keeper of invertebrates at the Zoological Museum, 
Copenhagen. It is hoped that he will continue the 
fruitful researchas that he has carried out in this 
field for nearly fifty years. He has done more than 
anyone else, since Haeckel and Mayer, to place the 
identification of medusae on a sound basis, and, to 
use his concluding remark in this report, “this is a 
necessary condizion to every discussion of distri- 
butional questions’’. W. J. REES 


PHYSIOLOGY OF EXSHEATHMENT IN NEMATODES AND ITS 
RELATION TO PARASITISM 


By Pror, VY. P. ROGERS 
Department of Zoology, University of Adelaide 


AND 


R. 1. SOMMERVILLE 


Division of Animal Health and Production, Commonwealth Scientific and Industrial Research 
Organization, McMaster Laboratory, Sydnay 


N the life-cycle of many nematodes the egg hatches 
to produce the first ‘larval’ stage, which then 
moults to give the second stage. Moulting is repeated 
at the end of the third and fourth stage to give the 
adult. However, in some nematodes, such as Tricho- 
strongylus axei and related species which are discussed 
here, the complete moulting of the second stage is 
delayed so that the third stage is enclosed in two 
cuticles, the outer usually called the sheath. After 
the sheathed form is eaten by a sheep, the sheath 
fractures! about 20u from the anterior end. This 
exsheathment is the first obvious change which takes 
place when the nematode enters the parasitic phase 
of the life-cycle. 


We wish to edvance the hypothesis that moult- 
ing in nematodes is controlled by endocrine 
systems and thet, in parasitic species, the delayed 
exsheathment cf the second stage is due to the 
suspension of the normal endocrine mechanism. 
We suggest that factors from the host are necess- 
ary to stimulaie the processes which complete 
moulting. i 

Preliminary work was concerned with the change 
which occurs when larve of T. axei become parasitic. 
Results suggested that factors in rumen fluid stimu- 
lated the process which caused exsheathment. It 
seemed that two separate mechanisms may have 
been involved: (1) the stimulation by the host ; and 
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Fig. 1. Activity of rumen fluid as a function of total nitrogen 
concentration 


(2) the secretion -by the parasite of substances that 
caused exsheathment. 

Third-stage larve, when placed in a dialysis sac in 
a rumen fistula, usually exsheathed within two hours. 
This result could be reproduced in rumen fluid in 
vitro at 38° C.; but results were variable. The 
exsheathing activity of rumen fluid was reduced by 
filtering, centrifuging, aerating, boiling, dialysis and 
freeze-drying. Activity could usually be restored by 
adding a reducing agent, sodium dithionite, 1 mgm./ 
ml. The reducing agent alone had low activity (less 
than 15 per cent). Larve which had been killed by 
heating at 60° for 10 min. did not exsheath. 

The relation between activity and total nitrogen 
(mgm./ml.) in dialysable material from rumen fluid 1s 
shown in Fig. 1. The dialysable material was freeze- 
dried and then dissolved at different concentrations in 
M |100 phosphate buffer at pH 6-8. Sodium dithionite, 
1 mgm./ml., and larve were added and the tubes 
sealed with paraffin. Activity was assessed as the 
proportion of 50 larva which had exsheathed after 
4 hr. at 38°. At high concentrations the larve were 
shrivelled and few exsheathed. This was probably 
due to high salt concentration, because similar effects 
were produced at low concentrations of the freeze- 
dried dialysable material by adding sodium chloride, 
50 mgm. jml. 

Optimal hydrogen ion concentrations for exsheath- 
ment of three species in rumen fluid were as follows : 
Haemonchus contortus, pH 6:5 to 7:5; T. avei, 
pH 5 to 6; T. colubriformis, below pH 4. These 
results may give an explanation for the observation? 
that species which exsheath in the rumen live as 
adults in the abomasum, whereas those which ex- 
sheath in the more acid abomasum live as adults in 
the small intestine. : 

Rate of exsheathment was affected by temperature ; 
at 29° no exsheathment occurred in 200 min., but in 
the same time 50 per cent exsheathed at 35°, and 
90 per cent at 40°. 

The effect of sodium dithionite on the activity of 
rumen flud suggested that activation might be 
affected by oxidation-reduction potentials. This was 
tested by incubating larve for 2 hr. at 38° in cultures 
of Escherichia coli, which had been shown by Poynter? 
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to cause exsheathment. Activity increased from about 
10 to 90 per cent as the potential of the E. colt 
culture fell from about + 600 mV. to — 400 mV. 

Exposure of third-stage larvae to active rumen 
fluid for 10 min. followed by washing and incubation 
in water for 2 hr. at 38° induced exsheathment, that 
is, processes which led to exsheathment continued in 
the absence of substances from the host. At least 
two explanations are possible: either the rumen 
fluid had a direct effect upon the sheath which con- 
tinued after exposure of the larvæ, or the rumen 
fluid strmulated the larva to produce an ‘exsheathing 
fluid’ which remained active in the absence of rumen 
fluid. Rumen fluid was found to be without- effect 
on sheaths in the absence of larve, but water in 
which larve had been ‘triggered’ to exsheath by 
rumen fluid caused a swelling and splitting of the 
sheaths as was found in normal exsheathment. We 
conclude that the larvae, after stimulation in the 
rumen fluid, produced an exsheathing fluid which 
was released into the water. 

Larve from which the sheaths have been removed 
by sodium hypochlorite? produced exsheathing fluid 
when stimulated by rumen fluid, that is, the ex- 
sheathing fluid came entirely from within the larve. 

The site of formation or secretion of oxsheathing 


- fluid was sought by ligaturing larve. Ligatures of 


fine nylon in front of the posterior end of the ceso- 
phagus prevented exsheathment, whereas ligatures 
behind the cesophagus were without effect. Moreover, 
exsheathment was not prevented by severing the 
larva immediately posterior to the cesophagus. This 
suggests that cells near the base of the cesophagus 
were concerned in the production of exsheathin, 

fluid. ' 

The process of exsheathment has been described 
by Lapage’. The sheath swelled and split at the 
point of fracture, and complete separation of the 
cap from the sheath was effected by movement of 
the larva, within the sheath. 

In our experiments, activity of exsheathing fluid, 
obtained by exsheathing H. contortus larve in 
dialysable material from the rumen, was assessed at 
38° using sheaths which had been dissected from 
larvae. Actual separation of the cap could not occur, 
but the: swelling and splitting of the cuti-le were 
observed. 

Below pH 3-9 exsheathing fluid was inactive, but 
activity was restored when the solutions were made 
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Fig. 2. The relation between activity and the pH of H. contortus 
. oxsheathing fuld. Activity was assessed from a score allotted to 
each of the three stages info which the processes of swelling and 
splitting of the cuticle were arbitrarily divided 
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neutral. The relation between pH and activity is 
shown in Fig. 2. 

Exsheathing fluid was inactivated when heated to 
65°, and after dialysis. The dialysable fraction was 
freeze-dried and taken up in a small volumé of water 
to increase concentration. This material was inactive, 
but restored activity to the solution in the dialysis 
sac. It seemed, therefore, that the action of the 
exsheathing fluid involved a co-factor of low mole- 
cular weight. , 

Active exsheathing fluid prepared from T. axei 
larve had no effect on sheaths dissected from T. 
colubriformis or H. contortus, but exsheathing fluid 
from the latter affected sheaths of both T. axei and 
T. colubriformis. - 


Summary and Conclusions 


(1) The exsheathment which accompanied the 
change from the free-living to the parasitic form 
involved stimulation by factors in rumen fluid which 
appeared to be more effective at low oxidation- 
reduction potentials. 


« 
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(2) The effezt of hydrogen ion concentration on 
stimulation by rumen fluid may determine the dis- 
tribution of edult H. contortus, T. axei and T. 
colubriformis ir. the alimentary tract of the sheep. 

(3) As a result of stimulation exsheathing fluid was 
secreted, probably by cells at the.base of the ceso- 
phagus. ees 

(4) The exskeathing fluid was heat-labile and con- 
tained a dialysable co-factor. 

It is possible that the process of moulting in 
nematodes gererally is started by secretions which 
lead to the “ormation of a new cuticle during 
lethargus. Exsheathment may involve a second 
mechanism of the type described here, but in free- 
living forms exsheathment may be stimulated by 
intrinsic factors. Adaptations to suspend exsheath- 
ment, except £8 & response to extrinsic factors pro- 
vided by the Lost, may have been important in the 
development of parasitism in some nematodes. 


1 Lapage, G , Parazitol., 27, 186 (1985). 
* Sommerville, R. L, Exp. Parasitol. (in the press). 
* Poynter, D., Nature, 177, 481 (1956). 
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CHEMICAL ANALYSIS BY DIFFUSE: REFLEXION 
SPECTROPHOTOMETR Y 


By Dr. R. G. GIOVANELLI 


National Standards Laboratory, Commonwealth Scientific and Industrial Research Organization, Chippendale, New 
South Wales 


W widespread use is made of absorption 
spectrophotometry for the quantitative analysis 
of transparent media, these methods are inapplicable 
to diffusing media. There exists a need, particularly 
in biological problems, for a method dealing with 
diffusing media containing absorbing substances, 
corresponding to that based on Beer’s law for trans- 
parent media. 

The transmission and reflexion properties of a 
uniformly dispersed plane-parallel diffusing medium 
depend mainly on the ratio a/c of the absorption and 


scattering coefficients within the medium, and on the - 


optical thickness of the medium. If the medium is 
semi-infinite, or so thick that its diffuse transmission 
is negligible, the latter dependence disappears, and the 
problem is greatly simplified. 

Fig. 1 shows the total (diffuse + specular) reflect- 
ance of a semi-infinite isotropically scattering medium 
as a function of ajc; the matrix ın which the seat- 
tering particles are suspended has & refractive index 
of 1-333, the medium being in contact with a cover 
glass of refractive index 1-528, while the incident 
radiation falls normally on the surface. Similar 
curves for matrices of other refractive indices can be 
plotted from data which I have published?. 

The shapes of such curves depend on the polar 
scattering diagram for a single particle, which will 
usually be unknown, but the variations are small 
enough to be neglected for biological work. It is 
interesting to note that, over the reflectance-range 
0:2-0-7, the curve of reflectance R against log «jo is 
almost linear. 

Used with a curve of this type, measured reflect- 
ances yield a/c. If, because of the existence of 
absorption bands, « possesses spectral maxima, 


the spectral reflectance will exhibit corresponding 
minima; thue the spectral reflectance curve leads 
readily to a p.ot of the spectral variation of ajo. 

If we requu= the concentration of a component A 
which makes a contribution «, to the absorption 
coefficient, tke remainder «p of the absorption 
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Fig. 1. Total relectance R of a semi-infinite isotropically scatter- 
ing diffusing nedium, N(matrix) = 1-333, ın contaci with a 
cover giass N = | 523, as a function of logy ajo 
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coefficient, which ‘is due. to. other absorbing con- 
stituents, may be regarded as background. The 
spectral reflectance. curve due to the background 
absorption alone can be derived from an iteration 
process. A first estimate is made by interpolating 
graphically between wave-lengths at which the 
values of œ, are known to be small. This leads to 
estimates of AR» the decrease in reflectance due to 
constituent A at the centre of the band, and of W, 
the half-width ‘of the absorption band, if this is not 
already known. From the usual form of the spectral 
absorption coefficient in a band; 


kg 
i + (AAW 


where k is the concentration, g a physical constant of 
the band and A) the wave-length interval from the 
centre of the band, it is easy to predict AR, the 
decrease in reflectance within the band, and to show 
that, when AR, is small, 


AR I 


AR, 1+ (Aa/W)? 


Ié is then a matter of checking to ensure that the 

-difference between the interpolated background and 
the observed reflectance curve conforms to this 
_ relation, and otherwise to draw an improved back- 
ground curve and repeat the process. 

If there are & number of overlapping absorption 
bands, the analysis is rather longer, but nevertheless 
straightforward. Fig. 2 shows the spectral reflectance 
of a suspension of Aerobacter aerogenes containing 
cytochromes, as measured on a recording spectro- 
photometer. Various strong and weak bands may be 
noted, centred on wave-lengths 426, 529, 560, 598 
and 633 mu. The final background is shown, and the 
values of AR, due to each band may be obtained to 
an accuracy varying from about 2 per cent for the 
426 my band to about 15 per cent for the 598 mp 
band. Fig. 1 then leads to the various values of 
a/c for the centre of these bands. . 

The quantity o/s is the most that can be 


(A) = 


derived from this analysis; since o usually varies. 


only slowly with wave-length, relative concentrations 
of components having absorption bands in not too 
distant spectral regions can be readily found, though 
absolute calibrations require at least one absolute 
chemical analysis (as is also the case for conventional 
transmission spectrophotometry using -Beer’s law). 
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Fig. 2. Spectral reflectance of Aerobacter aerogenes (lower curve), 
and the background (upper curve) obtained by eliminating the 
absorption bands 
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BENZOIC ACID 
IN KCL POWDER 


Infra-red diffuse reflexion spectrum of bengoic acid ` 
(frequencies ın om?) 


Fig. 8. Infra-red diffuse reflectance of a powdered mixture of 

benzoic acid with potassium chloride. Frequencies (cm.~*) refer 

to the reflectance minima. The upper curve shows the 100 per 
cent reflectance from potassium chloride powder alone 


Relative concentrations of one substance in different 
media are also readily obtained, provided the value, 
of o remains constant. Fairly simple methods are 
also available for dealing with such problems when 
o is variable from sample to sample. Suppose, for 
example, that in two samples identified by subscripts 
l and 2, ag,/o, = X, t%g,/o, = Y, which can both be 
found from measurement. Now make an intimate 
mixture of equal parts by volume of the two samples, 
when the resulting absorption and scattering co- 
efficients become $ (%g, + Oa), $ (61 + S2) respect- 
ively, The reflectance then leads to a corresponding 
result : ` 


hay + Aga z 
6, + oz 
Then : 
Os ZIY — 1 
Og 1—S/X 


Although this method is most readily applicable 
in the visible part of the spectrum, and to some 
extent in the ultra-violet, because of the availability 
of suitable spectrophotometers, it 1s also possible to 
undertake spectral reflectance measurements in infra- 
red regions. Fig. 3 shows a portion of a diffuse 
reflectance spectrum of powdered benzoic acid, mixed 
in suitable proportions with powdered potassium 
chloride, obtained by using an experimental mock-up 
diffuse reflectance attachment in conjunction with a 
Perkin-Elmer infra-red spectrometer. It has been 
found necessary to irradiate the sample with undis- 
persed radiation using a wide-aperture mirror con- 
denser, and this necessitates rotating the sample 
and cooling with an air-blower to limit the rise of 
temperature; but there do not appear to be funda- 
mental reasons why diffuse reflectance spectra should 
not be obtained, if required, in these spectral regions. 

The main limitation to the use of diffuse reflexion 
spectrophotometry for chemical analysis, is the 
necessity to ensure thorough, or at least reproducible, 
dispersion; for the relation between R and gajo 
varies according to the degree of aggregation of the 
particles. 

A fuller account of this work will be published in 
the Australian Journal of Experimental Biology and 
Medical Science. 


1 Giovanelll, R. G., Optica Acta, 2, 153 (1955). 
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A Conjectured Electrolytic Enrichment of 
Tin Isotopes 


I is, of course, & matter of history that a consider- 
able enrichment of heavy water was found in long- 
used commercial electrolytic cells. 

It occurred to me some years ago that a correspond- 
ing enrichment of tin isotopes may take place in 
the formidably large industrial plants used for the 
continuous electrolytic ménufacture of tinplate. To 
take but one example, the Ebbw Vale tinplate works 
of Richard Thomas and Baldwms continuously 
employs a volume of tin electrolyte from which may 
be plated, in & period of 14 years, some 550 tons of 
tin. The current density in the bath is of the order 
200 amp./sq. ft., the current passed being some 
50,000 amp. Over the long time period this corre- 
sponds to the formidable figure of some 250 million 
amp. hours passing through about 30,000 litres of 
solution containing, say, 30 gm. metallic tin per 
litre, 

Although, of course, the hydrogen—deuterium mass- 
ratio is exceptional, yet owing to the large spread of 
isotopes in tin, the ratio position is much better than 
one might expect for masses in the region of 120. 
The isotope abundance percentage figures in normal 
tin (Aston) are as follows: 


112 J44 : 115 116. 117 118 119 120 122 124 
(1) (08) (04) (15:5) (9-1) (225) (9-8) (285) (5:5) (6 8) 


There is then a mass spread of some 10 per cent 
and furthermore the two extreme isotopes, namely, 
124 and 112, are present in the ratio of about 6: 1, 
which is a good ratio for measurement. Arguing 
by analogy from the hydrogen—deuterium electrolysis, 
it might well be expected that any tin extracted from 
such a long-run bath might exhibit an appreciably 
altered isotope distribution. One would anticipate 
a shift in concentrations favouring an increase in the 
heavier isotopes and a decrease in the lighter. In 
particular, one would seek for and expect that the 
ratio of tin-124 to tin-112 would be bigger than the 
value 6:1 of normal tm, 

.A sample of electrolyte from such a long-used tin 

plating bath has kindly been supplied by Richard 
Thomas and Baldwins through the good offices of 
Dr. W. E. Hoare of the Tin Research Institute, 
Fraser Road, Greenford, Middlesex. Dr. Hoare has 
extracted some tm (m gram quantities) and is ready 
to supply a small quantity of the metal to anyone 
sufficiently interested ın carrying out a mass- 
spectrographic analysis. 
_ If this conjecture as to an altered distribution of 
isotopes should prove to be correct, it will then be 
the second interesting example of an unsuspected 
enrichment arising from ea prolonged industrial 
electrolytic process. 


S. TOLANSKY 
Royal Holloway College, 
Egham, 
Surrey. 
Jan. 18. 
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Auroral Activity during April-December [956 


ForLow1ne the increasing number of sunspots, the 
activity of aurora has also increased considerably 
in 1956. In particular, some red auroræ, appeared 
between Octobsr and December, givmg promise of a 
fine auroral activity during the approaching Inter- 
national Geophysical Year, 1957-68. 

On the nigtt of April 21-22, 1956, œ series of 
very high rays lying in the sunlit atmosphere was 
measured ; they appeared m the morning of April 22 
and ended with a corona persisting even when the 
dawn had advanced so much that only first magnitude 
stars were visible. i 

Among my stations, Oslo, Askim and Holmestrand 
were in action and the height and position of sunlit 
rays near the zenith were measured with base lines 
of between 47 and 56 km. We found the following 
great heights for the upper part of these rays (m 
km.): 514, 697, 829, 1,077, 760, 573, 860, 677, 1,088, 
1,079, 749. The bases of the rays were at 279,:313, 
181, 200, 271. 229, 181, 200, 271, 229, 282, 305, 
202 km. , 

On October 26-27, a very strong red colour was 
seen over greaz parts of the sky, with long red rays, , 
between 20h. and 20h, 30m. a.m.t. Two of my 
aurora stations, Oslo and Askim, secured good 
simultaneous pictures of long red rays in the east 
towards the zenith between 20h. 18m. and 20h. 21m. 
Heights varied from 308 km. (base) to more than 
750 km. (summit). The rays. were situated im the 
Earth’s shadow. 

After midnight on November 14-15, a great many 
single pictures of fine aurora even to the south of the 
zenith were obtained with very fine red spots between 
the yellow-green auroral rays. No height measure- 
ments were, however, obtamed, 

On Novemker 22-23, twenty-seven days after the 
aurora of October 26-27, a very similar aurora 
recurred with a remarkable red ray between 
21h. 26m. and 2lh. 28m. a.m.t. A series of five 
simultaneous pictures of this ray were taken from 
three stations, Oslo (M), Nordswter (NO) and 
Kongsberg (E), the base-line M—NO being about 
138 km. and of K-NO about 176 km. These pictures 
gave a good determination of height and position. 
The ray was situated very far away, over a region 
near the border line of northern Finland and the 
U.S.S.R., abort 1,100 km. from Oslo. The foot and 
summit of the ray were at about 150 and 680 km., 
in the Earth’s shadow. Measurements of the same 
pomts with base lines M-~NO and K-NO gave 
good agreement. 

It is hoped that this auroral activity recurs in the 
spring of thie year and will be still more enhanced 
during the coming Geophysical Year. ‘ 

CARL STdORMER 
Institute for Theoretical Astrophysics, 
Oslo. 
Jan. 23. 
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Influence of Pressure on the Dielectric 
Properties of Ice 


Exprrnmerts have recently been performed in 
which the effects of pressure on the electrical pro- 
perties of 1ce were studied. The stress applied was 
compression Detween two plates which formed the 
measuring capacitor. Samples measured included 
a polycrystaLine specimen having coarse- and fine- 
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grained structure and single crystals cut parallel to, 
perpendicular to, and at 45° to the c-axis. The stress 
was a static compression of about 2 kgm./cm.? applied 
at the start of each measurement. The sample holder 
was connected to a G.R. 816-C radiofrequency bridge 
which was balanced at 1 ke. before the load was 
applied. An oscilloscope was used as an indicator. The 
sample was then loaded and the oscilloscope deflexion 
was observed. as & function of the time. The bridge was 
rebalanced. at the end of each run. Since the balance 
is extremely sensitive to temperature fluctuations, 
special precautions had to be taken. 

The results show that there is a real but small 
change which takes place when pressure is applied. 
It appears that cold working of the sample occurs, 


making the experiments only. qualitatively repro-. 


ducible. 
Several features of the results are notable. 


(1) At a given temperature the effects in poly- 
crystalline samples are an order of magnitude, or 
more, greater than for single crystals. At tempera- 
tures less than — 10°C. no deflexion was observable 
at the loading mentioned above with single crystals. 
Greater loading produced a defiexion. 


(2) No instantaneous deflexion was observed, 
indicating that the elastic deformation of the erystal 
did not alter its electrical properties appreciably. 


(3) For polycrystals, the deflexion versus time 
curves were asymptotic to the deflexion axis at the 
origin. For single crystals, they seemed to have a 
finite initial slope. This indicates that different laws 
govern. the two cases. A somewhat similar result 
has been reported for the mechanical deformation 
of crystals'. . 


(4) Sudden changes were occasionally observed for 
both single-crystal and polycrystalline samples. 


(5) Ordinarily, loading caused a deflexion which 
indicated greater dissipation of electrical energy in 
the crystal. However, several cases were observed 
in which the deflexion upon loading was in the 
opposite direction. Only one of these cases was for a 
single crystal and that for pressure applied at 45° 
to the c-axis. . 


(6) When the load was removed, the deflexion 
usually decayed slowly and smoothly but not back 
to zero. However, for polycrystalline samples it 
would occasionally go beyond zero and often in such 
a way that the curve was not smooth. 


(7) The behaviour for single crystals is very much 
the same for all sample orientations. (It may be 
somewhat less pronounced for pressure applied along 
the c-axis.) In this respect it differs from mechanical 
strain, which seems to be negligible except for stresses 
‘applied at 45° to the c-axis}. 


A possible interpretation of these results is that 
the electrical measurements are sensitive mainly to 


defect structures in the crystal but to a different: 


type, or group of types, from those controlling mech- 
anical deformation. It seems to follow that these 
defects can either-be created or ‘destroyed’ by 
stressing the sample. 

The discontinuities observed occasionally may well 
result from discontinuous change of internal stress. 

The results for polycrystals are different from those 
for single crystals not only in magnitude, but appar- 
ently in character as well. It might be expected that 


the former reflect a surface (really interface) property 


and the latter a bulk property of the samples. 
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This work was carried out under contract for the 
-Snow, Ice and Permafrost Research Establishment, 
Corps of Engineers, U.S. Army. a 
R. Bama. 
- P. Camp 

Department of Physics, 
Polytechnic Institute of Brooklyn, 
New York. Jan. 8. - 


1 Jellinek, H. H. G., and Brill, R., J. App. Phys., 27, 1188 (1956). 


Torsion and other Mean First-passage Time 
Analogies 


In an attempt to cover the known mean first- 
passage time formule by Furth! and others by a 
general theory of first-passage times of diffusing 
(Brownian) particles, some new formule and some 
general results were derived in a recent paper*. It 
was shown there that the average time taken by a 
particle starting from a point P, in a given region R 
to reach the boundary B of R is, in slightly changed 
notation, 

t = W(Po)/(2D) (J) 
where 


VIP) = (2) 


(3) 


Here D is the appropriate diffusion coefficient (it 
could refer to rotational diffusion) and y? is the 
Laplacian operator appropriate to the space considered. 
Further, if the initial position of the particle is not 
specified but is equally likely anywhere within R, 


t ¥(Po)(2D) = f,¥(P)ARI(2DA) (4) 
where A = fpak is the total extent of the region 


—2, for points P inside R 


-and - 
Y(Pg) = 0, for points Pg on B 


t = 


(area or volume, whichever is applicable). . 

In this notation it is apparent that in two dimen- 
sions the function W(P) = W(z,y) is identical with 
the Prandtl- torsion function? * for a cylinder the 
cross-sections R of which are perpendicular to the 
Z-axis. (The partial derivatives of Y are proportional 
to the stresses under torsion.) Also, 


H= 25 fv ey) dedy (5) 


a purely geometrical quantity, is the torsion modulus ; 
H = M/(ap), where M, «, wu are the couple, twist 
per unit length, and shear modulus, respectively. 
Thus the torsion problem for solid sections has another 
analogy in the mean first-passage time problem, in 
addition to the membrane and viscous-flow-in-a-pipe 
and other well-known analogies. 

The mathematical analogy of the membrane 
problem to (1) and (4) is even closer. If a membrane 
1s stretched over“a region R bounded by B in the 
X,Y plane, the perpendicular displacement at (x,y) is 


W(x,y)/(20/p) (6) 


where c is the surface tension and p is the excess: 
pressure on one side of the membrane. Similarly, 
the velocity at (x,y) of slow viscous flow parallel to 
the Z-axis in a long tube of cross-section R is 


i v = F(z) (7) 


where 7 is the viscosity and G is the negative pressure 
gradient. Thus, if V is the volume under the mem- 


2 = 
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brane (6), and Q is the total volume of liquid passing 
any eross-section per unit time in (7), 


DAt = Vip = „QG = Hja (8) 


_ Since the torsion problem has been solved for many 
cross-sections, the corresponding solutions for mean 
first-passage time problems will be known also (in 
finite form only for the circle, ellipse, equilateral 
jangle, and a few special curves). Conversely, an 
experimental arrangement is conceivable which might 
be used. to determine by means of (1) the torsion 
ction for cross-sections R for which the numerical 
uation is. difficult: diffusing particles are ob- 
microscopically, the field of view being 
ricted to an area of the same shape as the section. 
f practicable, such a method (refined by photo- 
hic techniques) could be superior to the one 
m the membrane analogy where only small 
yatures are possible and gravity interferes. 


G. KLEIN 
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An Explanation of the Tanberg Effect 


WHEN an are discharge at very low pressure passes 
between metal electrodes the cathode experiences a 
_ force directed away from the anode. By suspending 
_& copper cathode on a pendulum and observing the 
deflexion Tanberg! measured this force. At the same 
_time he measured the rate of evaporation of cathode 
. material. With these data he obtained the velocity of 
_ the evaporating atoms from Newton’s laws of motion. 
From a force of 20 dynes/amp. and a rate of evapora- 
_ tion of 10-5 gm./coulomh, he estimated that the copper 
atoms. left the cathode with a velocity of about 
10° cm./sec. He suggested from this that the cathode 
was at a temperature of about 5 x 105 deg. C. Up to 
_ the present his claim has caused some concern. 
- Opinions are divided into two groups: those who 
_ Question.the accuracy of the experiments and those 
who disbelieve in Newton’s laws. However, other 
-evidence tends to support Tanberg’s measurements. 
In connexion with our recently proposed theory of 

¿> the cathode spot® a novel explanation of this effect 
emerges, Some of the evaporated atoms are ionized 
in. the region. above the cathode and are returned to 
_ the cathode by the electric field. Because of the dense 
| vapour: the positive ions make many collisions and 
transfer momentum to the neutral vapour, as a result 
of which vapour atoms are also returned to the 
cathode. Tt is easy to show that if positive ions fall 
freely in the field of their space charge towards the 
cathode the latter experiences no net force, since the 
momentum delivered by the ions on arrival is balanced 
by the electric stress at the cathode surface. If, on 
the other hand, the ions move through dense vapour 

& large fraction of this momentum is transferred to 
the neutral vapour, which in turn transfers it to the 
eathode ; the remainder of the momentum is carried 
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by the ions. Thus the.cathode ‘still. experiences no 
net force. (The momentum assoeiated with electron 
emission is negligible.): > $ 2 

An interesting point arises now from. the balance of 
numbers. If z atoms/sec. of mass m leave the cathode 
surface with velocity v, the force of reaction is 
f=2zmv. dynes. If 2’ atoms/sec. return to the 


cathode as a result. of collisions «with. the ions, the — 


net evaporaticn is reduced to z-z’ and this is the 
quantity which has been measüred throughout. An 
estimate of 2’ follows from the new are theory’. ‘To 
release 1 ampere of electrons from the cathode, 


2’ = 10” excited atoms must return per second. The _ 


measured evaporation of 10-5 gm./coulomb corre- 
sponds to z-7 œ 10!? atoms/sec. However, the. 


measured force is caused by z, the gross evaporation. 
On this basis; we find from Newtons laws an 





Tanberg’s resuits the velocities of evaporating ato’ 
to be v = f/z.m. œ 104 em./sec., that is, reasonable 
thermal velocities. It transpires that our ideas about 
the importance of back-scattering in the cathode - 
region and the significant difference between gross 


and net evapcration resolve all the difficulties pre- 


viously associated with the Tanberg effect. 
A. E. Rosson 
A. VON ENGEL 
Clarendon Laboratory, 
Oxford. Jan. 14, 
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Microphonic Effect of the Larynx 


In order to test a hypothesis! on the origin of the 
vibrations of she vocal folds—the vibrations were 
supposed to start coup pour coup at a contraction 
of the m. voealis internus induced by an action 
potential along the corresponding: fibres in the 
n. recurrens—we made some simultaneous recordings 
on the electromyogram of the m. thyreo-arytenoideus 
and the sound curve with a very suitable patient in 
Prof. H. A. E. van Dishoeck’s Otorhinolaryngological 


Clinic, University of Leyden. This patient had a. en 
stoma just above the larynx and the internal laryngeal _ 
muscles preser:ted themselves directly. One vocal 


fold was normal, the other one was slightly less 
movable. Phonation was practically normal; the 
patient only used the chest voice. Two very thin 
needle electrodes were put into the normal m. thyreo- 
arytenoideus, about 1-5 mm, from the glottis and 
about 1-5 mm deep, one at the anterior side, the 
other one near the arytenoid. We thus recorded, the 
myogram of the whdle musele instead of the activity: 
of a small part, as is done with thin concentric: 
needle electrodas. 

When the electrodes were well fixed into the 
muscle, resulte as shown in Fig. 1 were obtained. 
A perfect synchronism between the myograms and 
their sound curves is to be observed.. The myogram 
is in fact, however, a microphonie effect’ of- the 
larynx, being passive in nature. The effect is caused 
by the passive simultancous deformation of all the 
muscle fibres and their membranes as a result of the 
vibration of the vocal folds. This microphonic effect 
is comparable with the well-known Wever and Bray 
microphonie effect of the cochlea and the micro- 
phonic effect of the semicircular. canals?. It can be 
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0-5 mV. 





Fig. 1. Microphonic effect of the larynx. Vowel a, fundamental 
frequency 122°5 cycles per second, A, and 137 cycles per second, 
B. Upper curves, sound pressure ; lower curves, electromyogram 
of a vocal fold, needle electrodes. The corresponding curves are 
ae. passive variations (deformation, microphonic 

t) are much greater than the active variations (spikes) 


seen that the vibration contains but few higher 
harmonics, in agreement with the results of Trendelen- 
burg and Wullstein* on excised larynges and theoret- 
ical considerations* on the mechanism of vibration. 

From the point of view of the above hypothesis 
it is very difficult to explain why there is no indication 
of a synchronous activity of the muscle fibres (spikes) 
to be found on the curves. As a matter of fact the 
tensions developed at a spike have a magnitude of 
100 mV. and are thus large compared with the ten- 
sions associated with a passive deformation, which 
must necessarily be subliminal. When the fibres 
contract synchronously and start each new cycle, 
nevertheless, this means that only a few fibres are 
working in the chest register. But then the muscular 
forees would be very small compared with the forces 
developed by the air stream, thus being unimportant. 
The results are easily explained, however, on the 
basis of the myo-elastic theory* of voice production, 
as this theory does not demand a synchronous 
activity of the fibres. The potentials associated with 
the synchronous passive deformation of all the 
fibres will enter into a recording such as we made, 
but the activities of the different fibres, being 
asynchronous, tend to cancel out, in contrast with the 
recording of the potentials of a small region with 
concentric needle electrodes, which necessarily shows 
active variations large compared with the passive 
variations’. 
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The microphonic effect of the larynx will manifest 
itself in the recordings of the potentials of a 
rather large region of the internal laryngeal muscles 
or the muscles and nervous structures directly con- 
nected with the larynx. In our opinion, this is the 
explanation for a synchronism’ claimed between the 
potentials in the n. recurrens and the sound pattern. 


Jw. VAN DEN BERG 
Institute of Physiology, 
University of Groningen. 
A. Spoor 
Otorhinolaryngological Clinic, 
University of Leyden. 


Jan. 12. 
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Anomalous pecen Absorption of 
_ Complexed Neodymium lons 


Tue formation of complexes of lanthanon ions is 
reflected in variations in the absorption spectra of 
their solutions or of the reflexion spectra of their 
solid salts. Some of these variations have been 
examined in studies on lanthanon complexes'; but 
thus far there is extant no direct correlation of varia- 
tions in absorption spectra with the stabilities of 
complexes formed with a series of homologous ligands. 

Over the past several years I have undertaken such 
a study, and a preliminary evaluation of the results 
obtained is shortly to be submitted for publication 
elsewhere. Within this study there has been observed 
a completely anomalous phenomenon not hitherto 
recorded which appears of such interest as to warrant 
early, brief recording. 

Major variations observed in the absorption 
spectrum of the Nd*+ ion upon complex formation 
are: shifting of the bands, especially the main one 
at 576 mu, from their normal frequencies, increase 
in optical density of the bands, and widening due to 
‘internal’ Stark effect splitting. It might be expected 
that band shifts should be directly comparable with 
stabilities of the complexes formed, application of 
the simple de Broglie-Schrédinger equation yielding 
energy data directly correlatable with those obtained 
by potentiometric or polarographic determination of 
thermodynamic stability constants. There is now 
seen a drastic limitation to this treatment. 

Table 1 lists band shifts (from 576 mp), energy 
and stability constant data for neodymium complexes 
with a series of aliphatic carboxylic acids. There — 
exists quite clearly a discontinuity in correlation as 
one from monocarboxylic to di- and poly-. 
carboxylic. With mono- and «-carboxylic acids as 
the complexing ligands, shift of the 576 my absorption 
band to lower frequencies is paralleled by a decrease 
in log K values—this is in conformity with energy 
requirements for complex formation with these 
ligands. With dibasic, and higher, carboxylic acids, 
however, this situation is reversed, and increasing 
band-shifts towards lower-energy levels are associated 
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Table 1 
`: Complexing Band shift | Energy difference | log K 
carboxylic ions from 5760 A. ¥ x40 
: Monobasic ` 
: 10 0-41 5-9 
60 2°48 i 66 
80 3°31 | 6-4 
190 4-14 83 
80 3°31 1 62 
120 4-97 1 50 
130 5°38 I 44 
140 5-80 i 40 
400° 1-66 6-8 
90 3-73 61 
50 2 11-9 
40. 1- 9-1 
10 t 8-1 
0 0 69 
50 2°07 75 
40 1-66 7i 
50 2-07 8-0 
80 2-48 8-4 
60. t. 2-48 9-0 
70. 2-90 ld 
80 3-31 11-4 
<80 3°31 11:9 
90 B78 11-9 
420 4-94 16-8 























asing values of log E. This effect is not 
momentary observation but one which has 
continuously checked and noted through a series 
f some 800 observations. Further examination of 
he data obtained is being made in an attempt to 
„elucidate this fundamental variation. 

R. C. VICKERY 
05 Hast 79th Street, 

‘Cleveland 6, 

Ohio. 


Jan. 14, 
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Dioxanates of Cadmium Chloride 


< — DIOXANATES of cadmium chloride were precipitated 
| bom a solution of the ‘anhydrous salts (certified 
urity) in acetal-free dioxane, prepared from East- 
man Kodak technical 1,4-dioxane by the method of 
Eigenbergert. The crude dioxanate (that is, wet with 
dioxane) was placed in the bulb of the isotenoscope 
_ of Smith and Menzies*, and oil of paraffin, U.S.P., 
-wag employed as the levelling liquid. The isotenoscope 
wes immersed in a water-bath maintained at 
- 25-5° + 0-1°C. The system was evacuated and the 
| pressure values were: taken continuously until the 
lowest value was obtained. The pressures were read 
on a Zimmerly gauge by means of a cathetometer. 
Constant vapour pressure-levels were obtained at 
the values: 36-80, 28-55, 25-40, 23-70, 19-10 mm. 
mercury and a lower. level ranging from 15-00 to 
16:90. mm. mercury. The experimental vapour 
resstire of pure dioxane at the temperature under 
tudy was found to be 37-08 + 0-02 mm. mercury. 
_. Two stable. dioxanates have previously been 
= reported** : CdCl,.dioxane and CdCl,.4 dioxane. 
Interpretation of the constant pressure-level based 











-on Gibbs's phase rule indicates the existence of- 
Itis 
-quite definite shough. small. 


7 at least four stable or metastable dioxanateés. 
= apparent thus that. two or more dioxanates oË 
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cadmium chloride exist other than those previously 
reported. The lower pressure-levels, 15:00-16:90 mm., _ 
correspond to the vapour pressures of solid dioxane 
crystallized ir the iced vapour trap used in the — 
system. 
Martin G. CHASANOV 
Crom ©. LYNOH, JUN. 
University cf Delaware, 
Newark, Delaware. - 
Dec. 20. 
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Compressitilities of sodium and Potassi 
Hydroxides — 


GUOKER?, or the basis of the Debye-Hiickel theory, oe 
found that. the apparent molar compressibility of 
aqueous solut ons- of electrolytes” conforms to the — 
relation (ka) = 9% (k,) + S4012, where olka) is thè — 
apparent molar compressibility at molar concentra- — 
tion Cand 9°(&,) at infinite dilution. Sx is a constant. — 
Similarly, the adiabatic compressibility was found to` 
follow the relasion 8 = B, + ACO + BC (Bachem®), 
where B is the adiabatic compressibility at molar 
concentration 7 and 6, is:that of.water, while A and « 
B are constants. 

Using the eptical diffraction method, ultrasonic 
velocities in aqueous solutions of sodium hydroxide 
and potassium: hydroxide have been determined. in ` 
the frequency range 5-30 Mc./s. Adiabatic and appar: 
ent molar conpressibilities are computed using o 
equations : ES 


@ = 1/y*d ae 
and 
1008 


Bo foods } 
goo a o M 


where V is the ultrasonic velocity, d the density 
of the solution, do the density of water and 6, the 
compressibility of water and M, the molecular 
weight of the solute. 

Ultrasonic velocity, V, and adiabatic com- 
pressibility, P, as functions of concentration C are 
represented. in Fig. L ; 

Sodium. hydrouide. Ultrasonic velocity is a linear 
function of concentration in the range 0-6-3 moles/ >: 
litre. The. variation of adiabatic compressibility 
shows @ peculiar behaviour. The entire range 
be divided inso two regions, each one follo 
Bachem’s relation with different sets of 
One set of censtants. (A = — 9-38 x 10t; B = 
2-22 x 10-6) satisfies the relation from 0 to 1°5 moles/ De 
litre and another set (A = — 8:21 x 10-8; B= 
1-69 x 10-*) holds good in the range 1- 5-6-4 moles}. 
litre. In spite of this, the apparent molar com- 
pressibility satisfies Gucker’s relation with one set: 
of constants. . 

Potassium lajdroxide. -In this case, ultrasonic 
velocity exhibirs a peculiarity. The graph of velocity 
against concentration consists of two straight lines. 
with slightly different gradients: one in the region 

0-4-23 moles/litre and the other.in the range 4:23- 
8-0- moles/litre The difference in the gradients is 


olka) = 
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Fimo l ~, Ultrasonic velocity against. concentration; 


compressibility against concentration 


As regards the variation of 8, the whole range is 
divided into two regions. One set of constants 
(A= — 7-79 x 10°; B = 1-54 x 10°) satisfies the 

aes relation. from 0 to £ 93 moles/litre and another set 
(4 = = 7-138 x 10° and B= 1-30 x 10-5) holds 

good in the range 4-23-7-5 moles/litre. 

ooi Though the graphs of velocity against concentration 
“and of B against molar concentration divide into 

two parts, the apparent molar compressibility is 
satisfied by a single Gucker relation. It may be 
<u Yemarked here that the graph of the apparent molar 
volume against the square root of the concentration 

“also: shows a break at about 5 moles in this case*. 

; J. BHIMASENACHAR 

S. V. SUBRAHMANYAM 








Physics Department, 
0e 8V. University, 
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Ore Mineral Identification Simplified 


electric cell photometer, described by one of 
1954, has been used successfully in conjunction 
, miero-indentation hardness tester for the rapid 
1. of ore minerals in polished section. The 
ter is a G.K.N. bench type instrument, 
uifactured by Hall Telephone Accessories, Ltd. 




















‘and hardness tester are fitted to the same standard 

_ gre microscope. The reflectivity of the unknown 
elative to a known standard 
using tungsten flame t illumination of specified 
eolour. temperature. “This measurement can be made 

_ on mineral grains down to about 30u in diameter 
= with a precision of 1 per cent. The hardness of the 
sarne unknown can be determined immediately after 
the reflectivity measurement, merely by rotating the 
diamond pyramid of the hardness tester into the 








he technique employed both the photometer 
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position of the objective, making 
the indentation, returnmg the 
objective to its original position 
and measuring the size of the 
indentation. ‘The positioning of 
the indentation can be made 
with a precision of less than Sy. 
A Vickers 136° pyramid is used 
for making the indentation and 
the hardness is: expressed in 
terms of Vickers hardness num- 
bers.“ = 
The results of twenty-five. 
reflectivity ‘determinations and 
miecro-indentation hardness 
measurements are plotted in 
Fig. 1 to show. the variations 
encountered among common ore 
minerals, The distribution of the 
values illustrates the ease. with 
which certain minerals of similar 
reflectivity can be differentiated 





Adiabatic compressibility (em.?/atim.) 


T% by their indentation hardness: 
and: vice versa. EN 
Bate , adiabatic The data for both reflectivity 


and hardness are mean values. 
obtained on a number of ran= | 
domly orientated sections. The ranges due to reflexion 
anisotropy and to directional variations in hardness 
have been omitted for clarity, though both these 
propana are valuable aids to identification i in some 
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Fig. 1. Mean values of reflectivity and hardness for twenty-five 
common ore mine 

1 Betafite 7 Magnetite 13 Pyrrhotite- 19 Pyrite 

2 Cassiterite 8 Bornite 14 Boulangerite z Skutterudite 

3 Chromite 9 Alabandite:.. -15 Galena 1 Krennerite 

4 Covellite 10 Cuprite 16 Ghaleopyrite E Altaite 

5 Uraninite 11 Tetrahedrite » 17 Cobaltite 23 Platinum 

6 Blende 12 Stibnite “24 Antimony 


> 18 Niccolte 
25 Gold h 






wo.aseo March 23, 1957. 


A system of ore mineral identification based 
primarily on reflectivity and micro-indentation hard- 
ness has been evolved and has proved more satis- 

. factory than any other used hitherto... Each measure- 
< ment normally takes less than one minute to complete 

and when the values obtained are used’in conjunction 
-With other easily observed properties. such as colour, 
— gnisotropism and reflexion pleochroism, most ore 
minerals can be satisfactorily identified without 
ourse to spectrographic or X-ray methods. 
_ Fall details of the photoelectric cell apparatus and 
of the micro-indentation hardness tester will be 
ublished elsewhere in due course. 
This work is published by permission of the 
Director of the Geological Survey of Great Britain. 
ee 8. H. U. Bowrm 
K. TAYLOR 
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Plethysmometric Measurement of Swelling 
in the Feet of Small Laboratory Animals 
o Various authors have described phlethysmo- 
metrici- and planimetric-* methods of measuring 
<. the volume of rats’ and guinea pigs’ feet before and 
after the injection of irritant substances. Such 
ethods have formed the basis for the determination 
‘the anti-inflammatory activity of adrenal steroids 
and other agents, and for the measurement of the 
< local response to injections of histamine and hist- 
--amine-releasing agents. 

«In the course of an investigation into the anti- 
inflammatory action of some. adrenocorticoids we 
have developed a plethysmometric method of measur- 

ing accurately the volumes of the feet of rats and mice. 
. =- We have found this method to be superior in its 

“| use to existing methods. 

7 The apparatus (Fig. 1): consists of a modified 
| 2-ml. microburette connected to a 5-ml. glass syringe. 
| Carbon tetrachloride, coloured by the addition of 

_ solid.sudan ITI, fills the lower part of the apparatus, 

-and the upper part contains water, to which a few 

_ drops. of suitable surface-active agent have been 
added. The wide mouth of the burette is graduated 
_ with two marks, A approximately 1-5 em. below 
< the rim and B approximately 5-0 em. below the rim. 
¿o Thei rat or mouse is anxsthetized by an intra- 
peritoneal injection of 50 mgm./kgm. sodium amytal. 
Tt is important that the anesthesia is sufficiently deep 
to produce a completely flaccid leg and foot, otherwise 

_ discordant readings may result from flexion of the 
_ animal's limb during measurement. The level of 

water is adjusted to the mark A by means of the 

syringe; the reading of the water -— carbon tetra- 
_ thloride interface is observed on the burette scale. 
The anasthetized animal’s foot is introduced into the 
‘mouth of the burette until the tip of the foot coincides 
- with the mark B, thas causing the water-level to 
< tiso in the burette. The syringe is then withdrawn 
to bring the water-level back to mark A ; the reading 



































of the water — carbon tetrachloride interface is again 
observed on the burette scale. The difference between — 


this and the firat reading represents the volume of 
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the animal’s foot. With our apparatus the volume 
can be read off directly to the nearest 0-61 ml. 

The apparatus is very simple to use and the 
determinations both rapid and accurate. In an 
experiment mvolving 190 consecutive determina- 
tions, the error has been found to be only 1-13 per 
cent, sufficiently small to be disregarded. Our 
experiments have shown that the degree of swelling 
of a formalir-induced inflammation in tho rat foot. 
can be followed over a period extending from a few ` 
hours to several weeks. Eke SCs 

Initial experiments showed that there was no 
significant difference (P > 0-9) between the volume 
of the rat’s right and left hind foot, therefore in our- 
experiments the degree of swelling was estimated: 
by comparing the volume of the treated foot with 
that of the wntreated control. 

In our experiments also we thought it of interest 
to determine the exact location of the swelling, there- 
fore the rats were pretreated with an intravenous 
injection of 2van’s blue ‘thirty minutes before th 
injection of fermalin, The dye was found to be co: 
centrated in the region of swelling. By this means 
we have been able to measure the swelling accurately 
and to determine its location. 

It is planned to publish these results in greater 








detail elsewhere. 


Une 
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University of London, 
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Potentiation of Chemical Reactivities at 
Protein Surfaces 
Tue ability of toxicants which function as 
alkylating agents to react at specific sites on protein 
surfaces may be caused by differences in the reactiv- 
ities of the functional groups of the side-chains as 
@ well as molecular geometry. Several mechanisms by 
“which these reactivities might be modified are 
suggested by the results of some recent investigations 
on the kinetics of alkylation of amino-acids, peptides 
and proteins by the fungicide 2,4-dichloro-6-(0-chloro- 
anilino)-s-triazine'. These studies show that only 
dissociated amino- and sulphydryl-groups can take 
part in the reactions, while the NH,” and SH groups 
are inert. In free amino-acids the Jatter groups 
predominate under physiological conditions, so that 
only small fractions of their potential reactivities are 
utilized. It is suggested that an; ctural features 
in. protein molecules giving rise to micro-environ- 
ments which behave as though they are more acidic 
er more basic than the surrounding medium can 
suppress or increase the ionization of the functional 
groups contained in them, thus giving rise to regions 
of low and high reactivity on the protein surface. 
It can be seen that the gains from such situations 
might be considerable when it is taken into account 
that only 0-25 per cent of the reaction potential of 
the amino-group of glycine is utilized at pH 7-0. 
Two ways by which this might be achieved are 
> suggested by the reaction-rate and ionization con- 
“stants obtained on small molecules'*. The first of 
these involves isolation of functional groups. fr 
surrounding carboxyl groups. For example, 
been found that asparagine is six times more reactive 
than aspartic acid, indicating that the second carboxyl 
group suppresses reactivity by increasing the pK’ 
valves of the amino-group (Table 1). On separating 
the amino- and carboxyl-groups by peptide linkages 
as in triglycine, the pK’ is reduced to 7-91 and the 
reactivity relative to aspartic acid is increased to 43. 
The highest degree of potentiation obtainable through 
isolating an amino-group from surrounding carboxyl 
groups is represented by the methyl ester of glycine, 
in which the acid function is suppressed altogether. 
This compound is 88 times more reactive than 
‘aspartic acid at pH 7-0. However, the ultimate in 
eactivity has not been achieved, since p-amino- 
benzoic acid is capable of combining with the s-triazine 
230 times more rapidly than with aspartic acid. In 
this case more than 99 per cent of the reaction 
potential is utilized. 
Since 50. per cent of an amino- or sulphydryl-group 
‘be present. in reactive form when the pK’ of the 
ing group is equal to the pH of the medium, a 
mechanism must be found by which pK’ values 
reduced to 7.or lower in order to utilize the 
1 amount of latent reactivity under physio- 
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arginine residue... These would tend to repel protons 
and attract: negatively charged ions, and so create a 
micro-environment with a higher pH. than the main 
body of the solution through the formation of a 
localized Helmholtz double layer. A larger proportion 
of the functional group could then ionize to produce 
an effect equivalent to lower pK’ value. Thus the 
reactivities of functional groups located in environ- 
ments such as : 
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could vary considerably. 
An inspection of the pK’ values compiled by Cohn 


and Edsall? reveals that this can occur to some extent: 


even when the interacting groups are the same. Thus 


the pK’ values of the two amino-groups of cystine oe 


are reported to be 7:48 and 9-02, compared with 
values of 9-0-9-7 for most of the other amino-acids. 
When proximity to basic groups is coupled with 
isolation from carboxyl groups, an even greater degree 
of ionization can occur. Thus the pK’ values reported 
for cystinyl-di-di-glycine are 601 and 6-87 respectively, 
indicating that 55-90 per cent of the’ amino-groups 
are present in reactive form at pH 7-0. 

These examples include only primary amino- 
groups. However, it is believed that the reactivities . 


of the functional groups of lysine, cysteine and eo 


tyrosine residues with electrophilic toxicants might 
be suppressed or potentiated, depending upon whether 
they are located in anionic, non-polar or cationic 
micro-environments. The probability that effects 
such as these are operative in large molecules is 
suggested by the recent finding that bovine serum 
albumin reacts about 100 times more rapidly with 
2,4-dichloro-6-(9-chloroanilino)-s-triazine than would 
be anticipated from the velocity coefficients of its 
component amino-acids. . 
H. P. BURCHFIELD 
Boyce Thompson Institute for Plant Research, 
Yonkers, N.Y. 


2 Burchfield, H, P., and Storrs, Eleanor E., Contrib. from Boyce 
Thompson Inst., 18, 395 (1956). 

*Cohn, Edwin J., and Edsall, John T., “Proteins, Amino Acids, and 
Peptides as Tons and Dipolar Ions”, 85 (Amer. Chem. Soc. Mon. 
Series. Reinhold Pub. Corp., New York, 1943). 


Isolation of Nucleic Acids from Micrococcus 
lysodeikticus 


We have found a simple method for the preparation 
of a mixture of ribonucleic acid and deoxyribonucleic 
acid and the preparation of purified deoxyribonucleic 
acid in a highly polymerized state from cells of 
M. lysodeikticus. In arriving at the techniques, we 
have taken advantage of the fact that above pH 8-0 
the activity of the ribonuclease system in M. 
lysodeikticus is negligible. Moreover, in the absence 
of orthophosphate, polynucleotide phosphorylase 
(polyase) is inactive toward ribonucleic acid. There- 
fore, for maximum yields of ribonucleic acid the lysis 
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of the cells was carried out at pH 8-5. To destroy 
the. ribonucleic acid selectively orthophosphate was 
~ addedt. This communication présents some of the 
`: -preliminary results. € 
The following is an example of the isolation of a mix- 
ture of ribonucleic and.deoxyribonucleic acids (NA 5). 
- Acetone-dried. cells (14 gm.) from a 48-hr. culture? 
were suspended in 230 ml. of approximately 0-5 per 
ent sodium chloride to which 100 mgm. of crystalline 
lysozyme were added. Initial pH was 8-8. The mix- 
ture was incubated at 37°. Lysis was complete in 
oct hr. (In later experiments the concentration of 
< lysozyme was increased to 0-1 per cent to reduce 
= = the time for lysis to 30 min.) The highly viscous 
>o material was centrifuged at 5° C, for 1 hr. at 28,000g. 
_ After decanting the supernatant (100 ml.), the sedi- 
_ o ment was suspended in 350 ml. of 10 per cent sodium 
chloride. The preparation was then heated to 95° 
for 30 min. with constant stirring, chilled and centri- 
fuged for 30 min. at 28,000g. The supernatant (170 
ul.) was decanted and mixed with one volume of 
95 per cent ethanol. A copious fibrous precipitate 
| formed, which was removed and dissolved in 10 per 
cent sodium chloride. The sediment was washed 
with 1-0 N sodium chloride and centrifuged as above. 
The supernatant was removed and mixed with an 
| equal volume of 95 per cent ethanol. The precipitate 
_ formed was added to the 10.per cent sodium chloride 
¿o solution of nucleic acid and the volume brought up 
to 100 ml. The mixture was then shaken three times 
© with chloroform or until no gel interface formed. 
The nucleic acid was then precipitated with an equal 
volume of 95 per cent ethanol. The pure white fibrous 
recipitate was washed in 95 per cent ethanol and 
ier and dried in vacuo. Yield was 261 mgm. or 
5 per cent of the dry weight of the cells. The 
preparation contained 7-15 per cent phosphorus and 
-© had a nitrogen phosphorus ratio of 3-83. After diges- 
| tion in 1-0 N potassium hydroxide at 37° for 18 hr. 
the fraction of material hydrolysed (ribonucleic acid) 
‘was 80-0 per cent, of the material unhydrolysed 
_ (deoxyribonucleic acid) 20 per cent (based on phos- 
phate determinations). The ratio of ribonucleic to 
deoxyribonucleic acid decreases considerably as the 
time of lysis is increased. One such preparation 
(NA 6) after a 5-hr. lysis contained only 9 per cent 
ribonucleic acid. Lysis at low pH (6-7) causes a 
similar drop in ribonucleic acid yields. Table 1 
‘Summarizes the findings of three mixed nucleic acid 
preparations (NA. 4-6). 
The mixture of nucleic acids is chalky white, 
fibrous and hygroscopic. . It will take up as much 
as 10 per cent of its weight in water in 30 min. after 
- thorough drying in a desiccator. It has the consistency 
_ of methylcellulose when very dry and readily dissolves 
in. distilled water. Solutions of preparations with 
dower fractions of ribonucleic acid are correspondingly 
more viscous and are precipitated from salt—ethanol 
solutions in a form similar to poly A °. 
‘The following is an example of a preparation of de- 
oxyribonucleic acid (NA 20). 10 gm. of acetone-dried 
cells were suspended in 200 ml. 0-5 per cent sodium 
chloride to which were added 20 mi. 1-0 M sodium 
hydrogen phosphate and 10 ml. 0-5 M tris, final 
H 8:5. After the addition of 200 mgm. of crystalline 
ysozyme the preparation was incubated for 30 min. 
_ at 37°. Then 230 ml. of 20 per cent sodium chloride 
were added, and the mixture heated to 95° for 30 min. 
The remainder of the procedure was the same as for 
-the preparation of total nucleic acid with the ex- 
<z- ception that the orthophosphate was removed by 








































































NATURE r 


631 
Table 1 

NA preparation 4 5 6 20 2h 23 
Lysis time (in hr.) 1-0 0-5 5-0 0-5 OG 0-5 
Orthophosphate _ - — + + + 
Temperature of 

extn. 95° 95° 95? 95° 95° ~5° 
Yield (gm.) (per 

cent) 1: 1-85 0-45 0-78 0-82 0-40 
N/P 3-9 3-83 4-02 3-66 3-95 3-84 
oe ma 3,600 8,550 6,970 7,420 7,400 7,480.55 
Ep! Mije 2. Ds: r q « IG 
ezO ma) 30 2°56 1-96 2°05 1-81 3-26 
£; my 4-63 2-85 Be Za 607 : 
39290 ma 86 3-60 3-60 453 
"e=0 sS — — 234 175 
Ribonucleic acid ao 150 
{per cent) . 69 80 9 0-57 a0 120 
ee ‘ 

acid {per cent) 1 20 91 98-7 4 } 
Orthophosphate vee aro 
(per cent) i= = — 0-65 0 1-8 








per cent, orthophosphate 
0:57 per cent ; ep at 258 my in 0-1.N acetate buffer, 
pH 6-0, was 7,420, €,(258)/ep(230). was 2-05, the 

intrinsic viscosity in 0-1N potassium chloride 
(PH 5-6), 725",, was 234 (c = gm. deoxyribonucleic 
acid/100 ml.) as determined in an Ostwald-Fenske _ 
viscometer type 100 (flow time 65 sec.) and based 
on an assumed phosphorus content of 9-22 per cent. 

Other prepsrations prepared in a similar fashion © 
were compara le with yields in the vicinity of 1 per 
cent (Table 1). If the extraction at high temperature . 
is carried out with low salt concentrations the yields 
and degree of polymerization of deoxyribonucleic acid 
are much lower. In a single experiment extraction - 
of deoxyribonacleic acid was performed at 0 to — 5° 
for 18 hr. The yield was considerably lower (0-49 per 
cent) and the degree of polymerization was not as 
large as some material prepared at 95° (ne 9 = 180). 
However, this preparation contained 12 per cent 
ribonucleic acd, indicative, perhaps, of ‘the absence —_- 
of sufficient time for phosphorylysis by polyase. 
Nevertheless, it appears from these studies that 
deoxyribonuclsic acid of excellent yield and quality 
can be obtained from these cells. 

While these: studies were in progress a method for 
extracting decxyribonucleic acid from bacteria other 
than M. lysadleikticus was published by Vendrely 
et al^. Earliər, the isolation of material from M. 
lysodeikticus was reported by Frisch-Niggermeyer® and 
tentatively identified as deoxyribonucleic acid by its 
absorption curve and by the action of deoxyribo- 
nuclease on lysed cells, The present findings indicate 
that this organism is an excellent source for bacterial 
deoxyribonucbie acid. 

This researzth was supported by the Lo 
Bowles Research Fund and by a grant: fr 
Miles Laboratories, Inc., Elkhart, Indiana: 
grateful to Miss G. Armilei 
for their technical assistance. 
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Two-Dimensional Agar Electrophoresis of 
Serum Mucoproteins 

THE agar electrophoresis technique developed in 

this laboratory'* has been adapted to two-stage and 

two-dimensional procedure for demonstrating the 


_ micro-heterogeneity of the main protein components 


=- of human serum*, Recently, Markham* reported a 





method of two-dimensional paper electrophoresis for 
the separation of mucoproteins. The method is 
elaborate, and the separations achieved are not 
satisfactory, diffused zones being obtained as a result 
of trailing due to adsorption of the proteins on 
paper at the acid pH. The present communication 
gives a brief description of a simple method of two- 
dimensional agar electrophoresis, by which the mueo- 

proteins can be separated into well-defined zones. 
The method consists in the separation of the main 
protein components of serum at pH 8-6 (veronal- 
acetate buffer, 0-05 ionic strength) on agar gel (1 per 
cent, 7-8 c.c.) layered into the space (18 cm. x 2-5 cm.) 
provided by a ‘Perspex’ frame kept on a square 
plate glass (18-5 cm, x 18-5 cm.). The serum sample 
(15 wl.) is applied to a small Whatman No. 1 paper 
disk (6 mm. diam.) and placed at the centre on 
the surface of the agar gel. Another paper disk of 
the same size is soaked in 0-2 per cent amidoschwarz 
dye and superimposed on the serum paper disk. The 
dye serves as marker for albumin. After electro- 
phoresis (200 V.; 7-8 m.amp., 4 hr., 22-24° C.) the 
disks and the excess of the gel layer on both 


sides of the protein zone are removed. ‘This be 
easily achieved by noting the position of the albumi 
spot which is stained by the dye. The gel strip 


is retained on the glass. Another lot of agar gel 
(1 per cent, 20 c.e.) containing acetic acid-acetate 
buffer of pH 4-5 and ionic strength 0-05 is layered 
into the space (14-5 em. x 14-5 em.) provided by a 
‘Perspex’ frame so as to immerse completely the agar 
gel Strip containing the main protein fractions. The 
electrophoresis is carried out at right angles to the 
first direction for 6-8 hr. at 100-120 V,; 8-9 m.amp. 
After electrophoresis the agar gel layer is dried`in a 
current of air at room temperature and subjected 
to the staining procedure using amidoschwarz dye'*. 
Typical patterns of normal and cancer serum are 
shown in Fig. la and b, The patterns show the 

tion of four protein components having the 
mobilities of albumin, «,-, æ, and -globulins at 


(8 mm. wide) “te ie the main protein components 
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pH 8-6 and migrating towards the anode after the 
second electrophoresis at pH 4-5. In the case of 
cancer serum the intensity of the spots relating to M, 
(having the mobility of «,-globulin at pH 8-6) and 
M, (mobility of a, at pH 8-6) mucoproteins is more 
than the corresponding protein fractions of normal 
serum, 

The mucoproteins can be stained with fuchsin 
sulphite after periodate oxidation. The marker is 
not added when the agar film is stained for carbo- 
hydrates. The mucoprotein M, contains a large per- 
centage of carbohydrate, as indicated by the intensity 
of the colour obtained after staining with fuchsin. 
When the agar plate is subjected to the successive 
staining procedure with fuchsin sulphite followed by 
amidoschwarz, the mucoprotein M, is stained more 
densely for carbohydrate than for protein as indicated 
by the predominance of pink colour of the spot, 
thereby indicating the large percentage of carbo- 
hydrate in this component., ‘The other component 
(M,) having the mobility of «,-globulin at pH 8-6 
also gives a test for carbohydrate; but the con- 
centration of the carbohydrate is lower than in the M, 
component, while the protein concentration is high. 
The components having the mobilities of B-globulin 
and albumin at pH 8-6 also give a reaction for carbo- 
hydrate. ‘Thus four protein components of anodic 
mobility at pH 4-5 and having the mobilities of al- 
bumin, «,-, a - and 6-globulins at pH 8-6 are present 
in human serum. Further work on the development 
of a quantitative method for the analysis of these 
proteins by eluting the colour of the spots after 
electrophoresis on ‘Cellophane’ or polyester films*.* is 
in progress. The technique, being simple and elegant, 
can be used for routine examination of the changes in 
mucoproteins in pathological samples of blood serum. 
Further investigations on the isolation and char- 
acterization of the four serum protein components 
having anodic mobility at pH 4-5 and their occur- 
rence in different animals are in progress. It is 
hoped that the use of this technique will facilitate 
the investigations of mucoproteins in serum and urine. 

K. V. GRI 

Department of Biochemistry, 

Indian Institute of Science, 
Bangalore 3, India. Dee. 31. 

1 Giri, K. V., Naturwiss., 43, 232 (1956). 

* Giri, K. V., J. Ind. Inst. Sci., 38, 190 (1956). 

3 Giri, K. V., Naturwiss., 43, 443 (1956). 

* Markham, R. L., Nature, 177, 125 (1956). 

+ Giri, K. V., Naturwiss., 43, 226 (1956). 

* Giri, K. V., J. Lab. and Clin. Med., 48, 775 (1956). 


Relationship of Complement to Blood 
Coagulation 


‘Tue factors that constitute the complement system 
and those essential for blood coagulation are proteins 
which have very similar physical properties. These 
similarities have attracted the attention of numerous 
workers who have attempted to define the inter- 
relationship of these factors. It was originally thought 
that prothrombin and the O11 component of comple- 
ment were identical’, but this has been since shown 
to be erroneous? *. 

Conflicting evidence exists, however, to show that 
when serum or plasma is treated by heat, ammonia, 
zymin heparin or decalcifying salts both the activity 
of complement and fibrin formation may be impaired‘. 

These observed facts suggested that one of the 
other factors essential for normal blood coagulation 
? 
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"could be the common factor to both systems. Modern 
_ advances have shown that the initial stage of blood 
_ coagulation involves the interaction of several factors, 

. namely, antihemophilic globulin, Christmas factor, 

platelets and factor V, to form active thromboplastin 

hich in turn is capable of activating prothrombin 
thrombin’. Factor VIT, once thought to be essential 
active thromboplastin formation, is now believed 

o be required only for the action of tissue thrombo- 

lastin on prothrombin*, 

If complement is related to any of these plasma 

Or serum factors, it is not unreasonable to suppose 

hat a congenital or acquired defect of a factor would 

© associated with a significant decrease or increase 
the level of complement. Bs 

erum from severely affected cases of hamophilia, 

mas disease, factor V deficiency and’ cases 

with ‘Dindevan’ (factor VII deficient)’. were 
ied for their content of complement as com- 
with normal ‘blood: examined under identical 






















In order to’ ensure accurate comparison the sera 
_ were derived from blood collected in siliconed glass 
_ without added anticoagulant. Platelet-rich plasma 
_ derived from these samples at 0° C. was allowed to 
_ clot at. 37°C. in glass and the fibrin once formed 
< removed. The resultant serum was tested for its titre 
omplement. While the platelet-rich samples 
ndergo coagulation the platelets undergo a process 
of agglutination or. lysis, at the same time releasing 
_ factors essential for hamostasis and fibrin formation. 
_ As this process of cellular lysis might fix or destroy 
complement the titre of serum samples from platelet- 
free fractions obtained by differential centrifugation 
ere compared with those of the sera from platelet- 
ch plasma, (Table 1). 
No significant difference in the level of complement 
was discovered between normal serum and serum 
lerived from selected cases with specific coagulation 
fects. Similarly, there was no difference between 
ra. from platelet-rich and platelet-free plasma, 
It is unlikely, therefore, that antihemophilic 
bulin; Christmas factor, factor V or VIL are in 
my way related to complement or that complement 
fixed during the interaction of these factors during 



























en Table 1. COMPLEMENT TITRES 
‘Lyolumeserum + 1 volume 1-5 per cent sensitized sheep cell suspension 


H 
Serum Complement titre (56 per cent) 



































































molysis 
aes afte 
1/24 
1/16 
No 1/32 
"Hemophilia 1 “| 1/16 
Hemophilia 2 i 1/16 E 
< Ohħristmàas disease 1 f 1/18 
| Christmas disease 2 i 1/24 E 
'Dindevan’ 1 Factor VII 1/32 
‘Dindovan’ 2 f deficiency | 1/32 | 
_. Factor V deficiency 1/32 
Platelet-rich 1 
Platelet-free 1 
Platelet-free 2 i 
‘Platelet-rich 3 | 
_ Platelet-free 3 | 
Platelet-rich 4 
Platelet-free 4 bose 
0 Platelet-rich-6 | £ | 
. i 32 





| Platelet-free 6 
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„blood coagulation. Neither is complement fixed by 


physiological agzlutination or lysis of blood platelets. 
I am indebted to Dr. R. G. Macfarlane for his 
advice and encouragement, and to Dr. J. R.P. 
O’Brien for allbwing me to examine his case of 
factor V deficieacy. 
’ to oe Aan A. SHARP 
Department cf Hematology, ~ a 
Radcliffe Infirmary, = 
Oxiord. o 
Jar. 11. 
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Role of the Kidney in Erythropoiesis 


Recent observations in our laboratory indicate 


that the dynamic equilibrium of the erythron is con- 


trolled by the relationship of oxygen supply in the 
tissue to the Gemand for oxygen rather than by- 
either alone. Cenditions that reduce the demand for 
oxygen while she supply remains normal (acute 
starvation and the condition following hypophysec- 
tomy) and ones that increase the supply of oxygen 
while the demand remains. normal- (transfusion- 
induced polycyshemia and hy} geroxia) all produce ` 
a profound decrzase in erythropoiesis in rats, These. 
animals give an exaggerated erythropoietic response _ 


to the injection of plasma rich in erythropoietin 


{anemic plasma)! $ 

Measures that increase the demand for oxygen 
while the supply remains normal (dinitrophenol or 
triiodothyronine) or that decrease the supply while 
the demand remains normal (bleeding or phenyl- 
hydrazine-induced hemolysis) increase erythropoiesis 
in rats. Bleeding and the administration of phenyl- 
hydrazine conszitute the standard procedures to 
obtain plasma with high erythropoietic activity. 

Previous attempts to determine the site of forma- 
tion of erythropoietin by surgical removal of organs? 
and by organ extracts have been unsuccessful*, With 
the sensitive assay methods available and the 
demonstration taat a single dose of cobaltous chloride 
or an acute massive hemorrhage greatly elevates the 
plasma erythropoietin-level of rats and rabbits within 
10-12 hr.‘, we kave been able to study this prob: 
more thoroughly. We have reported that rata ¥ 
have been subjected to hypophysectomy, th i 
ectomy, spleneztomy, adrenalectomy and gonad- 
ectomy retain the capacity to respond to repeated 
phlebotomy wita an increase in the plasma content 
of erythropoietn which is comparable with that — 
observed in similarly bled normal animals’. In 
addition, we have found that removal of seven-eighths _ 
of the liver, or removal of adrenals, spleen, pancreas, 
stomach, or intestines from the rat does not lessen 
the response to an injection of cobalt. 









After bilateral nephrectomy, neither rats nor a? 


rabbits have the capacity to respond to a single dose 
of cobaltous chloride or a single massive hamorrhage 
by an elevation of plas:na erythropoietin. As shown 
in Table 1, the plasma obtained from the blood of 
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Table 1, iiss oF RATHER sad ERYTHROPOISTIN PRODUCTION. P _ These observations indicate that the rate of 
! erythropoiesis, -or, taken as a whole, the dynamic 
| p | , Assay of plasma equilibrium of the erythron, is -controlled by the 
| Condition of donor | Stimulus percentage ose | amount of circulating erythropoietin, and that its 
— | | abeti ) | production in the kidney is determined by the 
Normal © Cobalt 9-8 oxygen supply-demand relationship of the body. We 
Nephreet: zed ` ee = 
Trotare ligated gaat | 23 suggest that the metabolic pattern of the normal 
Control = j (Saline) _ 26 animal is determined by many factors, but chiefly. 
Normal (hematocrit@s) | Bleeding 15-4 perhaps by the endocrine glands. Once the metabolic 
Rephrectomized a : | i level is established, the dynamic equilibrium of the 
| acenaiontoniised | peeling | erythron is automatic, but it will respond to the: 
fmmatocrit 35) Bleoding | ae various stresses of a normal or abnormal physiological __ 
| | nature that affect the oxygen demand—supply rela- |. 





in the first group the rats wera injected with 76 „M cobalt chloride 
immediately after nephrectomy and 12 hr. after ureter ligation, The 
plasma was sampled 12 hr. after cobalt administration and assayed 
in starved rats. In the second group the rats were bled (6 ml.) imme- 
diately after operation, the plasma sampled 7 hr. later and then 
assayed in starved rats. A minimum of 5 rats was included in each 
group. i 


snephrectomized rats withdrawn 10-12 hr. after the 
injection of cobaltous chloride or after bleeding con- 
tains no erythropdietic activity as measured by the 
ineorporation of iron-59 imto the erythrocytes of 
starved!’ or hypophysectomized rats. Results with 
plasma from bled adrenalectomized rats are included 
. to show that the difference in hematocrit is not 
- responsible for the difference seen between unoperated 
“and nephrectomized rats. Similar results were 
obtained when the erythropoietin titre was measured 
by the reticulocyte response in mice with transfusion- 
induced polycythemia. The need for a control series 
».of animals with the exeretory function of the kidney 
removed, while the possible endocrine function has 
not been disturbed, is obvious, but at this stage of 
our work such an experimental preparation has not 
been achieved. As an approach to such a preparation 
we have, however, studied rats and rabbits after 
tying off both ureters. 

In order to attain a tremia at least equal to that 
which occurs 12 hr. after nephrectomy, we have 
waited 12 hr. after tying the ureters before giving 
eobaltous chloride or bleeding the animal, then 
12 hr. later (24 hr. after the operation), we collected 
the blood and assayed the plasma for erythropoietic 
activity. The plasma erythropoietin level as measured 
by the uptake of iron-59 (or the reticulocyte response) 
was only slightly less than that observed in similar 
assay of anemic plasma (Table 1). 

The blood urea nitrogen of nephrectomized rats 
reaches. a value of 70-90 mgm. per cent by 12 hr. 
as compared with control values of 21-22. Twenty- 
four hours after tying off the ureters, the blood urea 
nitrogen in rats reached values between 125 and 150. 
t. is possible that the toxic reaction resulting 
“from nephrectomy is sufficiently different from that 
which results from tying off the ureters to suppress 
erythropoietin at some site, other than the kidney, 
in the nephrectomized animals but not in animals 
that have both ureters tied. Another possibility, not 
yet tested. experimentally, is that erythropoietin is 

produced as an inactive precursor somewhere other 
= than in the kidney and must be activated by the 
kidney before its presence can be detected by our 
assay method. Since; however, the assay is done in 
an animal with intact kidneys, this possibility seems 
unlikely. There still remains the alternative explana- 
tion that erythropoietin is produced as an inactive 
precursor by the kidney and is activated by some 
_other tissue. - This, however, would--not alter our 
-eonclusions, : 














tionship or that interfere with the production or 


utilization of erythropoietin. 


L. O. Jaconson > 
E. GOLDWASSER 
W. FRIED 
L. PLZAK 


Argonne Cancer Research Hospital and 
Departments of Medicine and Biochemistry, 
University of Chicago, 

Chicago, Illinois. Jan. 7. a 
1 Jacobson, L. O., Plzak, L., Fried, W., and Goldwasser, E., Nature ~ 
177, 1240 (1956). Fried, W., Plzak, L., Jacobson, L. Ó., and Gold~ 
wasser, E., Proc. Soe. Exp. Biol. Med., 94, 237 (1957). 
? Fried, W., Pizak; L., Jacobson, L. O., and Goldwasser, E., Froe, Soe. 
Exp. Biol; Med:, 92, 203 (1956). 
2 Piliero, S. J., Medici; P. T., Pausky, B., Luhby, A. L., and Gordon, 
A. S., Proc, Soc. Exp. Biol. Med., 98, 302 (1956). 
* Goldwasser, E., Jacobson, L. O., Plaak, L,, and Fried W., Science 
(in the press). r 





Benthic Fauna of the Continental Edge off. | 
Accra, Ghana 


THE continental edge off Accra oceurs at a depth. © 
of about 100 m., about 16 miles offshore. The bottom... 
at this depth consists of outcrops of sandy marine 
limestone with areas of coarse, calcareous muddy 
sand with much dead polyzoa, shell and coral 
material. 

This area, between 70 and 100 m., is of interest 
not only because much of the fauna found has never 
before been recorded for tropical West Africa but 
also because this fauna appears to be very exactly 
related to that found at similar depths in the western 
Mediterranean in those bottoms which have been 
termed the ‘fonds coralligénes’. The rock epifauna 
is dominated by massive colonies of the coral 
Dendrophyllia ramea (L.) to which are fixed large 
numbers of Ostrea cochlear Poli and Balanus tulipi- 
formis Darwin. The echinoderm Astrospartus mediter- 
raneus (Risso) is common, clinging to a yellow Gorgonia 
sp. to which also large numbers of the lamellibranch 
Avicula hirundo (L.) are attached. The only West . 
African endemic found in quantity is Antedon hupfert 
Hartlaub. ‘This assemblage of fauna is an exact 
repetition of that reported by Gruvel! off Agadir in 
Morocco at depths of 75-120 m. The Agadir fauna 
is typically Mediterranean-Atlantic and similar 
assemblages have been recorded from several points 
in the western, Mediterranean’... The fauna of the 
muddy sand off Accra at similar depths is equally. 
Mediterranean in its affinities. The dominant species. 
is the solitary coral Caryophyllia clavus Scacchi, 
but colonies of Cladocora patriarcha Pourtalés are not: 
uncommon. This last species has been recorded from =) 
two localities in the Mediterranean “but was first 
described fre ff the Brazilian coast and is recorded 
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here for the first time from West Africa. “Among. 
the.other important species found are.the pennatulid 
`c Kophobelemnon stelliferum (O. F. Müller), the 
-echinoderms Spatangus purpureus O. F. Müller and 
-Anseropoda placenta (Pennant), and the lamellibranch 
- Pecten jacobaeus Lamarek. 
It is a long-established fact that the marine fauna 
tropical West Africa contains a percentage of 
editerranean. species both littoral and sublittoral 
d the cause of this has been partly attributed to 
the migrations of the Mediterranean fauna up and 
down the West African coast in response to climatic 
changes in the late Pliocene and Quaternary. The 
uation- on. the outer edge of the shelf off Accra, 
differs. from the general shelf fauna in that 
he entire faunal assemblage is Mediterranean 
nature as opposed to a small percentage at other 
hs. The bottom temperature off Accra at 100 m. 
15°C; which is comparable with similar 
pths in the Mediterranean. . Further, the bottom 
raperature at 100 m: varies little down the length 
the West African coast between the Mediterranean 
and the Gulf of Guinea** (13-16°C., except for a 
= short length of the Moroccan. coast which is some- 
what warmer). The warm Guinea Current which 
flows west.to east along the Gulf of Guinea is in fact 
_ very shallow and with increasing depth the under- 
lying cold water causes bottom. temperatures to fall 
rapidly at depths more than 50 m. 
=o ‘Unfortunately, there is a complete lack of data 
_ for intermediate localities between Morocco and 
Ghana. Nevertheless, it seems possible that a 
direct continuity of the marine benthic fauna exists 
t the present time between the Mediterranean and 
Gulf of Guinea, where suitable types of bottom 
are available in the deeper waters of the continental 
helf. his continuity is due, not to tropical sub- 
-mergence but to the peculiar temperature conditions 
found in the water masses off the West African coast, 
since’ the fauna occurs at similar depths in the 
Mediterranean, Agadir-and Ghana. 
I wish to thank Miss A. M. Clark, British Museum 
Natural History), for her help in identifying the 
noderms. 
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‘Sodium as an Essential Micronutrient 
Element for Atriplex vesicaria, Heward 


Sopirum has been recorded as an essential nutrient 
lement only for the blue-green alga Anabaena 
-cylindrica Lemm.'. It has, however, been shown that 
increase in dry weight occurs following application 
sf sodium salts to various higher plants growing in 
w-potassium culture solution and also to mem- 
rs. of the Chenopodiaceae grow ing in solutions 
itaining adequate potassium; views have been 
‘xpressed that sodium may partially replace the 
unction of potassium or may prevent toxic accumula- 
ions of other elements*...The object of this eom- 
munication is to record s n essential micro- 
. nutrient element for the hb (Atriplex 
vesicaria, Heward), to. de: l deficiency 
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symptoms sation plants were grown in solutions’ care- 
fully freed from sodium and the recovery of such 
deficient plants on addition of: sodium salts. 

This species oecupies large areas of arid Australia, 
is an important fodder plant. and was chosen for 
investigation because it accumulates large quantities 
of sodium chloride in its leaves*. 

Plants of saltbush were. grown if a basal culture 
solution containing the following macronutrient ions 
(in millimoles per litre): K+, 6; Cat+, 4; NO,’, 13; 
NH,t, 2; H,?O,4’, 1; HPO,’ > 1; SO’, l; 
Mg++, 1; and micronutrient elements (in micro- 
moles per litre): iron, 90; boron, 46; manganese, 
9-1; zine, 0-76 ; copper, 0- 31; molybdenum, 0-10; 
chlorine, 350. Nutrient salts were recrystallized many 
times, their sodium content being determined each 
time by flame photometry; salts of the nutrient 
culture solution contributed less than 0-075 p.p.m. 
sodium to the nutrient solution. Water, thrice 
distilled from tinned metal stills, stored. in polythene _ 
containers, conteined 0-0005-0-0008 p.p.m. sodium. 

In a preliminary experiment i ordinary | 
house, plants growing in the | cultu t f 
showed significant increases dry weight when 
sodium salts (bat not when. itional potassium 
salts in equivalent amounts) were supplied at levels 
of 0-35, 1-75. and 7-0 m.equiv. sodium/litre. When 
the plants were relatively large and had acquired’ 
tertiary branches, the leaves of all plants notre- 
ceiving sodium sppeared paler green than those of 
plants with added sodium, Analysis of plant organs 
and culture solusions at the end of the experiment 
showed an increase of 300 pequiv. sodium above the 
amount supplied in the culture solution and seeds, 
This suggested shat plants had received sodium, 
presumably as cyclic salt, from the atmosphere. 

To preclude this possibility, a temperature- 
controlled cabinet was constructed with walls of 
clear polyvinylckloride sheeting and supplied con- 
tinuously with fibered air both to culture vessels and: 
to the cabinet itself, which was maintained at a 
slightly positive pressure to prevent entry of dust. 

Bracteoles wers removed from seeds, which were 
then washed in distilled water and germinated on 
waxed gauze over distilled water; after emergence 
of the radicle, the distilled water was replaced by 
basal culture solution of one-fifth full concentration. 
When 1] days oH, the seedlings were transferred to 
polythene containers, four per container, with ‘Per-« 
spex’ tops and placed in the cabinet. They were 
continuously aerated through polyvinylchloride. tub- 
ing dipping inte the culture solutions. On- the 
fifteenth day, differential treatments were applied. 
When harvested on the forty-eighth day, the results. 
shown in Table 1 were obtained. 

On the twenty-fifth day, plants which had nòt 
received sodium sulphate could be distinguished 
from those whica had by theif yellow colour and 
fewer leaves of smaller area. Necrotie areas, white in 





Table 1. EFFECT OF VARIOUS TREATMENTS OF SODIUM OR POTASSIUM 
SALTS ON DRY-WZIGHT PRODUCTION OF SALTRUSE PLANTS 





| I Ne NaSO, | 0-056 gm. i 
Il Na,SO,, 0-02 wequiv./litre 0-340 ,, i 
LE res 0-10 i “i 0-513 a i 
Iv 0-69 3 | 0-493 |, d 

| ¥ K,S0, 0-60 0-066 |, 





Statistical treatment: IL, Ill, IV > I, V at 0-1 per cent level of 
finian; ; IIE > Ilat 5 per cent level ‘of significance; Jm and iv 
ndistinguishable; I and V indistinguishable. x 
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Fig. 1 


colour, appeared along tips and margins of cotyledons 
and older leaves on the thirtieth day (Fig. 1) and 
plants began to die by the ‘thirty-fourth day. 

In another experiment, plants were transferred on 
the fourteenth day after germination to culture vessels 
containing the basal culture solution, without added 
sodium. On the sixteenth day sodium sulphate 
(0-10 m.equiv./litre) was added to one set of culture 
vessels and seven days later the plants growing in 
these cultures could be distinguished from the con- 
trols by their darker green colour. Symptoms similar 
to those described above again ap 
which had not received sodium, and by the thirty- 
first day, when a second set of culture vessels received 
a treatment of 0-10 m.equiv./litre of sodium sulphate, 
symptoms were severe. Four days after receiving 
this delayed sodium treatment, plants showed signs 
of recovery by a progressive change of colour in 
elder leaves (and’in some cases cotyledons) from 
yellow to green; greening commenced at tips and 
around the midribs, and gradually spread over the 

- lamina. Plants growing in the set of cultures which 
` received no sodium treatment throughout the experi- 
ment became progressively more chlorotic, making 
little further growth. On the other hand, marked 
growth occurred in both sets of cultures which re- 
ceived additional sodium. When harvested on the 
forty-ninth day, the results shown in Table 2 were 
obtained. 

Leaf material from this experiment was analysed 
for sodium. On a dry-weight basis, leaves of plants 
from ‘no sodium sulphate’ cultures contained 350 


Table 2, DRY-WEIGHT CHANGES AFTER RECOVERY OF SODIUM- 
DEFICIENT PLANTS eh APPLICATION OF SODIUM SULPHATE 
REATMENT 












Treatment Mean dry weight per vessel 





treatment : >Iatl significance ; 





per cent level of 
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it “1 per cent level of significance II at 5 per cent 
= lev ce, = 
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p-p.m. sodium, whereas leaves from plants which 
received 0-10 am.equiv./litre sodium sulphate in their 
culture solutions contained 9,100 p.p.m. sodium. 
P. F. BROWNELL 
J. G. Woop 
Department of Botany, _ 
University of Adelaide, 
South Australia. 
1 Allen, M. B., and Arnon, D. I., Physiologia Plantarum, 8, 653 (1955). 
* Richards, F. J., “Ann, Rev, Biochem.”, 18, 611 (1944). 
3 Wood, J. G., Aust. J. Exp. Biol. and Med. Sci., 2, 45 (1925). 


Bedbugs resistant to Gamma-BHC (Lindane) 
in Israel 


We have received bedbugs, Cimex lectularius, which 
reportedly were not killed by gamma-BHC (lindane), 
in spite of the fact that the extermination work was 
carried out by a group of experienced workers. The 
insects came from a children’s home in the Beth 
Shaan valley in Israel. We have tried to determine 
the degree of resistance in comparison with animals 
reared in our laboratory. 

The resistance spectrum of our laboratory-reared 
animals was determined by short-term spraying in a 
Potter's tower. The bedbugs in groups of ten were 
placed in half ‘Petri’ dishes covered with a wire net 
and passed through the aerosol tower with a velocity 
of 35 em./see. The base of the tower has a length of 
50 cm. The amount of the insecticide applied could 
be regulated by varying the concentration of solution 
and the number of passages through the tower. (After 
every passage, an exhaust fitted with a ventilator is 
opened and the vapours are eliminated from the 
tower.) 

The spectrum of the laboratory bedbugs was taken 
by two passages through the tower with spray con- 
centrations of 0-05, 0-2 and 0-8 per cent gamma- 
BHC. The concentrations, under the conditions in 
our ap (amount of liquid sprayed per unit 
surface), corresponded to 1-5, 6 and 24 mgm. per m.*. 

After through the aerosols, the insects were 
transferred to clean Petri dishes. The mortality was 
determined after 24 hr. The spectrum was determined 
for young imagines aged about 4-6 weeks. In our 
laboratory we obtained mortality for groups of ten 
bedbugs as follows : 

0-05 per cent gamma BHC in isopropanol 0,0,0,1, 
0-2 per cent gamma BHC in isopropanol 3,4, 4,4, 
0:8 per cent gamma BHC in isopropanol an 2 $ 

The corresponding spectrum for our laboratory 

strain was : 


cps om ; BHC, mortality of 45 per cent (with a deviation _ 
of B+ 
"i ty o 4 
0 a r Per ea) mortality of 95 per cent (with a deviation i 
The sent from the children’s home could 
not be killed at all with 0-8 per cent gamma-BHC 
after two passages. After ten passages (that is, 
increasing the amount of insecticide five times) we 
obtained a mortality which corresponds to the lowest 
insecticide concentration and two passages for our 
laboratory animals. » 
This resistant strain was then reared in the lab- 
oratory. The bedbug e fed twice a week on mice 








or rats respectively was done with our normal 
laboratory i s. After one and a half 
months the ; ten passages of the tower 
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= with 0-8 per cent gamma-BHC, showed a mortality 
corresponding to the effect of 0-2 per, cent gamma- 
«BHC and two passages for Our normal strain. We 
found that: continued tests at. intervals of six weeks 
still showed significant resistance against gamma- 
oe BHC ‘which varied between 20 and 40 times. 

Tn the meantime, we received a sample-of bedbugs 
from a different part of the country which also showed 
esistance, although to a lesser: degree, namely, 
5-10. times. 

Bedbugs from Tiketias,: which «we received as a 
consignment, and which. have also been tested, 
an increased resistance of 20 times te gamma- 
HC. These facts are of interest as we have seen 
reference hitherto of resistance of Cimer lectularius 
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‘Hebrew University, 
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Temperature Preference of ( ylloblatta 
campodeiformis Walker © 


‘During ‘the field season of 1956, I was able to 
nber of living Grylloblatta campodeiformis 
ome of which I have maintained in the 
boratory. The insects are held in individual plastic 
boxes almost filled with rotten wood and kept in a 
| refrigerator at 4-5°C. After six months, six nymphs 
“remain active and apparently in good condition. They 
‘ate fed every two or three weeks on Drosophila larve, 
d water is added to keep the rotten wood very 





















‘These insects have been tested for temperature 
“preference in a circular gradient apparatus to be 
described elsewhere. Since preliminary tests showed 
that the insects would not enter air at less than satura- 
ion regardless of temperature, all tests were 
saturated air being slowly circulated from the hot to 
the cool parts of the gradient in such a way that 
condensation was taking place in all parts of the 
yparatus, 

— Each insect was exposed for five minutes and ite 
` position recorded at 15-sec, intervals. Five runs with 
-the entire series of insects were made and the mean 
= number of 15-sec. intervals passed at each of a series 
_ of temperatures is shown in Table 1. The tempera- 
. tures; given represent the centres of zones in è con- 
tinuous. gradient. Though the 
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Table 1. NUMBER oF 15-sxe. INTERVALS. SPENT IN Vinton ZONES O. 
OF TEMPERATURE IN A CIRCULAR TEMPERATURE GRADIENT (TRM- 
PERATURE IN P 3 
0-0 i 
18 





-30 —20, -1€ 
lL 0 2 


to 
a2 ; 
heating or cooliag. I would, suggest that this pro- 
vides an explamation for the frequent failure of 
summer collectirg as well as the success. of autumn 
collecting. Ar account of gollecting experience 
which supports this interpretation is being published 


elsewhere, 
W. R. Hewson 
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Population Studies on- Throe apes of | 
Cladocer: 


In a biometrical study of thr 
taken from eigh lagoons of thi 
Aires, in which several. measuréments were taken, of 
about 940 specimens, some interesting events were 
recorded. Bosmana obtusirostris Sars offers a great 
variation in measurements with respect to the 
composition of the population (young and adult 
individuals taken at random). For the same date, 
in different years, there can be differences more 
accentuated thaa the seasonal ones. For the same. 
date, two different lagoons have similar or distinct 
populations according to. the méasurements con- 





‘ovince of Buenos. 





sidered. Different parts of the same biotopo have. . ae fet 
very similar populations if only females with eggs. 


are considered. With respect to the coefficient of 
variation V, which for the normal cases oscillates 
between 4 and 30, such high numbers as 21 for th 
caudal height and length of the mu 
recorded. Measarements of the antenn are very 
constant. During the cold months of the year an 
increment in the height and in the length is noted ; 
but this increment was not recorded in caudal height 
or the lengths of the mucron andiantennula. There- 
fore, there is ne relationship between seasons and 
proportion of females with eggs. These facts, and 
some others, peint to a singular difference from 
observations made in European aes of the same 
genus', 








- gradient. extended to both higher 
and lower temperatures than those 
‘given, the insects did not leave the 
parts.of the gradient represented 
| Table 1. 

The preference is centred on 1° C. 
_ This finding supports Mills and 
_ Peppers suggestion that Gryllo- 
- blatta do not hibernate’ but rather 
— move deep into the soil. Cer- 
tainly, the insects are photo-nega- 
tive’, avoid air at less than satura- 
‘tion, and have an exceedingly 
= low temperature preference as well 
cas. an ability to move well at 
-temperatures down to 
This combination of react 
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o ee NATURE. 
Contrary to happens in these Bosminidae, 
‘there is consid Seco in consecutive 
samples of Moina Kurtz of the same lagoon. 
Tt is in is species formed part of the 


teresting 
population of the Grande lagoon, according 
to samples brig“ Olivier? until June 195i, 
when a science, Moina eugeniae 
Oliviers, replaced itscompletely. The application of 
statistical methods tð this phenomenon led to the 
os that there are no intergradations between 
get there have been found 
aes ae or ‘wintér eggs’ in summer months. 
A more detailed account of this work will be 
elsewhere. 


published 
Catedra de 


Universidad = del ina 


he gia H. RAPOPORT 











No el 


1 ges. okor: ca 15, et teas). 
i Pao App. Limn., 12 (1955). 
Plata, Sec. Zool., 148 (1954). 

H., “Syst. Zool.”, 2, 2 (1953). 


Ramner, W. 
Vannini, ee? Int. 
, 8. R. p Proc. 
, 8. R., Notas 
* Hubbs, 0. L., and 


“ s 


Meiotic Prophase in Female Mice 


Ix a preliminary study of chiasmata in female mice 
the meiotic prophase was o in sixty-two 
females from a variety of strains, mostly outbred. 
Tt was found that in all strains the oogonial nuclei 
in etd born females are without exception in the 

ting stage poy are the last mitotic 
an; Ata . of age the first part of 
meiotic prophase i sakoi and at the age of 
60-72 hr. it is co ly over. Later the ovary 
contains oocyte nuclei which are in the ‘dictyotene’ 


fired this stage they remain until sexual maturity 


ovulation starts. 

of the meiotic prophase, always visible 
between À and 48 hr. after birth, starts with leptotene 
arid passes through zygotene and These 
stages can be easily seen in squash preparations of 
the whole ovaries. B 

The beginning of the dictyotene stage is marked 
by the appearance of first follicle cells which gather 
around the oocyte. In most animals the first follicle 
cells appear at ‘the age of 48 hr. and a few hours 
later all the ooc: are surrounded by follicle cells. 

The accompanying anbeggar giant (Fig. 1) show 
st part of prophase in the ovary. 

osomes at the end of leptotene ; 
he beginning of pairing is visible. 
vhen most of the the chromosomes 
of four chromosomes in 
pone cot stage separated from the rest of the nucleus 
by squashing. They: are joined to form a chromocentre, 
a formation which is very similar to that known in 
ea gee By following the morphological 
tails of the chromosome pattern the four mo- 
Do las re identified from Sli i’s* or Griffen’s* 
pach 4) The end of pachytene, probably 
just before oh ta begin to open. 

It is interesting to note that in females there is no 
ion? or the nucleolus’, which 
© sex bivalent during prophase 

y chromosomal vesicle from 
y authors*-*, one or both 
or grow out during the 
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Fig. 1 







rophase in absence of these structures 

m oogenesis 3 that they may perhaps be | 
associated with the Y- and not with the X-chromo- 
some. 

The ti d the rapid end of the first part of 
Aida t interesting possibilities from 


point of view of studying Se ietion damage 
sensitivity | of the chromosomes in female mice. 
$ B. M. SLIZYNSKI* 


* Member of the scientific staff of the, Medical Research Council. — 
1 Slizynski, B. M., J. Genet., 49 (1949). 
* Griffen, A. B., J. Morph., 96 (1955). 
3 Painter, T. S., Genetics, 12 (1942). 
* Makino, S., J. Morph., 88 (1951). | 
* Matthey, R, Rev. Suisse Zool., 80 (1953). 
* Sachs, L., Genetica, 27 (1955). " 
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Nat the Spawning Area of 
n Herrings 
HERRING has frequently been found in the 


stomachs of fish. It has also been brought up loose 
in the trawl on several occasions. Hitherto it has 
not been taken by other `means, and consequently 
the exact nature of the sea-bed in a spawning area 
was not known. 

During November 1956, while working with 
R.V. Sir Lancelot in the Sandettie-Ruytingen area 
of the English Channel, herring spawn was found 
in samples taken with the van Veen grab. 

A ii of the area (lat. 51° 06’ 0” N., long. 

0” EB.) revealed that spawn was generally 
li from 1 to 10 in. in length 
curred over gravel. 
concentration was found within an 
z and 350-400 yards wide. The long 

w strip lay in line with the main 
al movement. 
cant that herring eggs were found in 
the stomachs o eight species of fish taken with 
herrings in the trawl in this area. 

G. C. BOLSTER 
J. P. BRIDGER 
Fisheries and Food, 
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FORTHCOMING EVENTS . 


(Meetings marked with an asterisk * are open to the public) 


‘Monday, March 25 


ROYAL GEOGRAPHIOAL Soorery (at 1 Kensington Gore, London, 
S.W.7), at 5 p.m.—Mr. J, O. Grover: “Geographical Aspects of. the 
British Solomon Islands’. R = 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Piace, London, W.C.2), at 6 30-p.m.—Sir 
Gordon Radley, K.C.B., -B.E.—?Presidential Address. 


ro 


Monday, March 25—Thursday,’ March 28 


. PHYSICAL Soomty (ın the Old and New-Halls of the, Royal Horti- 
“cultural Society, Westminster, London, §.W.1)—Annual Exhibition. 
Discourses : t ; x 
Monday, March 25 3 S 
At 6.15 p.m.—Sir Harold Spencer Jones, F.R.S.: “The Inter- 
national Geophysical Year”, Š 
Tuesday, March 26 
At 6.15 p.m.—Dr. E Mendoza. 
Liquid Helium”. 
_ Wednesday, March 27 = 


At 6.15 p.m.—Prof. E. G. Richardson : 
in Acoustios”, 
Q 


, 


“The Supply and Distribution of 


“Recent Developments 


Tuesday, March 26 


- INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting of the 
MEASUREMENT AND CONTROL SROTION and the RADIO AND TELE- 
COMMUNICATION SECTION, at Savoy Place, London, W.C.2), at 5.30 p.m. 
—Discussion on “The Performance of D.o. Amplifiers with special 
reference to the Use of Transistors”, opencd by Mr. K. Kandiah and 
Dr. G. B. B. Chaplin, a 


SOCIETY OF CHBMIOAL INDUSTRY, PLASTIOS and POLYMER GROUP - 


(at 14 Belgrave Square, London, B Wa), at 6.80 ome apers on 
“Polymers from Oxacyclobutanes”’, . A. C. Farthing. “Synthesis 
and General Properties of Polymers from Substituted Oxacyclo- 
butanes”; Mr. D. J. Sandiford: “The Evaluation of Polymer from 
3 .3-Bischloromethy! Oxacyclobutane”. 


SOOIETY oF INSTRUMENT TEOHNOLOGY (at Manson House, Portland 
Place, London, W.1), at 7 p.m.—Mr, S. T. Lunt: “Process Develop- 
ment and Plant Design—The Role of Instrumentation with Particular 


Reference to the Application of Computers”. 


Tuesday, March 26—Thursday, March 28 


INSTITUTION OF NAVAL AROBTTEROTS (ia the Weir Hall, 10 Upper 
Belgrave Street, London, §.W.1), at 10,15 a.m. dally—Spring Meeting. 


Wednesday, March 27 


SOOIETY oF CHEMIQAL INDUSTRY, FOOD GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 9.30 a.m.-—S8ymposium on ‘The Physico- 
Caermucal Properties of Proteins with special reference to Wheat 

oteing”. 


INSTITUTE oF FURL (at the Institution of Civil Engineers, Great 
George Street, London, ater at 5.80 p.m.—Four papers on “Dust 
Deposition and Atmospheric Pollution” by Mr. C. J. Crawshaw and 
Mr. G. England, Mr, D. H. Lucas, Mr. W. G. Cummings and Mr. 
W D. Jarvis and Mr, L. G. Austin.* 

BRITISH INSTITUTION OF RADIO ENGINEERS, LONDON SEcrion 
Gt the London School of Hygiene and Tropical Medicine, Keppel 

treet, Gower Street, London, W.C.1) at 6.30 p.m —Dr. G F. Dutton: 
“Disk Recording’, P 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION 
ENGINE GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), 
at 6.45 p.m.—Discussion on “Are We Satisfied with the Progress of 
the Diesel Engine for Future Development 9” s 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (joint 
Meeting with the ORGANIC FINISHING GROUP of the INSITTUTE OF 
METAL FINISHING, 
Hygiene, 26 Portland Place, London, W.1), at 7 p.m —Mr. E. Knowles 
and Dr. T White: “The Protection of Metals with Tannins”. 


Thursday, March 28 


BrocuEmioaL Society (in the Department of Biochemistry, Univer- 
sity College, Gower Street, London, W.C.1), at 10 a.m.—aAnnual 


General Mecting, 


PEYSICAL SOCIETY, Acoustics Group (in the Henry Jarvis Hall 
of the Royal Institute of British Architects, 66 Portland Place, London, 
eae p.m.—Annual General Meeting and a Symposium on “Sound 

cording”, j 


ROYAL Soctety (at Burlington House, Piccadilly, London, W.1), at 
4.30 p.m —Prof. G. B. B. M. Sutherland, F.R S.,.and Mr. M. Tsuboi: 
“The Infra-Red Spectrum and Molecular Configuration of Sodium 
Deoxyribonucleate’”; Mr. J. F. Davidson and Mr. J. E. Howkins: 
ioe Induction on a Vertical Water Film by an Accelerating 
m” ; i 

CHADWICK Trust (at the Royal Society of Health, 90 Buck: m 
Palace Road, London, S.W.1), at 6.30 p.m.—Sir Harold Whittinghani : 
“Problems of Hygiene in Civil Aviation”* (Chadwick Public Lecture). 


at the Royal Society of Tropical Medicine and - 


NATURE < 


Di 


639 


Friday, March 29 


ROYAL SOCIETY oF MEDIOINE, EXPERIMENTAL MEDICINE AND 
THERAPEUTICS SECTICN (at 1 Wimpole Street, London, W.1), at 
2.30 p.m.—Review o7 the Ciba Foundation Symposium on “Mech- 
anisms of Developmxnt of Drag Resistance in Micro-organisms’’. 
Speakers: Prof. F Gederberg, Prof. M. Westergaard, Prof. B. D. 
Davis and Dr. R. D. Motchkiss. - ? 


ÀSLIB (at the Royal Society of Arts, 8 John Adam Street, Adelphi, 
London, W.C.2), at 6 p.m.—Mr. H. ©. Richardson: “The Re-organ- 
ization of a Special Lavrary”. a 


INSTITUTION OF M&OHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, S.W.1), at 6 p.m.—Dr. E. T, Jagger: “Rotary 
Shaft Seals—the Seajing Mec! sm .of Synthetic Hubber Seals 
Running at Atmospheric Pressure”. ` = ~ 


ROYAL INSTITUTION (at 21 Albemaite Street, London, W.1), at 
9 p.m.—Sir Lawrence Bragg, F.R.S.: “Experimental Demonstra- 
ions”. ne 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following.appointments on or 
before the dates mertioned: A i 

PRINCIPAL (with swtable qualifications and experience) OF THE 
NEWPORT AND MONMOUTHSHIRE COLLEGE OF' TECHNOLOGY—The 
Joint Olerks to nthe gevernors, Education Department Civic Centre, 

ewport, Mon re : `- 

LEOTURER (with a good university degree or equivalent technical 
qualifications, and exp=rienced in the teaching of technical subjects) 
a Le EpucaTON—The Registrar, The University, Manchester 

pril 1). a sie 

LECTURER or ASSISTANT LROTURER -IN PURE MATHEMATICS ; 
ASSISTANT LECTURER N INORGANIC or PHYSIOAL CHEMISTRY ; and 
an ASSISTANT LEOTUTER IN PRYSIOLOGY--The Secretary, Queen 
Elizabeth College (Uxiversity of London), Campden Hill Road, 
London, W.8 (April 5. K 5 

ASSISTANT LECTURER IN Puysios—The Registrar, Queen Mary 
College (University of London), Mile End Road, London, E 1 (April 6). 

LECTURER or ASSISTANT LECTURER IN PHYSICS at the American 
University, Betrut—The Director, Personnel Department, British 
Council, 65 Davies Street, London,-W.1, quoting N.1 (April 6). w 

LECTURER IN PURE MATHEMATICS at the University of Adelaide, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, April 8). 

RESEARON FELLOW IN ENtONOLOGY at the Walte Agricultural 
Research Institute, University of Adelaide, Australia, to take part 
im a research programmu now in progress upon insects affecting lucerne, 
including problems of seed production and pollination—The Secretary, 
Association of Universiies of the British Commonwealth, 36 Gordon 
Square, London, W.C.T (Australia, April 8). 

ECTURER IN THE DEPARTMENT OF BAcTERIOLOGY—The Secretary, 
The University, Edinburgh (April 10). = 

ASSISTANT LEOTUREE IN GEOLOGY; and an ASSISTANT LECTURER 
IN SocioLogy—tThe Registrar, University College, Leicester (April 18). 

LECTURER IN Puys-0$; a LEOTURER IN CHEMISTRY; and & 
LECTURER IN MATHEM TICS af Kumasi College of Technology—The 
Secretary, Advisory Committee on Colonial Colleges, 1 Woburn Square, 
London, W.0.1 (April £5) $ . , 

PLANT PATHOLOGIST preferably with a doctorate degree), to carry 
out plant pathological -esearch concerned with fungal, bacterial and 
virus diseases of fobacso, together with the development of control 
Measures—The Director, Tobacco Research Board of Rhodesia and 
Nyasaland, P.O. Box 159, Salisbury, Southern Rhodesia (April 15). 

PHYSIOISTS (with an Ennours degree or equivalent) AT THE RESEARCH 
LABORATORIES, Leathermead, Surrey, to undertake work on the non- 
destructive testing of materials for conventional and nuclear power 
stations—The Director 3f Establishments, Central Electricity Author- 
ity, Winsley Street, London, W.1, quoting Ref. T/121 (April 23). 

Ustverstry LEOTURIR (with an honours degree in mathematics 
and experience of research and teaching in statistical methods including 
the application of statistics to experimental work in agriculture) IN 
Sratistios—The Secretary, School of Agriculture, The University, 
Downing Street, Cambz-idge (April 28). 

ASSISTANT DIRECTORE (2) OF RESEARCH, and a SENIOR DIRECTOR 
IN RESEARCH IN THE Soorr POLAR RESEAROH INSTITUTE—The 
Secretary of the Appoin-ments Committee, Department of Geography, 
The Universitv, Downing Place, Cambridge (Apri! 30). 

ASSISTANT LECTURER Dr LEoTURER (preferably interested in applied 
geology) IN GroLogy—The Registrar, The University, Leeds 2 

pri . « 

DIRECTOR OF THE SccTT POLAR RESEARCH INSTITUTE—The Secre- 
tary of the Appointmen s Committee, Department of Geography, The 
University, Downing Pace, Cambridge (April 80). oe 

HRAD OF THE DEPERTMENT OF GENETICS (Principal Scientific 
Officer or Senior Princ=pal Scientific Officer grade) the Secretary, 
Sonia Horticultural Institution, Bayfordbury, Hertford, Horis 

pri . 

IMPERIAL CHEMICAL INDUSIRIES RESEARCH FELLOWS IN CHEM- 
ISTRY, PaysIOS and alied subjects, for example, PHARMACOLOGY, 
ENGINEERING, METALLURGY —The Registrar, The University, Man- 
chester 13 (April 30). X 

LECTURER IN PHILOSCPHY (Grade II)—-The Registrar, The Univer- 
sity, Bristol 8 (April 302 

SENIOR LECTURER IN Som SCIENCE; and a LEOTURER IN AGRI- 
OULTURAL CHEMISTRY a- Kumasi College of Technology—The Seere- 
tary, Advisory Commit-ee on Colonial Colleges, 1 Woburn Square, - 
London, W.C.1 (April 83Q. 

TURNER AND NEWAUL RESEARCH FELLOWS IN ENGINEERING, 
TNORGANIO CHEMISTRY, >HySICS or an allied subject-—The Academic 
TE University cf London, Senate House, London, W.C.1 

F A ~ ` 

ÅssisraNes (2) IN PHYSIOLOGY —The Secretary of University 

Court, The University, Hasgow (May 1). = x 
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GEOLOGISTS - (graduate “goloit or mining geologists with a 
minimum of five years field experience), for service in southern and 
eastern Africa; based on overseas offices of the Authority—The 
Establishments” Officer, eae Kingdom Atomic Exergy Authority, 14 
Ormond Yard, London, S.W.1. 

OTURERS (2) (with an honours degree in ‘chemistry and con- 
siderable reer experience) IN CHEMISTRY; and ASSISTANT 
LEOTURERS (5) (with an 
experience) IN CHEMISTRY—The Registrar, The Manchester College 
of Science and Technology, Manchester 1 "(May 1 

LABORATORY TaCHNICIAN {(Paysics)—The Registrar (PT), Queen 
Mary College (University of London), Mile End Road, London, 

LECTURER IN THE DEPARTMENT OF PHYSICS—The Clerk to the 
Governors, Northern Polytechnic, Holloway, London, N.7. 

LEOTURER (woman with sound academic qualifications and teach- 
ing experience) IN STRY—The Warden, Goldsmiths’ College, 
New Cross, London, S.E.14. 

MATHEMATICIANS {preferably with a degree, or at least H.S.C. with 
mathematics as a princi es subject, or G.C.E. in five subjects, in- 
cluding mathematics and one other subject to advanced level), to 
assist Mathematical Physicists in the study of basic physical phenomena 
occurring in atomic explosions—The Senior Recruitment Officor, 
Atomic Weapons Research Establishment, Aldermaston, Berks, 
quoting Ref. 1486/84. $ 

METALLURGISTS or PHYSIOISTS for research on (a) aokoa, ar of 
liquid alloys as related to behaviour in nuclear reac ozs, and 
(b) physical metallurgy: of the newer metals—Prof. J. u, 
Metallurgy -Department, Imperial College, London, S. W.7. 

PHYSICIST or ELECTRICAL ENGINEER (with a first- or second-class 
honours degres in physis or electrical engineering, and capable of 
applying radiation theory) IN- THE METALLURGICAL DEPARTMENT 
R.A.E., Farnborough, Hants, for work on aerials generally, and 

ssibly on related field of radio Wave propagation- T e Ministry of 

. Labour and National Service, Techmcal and Scientific Register (K). 
‘26 King Street, London, S, Wl, quoting A.82/7A. 

PHYSICIST or MATHEMATIOIAN. (with a first- or second-class honours 

degree in n payee or mathematics or equivalent, and some knowledge 

7 of alrer stability and either modern electrical instruments or 
statistics) AT THR ROYAL AIRCRAFT ESTABLISHMENT, Bedford, to carry 
ont full-scale fight investigations—The Ministry of Labour and 
National Service, Technical and Scientific Register (K), 26 King 
Street, London, , S.W. 1, quoting A.78/7A. 

Paysics LABORATORY TECHNICIAN (with ability in instrument 
construction and some knowledge of electronics, and preferably a 
qualification in physics, technology or engineering)—The House 
Governor, Charing Cross Hospital, London, W.C.2. 

SENIOR LECTURER IN CAL ENGINEERING at the University 
of Rangoon, Burma—The Ministry of Labour and National Service 
ae ack House, King Street, London, S.W.1,-quoting A.12/BUR/ 
STATISTIOIAN (with a good honours degree in mathematics or 

statistics, dnd preferably an interest in agrloulture or biology Tne 
Secretary, Grassland Research Institute, Hurley, Maidenhead, Berks 
TEOHNIOIAN (preferably -with an interest in biochemistry) IN THE 
CLINICAL PATHOLOGICAL. LABORATORY—The Secretary, ae National 
Hospitals for Nervous Diseases, Queen Square, London, W.C.1. 


REPORTS and othér PUBLICATIONS 


{not included in the monthly Books Supplement) 


Great Britain and Ireland 


London and Home Counties Regional Advisory Councll for ee 
Technological Education; Curricula for Printing Apprentices. Pp. 1 
Eighth Annual Report, 1955-56. Pp. 40. (London: London an 
Home Counties Regional Advisory Council for Higher Technological 
Podar St hooters dical Radi hlc and Laboratory Photo shy. 
O chool of Me ograp! c ano oratory Photography. 
Pp. 16, (Rusli : Kodak, Ltd., 1956.) fsi 
Careers at Fawley Reflnery for slais ‘cd En; ngineerine Gradua 
Pp. 32. (Fawley, Southampton : Pago Petroleum Čo., Ltd., 1957.) ao 
The Ring (November 1956), No. 9 ublished quarterly, February, 
May, August, November.) ‘Annual su scription: 18s. ; 0 dollars. 
Pp 176-106. Oro tiological, Bulletin.) (Croydon: Dr. W. “Hiydzewsk, 


1 Pos Road, 1956 par 

Ministry of Hauestion : Science Museum. Hand List of Short 
Titles of Current Periodicals in the Science Library. Eighth edition. 
Pp. iv-+428. (Londant; 


HM. Stationery Office, 1956.) te. 


net. 

British Electrical and Allied Industries Research Association. 
Technical Report L/T32£4 A Comparison of Ionization Pnergies of 
Trapped Electrons in a Tonle Solids using the Static Model. By J. H. 
Simpson. Pp. 6. thethedd : British Electrical and Allied Industries 
Research Association, 19584) 63. [291 

Northampton Polytethnic. Report of the Governing Body for the 
or 1955-56. Pp. 16. (London : Northampton Polytechnic, 


957.) 

Bulletin of the British Museum (Natural History). Entomology. 
Vol. 4, No.9: A Bovision of the Genus Tridrepana Swinhoe (Lepid- 
optera : Drepanidae). By Allan Watson. Fp. 407-500 +plates 2 and 3. 
302. Zoology. Vol. 4, No.9: Hvolntionary 4 rends in the Classification 
of Capitate 'ydroids and Medusae. x. Wiliam J. Rees. Pp. 
453-584 + plates 12 and 18. 258. aden "british Museum (Natural 
History), 1956 and 1957.) [291 

The Clean Air Act 1956: a Guide for Industrialists. (F.B.I. Hand- 
book. Paa vi+10. (London : Federation of British Industries, 


1856.) 2s. 
Fuel Economy Review, aes Pp. 124. 
British Industries, 1956. 
Building Research Sta ion Digest. No, 95 (December, 1956) : 
Eyed and Answers. Pp. 4. (London: H.M. Stationery Office, r 1958.) 
net. 
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British Broadcasting Corporation: Engineering Dirinon Engineer- 
ing Monograph No. 10: An Automatic System for Synchronizing 
Sound on arter Tam Magnetic Tape with Action on 38-MAL ome: 
matograph Pilm Griffiths and N. W. Woodward. Pp. 1 
(London British Dvadcasting Corporation, 1957.) 5s. (391 

Philosophical Transactions of the Ro; 
A: Mathematical and Physical Sciences. No. 965, Vol. 240 (24 January 
1967): The de Hhas—van Alphen Effect in Aluminium. By E. 
Gunnersen. Pp. 299-820. (London : Royal Society, 1957.) 6a. bd. [291 

Communications of the Dublin Institute for ‘Advanced Studies 
Series A,. No. 12: Geometrical Optics in Moving Dispersive Media. 
By J. L. ‘Synge. Pp. 11+63. (Dublin : Dublin Institute for Advanced 
stnaies, 1956.) 291 


yal Society of London, Series . 


nistry of Fuel and Power: Safety in-Mines arn Establish. ~ 


ment. Thirty-fourth Annual Report on Safety in Mines Research, 


pos: Pp. 77 -+4 plates. (London : H.M. Stationery Office, 1957.5 


. net. 
leant, Vol. 23, No. 406 al January 1957) : Statistics for Govern- 
menh, Pp. 28. (London : olitical and Economic Planning, 12 .) 


Medical Research Council Report, Series. No. 293: Emmetropia 
and Its Aberrations: a Study in the Correlation of the Optical Com- 
ponents of the Eyo. By Arnold Sorsby, B. Benjamin, J. B. Davey, M. 
Sheridan, and J, M. Tanner. Pp. vili+70. (London: H.M, Stationery 
Office, 1957.) 7a. 6d. net. [291 

University of Caps Town Lecture Series. No. 8: The Study of 
Mind ın Relation to Brain Function. By Prof. K. R. L. Hall. (In- 
augural Lecture delivered before the University of Cap e Town, 
Ea 1956.) Pp. i1-+22. (London : Oxford University Prass, 1058) 

8. 


, 


Other Countries 


Kungi. Svenska Vetenskapsakademiens Handlingar. Fjärde Serien, 
Band 5, Nr. 6: Uber Crossopterygier und Dipnoer aus dem baltischen 
Oberdevon ım Zusammenhang emer vergleichenden Untersuchung 


des Porenkanalsystems paläozoischer Agnathen und Fische. Mou 
Walter Gross. se, 140 +16 plates. (Stoc olm : Almqvist and Wik- 
sell, 1956.) 28 S,Kr. [291 


Catholic University-of America. Biological Studies. No, 32: The 
Effect of Ultrasonic Pressure Fields Upon pe Permeability of a 
Living Cell Membrane: By the Rev. Carl S. Rice. Pp. vui-+34. 50 
cents, No. 33: The Effects of Anterior Fituktary Extract on the 
Histogenesis of Bone’ in Rana sylvatica. y Pei-Tsing Lu., Pp 
vi+26. 50 cents. >No. 35: The Seackire: Zna Origin of Formed 
Elements in the Blóod of some Crustacea. By Marcellus Edward 
Toney, Jr. EP. iv-+27. 60 cents. No. 86: A Comparative Study of 
Tropisms Exhibited by Different Stages ‘of Nuppostrongylus Murns 
(Nematoda: Trichostrongylidae). By Mother Frances A. Cunningham, 
R.S.0.J. Pp. iv+25. 50 cents. (Washington, D.O.: Catholic Univer- 
sity of America Press, 1956.) [291 

Index to the Transactions of the South African Philosophical Society, 
Volumes 1-18, 1878-1909 ; and the Transactions of the Royal Society 
of pea Arrion | Volumes i-34, 1909-1955. Compiled by A. M. Talbot. 

xl 

Institut des Capo T Nationaux du Congo Belge. Exploration du 
Parc National de la Garamba. Mission H. de Saeger an en collaboration 
avec P. Baert, G. Demoulin, I. Denisof, J. Martin, M. cha et J. 
Verschuren (1949-1952). Fascicule 2: ‘Les Sols du Pane, Netional 
de la Garamba. 1: Caractères et Analyses, Par Igor Denisoff, avec 
la collaboration de Jean Croegaert Pp, 64+8 planches. Fascicule 5 : 
Bntomologie; Bensoignementa Éco-biologigues, Par Henri de Sae; er: 

Pp. 555. Fascicule 6: Le Milieu Climatique.. Par Albert Noirfi 
m gy (Bruxelles: Institut des Parcs Nationaux du Congo Belge, 


Tanganyika., Annual Report of the Geological Survey Department, 
1055. Pp. 1V-+-28. (Dar-es-Salaam: Government Printer, 19503 ») 


Transactions of the American Philosophical Society. New Series, 
Vol. 46, Part 5 (1956): Excavations at Chupicuaro, Guanajuato, 
Mexico, By Muriel Noé Porter. Pp. i+ 515-838 (27 plates). Philae 
delphia: American Philosophical Society, 1956.) 1.75 dollars.  {[29: 

Queensland Institute of Medical Research. Eleventh Annual Robart 
for the year ended: 80th June, 1956. Pp. 15. (Brisbane. Government 
Printer, 1956.) (291 

Western Region of Nigeria, Annual Report on the Forest Adminis- 
tration of the Western Region of Nigeria for the year 1954-55. Pp. 
ii+28. (Lagos: Government Printer, London: Crown Agents for 
Oversea Governments and Administrations, 1956.) 9d. [291 

Department of Agriculture, Jamaica. uide to Coffee Culture in 
Jamaica. By.R. I. Moss. Pp. 55+24 plates. (Kingston: Government 
Printer, 1956). [291 

Department of Agriculture, Jamaica. Extension Circular No. 58: 
Pig Rearing. By G. 

Printer, 1956.) [29 

Bulletin of the Earthquake Research Instıtute, Tokyo University. 
Supplementary Volume 4. Part 3: Gravity Survey along the Lines 
of Precise Levels throughout Japan by Means of a Worden Gravi- 
meter. Part 9: Kyûshů District. Pp. 475-552. (Tokyo: Earthquake 
Research Institute, Tokyo University, 1956.) 315 yen. [291 

Proceedings of the International Conference on Electron Transport 
in Metals and Solids, held at the National- Research Laboratories, 
Ottawa, September 10-14, 1956. ae aT wid number of the 
Canadian Journal of Physics, Vol. en o ae) abil 
(Ottawa: National Research Council of Canada, 1956. 

Publications de Institut National pour Étude Agronomique en 
Congo Belge, Série Technique No. 51: Étude Blométrique, Chimique 
et Papetiére de Quelques Bois. Par T. R. Istas, E. L. Raekelboom 
et R. Heremans. . 68. (Bruxelles: Institut National pour Étude 
Agronomique du Gongo 2 Belgo 1956.) 40 francs. ~ 291 

Académie Royale de Belgique Classe des Sciences. Mémoires. 
Tome 29, Fascicule 3: Eecnerehies ae Géométrie Anallagmatique. 
Par Prof. Fernand Backes, Pp. 36. 40 francs. Tome 30 Fasclonle 1: 
Contribution à l'Étude de la Gorrélation Angulaire éta-Gamma. 


Par Pierre Macq. Pp. 40. 40 francs. (Bruxelles: Académie Roya e 


de Belgique, 1956.) 


e Town: Royal Society of South Africa, 1956.) [291 - 
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Redshaw. Pp.ili+22. (Kingston : Government $ 
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No. 4561 


INFORMATION “SERVICES: 


LREADY before the Prime Minister, on J anuary 
24; made his statement iri the House of Commons 
about the responsibihties of Dr. Charles Hil, as 
Chancellor of the Duchy of Lancaster, ‘for the co- 
ordination of Government information services at 
home and abroad, some concérn was being’ expressed 
about the adequacy and effectiveness. of British 
overseas information services. This was probably 
‘due in part to the delay of the Government in taking 
action on the recommendations of the Drogheda 
Committee. Even nearly three years after the report 
was presented, repeated tribute to the work of the 
Committee has not so far resulted in action designed 
to provide overseas information services, including 
broadcasting, with adequate resources for objectives 
which are broadly but clearly defined,*and the value 
of which is repeatedly attested at successive junctures 
~,@im international affairs. Meanwhile, neither the 
: British Council nor the British Broadcasting Cor- 
poration is able to plan such services’on any really 
long-term policy with the consequent maximum 
advantage in efficiency and staff-nd the future of 
the services is in jeopardy at each fresh financial 
` stringency. 
The criticisms made last autumn of both the nature 


and the effectiveness of some British broadcast ser- 


vices, while arising to some extent out of an excep- 


tionally difficult situation, had provoked uneasiness’ 


as to Dr; Hill’s responsibilities towards the British 
Broadcasting Corporation and to-other Government 
information services which was not entirely removed 
either by the Prime Minuster’s statement or by replies 
to subsequent questions. The extent of tais concern 
was shown by a debate in the House of Lords on the 
B.B.C. external services on February 6, and by the 
barrage of questions which Dr. Hill himself encoun- 
tered in the House of Commons, notably on February 
18. Earlier last year the British Broadcasting Cor- 
poration had been led to publish a separate account 
of those services, and in October 1955 there was at 
last presented to Parliament, in accordance with a 
recommendation of the Public Accounts Committee 
for the Session 1948-49, a White Paper summarizing 
the estimated expenditure on Government Informa- 
tion Services, 1955-56. 

‘The Prime Minister, in his statement of January 24, 
said that in addition to his duties as Chancellor of the 
Duchy of Lancaster, Dr. Hill would be responsible 
for co-ordinating Government information services 
at home and abroad. This would not affect the 
existing responsibility of Ministers for their own 
information services, but Mr. Macmillan thought that 
it would be useful to co-ordinate the work of the 
public relations officers of the different’ Departments 
especially in relation to overseas work. Pressed 
specifically on January 30 m regard to Dr. Hill’s 
responsibilities in respect of the British Broadcasting 
Corporation, the Lord Privy Seal, replying for the 
Prime Minister, stated that there was nc change m 
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the statutory -responsibilities of the Postmaster- 
General in relstion to both the British Broadcasting ` 
Corporation and the Independent Television Auth- 
ority, under the charter and licence and the Inde- 
pendent Television Act, respectively. The Chancellor 
of the Duchr was responsible for -Go-ordmating 
information services as a whole, and there was no 
question of his being used to put Government pressure 
on the British Broadcasting Corporation in respect 
of either its home or its overseas services. Overseas 
Ministers woud remain responsible for prescribing 
the services te be broadcast in the British Broad- 
casting Corporation external services, hut not for the 
content of the broadcasts. 

On February 18, in answering a series of questions, 
Dr. Hill said zhat he is at’ present ‘scrutinizing the 
overseas services, but he saw no reason why his 
function of ass. sting the Press and the British Broad- 
casting Corporation by securing a better supply of 
official news ard information should cause anxiety in 
the Corporation, the autonomy of which as regards 
programmes ic unchanged. He said he does not 
propose to add to the channels of contact for keeping 
the Corporation informed about the policies and 
actions of the Government already established by 
the Secretaries of State for Foreign Affairs, Common- 
wealth Relations and the Colonies. As regards 
co-ordination, he was attempting rather to secure a 
better flow through existing channels of information 
than to create new ones, and he gave an unqualified 
assurance thas no Ministry of Information and 
Propaganda would be established. The purpose of 
his review of the Government information services 
was to seek ways in which they could be improved, 
and to establısh whether the balance of expenditure 
and effort involved needs readjustment. He added 
that it will be some time before the review can be 
completed, but in it full account will be taken of the 
recommendaticns of the Drogheda Committee. 

Dr. Hill mertioned incidentally that ıt has already 
been decided so increase the B.B.C.’s Arabic pro- 
grammes from four and a half to rather more than 
nine hours a day. There had been some questioning 
in the House >f Commons on the reduction of the 
B.B.C. Overseas Services; figures for the reduced 
weekly programmes in 1956 compared with 1950 _ 
were given by Mr. Ian Haryey, for the Secretary of 
State for Foregn Affairs, où Eebruary 1; while in a 
further reply on February 8-she estimated that 
revenue expenditure of about £5,700,000 would be 
required in 1£56-57 to provide the range of pro- 
grammes broadcast m 1950 in the British Broad- 
casting Corpozsation’s Overseas and European Ser- 
vices. Two years ago, in replying for the Government 
in a debate or the Drogheda report, Lord Reading 
stated that it was the policy of the Government ‘‘to 
maintain approximately the,existing level of broad- 
casting” ; but the debate in the House of Lords on 
February 6 showed very clearly that. this level has 
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not been maintained and that the position is now 
worse than in 1954. 

Lord Gosforth, in replying for the Government to 
the debate on February 6, suggested that 1953, the 
year of the Drogheda Report, is a reasonable starting 
point for considering the peace-time level and claimed 
that, so far as weekly hours broadcast are concerned, 
there has been little change since 1953. The European 
services have risen from 223 to 242 hours, while the 
overseas services have been reduced from 316% hours 
to 315} hours with little change in the pattern of 
the services. Lord Gosforth said, reasonably enough, 
that the question is whether the overall pattern now 
corresponds adequately with changes in the world 
political situation since 1953; and the extension of 
the Arabic services to at least nme hours a day and 
the provision on a permanent basis of relay facilities 
for the Arabic service of the B.B.C. by usmg trans- 
mitters at Sharq el Adra, to which Lord Gosforth 
referred, are clearly intended to modify the pattern 
in advance of Dr. Hill’s review. Lord Gosforth also 
stated that Dr. Hill will consider urgently the ter- 
mination of the seven Western European language 
services, a recommendation of the Drogheda Com- 
mittee on which the Government has hitherto taken 
no decision m view of representations made by 
Parliament and by the British Broadedsting Cor- 
poration. 

Lord Gosforth claimed that the recommendations 
of the Drogheda Committee would have involved 
additional continuing revenue of more than half a 
million pounds a year and a capital sum of nearly 
£5 million over ten years; but, he said, these 
estimates did not také into account costs which are 
rising at the rate of between £250,000 and £300,000 
& year, and this factor more than absorbs the 
additional monies provided for information services. 
Last year, of the additional £1-4 million made avail- 
able for information services, more than £400,000 
went to meet the rising costs of the British Broad- 
casting Corporation. Lord Gosforth agreed as to the 
permanent importance of winning over men’s minds, 
and he repeated that the object of Dr. Hill’s review 
is to enable broadcasting to make its full contribution 
to Britain’s information services and to a full 
understanding abroad of the British point of view. 

Lord Gosforth’s reply on this debate gives reason- 
able assurance that the Government is determined to 
maintain the objective of the Corporation’s broad- 
casting programmes, and that there is no intention 
of interfering with the independence of either the 
Corporation or the British Council. It was reasonable 
that, while assuring the House that the inquiry is 
being carried out with all speed, he should decline to 
answer at the moment the question whether sufficient 
_ money is available to make full use of such resources 
as we have.- Nevertheless, it could well be felt that 
that sum is inadequate without suggesting that the 
existing shape or volume of all services should be 
unaltered, and this did not appear to be recognized 
sufficiently in the debate. The British Broadcasting 
Corporation will not lose its high reputation for 
objective and honest news reporting which is such a 
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priceless asset if changes are made m the extent of 
particular services to meet changing needs. Such 
changes should be made from strength. But it seems 
open to doubt whether the Government recognizes 
the vital importance of information work in public 
policy, or the comparative insignificance of the sums 
involved in terms of what is at stake. Considered in 
terms of defence, as Lord Strang remarked, British 
expenditure on the external services is at present 
running at about: one-third of one per cent of the 
defence budget; and he quite pertinently asked 
whether it is really suggested that we cannot afford 
to spend £6 million or so on services so essential to 
the functioning of the North Atlantic Treaty Organ- 
ization, Western European Union and the Council of 
Europe, or the European Free Trade Area. 

Lord Strang was not the only one who attempted 
to put the whole question in the wider perspective in 
which ıb should now be viewed; but the debate in 
the House of Lords suffered from the general failure 
to consider the external services of the British Broad- 
casting Corporation sufficiently in relation to what is 
being done by other bodies or in relation to informa- 


tion services generally. Even the possibilities—and_ 


dangers—of television received little more than 4 
glance, and the increasing extent to which Britain 
must rely on its information services to make its 
voice heard and its policy understood ım the changed 
situation which radical alterations in defence policy 
may involve in the next few years was virtually 
ignored. 

This is not to suggest that information services are 
a substitute for policy or for military, economie or 
financial strength: If, however, as the Drogheda 
Report emphasized, information services are to-day 
a normal apparatus of diplomacy for a Great Power, 
such services, when wisely directed, adequate in 
scale, of a quality and reliability that attract atten- 
tion and inspire confidence, can well on occasion 
make all the difference between the success or failure 
of policy, and the effectiveness of military or economic 
effort. Moreover, they must not only be adequate in 
scale and quality; they must be continuous. There 
is a minimum below which they must not be allowed 
to fall if opportunities are not to be lost irretrievably, 
and Lord Drogheda’s brief intervention in the debate 
to stress the vital rmportance of forming and adhering 
to a long-term plan deserved more attention than it 
received.. In the modern world, it is as essential for 
information services to be taken out of party politics 
as for the Armed Services to be outside that arena. 
Lord Drogheda’s suggestion is not utopian. It is 
mere prudence that the scale of British mformation 
services should be decided by all-party agreement, so 
that contmuity can be assured over a long term of 
years. Changes could then be made from strength 
and not from hysteria. 

The opportunity for something like this could well 
arise when the Government decides how to present 
to Parliament the findings of Dr. Hill’s survey and 
the decisions it has reached. Clearly the setting will 
be much wider than that of the recent debate in the 
House of Lords ; and in the meantime every advantage 
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should be taken to press home on public opinion, as 
“well as on the Government and on Parliament, the 
value of such an approach and the contribution which 
information services of high quality, when wisely 
used, can make to the national welfare and strength. 
It 1s essential ‘to remove misunderstandings and. to 
overcome the prejudices which in some quartérs still 
hinder’ the full use of both external and internal 
information services by the Government. The two 
are sometimes complementary, and: “the scientist as 


such is closely concerned in both. Such developments - 


as automation, nuclear energy and particularly the 
full exploitation in other areas of the technique and 
knowledge which Britain can offer the world in this 
new field, can only be realized to the full if the public 
information services are adequate and efficient. As 
regards defence, when the shape of our new forces 
has been decided in agreement with our partners m 
the North Atlantic Treaty Organization, a large con- 
tribution from mformation services, both in Britain 
itself and in the other countries affected, will be 
required both to prevent misunderstandings or even 
misrepresentation, and to secure the co-operation and 
the acceptance of the changes and sacrifices involved. 


-THE HISTORY OF REPTILES 


Osteology of the Reptiles 

By Prof. Alfred Sherwood Romer. Pp. xxi+772. 
(Chicago Il. : University of Chicago Press ; London : 
Cambridge University Press, 1956.) 1508. net. 


HE group of reptiles is of special interest because 

it lies, in a systematic sense, between the 
amphibians, the first land-living tetrapods, and the 
mammals and birds. Thus fossil reptiles have been 
the subjects of very many scientific papers, and the 
recent reptiles of far more. 

Unlike mammals, whose teeth are usually extremely 
charactenstic, so that from them most fossil forms 
can safely be determined, reptiles have teeth which 
are usually quite without recognizable characters. 
Thus it is reptile bones which have to be considered 
by paleontologists. Cuvier recognized this need and, 
in 1825 and earlier, published splendid copper plate 
engravings of bones of modern reptiles. No such 
wide series appeared again until, after the death of 
S. W. Williston in 1918, his “Osteology of Reptiles” 
was published in 1925, arranged by W. K. Gregory. 
This book was most useful, and thus went out of 
print some twenty years ago. - 

Now Prof. A. S. Romer of Harvard has come to 
the rescue with a magnificent volume nearly three 
times the bulk of the original, which brings together 
an account of the osteology of reptiles with a detailed 
classification of the group, discussing the qualities on 
which it is based, and the probable nature of the 
-ancestral histories of the major groups. 

An introductory section of 45 pages gives an 
admirably clear account of what is known about the 
musculature of recent reptiles, of their nervous 
system, sensé organs, and of the cranial vascular 
systems; that is, of those ‘soft parts’ which directly 
influence the shapes of bones. Then the skeleton is 
taken systematically. The skull, as it is found in the 
primitive Seymouria, is described and illustrated by 
a series of new figures. From this the story goes on, 
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the general ssricture, including ‘the embryonic 
development, baing described, and then that of each 
reptile. group in turn being figured, described and 
discussed. - ‘fhe section covering the skull occupies 
about 150 pages, and is illustrated by some seventy 
text figures, eah including four or more individual 
drawings, all admirably clear and precise. So the book 
continues: the lower jaw, the vertebral column, 
limbs and limb girdles, the dermal armour, are each 
in turn deser-bed, discussed and illustrated by 
excellent new drawings. 

That 462 pages so made should actually be readable 
is remarkable ; zt is indeed an extraordinary testimony 
to the precision and clarity of statement which have 
made Prof. Romer’s text-books so very widely used. 

Then begins ihe second part, on the classification 
and range of reptiles. This opens with a short 
history of reptiian classification from Owen onward, . 
and then proceeds to give a complete new classifica- 


, tion of reptiles still living and fossil, which refers not 


only to all valid genera, but lists also invalid synonyms 
often used in mcrphological descriptions. This section 
is not a mere list of names; it gives for each family 
or higher groun a condensed but admirably clear 


- account of the skeleton and discusses the systematic 


position, derivation and special interest of each. 
Each group of higher rank is discussed so that its 
characteristic qualities are made evident and its 
origin and fate sonsidered. 

The’ classification of reptiles is discussed in a 
special section, and eventually all the sixteen orders, 
excluding the UCotylosauria, are divided into two 
groups, the Sauropsid and Theropsid orders. This 
grouping, based largely on the fenestral pattern 
of the temporal region, seems to me to fail to do 
justice to many more deep-seated qualities. But this 
is a very minor point; the “Osteology of Reptiles” 
is a book necessary to all those who work on the 


group, for which they are very deoply indebted to its 


author. . M. S. Warsow 


FOLYETHYLENE 


Polyethylene 

By R. A. V. Raif and J. B. Allison. (High Polymers : 

a Series of Monographs on the Chemistry, Physics 
and Technology of High Polymeric Substances, 
Vol. 11.) Pp. zii+551. (New York: Interscience 
Publishers, Inc.; Loridon: Interscience Publishers, 
Ltd., 1956.) 16 dollars. 


T is perhaps not surprising that a material of such 
scientific interest and technical and commercial 
importance as polyethylene . should, twenty-three 
years after its discovery and seventeen years after its 


-first commercial production, have an extensive litera- 


ture ; this is illustrated by the inclusion in this book of 
more than 1,10C references to papers and patents and 
by an author index containing more than a thousand 
names. The litarature is still expanding rapidly and 
one can well understand that the authors contem- 
plated postponing the writing of this book, the first 
to deal solely with polyethylene, but as they have 
been able to imclude references to publications as 
recent as April 1956 they should not fear that their 
book will rapidly become outdated. In a statistical 
appendix a list 3 given of some thirty manufacturers 
of polyethylene and it is shown that production in 
the United Stetes alone has risen from less than 
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1,000 tons in 1943 to nearly 200,000 tons in 1955. 
At this time, therefore, 2 book on polyethylene will 
be welcomed by many directly concerned with its 
production or use. Much of the literature on poly- 
ethylene and hence much of the contents of Raff 
and Allison’s book is essentially technological in 
nature, but this book should nevertheless be of 
interest to all concerned with the science of high 
-polymers whether in university or industry. Much 
early interest in polyethylene arose from the idea 
that it was one of the simplest of all polymers, a 
simple chain of methylene groups, and that many 
other polymers could be regarded as substituted 
polyethylenes. At a time when the thermodynamic 
study of high polymers, based on the conception of 
the randomly coiled polymer chain, was being devel- 
oped, it was not surprising that the chain of methylene 
groups with the sterically unhindered carbon-carbon 
link appeared to be the perfect, simple example for 


experimental confirmation of theory. This over- - 


simplified conception soon had to be abandoned and 
much of the more recent work on polyethylene had 
to take account of the presence of both short and 
long side-chains and the effect of these deviations 
from linearity on crystallization, mechanical proper- 
ties and flow behaviour. Indeed, many of the useful 
technological properties of polyethylene arise to a 
large extent from the departure from the simple 
polymethylene structure. These deviations from 
simplicity have increased rather than reduced the 
scientific interest of polyethylene, and theoretical 
treatments of thermodynamics and related subjects 
such as solubility and crystallization and, to a lesser 
extent, flow in the liquid state and deformation and 
fracture in the solid are now taking account of the 
deviations from linearity of the molecule with some 
success, 

This book has covered the literature on polyethyl- 
ene very thoroughly, and so far as the reviewer can 
judge, the necessarily brief accounts of the publica- 
tions are accurate. It will normally be necessary, 
however, for all users of the book to refer to the 
original papers since, as is perhaps inevitable in work 
of this type, the reporting is almost entirely non- 
- critical. As an example, a number of conflicting 
equations relating the viscosity of polyethylene 
solutions to the molecular weight are given at various 
points in the hook and no attempt is made to indicate 
which is likely to be the most accurate and reliable. 
The authors, in their preface, admit the inevitability 
of inconsistencies of this nature. 

An introductory historical chapter includes a brief 
mention of methods of making paraffins of high 
molecular weight other than that from ethylene, an 
account of the discovery and early development of 
polyethylene of high molecular weight by polymeriza- 
tion of ethylene under high pressure and a review of 
the more recent low-pressure methods. An unusual 
feature of this section is the reproduction in full of 
the basic patent relating to the polymerization of 
ethylene under high pressure. A chapter on ethylene 
rncludes extensive thermodynamic data. The chapter 
on polymerization of ethylene, although extensive, is 
in some ways the most unsatisfactory part of the 
book, not through any fault of: the authors but 
because little has been published on polymerization 
of ethylene except in the form of patents. A chapter 
on modified polyethylenes such as ethylene copoly- 
mers, chlorinated polyethylene and polyethylene 
modified by irradiation by gamma rays is followed 
by chapters on molecular structure and properties. 


NATURE 


Noe ~ 


March 30, 1957 - vo. 179 


The book is completed by chapters on analysia and 
testing, on processing and handling and on uses and 


-appheations,, The chapters on molecular structure 


and properties, covering together some two hundred 
pages, will be of much wider interest than the 
remainder of the book. R. B. RICHARDS 


` 
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‘TECHNOLOGY OF HIGH 
PRESSURE k 


High Pressure Technology 
By Prof. Edward W. Comings. (McGraw-Hill Series 


in Chemical Engineering.) Pp. xi+572. (London: 
McGraw-Hill Publishing Company, Ltd., 1956.) 
86s. 6d. y 


MONG the great advances of the chemical 
industry during the past fifty years, the intro- 
duction of large-scale processes operating at high 
pressures has been most notable. This branch of 
technology is now so well established: that a new 
account of the influence of pressure on physical and 
chemical systems and of the design of high-pressure 
equipment is very welcome. 

Prof. E. W. Comings has performed a valuable 
service in providing chemical engineering students 
with a broad survey of high-pressure technology. 
This survey falls naturally into three sections, the 
first of which forms an introduction to the subject. 
After the author has outlined the reasons for using 
high pressure in the chemical industry, R. N. Shreve 
gives an extensive list of reactions which are favour- 
ably influenced by pressure, and H. C., Van Ness 
deals with the principles underlying the selection and 
treatment of alloy steels for use in high-pressure 
equipment. The chemical reactions are conveniently 
arranged under a unit process classification and ten 
of the more important are illustrated by detailed 
flow sheets. Unfortunately, the inclusion of numerous 
reactions which take place at pressures below about 
ten atmospheres has meant that detailed information 
essential for the successful operation of some of the. 
reactions has had to bé omitted. The large number 
of alloy steels now available makes the choice of 
material for the construction of high-pressure equip- 
ment very difficult, and, although H. C. Van Ness 
has provided the student with a sound basis on which 
to exercise his judgment, more information on the 
corrosion problems peculiar to high-pressure systems 
would have been very helpful. 

The second section of the book is devoted to the 
design, safe operation and maintenance of high-pres- 
sure equipment and the experimental techniques used 
for making physical measurements on compressed 
systems. Since the requirements of research and 
industrial processes are so diverse, the author has 
had to exercise careful judgment in selecting suitable 
examples to demonstrate the salient features of 
various high-pressure techniques. The material 
chosen is well illustrated by photographs and line 
drawings, and postgraduate students about to enter 
the field of high-pressure research will find this 
section of the book an excellent introduction to the 
subject and a valuable source of reference. In the 
case of large-scale industrial equipment, the reader 
is warned that this aspect of design is not treated in 
the same detail as is laboratory apparatus. 

The thermodynamic and transport properties of 
fluids under pressure and the effect -of chemical 
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equilibria and reaction kinetics on the design of both 
homogeneous and heterogeneous reactors form the 
basis of the last section of the book. An extensive 
discussion of ammonia synthesis plant illustrates the 
various factors which determine the rate of reaction 
in a large-scale continuous catalytic reactor. Several 
appendixes supply data for design, and a glossary 
of unusual words, very few of which are peculiar to 
high-pressure technology, is included. 

Prof. Comings’s book supplements and extends 
the two well-known standard text-books by D. M. 
Newitt and H. Tongue. Although it will prove very 
useful to both postgraduate research workers and 
practising engineers, its chief value lies in providing 
chemical engineering students with a comprehensive 
systematic account of high-pressure technology. 

K. E. BETT 


PLANT GROWTH SUBSTANCES 


The Chemistry and Mode of Action of Plant 
Growth Substances 

Edited by R. L. Wain and F. Wightman. (Proceed- 

ings of a Symposium held at Wye College (University - 

of London), July 1955.) Pp. m+312. (London: 

Butterworths Scientific Publications; New York: 

Academic Press, Inc., 1956.) 55s. 


HIS volume is a collection of the full texts of 

papers contributed at the third International 
Conference on Plant Growth Substances held at Wye 
College, University of London, during July. 17-22, 
1955. The scope of the Conference was limited to the 
broad chemical and biochemical aspects with only 
incidental reference to the biology and physiology of 
plant growth substances. 

The application. of paper partition chromatography 
to the study of naturally occurring growth substances 
had brought new life into the subject. One whole 
session was devoted to this topic. New techniques 
are described giving the analytical advantages of this 
method coupled with a sensitivity equalling that of 
the Avena curvature test. Much new light is thrown 
on the metabolism of indole compounds in plant tissue. 

The highest proportion of papers is concerned with 
the relations between chemical structure and biological 
activity in auxins. Two rival theories are involved. 
One proposes a direct chemical combination of specific 
active points in the molecule with receptor sites in the 
protoplasm. The other is based on physiochemical 
actions depending on stereochemical relationships 
of the molecule. The full plications of these and 
other theories are fully discussed against a back- 
ground of new synthetic compounds. An unexpected 
development in this field is the announcement that a 
new class of compounds, not possessing the unsatur-- 
ated ring, once thought to be an essential for auxm 
activity, are active as auxins. They are the carboxy- 
methyl-N : N-dialkyl-dithiocarbamates. New de- 
velopments in the field of anti-auxins are also fully 
discussed. 

The nature of some of the growth substances present 
in. the nutritive tissues (endosperm) of seeds, particu- 
larly in the coconut, is also announced. One, which 
stimulates cell division, is 1 : 3 diphenylurea. Another 
belongs to the group of leuco-anthocyanins. Bio- 
chemical studies have thrown light on the mode of 
action of auxins. Experimental data from both 
Britain and the United States point strongly to the 
cell wall as the site of auxin action, there being indica- 
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tions of its participation in pectin metabolism: One 
gratifying cheracteristic of this conference was the 
spirit and vigour of its evening discussions. One of 
these, on the ~alue and interpretation of the analysis 
of auxin-induced growth in terms of enzyme kinetics,- 
1s reported, but merely as a bald statement of the two 
opposing poinss of view. 

This is not a-text-book, or even a'symposium volume 
in the true sense of the word. Since much, of the 
data have appeared, or will be appearing, in botanical 
or chemical jcurnals, the value of such a publication 
18 left in some doubt. There are many who hold that 
the proceedirgs of small specialized conferences 
should not be published. The great advantage of 
such meetings is that it allows scientists to ‘stick out 
their necks’. The prospect of appearing in print is 
likely to inhibit this completely. The book is never- 
theless an exzellent technical production, and will 
doubtless be of great interest to all workers in the 
auxin. field. L. J. AUDUS 


CCLOUR TELEVISION 


Principles of Color Television 
By the Hazelrine Laboratories Staff. Compiled and 
Edited by Knox McIlwain and Dr. Charles E. Dean. 


Pp. xvi +595. (New York: John Wiley and Sons, 
Inc.; Londom: Chapman and Hall, Ltd., 1956.) 
104s. net. 


N 1953 the Federal Communications Commission 
decided that the colour television system to be 
used. m the United States should conform to recom- 
mendations ef the National Television System 
Committee, & body of scientists and engineers 
representing Lroadcasting and manufacturing inter- 
ests. One of the organizations contributmg to the 
work of the Ccmmittee was the Hazeltine Electronics 
Corporation, fom the laboratories of which many re- 
ports dealing with the subject of colour television have 
been issued. A series of such reports concerned with 
the principles and practice of the National Television 
System Committee colour system has appeared over 
the past four rears and the complete set has recently 
been edited ard presented as the book under review. 
The reader 5 informed that this book is a co-opera- 
tive effort by twelve members of the laboratories’ 
staff, a fact thet may be deduced from some variations 
in the standerd of exposition; nevertheless, the 
overall assessment must be very favourable. The 
text is divided into eighteen chapters each dealing 
with either a “undamental or practical aspect of the 
subject, and ir spite of both the multiple authorship 
and the fact tnat each chapter is based upon one of 
the original reports, the book as a whole is easy to 
read. Each caapter is rounded off by a liberal list 
of references to the many contributors whose efforts 
made the working of the National Television System 
Committee a very noteworthy mutual effort among 
members of an industry notorious for keenness of 
competition. Throughout the book the diagrams are 
both excellently presented and highly informative, 
demonstrating once again the truth of that old adage, 
“one good diazram is worth a host of words”. The 
part of the text referring to each illustration appears 
on the same page and where necessary the editor 
has not hesitsted to repeat a diagram rather than 
irritate the reader by asking him to refer back. ` 
The first tvo chapters review those fundamental 
properties of [ght relevant to colour television, oub- 
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line the various measurements -and ‘units involved 
and introduce the basic concepts of colorimetry : the 
properties of the human eye in terms of adaptation 
and colour matching are described here. 
and 4 comprise a fairly detailed discussion of all the 
colorimetry necessary, so presented as to be easily 
digested by a newcomer to the subject, leading to a 
further chapter which illustrates the application of 
colorimetry to a television system. 

In Chapters 6,-7 and 8 considerations concerning 
the properties of various systems of colour television 
are outlined m terms of such factors as required 
bandwidth and compatibility, and by way of a 
further description of tho characteristics of the 
human eye, various arguments lead logically to the 
use of a luminance signal together with two band- 
shared chrominance signals having different band- 
widths. Chapter 8 is concluded by. consideration of 
reasons for adopting a subcarrier frequency related 
to half the line-scanning frequency of the system by 
an odd integer: both the customary explanations 
are given, the first based upon the interleaving of 
- frequency components and the second describing the 
low visibility dot-pattern produced at the screen of 
a display tube. 

Chapters 9, 10 and 11 are concerned with many 
of the communication aspects of the system. The 
chief principles of signal coding are developed and a 
discussion of the constant luminance -_principle 
indicates some of the weaknesses of the system used 
at present. Synchronization of the receiver sub- 
caxrier-oscillator is treated and attention is directed 


- to the properties of the two-mode system developed 


by Richman (one of the authors). 

Chapter 11 deals with the theoretical and practical 
aspects of gamma correction and reveals that system 
performance could be improved at the expense of a 
more complicated receiver. The description and 
explanation of the colour television standards given 
in Chapter 12 are of great value and worthy of 
special commendation. 

Chapter 13 is the first ‘of a series dealing with the 
practical embodiment of the ideas previously formu- 
lated, in which very complete information 1s given 
concerning the techniques which may be adopted in 
designing coding equipment ; such description mevit- 
ably involves some repetition of subject-matter, but 
this seems well worth while. Chapters 14-16 are 
concerned with the design problems of colour receivers; 
the treatment is very thorough and reviews most of 
the latest techniques as developed in various indus- 
trial laboratories. In spite of the fact that, at present, 
the great majority of colour receivers incorporate the 
three-gun shadow-mask display tube, the book not 
only gives very useful information on the design of 
such receivers but also devotes a whole chapter (16) to 
the many proposals which have appeared recently 
based upon the various forms of the single-gun 
display tube. Such information will be invaluable to 
the designer should the development of these tubes 
prove: fruitful. 

Chapter 17 outlines various measuring techniques 
recommended for the testing of both transmitting 
and receiving equipment. The final chapter is 
entitled “Glossary of Television Terms” and contains 
a very full list of definitions covering all subjects 
relevant to colour television. Some of the terms are 
not, as yet, accepted as sfandard but in such cases 
the reader is referred to the authority responsible for 
prior usage. Of the three appendixes the third is 
interesting in reproducing the formal text of the 
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Federal Communications Commission order governing 
colour television in the United States. 

This book should be of great value to professional 
television engineers engaged in research and develop- 
ment, in equipment design or in broadcasting. It 
forms an excellent conversion course for those, 
already experienced in the monochrome field, who 
wish to extend their knowledge to colour television. 
Of the several books published recently covering the 
same general ground this is certainly one of the best. 

A. V. LORD 
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THE LAPLACE TRANSFORM 


Handbuch der Laplace-Transformation 

Von Prof. Gustav Doetsch. Band 2: Anwendungen 
der Laplace-Transformation. 1 Abteilung. 
bücher’ und Monographien aus dem Gebiete der 
Exakten Wissenschaften. Mathematische Reihe, 
Band 15.) Pp. 436. (Basel und Stuttgart: Birk- 
56.15 D. 
marks, 


HE second and third volumes of Doetsch’s com- 

prehensive treatise on the Laplace transform will 
deal with applications of the method to those branches 
of mathematics, pure or applied, in which the Laplace 
transform has proved its worth. Briefly, Vol. 2 
describes asymptotic series, convergent expansions, 
and ordinary differential equations, leaving for Vol. 3 
partial ‘differential equations, difference equations, 
integral equations and related topics. 

Heaviside would have rejoiced at the prominence 
given to asymptotic expansions, taking up almost 
half the second volume, though the careful, even 
pedantic, mathematical precision might have irked 
him. Although the reader is expected to have a 
reasonably mature knowledge. of mathematical 
analysis, the concept of an asymptotic expansion is 
built up slowly from the very beginnings. The way 
is thus carefully prepared for the main problem: 


suppose that p(z) has a Laplace transform @(s); if 


we know the asymptotic behaviour’ of »(z) near a 
singularity at Z, what can we say about the asymp- 
totic behaviour of O(s) near the corresponding point 
so? We may also consider the Mellin transform, and 
the inverses of these transforms. General results are 
derived in full, and illustrated by many special cases : 
Stirling series, Bessel functions, Fresnel integrals, 
theta functions, The discussion of the Tauberian 
aspect of the problem is illustrated by a proof of the 
prime number theorem on Wiener’s lines. 

The short section on convergent: expansions deals 
pleasantly with faculty series and expansions in 
series of special orthogonal functions. ‘This section 
is more formal in character, but the rapid derivation 
of so many familiar and elegant formula is satis- 
fying. Finally, a larger section discusses ordinary 
lmear differential equations. The use of the Laplace 
transform in the constant coefficient equation is now 
almost a triviality, but there is still much to be done 
in more general situations, and Doetsch provides a 
very solid foundation for further work. 

If at times the treatment is so patiently elaborated 
that it is in danger of swamping the reader’s enthu- 
siasm, this is possibly inevitable m a work which sets 
out to be, and succeeds in being, a complete exposition. 
of a very extensive and important mathematical 
discipline. T. A. A. BROADBENT 
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Die Bakterienzelle ‘ 
.Ein Überblick tiber der gegenwärtigen Stand unseres 


Wissens. Von Prof. Annelise Winkler. - Pp. vi+ - 


124-410 plates. (Stuttgart: Gustav Fischer Verlag, 
1956.) 11.50 D.M. ; j : 

HIS excellent book offers both student and 

specialist a survey of the present state of-know- 
ledge in the field of the cytology of-bacteria, or the 
anatomy of bacterial cells. Although the treatment 
is generally objective, the reader also benefits from 
the valuable comments of the writer. 
, The topics dealt with include recent studies and 
. theories on the chemical structure of the cell-wall ; 
on the pH-dependent reactions of the bacterial cap- 
sule with some proteins to give improved visibility, 
and some speculations and evidence on the move- 
ment and evolution of flagella., A chapter on the 
visualization and study of nucleoids points out the 
importance of staining techniques and their influence 
on- observed structure. To date, little success has 
been obtained in investigations of the nucleoids in 
the living cell. The nucleoids of bacterial cells cannot 
be considered as analogous to the nuclei of cells of 
higher forms of life, for the former contain only 
deoxyribonucleic acid, the ribonucleic acid remaining 
in the cytoplasm. Also, there is as yet little evidence 
that the nucleoids undergo mitosis or fusion. 

Prof. Annelise Winkler gives a clear account of the 
L-phage of bacteria, distinguishing clearly between 
this phase and the occurrence of abnormal bacterial 
forms which result from growth under the influence 


of some external stimulant. She points out that an . 
L-phase should be characterized by the ability to. 


breed true on media not containing penicillin or 
other L-form-inducing substances. The development 
and morphological characteristics of this phase are 
described. z 

The final chapter of the book gives valuable advice 
on research methods. . 

The book can be thoroughly recommended for its 
readability; critical treatment of the material used, 
wide range of literature surveyed and finally for the 
valuable critical observations of the author. 

E. KLIENEBERGER-NOBEL 


Shrubs and Trees for Australian Gardens 

By Ernest E. Lord. Third edition, completely 
revised. Pp. xxv +443 +123 plates> 
Lothian Publishing Co. Pty., Ltd., 1956.) 135s. 


HIS is the third edition of Mr. Lord’s well-known 

handbook. It contains annotated lists of trees 
and shrubs suitable for gardens in Australia. -The 
lists are classified into Australian trees (with special 
chapters on Acacia and Hucalyptus), non-Australian 
trees (including some from New Zealand), Australian 
shrubs, ‘and non-Australian shrubs (with a. chapter 
on Erica). There are chapters also on the plantmg 
and management of trees‘and shrubs, on plants for 
the arid conditions of inland Australia, and on land- 
scape gardenmg. The notes to the species are useful, 
though, composed in the style of the descriptions in a 
seedsman’s catalogue. The text needs to be read 
with forbearance, for it is not well written and it is 
sometimes wrong (as, for example, where it states 
that eucalypts are found nowhere else in the world 
‘but m Australia) ; but the photographs are beautrful 
and there is a charming introductory essay by Prof. 
J. 8. Turner, about sap and how it rises. The 
ridiculously high price is a reproach to the Australian 
publishing trade.” E ` ERIO AsHpy 
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Metallurgical Analysis by Means of. the Spekker 
Photoelectric Absorptiometer Re os 
By Dr. F. W. Haywood and A. A. R. Wood. Second 
edition. Pp. vāi+292. (London: Hilger and Watts, 

Ltd., 1957.) 40s. net. 


HE presené edition of this work is a consolidation 

and expansion of ıts earlier edition, incorporating 
new and modifid methods of absorptiomstric determ- 
ination of elements commonly met in metallurgical 
analysis, and working details of the recent H570 
Hilger and Watts’ ‘Spekker’ and its accessories. 
While the first edition has been a valuable guide to 
absorptiometrie analysts over the past thirteen years, 
it is now “inadequate and the new edition should 
successfully replace it. Much of the experience of the 
authors over the past few years has been introduced 
into the book and the vast literature on absorp- 
tiometry receives due recognition in a_new biblio- 
graphic sectim containing a large number of 
representative references each with a.short abstract. 
Similarly, a list of British Chemical Standards samples 
and their analytical data are given in an appendix. 
Overall, the book has been expanded to approximately’ 


, three times its original length and now meludes 


methods for the determination, with alternatives, of 
twenty-one elements grouped under classes of alloys 
in which they hay appear. Many of the ambiguities 
of the previous edition have been eliminated, and with 
its greater maturity this edition should more than fill 
the role of its predecessor. D. A. Panrony 


The Airglow and the Aurorae = 
A Symposium. held at Belfast in September. 1955. 
Edited by E. EB. Armstrong and A. Dalgarno. (Vol. 6 
of Special Supplements to the Journal of Atmospheric 
and Terrestrial Physics.) Pp. ix+420. (London and 
New York: Pergamon Press, Ltd., 1956.) 150s. 
22.60 dallars. ‘ 


HE layous, printing and binding of this volume 

are @ credit to its editors and publishers. It 
contains fifty-four contributions, of which six are in 
French and ths rest in English. There is no mention 
of-the discussions that formed part of the Sym- 
posium. The introductory paper, a stimulating 
review by S. Chapman, who presided at the two-day 
Symposium, devotes six of its seven pages to aurora, 
But in the rest of the volume the emphasis is very 
much on the airglow. Of the twenty-four papers 
which are greater than six pages in length, eight 
report observetions of airglow and one observation 
of aurora, and six deal with instruments for observa- 
tion of airglow or with the theories on which airglow 
observations ere based, but only two with instru- 
mental auroral observations. The remaining seven 
papers of this twenty-four consist of theoretical and 
laboratory studies, which are divisible fairly equally 
between airglcw and aurora. 

Of particular interest are nine contributions from 
the U.S.S.R. (n fairly clear English), involving eight 
authors (assuming A. J. and A. I. Lebedinsky to be 
the same perscn). These are all short notes but they 
do give an imsight into the work being done by 
Krassovsky and his colleagues at the Geophysical 
Institute in Moscow .(mainly on airglow), and by 
Lebedinsky, of the University of Moscow (on aurora). 
A preliminary announcement forecast the cost as 
ten guineas; -this figure has, in fact, been reduced 
by £3, but the cost is still rather high in relation to 
the size of the book. B. ‘McInnes 
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TRICHROMATIĆ IDEAS IN THE SEVENTEENTH AND 
' EIGHTEENTH CENTURIES* 


By R. A. WEALE - 


Ophthalmologica! Research Unit, Medica! Research Council, Institute of Ophthalmology, * 
London, W.C.! 


` 


YEAR or E25 _ago Walls! showed that we can 
no longer give Thomas Young the credit for 
originating the trichromatic theory of colour de- 
ficiency. Seidl? has recently suggested that the 


trichromatic theory of colour vision also antedates . 


_ Young’s work by forty or fifty years. Exactly 150 
years have elapsed since Young’s final formulation of 
his ideas®; hence it may be apposite to discuss the 
origins of "trichromacy in general and tò reappraise 
his contribution to the subject. 

The elusive prey of Wealls’s exciting historical 
research was one Palmer or Giros von Gentilly or 
Garod de Chantilly or, according to Walls, 
‘possibly’ Amury Girod, Second- and third-hand 
references to this polynomial can be found in the 
writings of Helmholtz, Seebeck and Wartmann, and 
Walls’s patient exploration has now located the 
sources of these references, The first is a paper of 
Palmer’s entitled “A Theory of Colour and Vision”, 
and published in London in 1777.° The second is an 
abstract of what must be a private communication 
of Palmer’s, which was published in 1781 in the 
newly founded Magazin fiir das Neueste aus der 
Physik und Naturgeschichte, edited by Lichtenberg ; 
and the third is a French pamphlet, published under 
Palmer’s name in 1786. 

The British Museum’ possesses only a eo 
translation of the 1777 paper. In this treatise, there 
is no mention of colour defects but a great deal on 
colour vision. The paper is presented in the form 
of a dialogue between Palmer and one Johnson ; 
according to an- American authority, the replies he 
offers to Palmer’s arguments are characteristic of 
Dr. Samuel Johnson himself, introduced, as Walls 
believes, to lend the work prestige. 

Palmer begins with a number of principles, the 
first of which states simply that light is colourless, a 
statement which we could readily accept if the word 
‘light’ were replaced by ‘radiation’ or ‘ether’ or some 
other word, non-sensory in its implications. The 
second principle says that each ray of light is made 
up only of three others, of which one is analogous to 
yellow, one to-red, and one to blue. Thirdly, these 
rays are in different proportions, which are preserved 
no matter how the principal ray is weakened or 
intensified (although Palmer was a good visual 
physiologist, his ideas of* absorption were rather 
poor). Fourthly, coloured substances absorb rays 
analogous to the colours which they offer us and are 
not perceived by the other rays which they reflect. 
Then follow some words on the production of black 
and white. 

The next part deals with the retina. Its surface is 
said to consist of an infinite number of nervous 
molecules, of three different types, and each of them 
can be moved by its analogous ray. Complete and 
uniform movement of these molecules produces the 
sensation of white; this movement is very fatiguing 
for the eye, and, if too strong, can injure and even 


* Substance of a talk given to the Colour Group’ of the Physicat 
Society on February 20. 


“just” 


destroy its organization. A little further_on, Palmer 
states that the movement of these molecules by rays, 


decomposed either by coloured surfaces or prismatic 


refractions, produces sensations of colour. 

This is interesting enough, but although. it ante- 
dates Young by some twenty-five years it still is not 
original, Johnson comments: “Your first three 
principles [about light consisting of three components] 
are similar to those due to many other people, as is 
the major part of your theory of vision’, Palmer 
replies: “I do not pretend to be going against every- 
thing that has been said on this subject before ; but 
only wish to produce & system in agreement with 
experimental facts .. .”. Johnson's opposition 
collapses : “Admittedly your later principles [dealing 
with black-and-white and also with the possibility 
of rays stimulating ‘non-analogous’ molecules] are 
diametrically opposed to accepted ideas and I am 


impatient to see how you prove their validity”. 


We need not concern ourselves much with the 
subsequent experiments except to say that Palmer 
neatly demonstrates trichromatic colour mixture by 
grinding and mixing nine parts of a blue pencil, eight 
- of a red one and seven of a yellow one to match grey, 
produces Mariotte’s prism experiment, (vide infra) as 
his own, and clearly states that ‘we have never seen 
the primary colours in their absolute purity” (cf. 
Helmholtz). 

From a biographical point of view, it may be men- 
tioned that he replies to a eulogy of Johnson’s: “In 
my youth, I could have enthused over the success of 
my experiments . . .”. This statement excludes the 
possibility that Palmer could have been Amury 
Gurod, who died sixty years after the publication of 
this paper. ° 


In the two other articles, one by Voigt, based 


presumably on a- private communication and pub- 
, lished in 1781, and the other dated 1786, Palmer sets 
` out a theory Of colour defects which, according to 
Walls, is in substantial agreement with the theory as 
we know it to-day. But he refrains from naming the 
primary mechanisms. 

While checking Walls’s references, I accidentally 
came across a reference to another author who had 
produced a theory of light and colour, none less than 
the notorious French revolutionary, Marat*. Accord- 
ing to Michelet, the celebrated historian of the French 
revolution, Marat got up one day to address the 
French National Assembly. “I believe,” he began, 
“that I have some personal enemies in this Assembly.” 
The reply roared back in unison: “Everybody”. 
But Marat, incidentally a doctor of medicine, was 
undismayed.: Small wonder, therefore, that, when 
members-of the French Royal Academy of. Science 


- specifically certified that they were not convinced 


that Marat’s experiments on light proved what he 
intended them to show, he cocked a snook at them. 
His idea is that white light is disorganized and 
becomes ‘ordered’ only by edge-effects after passing 
through an aperture (cf. Goethe). He complains that 
most authors mix colours by mechanical means, and 
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shows that three primary lights can be used for 
matching purposes. As he published his paper in - 
1780, it is just possible that he may have been 
acquainted with Palmer’s work, published in 1777. 
But since-Newton himself had mixed lights, and 
Marat had translated his “Opticks’ into French 
(1787), his complaint is a little difficult to under- 
stand. Again, d’Alembert’, the encyclopzdist, 
deduces from a study of dispersion that there is a 
nearly infinite number of colours, and not three, “as 
has been supposed by several physicists” (1764). 

These examples show that trichromacy was in the 
aw in 1770. Now Palmer seems to have been the 
first to enunciate a trichromatic theory of colour 
deficiency. Is this true also of his trichromatic theory 
of colour vision ? 

Seidl? mentions that the Monthly Review (1769) 
contains an account of Lomonosow’s theory of light 
and colours. This abstract refers to a Latin trans- 
lation® made exactly two hundred years ago of a 
Russian address given by Michael Lomonosow in 
1766, and is worth quoting: “This is an attempt to 
establish a new theory of light and colours. Mr. 
Lomonosow supposes light to consist of a subtle 
matter, agitated by perpetual vibrations and gyra- 
tions, on which latter species of motion depend our 
sensations of colours. He conjectures the particles 
of light tio be spherical, and to be of three different 
sizes, so adapted to each other that the smallest may 
be included in the interstices of the largest: the 
gyrations of the largest spheres, producing the 
sensations of red, those of the middle size yellow, 
and of the smallest blue. On the whole, the piece is 
mgenuous enough, but being purely hypothetical, we 
shall not trouble our readers with the conclusions our 
academic draws from premises so chimerical’’. 

This obviously invites close attention. Miss Bick’ 
tells us that Lomonosow was a man of many parts. 
In charge of a department of geography, he also 
owned a factory for producing stained glass. He had 
an ill-controlled temper, knocking one of his colleagues 
into incapacity lasting several days, but escaped the 
‘ wrath of the dignitaries of the Moscow Academy of 
Sciences, who, in those days, deplored any inter- 
vention in people’s private affairs. There are three’ 
volumes of Lomonosow’s works at the Senate House, 
University of London. Written in Russian, they deal 
with electricity, mechanics, oratory, grammar, and 
also contain Lomonosow’s verse, but nothing on 
colour. The Soviet Embassy, approached in the hope 
that they might procure the loan of the treatise‘im 
question, replied they could not find a copy in 
London and directed me to the Moscow Academy. 
Fortunately, Dr. K. Tansley noticed in Sotheran’s 
catalogue an entry for the Latin translation. This- 
was obtained withm the hour and the job of trans- 
lating it into English began on the same evening. 

“Unravelling nature’s secrets, oh listeners,” Lomon- 
osow begins, “is a difficult, though nonetheless a 
pleasant, useful and holy task. For indeed the more 
deeply we penetrate to the innermost part of her 
temple, the greater the joy which we shed over our 
spirit: the more fervent the zeal with which we make 


more and more discoveries, the more numerous the - 


benefits which we reap for the comforts of life: the 
more we inquire into the first causes of [Nature’s] 
admirable works, the clearer there is placed before 
our eyes the. Maker of all things. ... The heavens 
proclaim the glory of God. He, said the inspired 
prophet, placed His abode in the Sun, and in the Sun 
He exhibits the splendour of His divinity more 
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brilliantly than in anything else which He exposes 
to our eyes. For He sends the light not only to the 
remotest orbits of His planets, but also beyond them 
through. the eternal space of all His immense universe, 
and He sends forth a measureless mass of rays with 
a velocity such as to surpass the wildest speculations 
of Man.” 

If the introduction to the theory of light and 
colour extols the glory'of God, the theory itself sings 
the praises of Michael Lomonosow. He had previously 
put forward a theory of heat based on the view that 
the only type of movement, which molecules could 
reasonably engage in was gyratory. Now although 
light and heat are not the same thing—the Moon 
produces a lot of light but no heat—molecules must 
behave in the same way whether they are actuated 
by light or heat. The corpuscular theory of light is 
untenable—only consider the howling wind which 
would accompany an analogous streaming movement 
of molecules under the influence of sound waves. 
But a unified theory solves all difficulties. It is 
greatly aided by Lomonosow’s principle of concordant 
and discordant particles. This is basically a question 
of resonance to which the all-or-none law has been 
applied. Ether particles of a given type interact 
with material molecules only if they are mutually 
concordant. “By virtue of this do the vital fluids 
because of their motion, as 1t were, carry to the seat 
of the mind messages of changes which usually occur 
at their extremes, whilst they, of course, agree with 
the particles of external objects. This occurs at one 
point in time because of the close mutual contact of 
the particles in the whole nerve from its apex up to 
the brain. _ Far it also follows from the laws of 
mechanics that a-globule similarly disturbed by an 
external force will rotate and many thousands of 
those fellows, situated in uninterrupted rows, will be 
rotated, and if one slows down the others will follow 
and likewise ths movement will acquire velocity or 
tardiness.” 

A few furthes remarks on this type of mechano- 
neuro-physiology are followed by a fanfare: “ ,. . the 
shortness of time bids us to eschew a more 
lengthy explanation of these matters: the very 
beautiful colours [derived] from electric thunders and 
tempests pouricg forth strokes of lightning already 
entice, invite, astract my oration to themselves. 

“I have deciced to reduce the whole vast heap of 
the above-ment-_oned ethereal particles to three types 
of different size. all characteristically spherical. ‘Lhe 
particles of the first type are the largest of all and in 
continuous mutual contact in cubic order. As the 
ratio of a cube to a sphere of equal diameter is 
approximately swo, there will be as much vacuum 
between the particles as the space they occupy. Into 
the interstices do I place the ethereal particles of the 
second type wh-ch, bemg smaller, enter as it were m 
large numbers into each of the interstices, and, being 
in cubic order, fill by continuous and mutual contact 
only half their volume... . In a similar way do I 
place the ethereal particles of the third kind in the 
interstices of those of the second. . . . Furthermore, 
I find no reason—nor am I urged by any necessity— 
to divide [the other] into smaller particles, nor do 
experimental data compel me to do so. ‘These single 
particles of three types are concordant with single 
ones of like, but discordant with those of unlike type.” 

Lomonosow then proceeds to divide matter 
“according to the... concensus of celebrated 
chemists” into principal and subsidiary or partly 
active and partly passive substances. Salt, sulphur 
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and mercury belong to the former, pure water, air 
and earth to the latter. The three types of spherical 
ethereal particles are concordant with each of the 
principals respectively. Red originates from the first 
type of ethereal particle, yellow from the second, and 
blue from the third. Their concordance with the 
salt, sulphur and mercury respectively found in our 
optic nerves enables us to see these colours when the 
vital gyratory motion is produced. Other colours 
arise from a mixture of these primaries. ‘‘Gyration 
will freely act in the retina of the eye so that all 
colours will affect vision.” ` 

It is amusing to note to-day, when. colour is used 
in chemical analysis, that two and three hundred 
years ago chemistry was underlying the analysis of 
colour. 

“There is nothing left,” Lomonosow continues, 
“but that I should produce the arguments- which 
support me, and that I should convince you even 
more that my view is not pure figment or of no 
value as a hypothesis, but that ıt has major force 
and ıs of uncommon use. _ 

“First, as regards the question of three colours, 
every man, who is not beset by prejudice, can be 
convinced by innumerable optical experiments, per- 
formed by that illustrious physicist Mariotte... 
[who showed] that there are, in nature, not seven 
primaries, but only three colours.” It had previously 
become clear that Lomonosow had freely borrowed 
from Descartes. On reading this I proceeded to 
consult Mariotte’s “Treatise on the Nature of 
Colours’’*. Although he lived (1620-84) a century 
before Lomonosow’s time, the change from the 
Russian to the Frenchman is like that from alchemy 
to modern science. Here is a quotation from his 
‘introduction: “It is difficult not to confuse that 
which derives from the objects with that which 
derives from our senses. Few men would hesitate to 
say that the Sun is luminous, fire warm, that the 
strings of the lute have a pleasant tone; and while 
these things do not act on us except through some 
movements, the remainder of their appearance stems 
from us and must be attributed entirely to us. This 
truth derives from several experiments. Rub the 
palm of your hand with any material whatsoever : 
you will feel a type of warmth similar to that caused 
by fire when one 1s near to it: push a finger against 
a corner of your eyes during the night, and on the 
opposite side you will see appear a luminous circle. 
If one strikes a wail with one’s head violently one 
sees flashes of lightning and lights ; if one closes one’s 
eyes having looked at the Sun one sees for some time 
thereafter a type of light the brightness of which 
gradually diminishes, and changes successively into 
less lively colours, such as red, green, blue and 
violet. From which it follows that light, heat, and 
the majority of other sensory effects (qualitez 
sensibles) do not really belong to their objects ; but 
that these phenomena are determined by modi- 
fication of our senses, whatever the cause of such 
modifications may be. It follows from the same 
experiments that it is impossible to tell exactly how 
objects make us perceive’ what we do perceive; for 
example, why ice makes us feel cold rather than some 
other unpleasant feeling: and the only reason which 
‘we can give in connexion with similar questions is 
that our sense organs are naturally so disposed with 
respect to the objects as to receive their impressions 
in the manner we receive them”. [This anticipates 
Miiller’s Law of Specific Responses by more than 
160 years.] 
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“This being so, one clearly sees that it is not easy 
to talk of Colours, that is to say to explain their 
nature and particular causes of their diversity and 
their changes; and all one can hope to do in this 
very difficult subject is to- provide some general 
rules and to draw from them consequences which 
can be of some use in the arts, and enable us some- 
what to satisfy our natural desire to rationalize 
everything which crosses our path.” 

Mariotte’s treatise consists of two parts. The former 
deals with what one might call the geometrical optics 
of spectra, including the theory of the rainbow and 
parahelia. The latter gives a rather pedestrian 
account of the occurrence of various colours in 
Nature, refers to interference phenomena, and con- 
cludes with the description of some entoptic effects. 
Now from where did Mariotie get the idea of tri- 
chromacy ? 

At the beginning of the second part he says that 
there are five principal colours: white, black, red, 
yellow and blue. This statement is later modified : 
black is more opposed to white than are the other 
colours because (in surface colours) black results from 
zero or near zero reflexion of light. Again, if one 
assumes that colour is a modification of light we 
must admit neither black nor white to the colour 
gamut as—and this is important-—‘‘blackness is the 
absence or feebleness of light, and whiteness due to 
light being reflected without modification”. 

Like Marat a hundred years later, Mariotte derived 
his three primaries from an examination of the 
spectrum. He was unfamiliar with the idea of a pure 
spectrum (witness the experiments he described in 
Part 1) and observed that a beam of white lght, 
passed through a prism, showed significant changes 
in colour according to the distance between the prism 
and a white screen on which the refracted light was 
received. When the screen was held at a distance of 
3 or 4 ‘thumbs’, all was white. At 12 or 15 feet all 
was colour. The only colours visible at a distance 
at which any colour appeared happened to be red, 
yellow and blue. As the screen is moved away from 
the prism the coloured bands broaden. In particular, 
yellow and blue widen to such an extent as to over- 
lap, to form green by mixture, when white is elim- 
inated. I think this account disposes of a view 
widely held, namely, that yellow used to be thought 
& primary colour only because yellow and blue 
pigments mixed produced green. 

Summerizing, therefore, it is evident that the idea 
of three primary colours can be traced to Mariotte. 
I do not believe that, except on more flimsy evidence 
than Mariotte’s, it will have occurred earlier, partly 
because Leonardo said there were four primaries, and 
partly because the seventeenth century is the first in 
which the properties of light received analytical, as 
distinct from descriptive, attention. Then, if Mariotte 
originated trichromacy, Lomonosow speculated about 
three retinal mechanisms, and Palmer gave in the 
eighteenth century as good an account of colour 
deficiency as the nmeteenth or twentieth have man- 
aged to produce, what credit is due to Thomas 
Young ? 

In fairness to him, one should emphasize that he- 
never claimed priority in matters relating to colour 
vision. In connexion with perihelia he explicitly 
admits that he did not know Mariotte had anticipated 
his own theory along similar lines. But, his remarks 
on colour vision and deficiency are presented with 
the air of one who would say, “You know what this 
is all about and the simplest thing to assume is 
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really these three retinal mechanisms. In Dalton’s 
case one of them happens to be inoperative’. If 
Young's work is extolled, Helmholtz is probably to 
blame. But Young did make one significant contri- 
bution. In his Bakerian Lecture’ he calls red, yellow 
and blue the principal colours. Yet in Lecture 37 
“On Physical Optics”, they are changed to red, 
green and violet*. No reason for this change is 
mentioned, and the only one which can be imagined 
in Young’s day is that colours can be matched with 
more manageable proportions of these colours than 
almost any other set of matching stimuli. It does 
suggest, however, that Young may have realized 
more clearly than Palmer had done that the so-called 
primary colours need not necessarily be primary from 
the point of view of spectral perspective. 

The importance of any character in a play or a 
novel can be gauged from the appearance which the 
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work would have without the charactermin question. 
If this test is applied to Thomas Young and the 
history of the srichromatic theory the most that can 
be said is that, by his authority, he speeded its 
acceptance. But were we to delete from his writings 
the references to the subject, his predecessors may 
fairly be admitted to have advanced it far enough 
for us to find +t in its present form. 
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* Marat, J. P., ““Découvertes sur la lumiére” (Jombert, Paris, 1780). 

* d'Alembert, J., Opuscules mathém., 3, 392 (1764). 

* Lomonosow, M., “Oratio de origine lucis, ...", translated by G. 
Kositzki (Acad Sci. Petersburgh, 1757). 

? Bick, Y., M.Sc. thasis (University of London, 1949). 

* Mariotte, E., “Oeavres” (Vander Aa, Leyden, 1717). 

8 Yomi B: “On tbe Theory of Light and Colours”, Bakerian Lecture 


FUNGISTATIC PROPERTIES OF PLANT TISSUES 


An Antifungal Substance from the Tissues 
of Vicia faba 


ANTIFUNGAL and antibacterial substances have 

been found in a number of plants, and it is 
possible that in some cases such compounds, present 
in the tissues, provide protection against certain 
pathogenic organisms. Phenolic compounds, tannins 
and other substances have been associated with such 
natural disease resistance in plants’. 

During our earlier investigations on systemic fungi- 
cides we used a method for laboratory assessment 
described by van Raalte’, in which the compound is 
placed on top of a cylinder of potato or tomato leaf 
petiole standing upright on the surface of nutrient 
agar previously sown uniformly with fungal spores. 
If the growth of the fungus is inhibited around the 
base of the petiole, then the fungicidal action which 
is being exerted in this region must have arisen either 
directly or indirectly from the chemical treatment 
applied. This test has been modified and critically 
examined here using a range of aryloxy- and arylthio- 
alkanecarboxylic acids. Untreated leaf petioles of 
potato, tomato and tissues of several other plant 
Species had no inhibiting effect on the growth of 
Aspergillus niger using this technique ; but segments 
of the stems and roots of broad bean 
(Vicia faba) seedlings when placed 
on the seeded agar in this way pro- 
duced a marked antifungal effect, 
giving a clear zone of inhibited 
growth of some 10 mm. in diameter. 
‘The greatest activity was found in 
the lower parts of the stem and the 
upper segments of the primary root 
(Fig. 1). Secondary roots and cotyle- 
_ dons of the seedlings also showed a 
‘small fungistatic effect, but the 
leaves were inactive. Further in- 
vestigations showed that the sub- 
stance or substances producing the 
antifungal effect were present in 
much smaller amounts in tissues of 
mature plants, though immature 


seeds, assayed immediately after “bet 


Inhibition of growth of A. niger on nutrient 
(left) and segment of primary root (ri 


removal from the pods, displayed appreciable anti- 
fungal activity which was all centred in the cotyledons. 
This property of broad bean plants was shown by all 
of eleven varieties tested, and a similar, but much 
smaller, activisy was found in corresponding tissues 
of runner bean (Phaseolus multiflorus) and pea (Pisum 
sativum) seedimgs'. 

In attempts to determine the properties of the 
antifungal maserial in the broad bean, seedlings of 
variety Green Windsor were used. Extracts were 
assayed for activity using A. niger sown on potato 
dextrose agar Dlates as above, and their capacity to 
inhibit germination of the spores of Botrytis cinerea 
was also determined. The lower parts of the stems. 
of the seedlings were used throughout. No antifungal 
activity was found in the fluid expressed from the 
tissue nor in extracts from it. Furthermore, extracts 
of the stem tissae made with water, aqueous methanol, 
ethanol, acetone, ethyl acetate and light petroleum 
and various fractions separated chemically from these 
extracts all produced no inhibitory effect, and in 
many cases @ stimulation of growth occurred. ‘The 
antifungal corstituent, however, was readily ex- 
tracted from the cut tissue by agar, and by placing 
small cylinders of this treated agar on to seeded 
plates, the antibiotic activity could be observed. 








arising from segment of stem 
t) of Vicia faba 
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To obtain the material, a large number of segments 
of stem tissue were placed in.contact with agar for 
18-24 hr. in the dark at 25° C. and the agar was 
then extracted in a Waring blendor with peroxide- 
free ether. Concentration of the ether extract (dried 
ever sodium sulphate) yielded the active substance, 
together with impurities, as a brown gummy material. 
When the activity of this was assessed in the A. niger 
plate test, a quantity derived from 10-12 plants gave 

~& clear zone 11-13 mm. in diameter. A suspension of 
the substance in water at a concentration equivalent 
to 120 plants per ml. totally inhibited the germination 
of B. cinerea spores. 

In view of the pronounced fungistatic effect shown 
by a single segment of stern or root in the plate test 
(Fig. 1) it would appear that the agar/ether extraction 
technique yields only a proportion of the active 
material. However, when a cylinder of the ether- 
extracted agar, freed from ether, was examined. in 
the plate test, no activity could be detected. It is 
possible that some fungistatic constituent, active in 
the single segment test, is unstable and does not 
survive the extraction process. This point is being 
examined, 

Further investigations on the antifungal extract 
from the agar, in which Dr. R. A. Heacock has taken 
part, have indicated the following. It is: (a) not 
destroyed by exposure to air or light; (b) very 


< o slightly soluble in water, more soluble in ether and 


© in ethanol; (c) fairly stable to boiling for 3 hr. with 
< L per cent hydrochloric acid but not with 1 per cent 


-sodium hydroxide; (d) weakly acidic ; and (e) active, 


against B. fabae, Alternaria solani and Monilia 
_ Jruetigena. When the extract was subjected to paper 
chromatography using m-butanol/acetic acid/water 
(4: 1:5) on Whatman No. | paper, the active zone 
was found in the region of Ry 0-95 + 0-05. Using 
the same solvent with paper buffered to pH 8-4, a 
spot giving the same colour reactions appeared at 
Ry 0-8-0-85, In all other solvent systems studied so 
far, Rp’s > 0-9 were obtained. The active spot gave 
a blue colour when sprayed with acidified. ferric 
chloride followed by potassium ferricyanide and it 
decolorized acidified permanganate. No colour 
appeared when the spot was sprayed with potassium 
iodide in. dilute hydrochloric acid followed by starch 
solution. It gave no reaction with ninhydrin or with 


veg >4-dinitvophenylhydrazine, but formed a bluish- 


--violet colour with Gibbs’s reagent (2 :.6-dichloro- 
quinonechlorimide) anda brown colour with ferric 
chloride. With diazotized para-nitraniline or sul- 
phanilic acid followed by sodium hydroxide it formed 
a- rod azo dye, These colour tests indicate that the 
substance is phenolic and has reducing properties. 
Chromatographic evidence and solubility considera- 
tions, however, do not suggest that it is a tannin. 

¿Further investigations’ have established that the 
compound is not 3: 4-dihydroxyphenylalanine, known 
to. oecur in bean plants, nor is it traumatic acid 

~ (A*-decene-1: 10-dicarboxylic acid), which has been 
isolated from damaged bean tissues‘. 

In another series of experiments some evidence has 
< been obtained which indicates that our antifungal 

- cormpound may not be present as such in intact bean 
-plants, but that it is produced in the tissues in 
‘response to a wounding stimulus. If this is the case, 
it raises the possibility whether slight damage to 
cells of broad bean ‘plants brought. about by the 
penetration of a fungal spore. germ tube might be 
‘sufficient: to initiate the formation, within the host, 


of this. substance with antifungal activity. The 
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liberation of such a compound at the site of attack 


might help to explain the natural resistance shown 
by broad bean seedlings towards some of the fungi 
which are pathogenic towards other plant species. 
As yet we have little evidence that this natural 
resistance has. a chemical basis, but our investigations 
along these lines and on the chemical nature of the 
broad bean ‘antibiotic’ are proceeding. 

D. M. Spencer 

J. H. Topps 

R. L. WAN 


Agricultural Research Council 
Systemic Fungicide Unit, 
Wye College (University of London), 
Nr. Ashford, Kent. 


Topps, J. H., thesis, University of London (1956). 
2 van Raalte, M. H., Proc. Third Int, Congr. Crop Protection, Paris, 
p. 76 (1952). 


? Miller, E. R., J. Biol. Chem., 44, 481 (1920). 
t English, J., Bonner, J., and Haagen-Smit, A. J., Pron U.S. Nat. 
Acad. Sei., 25, 323 (1939); J. Amer. Chem, Soe., 61, 3434 (1939). 


Fungistatic Properties of Leaf Exudates 


Giutiver!, in a survey of 1,915 angiosperms, 
obtained antifungal extracts from 23 per cent of the 
species examined by grinding the plant materials with 
sand and water. Among the tissues giving active 
extracts were the leaves of a few woodland trees. In 
other studies, quoted. by Wain?, the resistance of a... 


variety of plant species has been correlated with the ese 


presence of a fungistatic substance. i 

Work here on naturally occurring fungicidal and 
fungistatic substances has included a further exam- 
ination of the resistance of certain woodland trees to 
fungal pathogens. It is well recognized that morpho- 
logical and environmental factors might be involved 
in disease resistance, but there is also the possibility 
that such resistance has a chemical basis. Indeed, 
protection might well arise through the influence of 
water-soluble compounds exuded from the leaf. 

Direct evidence for this was obtained in a number 
of cases by Brown’, who showed that drops of dis- 
tilled water from the surface of petals and leaves 
from a number of plant- species showed different 
capacities for bringing about the germination of 
spores of Botrytis cinerea. In most cases, a stimulatory — 
effect was observed; but in others the effect was 
negligible and, in a few instances, fungal spore 
germination was inhibited. . Exosmosis from the 
leaves and petals was in all cases established by 
conductivity measurements on the treated drops. 
Apart from the appearance of nutrient and other ions 
at the leaf surface, however, the possibility exists - 
that organic molecules are exuded which are able 
to stimulate or inhibit the germination of fungal 
spores. 

To examine this possibility, the verdant leaves of 


twelve species were gathered in October 1953 andin o 


the following two years in June. For the purpose of 
comparison, the number of leaves or leaflets used in 
each case was calculated to give approximately the - 
same overall surface area. ‘The surfaces of the un-. 


damaged leaves after collection were washed with —__ 


distilled water three times at six-hour intervals, and- 
the washings in each case were examined for their 


capacity to inhibit the germination of the spores of r n 


the fungus, Botrytis cinerea. 


The extremely. dilute washings so obtained were ae 


without effect and, in order to concentrate any active — . 
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Table 1. EFFECTSIOF ETHER-EXTRACTED WASHINGS OF cea on CERTAIN TRBES ON SPuRB GERMINATION AND GERM-TUBE LENGTH OF 
48 cinerea 





























observed x 100 
control 


Corrected percentage germination = 
materials present, in all subsequent experiments each 
water solution was extracted with ether. The ether 
was then removed and the residues suspended in 
0-5 ml. water were tested against the spores of B. 
cmerea. Such -extracts from a number of species 
showed a significant degree of fungistatic activity 
(see Table 1). With all species examined, except 
those of laburnum and sycamore, the extension of 
the conidial germ' tubes was retarded, and with hazel 
and chestnut a thickening of the germ-tube occurred. 
The most fungistatic extracts were those obtained 
from elder and privet. In the 1955 experiments the 
evergreens, yew and ivy, were also included. Of 
these, only the leaf washings of the latter showed 
appreciable activity. 

The present results support the early findings of 
Brown’, and indicate that intact leaves of some 
species can yield small quantities of water-soluble 











No. of October 1953 June 1954 June 1955 

leaves or Corrected Max, gorm- Corrested Max. germ- Corrected Max. germ- 

- leafiets percent tube length per @nt tube length per cent tube length 
used germ. (u) gern. H germ. (u) 
Control 300 10C 330 100 270 
Ash (Fraginus excelswr) 180 160 8E} 140 91t 150 
Beech (Fagus sylvatica) 150 140 10C 100 100 75 
Chestnut (Castanea satwa) 40 150 get 170 o4* 150 
Elder (Sambucus negra) 150 100 2it 40 41t 75 
Falso acacia (Robinia pseudoacacia) 300 80 oct 70 aal 100 
Hazel (Corylus avellana) 50 120 8c} 160 80 120 
Horse-chestnut (Aesculus hippocastanum) 35 160 git 170 93t 90 
Laburnum (Laburnum anagyroides) 300 330 gEf 300 96* 270 
Common oak (Quercus robur) 60 150 att 170 79} 140 
London plane (Platanus acerifolia) 30 250 gE 150 79t 120 
Privet (Ligustrum vulgare) 600 110 pee Sa 50 41} 30 
Sycamore (Acer pseudoplatanus) 18 300 ges 250 97 300 
Ivy (Hedera heliz) 50 96* 120 
Yew (Taxus baccata) 8,500 98 250 





: S.gnificant at 5 per cent level 


r ” >» 


t " l» os 


compounds possessing fungitoxic properties. The 
solutions obtained by washing the leaves were them- 
selves too dilut= to affect spore: germination, but it 
is suggested that the much more concentrated 
solution of compounds from the leaf which would be 
present under natural conditions in the film of 
moisture on its surface might be decidedly fungi- 
toxic. Indeed, this may well represent a natural 
defence mechanism against fungal attack. 


J. H. Torres 
R. L. Wain 
Wye College (University of London), 
Neaz Ashford, 
Kent. 


1 Gilliver, K., Ann. App. Biol., 34, 186 (1947). 
* Wain, R. L., Ann. App. Biol., 38, 429 (1952). 


s Brora, We Ann. Bot., 38, 101 (1922); see also Ann, Bot., 38, 286 


l ARTHUR D. LITTLE RESEARCH INSTITUTE ~ 
By Dr. F. N. WOODWARD, C.B.E. 


Director 


NEW research organization, under the joint 

auspices of the Arthur D. Little organization of 
Cambridge, Massachusetts, and a number of promin- 
ent individuals in Britain interested in the furtherance 
of mternational scientific relations, has been set up 
with the approval of H.M. Government at Inveresk, 
near Edinburgh, in the laboratories occupied during 
the past ten years by the Institute of Seaweed Re- 
search of which I was formerly director. The inaugur- 
ation of the new Institute took place on March 22, 
when the Minister of State for Scotland, Lord Strath- 
clyde, performed the opening ceremony. 

In conception and method of operation the new 
organization is unique. Fundamental studies in 
different scientific fields are being undertaken by 
teams, each consisting of about four scientists with 
appropriate technical assistance, the leader of the 
team m each case being a specialist in that particular 
line of research. The work being entirely of a funda- 
mental character, the staff will not be concerned with 


any specific or immediate commercial objectives. 
Examples of projects already in train are concerned 
with a basic ssudy of linear polymers, including an 
investigation oT the mechanism, kmetics and proper- 
ties of such polymers; and the chemistry of the 
sodium sucrates and their derivatives. Financial 
support for these and later studies is being provided 
by a number of organizations, co-operating with 
Arthur D. Little, Inc., who believe that there is an 
increasing need for basic research to indicate new and 
promising areas in which the applied scientist can 
work. 

Although the costs of establishment and mitial 
support have keen borne by American funds, future 
projects will be open to British and Contmental 
sponsorship on exactly comparable terms. The 
direction of the Institute and the majority of its staff 


. are British but it is intended to give an international 


quality to its operations by engaging scientists from 
the Continent. Members of the scientific staff will. 
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be free to publish their findings, to discuss their work - stituted in line with the change in emphasis of its 


and to enter fully into the life of the scientific com- 


munity. The Institute will continue the well-estab- ` 


lished, close association between the universities and 
the Inveresk laboratory. ' £ 
The new Institute, which is known as the Arthur D. 


Little Research Institute, is governed by a Board of | 


Management of which Lord Bilsland 1s chairman. 
The other British members of the Board are Sir 
Robert Erskine-Hill, Sir David Anderson, director 
of the Royal College of Science and Technology, 
Glasgow; and Sir Ian Heilbron, director of the 
Brewing Industry Research Foundation, Nutfield, 
Surrey, professor emeritus of organic chemistry, 
University of London, and war-time scientific adviser 
to the Minister of Production. The American’ mem- 
bers are Mr. Raymond Stevens, president of Arthur 
D. Little, Inc., and Dr. L. W. Bass and Mr. W. A. W. 
Krebs, vice-presidents. ` a 

Since 1944 the Institute of Seaweed Research has 
been elucidating many of the scientific problems 
agsociated with the marine algae and their utilization. 
This work, which has stimulated great interest in 
practically every maritime country m the world, 
has aided the development in Britain of a new 
industry based upon seaweed now using annually 
more than 40 thousand tons of a crop which, until 
recently, was looked upon as useless. The industry 
has brought much-needed employment to the high- 
lands and islands of Scotland. ` 

By agreement, the work on seaweed which is being 
continued under the ægis of the Institute of Seaweed 
Research financed from the Development Fund is 
still based on the Inveresk laboratories. This will be 
independent of the new Institute, and ıts main 
responsibilities are now to support fundamental ses- 
weed research at the universities, to operate an 
information service particularly for the use of indus- 
try, and to give technical assistance and advice to 


those interested in seaweed utilzation in the crofting ` 


communities. Mr. E. Booth is in charge of these 
operations and is answerable to the Institute of 
Seaweed Research Board, which has been recon- 


N 


work. 

The Arthur D. Little organization, which is situated. 
next to the Massachusetts Institute of Technology- 
on the Charles River in Cambridge, Massachusetts, 
is the oldest and most diversified of the private 
industrial research orgamzations in the United States 
and works on problems of both basic and applied 
research brought to it by industry and by Govern- 
ments. x X 

Although the American organization’s activities 
have been mainly concerned with the application of 
technical knowledge to industrial problems during the 
past seventy years, it has also undertaken fundamental 
investigations in a variety of fields such as solid- 
state physics, low-temperature physics and chemistry, 
meteorology, biological research connected with 
cancer problems, the last-named under the auspices 
of the U.S. National Institutes of Health. More 
recently, experts from Arthur D. Little, Inc., have been 
asked to assess unutilized resources in a number of 
areas such as Manitoba, Newfoundland and Nova 
Scotia in Canada as well as in Honduras, Jamaica, 
Puerto Rico, Egypt and Iraq, and to advise the 
Governments concerned as to how ‘best these can be 
developed. A x 2 

The Arthur D. Little organization has had many 
connexions with the United Kingdom; in 1928-29 
the late Dr. Little served as president of the Society 
of Chemical Industry and was awarded its: Perkin 
Medal in 1930. 

The Arthur Dehon Little Memorial Lectureship at 
the Massachusetts Institute of Technology has been 
held by a number of distinguished British scientists, 
including Sir Edward Appleton, prmeipal and vice- 
chancellor of the University of Edmburgh, and 
Sir Alexander Todd, chairman of the Advisory 
Council on Scientific Policy. 

The new Institute at Inveresk is the first of this 
type in Britain. It is international in direction and 
outlook and will open up further channels of com- 


munication between North American scientists and - 


their British and Continental colleagues. 


OBITUARIES 


Prof. Walter Bothe 


Pror. WALTER Borse, head of the Department of 
Physics at the Max-Planck-Institut fiir medizinische 
Forschung, Heidelberg, died on February 8 after a 
long illness. He was born in Berlin on January 20, 
1891, and was educated at the University of Berlin 
as a pupil of Max Planck. In 1914 he obtained a 
doctorate for an investigation on the molecular theory 
of refraction, reflexion, dispersion and extinction. 
During the Furst World War, while a prisoner of war in 
Russia, he continued his work in this field. From 
1920 until 1931 he was working as a member of 
the Physikalisch-Technische Reichsanstalt in Berlin- 
Charlottenburg, in 1931 became professor of physics 
in Giessen and in 1933 head of the Physics Department 
of the present Max-Planck-Institut in Heidelberg. 

At Berlin-Charlottenburg his activities turned first 
to the theoretical problems of radioactive decay. But 
working there along with H. Geiger, he became one 
of the best experimental physicists in the field of 
radioactivity and cosmic radiation. He realized the 


1 


troublesome conditions for smgle scattering of beta- 
rays, especially for large angles, and in later years he 
investigated very carefully the transition between 
multiple scattering and the diffusion of the electrons 
for electrons emerging from a foil. The problem of 
single and multiple scattering of beta-rays held his 
interest throughout his whole life. 

Bothe had an unusually comprehensive faculty for 
dealing with very different problems experimentally 
as well as theoretically. One of his most important 


investigations was carried out in 1924 together with . 


Geiger, when they proved experimentally that the 


“conservation of momentum and of energy is valid in 


the elementary process of the Compton effect, and 
not only statistically as suggested from some quan- 
tum-mechanical considerations. In these experiments 
the coincidence -method was developed which Bothe 
and Kolhorster applied later to provide evidence of 
the existence of high-energy particles in cosmic 
radiation. The discovery of the neutron started in 
1930 with the observation of a very penetrating radia- 


:tion by Bothe and Becker when bombarding certain 
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light elements, and especially beryllium, with alpha- 
particles from polonium. Bothe and Becker con- 
cluded that this radiation consisted of gamma-rays of 
several million electron volts energy. This conclusion 
was completely right, since their Geiger counter was 
not sensitive for neutrons. Yet even if the authors 
could not detect the neutron by their experiments, 
they had discovered the artificial excitation of nuclear 
gamma-rays and thereby paved the way for the 
discovery of the neutron. , 

, From Bothe’s wide range of work there may further 
be mentioned the method of determining gamma-ray 
energies by measurement of the absorption of the 
secondary electrons produced by the gamma-rays in 
an appropriate foil, and his investigations on the 
diffusion of neutrons ın different materials. 

Bothe was a very good teacher, exacting in his 
demands but highly stimulating, and many of the 
younger physicists m Germany as well as m other 
countries have been his students. His hobbies were 
music and painting, in which he found recreation and 
delight. 

In 1954, Bothe received the Nobel Prize for Physics 
(jointly with Max Born), for the development of the 
coincidence method and the results obtained by its 
application. Lise MEITNER 


` 


No. 4561 


Dr. P. Grodzinski 


Tue death was reported on February 20 of Dr. 
Paul Grodzmski, who died of a heart attack at the 
ago of fifty-six. 

Grodzinski, born in Berlin, studied at Dresden in 
the Faculty of Engineering, and from 1932 onwards 
worked as a freelance technical writer with a special 
interest in mechanisms. In 1938 he settled in London, 
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and two years later was largely seanonsibis for the 
founding of the Industrial Diamond Review. From 
the very first Grodzinski became the technical editor, . 
which position he occupied until his death. In 1943 
he became heed of the Industrial Diamond Informa- 
tion Bureau of the Industrial Distributors (Sales), 
Ltd., and in that capacity was responsible for the 
publication af the “Bibliography of Industrial 
Diamond Applications”. 

He was the author of several very valuable books, 
among which were “Diamond Tools” (1936 and 1944), 
“Diamond ani Gem Stone Industrial Production” 
(1942), ‘“Pract-cal Theory of Mechanisms” (1947) and 
in particular and most outstanding, ‘Diamond 
Technology”? (1953). This last book is easily the most 
outstanding contribution in the field, an 800-page 
treatise which. in effect, was the accumulation of his 
life’s work. 

Grodzinski Lad a flair for inventing fine mechanisms 
and in particular his double-cone diamond indenter 
and his mache for the production of spherical 
diamond surfaces were outstanding achievements. 

In his capacity as head of the Diamond Information 


Bureau many users of diamond, whether it was a 


question of custing an optical grating or a question of 
pure history, found, on turning to Grodzinski, an 
amazing and profound knowledge of a vast literature. 
He himself had a particular interest in the history of 
the use of diamond and made several novel contribu- 
tions to the subject, unearthing a number of unusual 
prints and enzravings bearing thereon. His know- 
ledge of the Lterature extended far beyond that of. 
diamond, for hard materials and the production and 
testing of superfine finishes were, to him, as important 
as the diamond itself. His passing leaves a void 
which will be difficult to fill. S. TOLANSKY 


NEW FELLOWS OF THE ROYAL SOCIETY 


Ar the meeting of the Royal Society on March 21, 
the following were elected to fellowships : 


Pror. S. ADLER, professor of parasitology in the 
Hebrew University, distinguished for his researches 
on pathogenic protozoa and the diseases caused by 
them, especially visceral and cutaneous leishmaniasıs. 


Pror. E. C. Amoroso, professor of physiology in 
the University of London, distingushed for his 
studies on reproduction in vertebrates. 


Dr. CHARLOTTE AUERBACH, lecturer m animal 
genetics m the University of Edinburgh, distinguished 
for her pioneering work on the chemical induction of 
mutations. 


Dr. G. K. BATCHELOR, lecturer m mathematics m 
the University of Cambridge, distmguished for his 
contributions to the theory of turbulence, and other 

branches of fluid mechanics. - ~ 


Pror. W. E. Burcnam, Oliver Lodge professor of 
physics m the University of Birmmgham, dis- 
tinguished for his experimental work with particle 
accelerators, and particularly for his investigations 
of alpha-particle emission from the excited states of 
light nuelei. 


Pror. F. S. Darron, professor of physical 
chemistry in the University of Leeds, distingmshed 
for his contributions to physical chemistry and 


partıcularly his work on reaction kmetics, polymer- 
ization processes and radiation chemistry. 


Pror. J. F. DANWLLI, professor of zoology in the 
University of London, distinguished for his work in 
cellular biology, particularly on the nature of the 
cell surface and on the intracellular localization of 
enzymes. . 

FreD Hovis, lecturer in mathematics in the 
University of Cambridge, distmguished for his work 
on stellar constitution, on nuclear reactions in stars 
and on cosmological theory. 


Pror. J. K. N. Jones, professor of chemistry in 
Queen’s University, Kingston, Ontario, distinguished 
for his structural studies of complex macromolecules 
and his imvestigations on the biosynthesis of simple 
sugars. 


Pror. H. & Lieson, professor of applied physics 
and director of the Laboratories in the Faculty of 
Technology, University of Manchester, distinguished 
for his work on the crystal structure of inorganic 
compounds ard metallic alloys, and his development 
of computational methods in X-ray analysis. 


ProF. J. MoMICHAEL, professor of medicine in the 
University of London, distinguished for hus con- 
tributions to medical knowledge, ny on the 
mechanisms of heart failure. 
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Sm Lesize Marri, professor of physics in the 
University of Melbourne and chairman of the Aus- 
tralian Defence Research and Development Policy 
Committee, distinguished for his work on the ioniza- 
tion of gases by X-rays and on the angular distribu- 
tion of alpha-particles from nuclear reactions. 


Pror. B. MENDEL, professor of pharmacology in 
the University of Amsterdam, distinguished for his 
work on true ‘and pen cholinesterase and -on 
‘ali-esterages’. 


Pror. C. L. Oaxzuzy, Brotherton. professor of 
bacteriology in the University of Leeds, distinguished 
for his researches on the toxims of anaerobic bacteria 
of the genus Clostridium, and on the site_of antibody 
production, 


Pror. H. R. Prrr, professor of pure mathematics 
in the University of Nottingham, distinguished for 
his work on the theory of series, harmonic analysis, 
ergodic theory and random processes. 


Dr. F. L. Ross, director of research, Imperial 
Chemical Industries (Pharmaceuticals), Ltd., dis- 
tinguished for -his work ın organie chemistry, par- 
ticularly for his contribution to the synthesis of drugs 
such as ‘Paludrme’ and ‘Antrycide’. 

Dr. E. Lester Surry, research biochemist, Glaxo 
Laboratories, Ltd., distmguished for his researches on 
the chemistry and biochemistry of vitamins, especially 
for the isolation and crystallization of vitamin B,,. 

Sm Ewart Smita, deputy chairman and technical 
director, Imperial Chemical Industnes, Ltd., distin- 
guished for the application of @ scientific mind and 
of scientific knowledge and methods to the design, 
development and management of chemical manufac- 
turing plant and processes. 
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Pror. H. B. SQUIRE, Zaharoff professor of aero- 
nautics in the University of London, distinguished 
for his contributions to the solution of aerodynamical 
problems, both by theoretical and experimental work ; 
his work includes investigations of stability of air 
flow, of heat flow, of. profile drag and of the aero- 
dynamics of helicopter rotors. 


Pror. F. C. STEWARD, professor of botany in 
Cornell University, Ithaca, distinguished for his work 
on the mechanism of salt absorption and on nitrogen 
metabolism in mature and meristematic plant tissues. 


Dr. W. S. Srimms, senior principal scientific officer, 
Light Division, National Physical Laboratory, dis- 
tinguished for his work on vision, particularly on the 
physical and physiological processes concerned in 
stimulation of the retina by light. 


Dr. R. C. Surciirym, deputy director (research), 
Meteorological Office, distinguished for his investi- 
gations in meteorology, which have put the problem 
of forecasting on a more scientific basis, by taking 
account of simultaneous ia processes and 
thermal changes. 


DR. D. N. WADIA, director of the Raw Materials 
Division, Department of Atomic Energy of India, 
distinguished for his researches into the geological 
structure of the Himalaya. - 


Dr. A. S. Warr, lecturer in botany in the Univer- 
sity of Cambridge, distinguished for his contributions 
to ecology, especially of the cy-lic changes in vegeta- 
tion and soils. . 

Pror. W. F. Wurrrarp, vhaning Wills professor 
of geology in the University of Bristol, distinguished 
for his contributions to paleozoic stratigraphy and 
to > ponte: 


NEWS and VIEWS 


Food Investigation Organization : 
Dr. Franklin Kidd,"C. B. E., F.R.S. 


Dr. FRANKLIN Kipp, who has just retired from 
the Food Investigation Organization after nearly 
forty years servico, was educated at Tonbridge 
and St. John’s College, Cambridge. 
brilliant undergraduate career, during which he 
became Slater Student, Frank Smart Prizeman 
(Zoology) and Walsingham Medallist, he was elected 
Fellow of his College m 1913. His earlier researches 
in plant physiology covered many branches, includmg 
unportant contributions to the study of plant 
respiration, plant growth and secondary dormancy of 
seeds. During this period he was awarded the Allen 
Scholarship and the Gedge Prize. Dr. Kidd jomed 
the Department of Scientific and Industrial Research 
in 1918, and was appointed superintendent of the 
Low Temperature Research Station, Cambridge, in 
1934, in succession to the late Sir William Hardy. 
In 1947 he became director of food investigation. 
After joining the Department of Scientific and Indus- 
tmal Research, he was chiefly concerned with prob- 
lems connected with the handling, conservation and 
transport of perishable foods. The improved method 
of refrigerated fruit storage, now generally known as 
‘gas’ storage, was based on fundamental knowledge _ 
obtained from his earlier work-on seed dormancy. 
This method, which was developed in collaboration 


he 
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with Dr. Cyril West, formerly superintendent of the 
Ditton Laboratory, has largely replaced ordinary 
cold storage for apples and pears. 

Many calls have been made by governments on 
Dr. Kidd’s skilled services as an adviser in the field 
of food science. During 1927 he visited South Africa, - 
Australia, New Zealand, Canada and the United 
States to study questions arising in the handling, 
storage and transport of perishable foodstuffs, and 
the problem of the requisite organization, personnel 
and equipment for their solution. Afterwards, 
reports were made to the Australian Commonwealth 
Council for Scientific and Industrial Research and to 
the Prime Minister of New Zealand. In 1936 Dr. 
Kidd went to South Africa to act as chairman of a 
Commission set up by H.M. Government in the 
Union to inquire mto the problem of pre-cooling 
deciduous fruits. Dr. Kidd’s achievements have been 
recognized by his election to the Fellowship of the 
Royal Society in 1944 and-by his appointment as 
C.B.E. in 1950. 


Woolwich Polytechnic : Dr. H. Heywood 

Dr. Harop Heywoop has been appointed prin- 
cipal of the Woolwich Polytechnic, and will commence 
duties there in May. He has been reader in mechanical 
engineering at the Imperial College of Science and 
Technology, University of London, since 1940. Dr. 
Heywood served an engineering apprenticeship at 


March 30, 1957 


Robey and Co., Ltd., Lincoln, and obtained a Whit- 
` worth Scholarship from the Lincoln Technical 
College, which was held at the City and Guilds 
College. Since then he has had a wide range of 
experience m industry, research and teaching both 
at technical colleges and at the University of London. 
His research work has been maimly concerned with 
studies of the properties of finely powdered materials 
and with dust problems in industry, such as air 
filtration for internal combustion engines and the 
production of pulverized coal. He recerved the 
degrees of Ph.D. and D.Se.(Eng.) from the University 
of London for published papers on these subjects, and 
the Moulton Medal of the Institution of Chemical 
Engineers in 1947. More recently, Dr. Heywood has 
taken an interest in the utilzation of solar energy, 
and as a result of research on this subject was invited 
to spend five weeks during 1955 in Arizona and 
California as a member of the advisory committee of 
the First World Symposium on Applied Solar Energy. 
In 1956 he spent a month in Egypt as a Unesco 
technical adviser on solar energy research. Dr. 
Heywood has taken an active part in the University 
of London boards of studies in civil and mechan:cal 
engineering and in mming. He is a member of 
the , Institution of Mechanical Engineers, bemg 
associate member of council from 1933 untl” 
1936, a member of the Instituton of Chemical 
Engineers, the Institute of Fuel, the Royal Institu- 
tion; a Fellow of the Royal Microscopical Society, 
and a vice-president of the British Society for the 
History of Science. 


Chemical Pathology at Leeds : 
Prof. F. S. Fowweather 


Pror. F. S. Fowwsatuer has recently retired 
from the chair of chemical pathology at the Univer- 
sity of Leeds. He was born in 1892 and graduated 

. at the University of Liverpool with first-class honours 
in 1914, becoming M.Sc. m the following year. 
After a short period as an industrial chemist and in 
private analytical and consulting practice he studied 
medicine, qualifying M.B., Ch.B. Liverpool in 1922. 
His association with the Leeds Medical School-began 
in 1924. Te became successively lecturer, reader, 
and in 1946 professor of chemical pathology. Fow- 
weather was one of the foremost pioneers of what is 
now called clinical chemistry. His book, “A Hand- 
book of Clinical Chemical Pathology”, was for a long 
time the standard work on the subject. Throughout 
his long career he has been active in research, and 
many of his analytical methods are still in use. His 
contributions to the subject are paralleled by the 
growth and progress of the Department of Chemical 
Pathology in Leeds. 
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Dr. G. H. Lathe 


G. H. Larae, who has been appointed to 
succeed Prof. Fowweather, was born in 1913. 
He is a Canadian and received his early train- 
ing at McGill University, where he graduated 
in 1934. He proceeded to the degrees of M.Sc. 
in 1936 and M.D. 1938. He served in the 
Canadian army as a regimental medical officer and 
later as biochemist to No. 1 Canadian Research 
Laboratory, K.C.A.M.C. After the War he held 
an Imperial Chemical Industries Fellowship at the 
Department of Biochemistry in the University of 
Oxford, where he studied protein metabolism in 
relation to trauma. In 1948 he continued these 
studies at the Postgraduate Medical School, Univer- 
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sity of London. Following a year as lecturer at 
Guy’s Hospital Medical School, he became biochemist 
in the Bernhard Baron Memorial Research Labor- 
atories at Queen Charlotte’s Maternity Hospital. 
His research smce this last appointment has been 
mainly upon nwemolytic disease of the new-born with 
a particular emphasis on the metabolism of bile 
pigments, a topic to which he has made numerous. 
contributions. 


Development of Atomic Energy 

In a written answer in the House of Commons on 
March 18, Mr. Ian Harvey, Under-Secretary of State 
for Foreign Affairs, said that the United Kmgdom 
was represented until the end of February on the 
Preparatory Commission of the International Atomic 
Energy Authority by Sir Alec Randall, whose place 
had now been taken by Mr. R. D. J. Seott-Fox, with 
Mr. M. J. Michaels, of the Office of the Lord President 
of the Council (Atomic Energy), as alternate delegate. 
It has been decided to hold the first General Con- 
ference of the Agency in Vienna and the opening date 
has been provisionally fixed for August 19. A White 
Paper containing the text of the Statute of the 
International Agency was laid before Parliament on 
March 19 and an mstrument of ratification would be 
deposited wizh the United States Government in 
accordance with Article XXI of the Statute as soon 
as possible after completion of the statutory period. 

On March 20, the Minister’ of Supply, Mr. Aubrey 
Jones, confirmed that it’ is the Government’s policy 
to seek a basis of understanding with the United 
States for a full exchange of mformation on nuclear 
energy, and an offer for the exchange of detailed 
information has been made to the United States. 
The United Kmgdom has also participated in dis- 
cussions with other Western European countries m 
the Organization for European Economic Co-operation 
on the construction as jomt projects of various types 
of experimental reactors and has declared its readi- 
ness to consider participating on one of the reactor 
systems on wiuch the United Kingdom is not already 
concentrating a major effort ın its own development 
programme. The Government would also be ready 
to consider having such a reactor in the United 
Kingdon, if the other participatmg countries wished. 


Agricultural esearch in Britain 

Mz. D. Heatucoat-Amory, Minister of Agriculture 
Fisheries and Food, as representing the Lord President 
of the Council, stated in a written answer on March 18 
in the House of Commons that over the six years 
1950-56 Government expenditure on agricultural 
research has practically doubled. The amount spent 
on agricultural research co-ordinated by the Agri- 
cultural Research Council and m the Agricultural 
Department’s own establishments in 1955-56 was 
£4,182,000, campared with £4,297,000 in 1954-55 and 
£2,189,000 m 1950-51. 


Fuel Efficiency 

Tue Thermal Insulation (Industrial Buildings) Bull 
which Mr. G. Nabarro introduced into the House of 
Commons on January 30, sponsored by members of 
both major political parties, is intended to reduce a 
loss which msy amount to as much as 25-50 per cent 
of the amouns of fuel consumed for heating purposes. 
The Bull prohibits on and after an appointed day: the 
erection of dry new mdustrial building ın which fuel 
is consumed lor space heating, except m accordance 
with mmimum standards of thermal insulation pre- 
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scribed by the Minister of Housing and Local Govern- 
ment or the Secretary of State for Scotland. It also 
provides that on and after the appointed day every 
industrial building in which fuel is consumed for 
space heating shall be similarly thermally insulated 
in accordance with minimum standards prescribed by 
the Minister, and that it shall be the duty of the 
‘local authority to enforce the provisions of the Act. 
The Act will not apply to any industrial building 
where thermal insulation would result-in no economy 
in the consumption of fuel, and the Mmister, who is 
responsible for determining whether or not such 
an economy would result, is also empowered to 
exempt, by order, any industrial building of class of 
industrial buildings from the provisions of the Act. 
Mr. Nabarro, in asking leave to introduce the Bill, 
said that the National Industrial Fuel Efficiency 
Service estimated that up to 6 milhon tons of coal- 
equivalent were lost every year as @ result of failure 
to insulate thermally industrial buildings in Britain. 
He claimed that his Bill was complementary to the 
clean air policy, which itself was essentially one of 
fuel efficiency. ` i 


The Diploma in Technology 


Tae National Council, for Technological Awards 
has announced that the following courses now in 
progress have been recognized as leading to the 
Diploma iw Technology. Full-time courses : Batter- 
sea Polytechnic (applied chemistry, chemical, mech- 
anical, civil and electrical engineering, metallurgy) ; 
Sandwich courses ; Acton Technical College (applied 
chemistry, applied physics, electrical and mechanical 
engineermg) ; Battersea Polytechnic (applied chem- 

_ istry, chemical, electrical and mechanical engineering, 
metallurgy); Birmingham College of Technology 
(applied chemistry, chemical technology, applied 
physics, electrical engineering and mechanical and 
production engineering); Cardiff Collége of Tech- 

, nology and Commerce (mechanical/production en- 
gineering; Woolwich Polytechnic (electrical and 

`~ mechanical -engineering). 
approved the following new courses: , Sandwich 
courses ; Battersea Polytechnic (civil engineering and 
physics) ; Birmingham College of Technology (tech- 
nological mathematics) ; Chelsea, Polytechnic (applic- 
able mathematics); and Woolwich Polytechnic 
(mathematics applied to engineering). 

In making this announcement, Lord Hives, the 
chairman of the Council, ‘pointed out that two of 
the colleges at which courses have been recognized, 

- namely, Acton Technical College and Woolwich 
Polytechnic, are not colleges of advanced technology ; 
he hoped that this would be a source of encourage- 
ment to all technical colleges. The National Council 
for Technological Awards, with its two boards of 
studies (in engineering and technologies other than 
engineering), was set up by the Minister of Education 
as an independent self-governing body to create and 
administer national technological awards of high 
standing available to students in technical colleges 
who successfully complete approved courses.’ The 
Council has opened new offices at 9 Cavendish Square, 
London, W.1. 


Insignia Awards in Technology 


Instanta Awards of Technology of the City and 
Guilds of London Institute (C.G.LA.) have been 
conferred, as Special Annual Awards, on the follow- 
ing: F. Scholefield, technical adviser to the Dye- 
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stuffs Office of the Board of Trade and formerly head 
of the Department of Textile Chemistry, Manchester ` 
College of Technology (chemical industries—manu- 
facture of dyes); F. Limb, factory manager, Ericsson 
Telephones, Ltd. (electrical industries—telecommuni- 
cations); J. Loxham, managing director of the 
Sigma Instrument Co., Ltd., Letchworth (mechanical 
industries—precision engineering); E. Isles, chair- 
man. of the executive board of directors of the British 
Cotton and Wool Dyers Association (textile industries 
—textile dyeing). 

In addition to their normal Insignia Awards in 
Technology, the Council of the City and Guilds of 
London Institute makes Special Annual Awards up 
to a maximum of five (one in each of the’ broad 
mdustrial groups into which, for purposes of the 
administration of the Award, industry is divided ; 
namely, chemical, constructional, electrical, mechani- 
cal and textile). These are granted to selected persons 
of outstanding technological achievement, who by 
their example.are an mdication to candidates of the 
possibilities of success and accomplishment. 
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Carlsberg—Wellcome Travelling Research Fellow- . 

ships 

‘Tue directors of the Carlsberg Foundation, in 
Copenhagen, and the Wellcome Trustees, in London, 
have decided to institute a system of Carlsberg— 
Wellcome Travelling Research Fellowships, with the 
object of encouraging friendly co-operation, on an 
exchange basis, between Danish and British research 
workers in any branch of the natural sciences which 
has a bearing upon human and animal medicine. 
One fellowship annually will be awarded to a can- 
didate from the United Kingdom for a year’s work 
in Denmark and one annually to a Danish candidate 
for a year’s work in the United Kingdom. The 
stipend may range from £800 to £1,200, per annum 
(or the equivalent sums in Danish kroner) for whole- 
time research. ‘Travelling and some incidental 
expenses will be provided in addition. It is intended 
that the first appointments shall be made in respect 
of the academic year beginning in September 1957. 
Inquiries from candidates in the United Kingdom 
should be addressed to the Scientific Secretary of the 
Wellcome Trust, 52 Queen Anne Street, London, 
W.1. There is no form of application, but candidates 
should submit a full curriculum vitae, together with 
details of their research proposals and a supporting 
letter from @ senior scientist who is familiar with 
their work. Completed applications must be sub- 
mutted before April 30. 


Freshwater Fisheries Laboratory, Pitlochry 

In the summer of 1948 @ small laboratory was 
established near Pitlochry, Perthshire, to conduct 
investigations on the biology of brown trout in Scot- 
land. This laboratory was established jointly by the 
North of Scotland Hydro-Electric Board and the 
Scottish Home Department and was called the Brown 
Trout Research Laboratory. Both these bodies had 
a direct interest in these investigations, the Hydro- 
Electric Board because the development of its projects 
could markedly affect brown trout fishing in Scot- 
land, and the Scottish Home Department because, as 
the Government department responsible for fisheries 
research in Scotland, it had long been interested in 
developing work on brown trout. The ares around 
Pitlochry provides a wide variety of types of fresh- 
water and, as Pitlochry is roughly in the centre of 
Scotland, it is a very suitable site for a laboratory 
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which may” be concerned with investigations in any 
part of the country. . As the new Laboratory also 
became responsible for the work on salmon and sea 
trout which had been carried out by the Scottish 
Home Department or by its pre-war predecessor, the 
-Fishery Board for Scotland, it was soon evident that 
qts title was inadequate. Further, as trout investi- 
gations developed, it became clear that work ‘was 
also needed on other freshwater fishes in Scottish 
waters, such as pike and perch, because of their 
relationships with the trout populations which were 
the original objectives of the Laboratory’s studies. 
For these reasons, it has been decided to change the 
. name of the Laboratory, as from the beginning of 
April, to the Freshwater Fisheries Laboratory. 

This change m title does not ımply any change 
in the scope of the work carried out by the Labor- 
atory; the new title indicates this scope more 
accurately. It is primarily a fisheries laboratory, but 
the work carried out at Pitlochry is not exclusively 
concerned with fish. Attention is also paid to other 
parts of the freshwater community, and some idea 
of the relative effort expended can be gained from 
the distribution of scientific and experimental officer 
staff among ‘the specialist subjects connected with 
fisheries work. Thus, of the thirteen members of 
staff in these grades, séven are directly concerned 
_with work on fish, three with chemical investigations, 
two with bottom fauna studies and one with botanical 
work. The results of the Laboratory’s investigations 
will continue to be published in the ‘Freshwater 
and Salmon Fisheries’ series, issued by H.M. 
Stationery Office for the Scottish Home Department, 
and members of the staff will continue to contribute 
papers to the appropriate scientific and technical 
journals. 


Radioactive Materials 


Isororm Catalogue No. 4, “Radioactive Materials 
and Stable Isotopes”, issued by the Isotope Division 
of the Atomic Energy Research Establishment, 
Harwell, Berks, is an extremely informative and 
up-to-date description of the methods of preparation 
at radioisotopes ; ; radioactive standards ; the various 
isotope services including those at the Establishment 
and elsewhere in Great-Britain; facilities for high- 
intensity ionizing radiations ; health hazards and 
radiation protection; and the conditions of sale, 
charges, and organizations overseas through which 
radioactive materials may be obtained. Section 10 
of the Catalogue covers 140-odd pages and gives 
details of the radioactive materials produced from 
piles which are available. Hach page is devoted to 
a single isotope of one of the elements, and the 
information given includes the half-life; the types 
of radiation emitted and their energies; the pro- 
duction process and other isotopes produced; the 
target material and its excitation cross-section ; the 
specific activity produced ın the target element and 
the price for the irradiation unit. Some radioactive 
isotopes can be produced by bombardment in the 
Harwell cyclotron, if they cannot be produced by 
other means. The charge ıs £10 per hour, and 
irradiations can usually be arranged with one week’s 
notice. The section dealing with special sources 
contains data sheets for cobalt-60, indium-192 and 
thulium-170; details of the various forms and con- 
tamers which can be supplied; and advice on the 
handing and most suitable applications of these 
sources. In the concluding sections the conditions 
governing the packaging and transport of radioactive 
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materials are o:ttlined, and details are given of the 
stable isotopes helium-3, carbon-13 and oxygen-18 
which are not electromagnetically separated, together 
with an inventory of the electromagnetically enriched 
stable isotopes which are normally held in stock and 
immediately available. The (provisional) future pro- 
gramme includes elements of atomic numbers 31, 57, 
63, 66, 68, 70, 72, 73 and 81. 


Nature Reservas - 


STEADY progress is again recorded by the Society 
for the Promot-on of Nature Reserves in its Hand- 
book for 1956. Much of the time of the Society was 
taken up in act.ng as joint host and organizer of the 
fifth General Assembly of the International Union 
for the Protecsion of Nature which was held~ at 
Edinburgh during June 20-28, 1956. A report on 

-the Assembly is included in the Handbook and shows ” 
that. much more scientific knowledge is needed for 
the effective management of nature reserves. Also 
included is on= of the papers presented to the 
Assembly, by L. K. Shaposhnikov, which describes 
the role of the zapovedniks (natural parks) of the 
U.S.S.R. in solving problems for the protection of 
Nature. Anotker paper, by R. J. Elliott, gives an 
account of nature reserves in the North of England 
and particularly of the national nature reserve at 


- Roudsea Wood. The Handbook may be obtained 


from the Secretary of the Society, c/o British Museum 
(Natural History), London, 8.W.7, ‘price 5s. 


Gifts to the Lniversity of Bristol 


Tue University of Bristol has received a gift from 
the Bristol Aezoplane Co. of £10,500 towards the 
purchase of a Collins helium liquefier for the Depart- 
ment of Physics. The University has also received a 
grant of £3,700 per annum for two years froni August 
1957 from the Nuffield Foundation to the Depart- 
ment of Psychclogy, as a renewal of the grant made 
by the Foundation to the Unit for Research on 
Employment of Older Workers, and a gift of. £1,000 
from the Royal Society for the purchase of micro- 
scopes for the Department of Physics. 


Science Masters’ Association : Scottish Branch 


Txe Scottis: Branch of the Science Masters’ 
Association will hold its annual general meeting in 
the Zoology Dəpartment, University of Edinburgh, 
during April 8-10, with Prof. M. Swanzi, professor of 
natural history and zoology in the University, as 
president. Prof. Swann will speak on “The Antag- 
onism of Old aad New in the Teaching of Biology”. 
Among the top.cs for discussion are: the teaching of 
science in @ junior secondary school; the traming 
and’ prospects of laboratory technicians; the his- 
torical development of units of length, mass and 
time; andthe teaching of electrolysis in schools. - The 
secretary for the meeting is Mr. L. de St. Paer, 
Loretto School, Musselburgh, Midlothian. 

The Night Sky in April 

Furu moon occurs on April 14d. 12h. 09m. v.7., 
and new moon on April 29d. 23h. 54m. ‘The following 
conjunctions with the Moon take place: April 5d. 
04h., Mars 3° N.; April 12d. 14h., Jupiter 6° N.; 
April 18d. 03h, Saturn 0-3° S. In addition to these 
conjunctions with the Moon, Mars is m conjunction 
with Aldebaram on April 3d. 03h., Mars being 6-8° N. 
There will be an annular eclipse of the Sun on April 
29-30, invisible at Greenwich. Mercury will be 
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visible as an evening star during the middle of the 
month, setting at-20h. 58m. on April 15, that is, 
. about two hours after the Sun. Venus is too close 
to the Sun for observation. Mars sets at Oh. 00m., 
23h. 50m. and 23h. 35m. on April 1, 15 and 30, 
respectively ; its stellar magnitude decreases during 
the month from + 1-6 to + 1-8 and its distance 
from the Earth increases from 175 to 198 million 
miles. Mars is in Taurus, and continues to move 
eastwards. Jupiter is visible most of the night, 
setting at'5h. 20m., 4h. 25m. and 3h. 20m. at the 
beginning, middle and end of the month, respectively ; 
it continues to retrograde, moving from Virgo into 
Leo on April 27. Its stellar magnitude is — 1-9, 
and its distance from the Earth in the middle of the 
month is 424 million miles. Saturn rises at Oh. 10m., 
23h. 10m. and 22h. 10m. on April 1, 15 and 30, 
- respectively, and is retrograding in Ophiuchus; its 
stellar magnitude is + 0-5, its distance from the 
Earth on April 15 being 870 million miles. Occulta- 
` tions of stars: brighter than magnitude 6 are as 
follows, observations being made at Greenwich: 
April 10d. 23h. 42-9m., 19 ‘Sex. (D); April 17d. th. 
25-6m., à Lib. (R). D and R refer to disappearance 
and reappearance, respectively. The Lyrid meteors 
are active durmg April 20-22, but conditions. for 
observation are not favourable. Comet Arend- 


Roland 1s favourably placed for observation from - 
the southern hemisphere during the first half of . 


April, when it will be visible shortly before dawn ; 
it becomes visible from the northern hemisphere after 
April 23 in the evenings after sunset. 


Announcements 


Pror. WALTHER BAVERSFELD will deliver the 
James Clayton Lecture of the Institution of Mech- 
anical Engineers on May 10 at 6 p.m. at the Institu- 
tion. His subject is ‘Projection Planetarium and 
Shell Construction”. The Institution has awarded 
the 1957 James Watt International Medal to Prof. 
Bauersfeld in recognition of his work as æ scientist, 
mventor and successful organizer, particularly in the 
application. of precision engmeermg in the field of 
optics. The Medal will be presented to Prof. 
Bauersfeld on May 10. 


Pror. H. D. Kay, director of the National Institute 
for Research in Dairying, has been awarded the Gold 
Medal of the Society of Dairy Technology, in recog- 
nition of his distinguished service to the dairy industry 
throughout the past twenty-five years, and to the 
Society, of which he was founder-president, since its 
formation in 1943. ° 


Mx. G. F. C. pu Pressis (South African Iron and 
Steel Industrial Corporation, Ltd., Pretoria) has been 
awarded a Mond Nickel Fellowship to study the 
preparation of ores by sintering, pelleting, etc., and 
the effect on blast furnace practice of the use of 
prepared burdens. 


Pror. S. A. Korrr, of New ‘York University,- an 
authority on cosmic rays, has been awarded the 
Order of Merit for Research and Invention by the 
Government of France. A professor of physics in the 
College of Engineering, Dr. Korff jomed New York 
University m 1940. He has been engaged m cosmic 
ray research since he was a National Research Fellow 
at Mount Wilson Observatory in 1932. Prof. Korff 
has been a senior scientific adviser to the Atomic 
Energy Commission and is now executive secretary 
of the United States National Committee for the 
International Geophysical Year. - 
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De. R. J. Bosoorz, at present lecturer in endocrine 
chemistry at the Medical School, University of Bir- 
mingham, has been appointed head of chemical 
research at Pfizer, Ltd. (Folkestone, Kent), in con- 
nexion with an extensive new programme of funda- 
mental research in various branches of chemistry. ~ 


THE eighteenth Thomas Young Oration: of the 
Physical Society will be delivered on May 15, at 
5 p.m., in the Lecture Theatre of the Science Museum, 
Exhibition Road, South Kensington, by Mr. J. Guild, 
who will speak on “Observations on the Behaviour 
of Diffraction Gratings”. No tickets of admission 
will be required. z z 


Tae Institute of Welding is to organize a British 
Commonwealth Welding Conference during June 
17-29, to be held in London until June 23, when it 
will move to Saltburn-by-the-Sea, Yorkshire. Papers 
will be presented on welding processes and their main 
applications within the Commonwealth. Further 
details can be obtained from the Secretary, Institute 
of Welding, 29 Park Crescent, London, W.1. 


_ A SUMMER school on “The Use of Electrons in the 
Examination of Metals” will be held in the Depart- 
ments of Metallurgy and Physics, University of Cam- 
bridge, during July 9-20. The fee for the course is 
£25. Accommodation will be provided in Pembroke 
College, Cambridge. ‘Further information and appli” 
cation forms for attendance can be obtained from 
the Secretary, Board of Extra-Mural Studies, Stuart 
House, Mill Lane, Cambridge, to whom the completed 
application form should be returned not later than 
May 15. 


THe International Commission for the North 
Atlantic Fisheries, the International Council for the 
Exploration of the Sea, and the Food and Agriculture 
Organization (FAO) have arranged a joint meeting 


- of fishery scientists which will take place in Lisbon 


during May 27—June 3. It is expected that more 
than fifty scientific papers dealing with the effects of 
fishing, fishing effort and selection in fishing will be 
presented. Scientists from at least fifteen different 
countries will participate in the meeting, which, it 
1s hoped will indicate what further -research is 
needed in the North Atlantic. 


THE Easter Congress of the Universities Federation 
for Animal Welfare will be held at Mansfield Hall, 
University of Reading, during April 2-5. The pro- 
gramme includes lectures on ““Humaneness in Science” 
by Major C. W. Hume, secretary-general of the - 
Federation ; “Supplements and Additives to Feeding- 
Stuffs” by Dr. N. S. Barron; “The Assessment of 
Painin Animals” by Dr. Phyllis G. Croft; “The 
Protection of Deer in Great Britain” by Mr. V. Ross ; 
and “Mink Farming” by Mr. A. F. Bell. Inquiries 
and applications to attend should be sent to Miss 
M. P. Williams, Universities Federation for Animal 
Welfare, 7a Lamb’s Conduit Passage, London, W.C.1. 


THE Mammal Society of the British Isles ıs to hold 
its annual Conference in the Department of Zoology, 
University of Durham, during April 12-15. Most of 
the meetmg is essentially for members, but the open- 
ing lecture on the Friday evening is open to all. It 
will be on “Population Studies on the Alaskan Seal 
Herd” by Dr. Victor B. Scheffer (U.S. Fish and Wild 
Lıfe Service) and will be held at 8.45 p.m. m the 
Appleby Lecture Theatre, Science Buildings, Univer- 
sity of Durham. 


i 
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STRUCTURE AND FUNCTION OF SUBCELLULAR COMPONENTS 


HE Biochemical Society held a symposium on 

“Structure and Function of Subcellular Com- 
ponents” in the Senate House of the University of 
London on February 23. The symposium was 
attended by more than two hundred members of the 
Society and ther guests. 

Sir Rudolph Peters, chairman for the morning 
session, introduced the subject of the symposium, 

Dr. J. D. Robertson gave an illustrated survey of 
the electron microscopical view of the ultrastructure 
of certain cells, describing particularly the mem- 
branes of the endoplasmic reticulum, of the muto- 
chondria, and of the cells and subcellular components 
of nervous tissue. He believed that the endoplasmic 
reticulum formed a continuous aqueous channel 
between the internal medium of the nucleus and the 
extracellular mednim. ‘This supposed channel was 
suggested as the path of transfer of substances 
between the cell and its milieu. Dr. Robertson sup- 
ported Palade’s conception of mitochondrial struc- 
ture, regarding the mner membrane as the much 
infolded boundary between an internal and an 
external mitochondrial chamber. He agreed with 
the findings of Freeman, that both mitochondrial 
membranes are double. He showed the close approx- 
imation of the membranes of intraneuronal and 
neuromuscular junctions, and the apparent con- 
nexion between vesicular bodies and (tubular ?) axon 
filaments less than 100A. thick. The relationship 
between the cell membranes. of a Schwann cell 
wrapped around the axon was compared with the 
spiral appearance of transverse sections through the 
myelin sheath. To conclude, Dr. Robertson demon- 
strated the resolution of the 100 A. period of myelin 
sheath into a 50 A. period, especially in sections fixed 
in potassium permanganate. He speculated on how 
the laminz 50 A. thick might be made up of mono- 
layers of lipid and protein. 

Dr. S. J. Holt described the principles and poten- 
tialities of cytochemical staining methods for the 
study of intracellular enzyme distribution. He out- 
lined the criteria to which stammg methods should 
conform in order that the stainmg pattern produced 
might indicate the quantitative as well as the 
qualitative distribution of the activity of a given 
enzyme. The performance of a stainmg procedure 
for esterases, based upon the use of substituted 
indoxyl acétates as substrates, and depending upon 
the liberation of indoxyl by the enzyme and sub- 
sequent oxidation to an indigoid dye, was compared 
with the behaviour deduced from a theoretical 
troatment of the staining process. The predictions 
of the theory concerning the factors required to 
increage the resolution of the cytochemical staining 
have been verified experimentally, and it was shown 
that, under appropriate conditions, the esterase act- 
ivity can probably be located with a precision of about 
0-5u. ‘The possibilities of the method were nicely 
Illustrated by the staining of the acetylcholine 
esterase near the muscle and/or nerve cell mem- 
branes of the muscle end-plate. Dr. Holt suggested 
that cytochemical staining might be adapted to 
measure the Michaelis constant of an enzyme in situ 
for purposes of identification. 

The chairman for the afternoon session was Prof. 
D. D. Woods. He mtroduced Prof. L. Ernster, who 


dealt with three examples of the effect of spatial 
arrangement on the activities of enzyme systems 
concerned in energy transformation. Prof. Ernster 
described the close connexion between the changes 
in coupling of phosphorylation to oxidation, the 
appearance of the latent adenosine triphosphatase, 
and the changes in morphology (and ‘loosenimg’ of 
structure) of mitochondria subjected to various 
chemical and physical treatments. He sought to 
explain the excsptional behaviour of the oxidatively 
phosphorylating particles isolated from digitonin- 
treated mitochcndria by a tightness of binding of the 
essential components of the system, which he sup- 
posed to be artificially imposed by the digitonin 
treatment. The system responsible for oxidative 
phosphorylation was believed to be part of the mito- 
chondrial membrane. Prof. Ernster went on to 
describe the diference in the pathway and general 
characteristics of the oxidation of intra- and extra- 
mitochondrial reduced diphosphopyridine nucleotide. 
For his last example, Prof. Ernster outlined the work 
m which he and his collaborators had shown the 
normal pathway of zsocitrate oxidation to be through 
the diphosphopyridine nucleotide-linked mtramito- 
chondrial enzyme and not, as was formerly supposed, 
through the much more active triphosphopyridine 
nucleotide-lnmked extramitochondrial isocitric de- 
hydrogenase. Prof. Ernster suggested that the 
triphosphopyridine nucleotide of the cytoplasm, 
which exists mainly in the reduced form, channels 
hydrogen to essential reductive steps of metabolism ; 
and that, deper.dent upon the extent of ‘loosening’ of 
mitochondrial etructure, the double-specifie pyridine 
nucleotide-linked enzymes might regulate the chan- 
nelling of hydrogen between the two pyridine 
nucleotides. 

Dr. P. Mitchell outlined the progress of work on 
the relationship between the structure of the mem- 
branes of bacteria and the movements of solutes 
between the cyzoplasm and the external medium. It 
was shown that the transport of morganic phosphate 
across bacterial membranes has features in common 
with mitochondrial oxidative phosphorylation; and 
that the lipoprotein plasma-membrane of bacteria 
contains most of the cytochrome of the cell and the 
bulk of a number of oxidative and hydrolytic enzymes. 
Dr. Mitchell described recent work m which he and 
his collaborators have shown the strict coupling of 
the permeation of ammo-acids, carbohydrates and 
their derivatives to metabolism. ‘These observations 
have led to tha formulation of a general theory of 
membrane trarsport—an extension of the previous 
hypothesis that enzymes conduct metabolites through 
the bacterial membrane. According to this theory, 
membrane-transport reactions are, m general, both 
formally and physically equivalent to group-transfer 
reactions catalysed by enzymes. It was suggested 
that this theory would explain the apparent contra- 
diction between the low physical permeability of 
bacterial membranes and the easy accessibility of the 
metabolic systems to the nutrients of the medium ; 
and that ıt would also explam the biochemical 
mechanism of outward transfer and polymerization 
of the components of the external cell-wall. 

Dr. K. Rees, giving the last paper of the sym- 
posium in collaboration with Dr. J. D. Judah, 


662 


described the changes in the cellular components of 
rat livers damaged by administration of carbon 
tetrachloride, or of carcinogens, particularly thio- 
acetamide. The reduced oxidative activity of livers 
of animals treated with carbon tetrachloride was 
ascribed to mitochondrial damage. It was shown 
that the loss of pyridine nucleotides, which accom- 
panies ageing of normal isolated mitochondria, was 
mereased at an early stage in animals to which carbon 
tetrachloride had been administered; and it was 
suggested that the early mitochondrial injury visible 
in otherwise normal livers of rats poisoned by carbon 
tetrachloride could be attributed to & localization of 
the carbon tetrachloride leading to changes of mito- 
chondrial ‘permeability’. In animals with chronic 
thioacetamide poisoning at the pre-cancerous stage, 
the ageing of the mitochondria could be reversed by 
pyridine nucleotides or by versene, although there 
appeared to be no change in ‘permeability’ to the 
nucleotides and no uncoupling of oxidative phos- 
phorylation. There was, however, a reduction in 
phosphatidic acid synthesis. The nuclei and nucleoli 
of these livers were enlarged and showed an increased 
ratio of ribonucleic acid to protein; and incor- 
poration of glycine was more rapid than in the 
controls, Acute thioacetamide poisoning caused a 
reduced. rate of oxidation of fatty and keto acids by 
the mitochondria. This effect could be reversed by 
versene, and was thought to be due to ionic imbalance 
in the tissue, leading to accumulation of calcium 
1008. 

During the discussion. Dr. Judah described some 
work on mitochondrial fractionation in which it had 
been possible to destroy the adenosine triphosphate- 
inorganic phosphate exchange reaction without un- 
coupling oxidation from phosphorylation. This was 
contested by Prof. Ernster, on the ground that the 
presence of substrate during oxidation might have 
reactivated the system catalysing exchange. Further 
lively discussion did not resolve this important point. 
Otherwise, the discussion of the papers was concerned 
with issues of interpretation and with points of 
detail. 

' The formal papers and the discussion of the sym- 
posium are to be published as a book. x 
PETER MITCHELL 


LINEN INDUSTRY RESEARCH 
ASSOCIATION 


REPORT FOR 1956 


‘HE report of the Council of the Linen Industry 

Research Association for 1956* records con- 
tinued co-operation with the Imsh Linen Guild but a 
slight fall in membership, from 276 to 269. Dr. A. J. 
Turner retired at the end of March after sixteen years 
as director and was succeeded by Mr. D. A. Derreti- 
Smith. 

Basic research was carried out during 1956 on the 
behaviour of fibres during drafting and carding, and 
on the blending of flax with ‘Terylene’, nylon and 
‘Fibro’. Investigations have been made to determine 
the finest count of yarn which can be wet-spun using 
various proportions of flax and man-made fibres. 
Work continued on the new servo-drafting control 
system for reducing yarn irregularities and a study 


= Linen Industry Research Association. F Report of the Council, 
1956. Pps20. (Lambeg: Linen Industry Research Association, 1957.) 
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of nap formation in flax slivers indicated that nap in 
yarns can be reduced appreciably by changes m 
processing methods. Special warping creels have 
been developed for linen yarns and a survey has been 
made of the cones and cheeses now in use. Two new 
forms of shuttle guard have been developed to 
decrease the risk of injury from flying shuttles. 
Work on lubricating materials has provided an 
explanation of difficulties experienced with certain 
oils and much progress has been made in sizing spun - 
yarns from man-made fibres. The penetration 
problems which arise in dyeing and finishing linen 
have been examined in the light of experience gained 
with linen fabrics that have been rendered non- 
swelling, and increased efficiency in applying flame- 
proofing emulsions has been thus obtained. Methods 
for applying thermo-setting resins to linen fabrics 
to confer crease-resistance have been modified and an 
instrument has been developed for testing the water- 
proofness of wax- and chemical dry-proofed canvases. 
At the thirty-seventh annual general meeting of 
the Association on January 4, the chairman, Mr. 
H. B. McCance, expressed concern about the possible 
adverse effect of the Restrictive Trade Practices Act 
on co-operative research. Mr. D. A. Derrett-Smith, 
referring to flax production, said that the Duich white- 
blossom Wiera variety is promising to meet growing 
conditions in Northern Ireland without detriment to 
yield or quality. Because it is becoming difficult to 
find labour for dam-retting or tank-retting, work is 
proceeding on the direct comparison of the green flax 
process with Irish dam-retted flax for wet-spinning. 
Besides such fundamental research, last year 662 
research problems proposed by members were dealt 
with at Lanbeg, as well as 2,520 routine tests, and it 
had been necessary to ask members to limit requests 
for such tests so far as possible. Mr. Derrett-Smith 
said that several promising young graduates had 
been recruited to the staff, and under the re-intro- 
duced scholarship scheme seven students ‘were 
receiving practical training during the day and 
attending courses of evening study at the Belfast 
College of Technology leading to the B.Sc. degree in 
chemical technology. 5 
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THE COPRA INDUSTRY OF 
ZANZIBAR 


OPRA is the dried ‘meat’ of the coconut and 

contains about 67 per cent of an excellent 
edible oul which is also used for making soap. Copra 
cake or meal is extensively used for animal feed or 
as fertilizer. The total annual world production of 
copra is about.1,780,000 metric tons (1951), and of 
this about 3,600 tons and 12,000 tons are produced 
annually by the islands of Pemba and Zanzibar, 
respectively. The problems associated with pro- 
duction have been described by D. W. Hall (Col. 
Plant and Anim. Prod., 5, No. 4). 

The islands of Zanzibar and Pemba are heavily 
wooded with coconut trees, and each tree produces 
20-60 fruits a year. The average annual yield on 
Government plantations ıs 40 fruits per year. 

Labour gangs climb the trees and cut down the 
fruits, and other gangs collect the fallen fruits into 
piles. The frurts are then transported to the main 
collecting centres, at each of which there is a kiln, or 
to individual kilns. The coconuts are left in heaps on 
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the ground for about one month, when the colour 
changes from green to brown, and the fibrous husk 
dries off. During this period the raw copra matures 
and improves in texture. A steel spike is driven into 
the ground and the husk of the coconut is removed 
by pushing the coconut on to the spike and levering 
off a piece of husk. The complete husk of a coconut 
is removed in this way in four to five pieces joined at 
one end, leaving the ‘nut’ intact. 

The ‘nut’ is now taken and split into equal pieces 
and these are then placed, open end downwards, m 
a kiln to dry. On drying, the shell and the inner core 
or ‘meat’ tend to part company owing to the drying 
and shrinking of the ‘meat’. The shell is removed 
with a curved knife. The partially fired copra is then 
put back on the kiln and dried for a second time. 
The complete drying process takes about four to five 
days. Fair-quality copra can be produced by open- 
air drying for at least five days in sunny weather. 

In Zanzibar, copra is brought into the markets, 
where it is graded. Only high quality is considered 
fit for export, while the low grade is bought by the 
local millers. 

Copra below the standard required for export 

-quality is bought by the oil millers and pressed to 
give an oil and cake. At the oil mills the copra is 
stored in bulk. It is then carried to a crusher, after 
which it is passed through a steam-jacketed expeller. 
The minute pieces of copra are squeezed by a spiral 
worm which separates the oil from the cake. The oil 
is stored in a large tank pending filtration by filter- 
presses. Some is saponified for blue mottled soap. 
The pressed cake is bagged and stored on the premises 
to await shipment to the United Kingdom. 

One of the major problems in the copra industry 
in Zanzibar is that there is a continuous change of 
ownership among the producers. The potential pro- 
ducers are mainly Omani Arabs who spend a few 
years trading m the Protectorate and then return to 
Arabia. They arrive from Arabia, and many of them 
obtain loans from brokers to buy or build kilns. By 
the time these Arabs have become skilled, they move- 
on, and others, new to the trade, take their place. A 
second problem arises from the fact that some coco- 
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nut growers lease their plantations for cropping. 
This encourages lessees to pick immature nuts in an 
effort to collect as many as possible. 

Another sericus fault is that some copra makers 
kiln-dry for a skort period of only about two days in 
an effort to produce saleable copra with as heavy a 
weight as possible. 

Copra can be stored in bulk or in bags. During 
storage, bacteria, moulds and insects cause deteriora- 
tion of the copra with a resultant reduction in its oil 
content, an increase in the acidity and deterioration 
in colour of the oil, and a loss in weight of the copra. 

The msect species infesting copra and copra cake 
are the beetles Necrobia rufipes Degeer, Ahasveras 
advena Waltl, Oryzaephilus mercator Fauvel, Mycetaca 
hirta Marsham, and Lasioderma serricorne Fabricius. 

Necrobia rufipes, the ‘copra bug’, occurs in very 
heavy infestations at the markets and at the oul 
mill stores, but very few beetles are seen on the 
copra ‘farms’ throughout the island. It would appear 
that the copra first becomes infested with Necrobia 
on the ‘farms’ after it is dried and while lying in 
heaps waiting to be transported to the markets. 

The presence of insect infestation on copra and 
copra cake at the markets and oil mills in Zanzibar 
is @ serious problem from many points of view. It 
is undesirable to store infested copra and copra cake 
near shops or food- markets, in the customs area 
through which imported food is passing and in the 
holds of ships zontaming produce for human con- 
sumption. This problem of cross-infestation from the 
copra to other produce which may have a high 
economic value is a serious one because Zanzibar 
port is used by the shipping lines operating between 
the United Kingdom and the Far East and elsewhere. 

Much of the problem can be overcome by ensuring 
that the copra accepted at the market has a moisture 
content lower than 6 per cent. This is especially true 
if the copra is neither bagged nor stored hot nor in 
such a way thau free movement of air is minimized. 
Local conditions vary tremendously, however, and it 
is frequently necessary to instigate insect chemical 
control measures to confine and minimize‘ the 
infestation, 


FLUORINATED PYRIMIDINES, A NEW CLASS ‘CF TUMOUR-INHIBITORY 
COMPOUNDS |, 
By Pror. CHARLES HEIDELBERGER, Dr. N. K. CHAUDHURI, Dr. PETER DANNEBERG, 
Mrs, DOROTHY MOOREN and Mrs, LOIS GRIESBACH 
McArdle Memorial Laboratory, The Medical School, University of Wisconsin, Madison, Wisconsin 
AND 
- Dr, ROBERT DUSCHINSKY, Da. R. J. SCHNITZER, E. PLEVEN and J. SCHEINER 


Hoffmann-LaRoche, Inc., Nutley, New Jersey 


N view of the profound biological effects often 
obtamed when fluorine 1s substituted for hydrogen 

in several classes of compounds! and because of the 
effectiveness, albeit limited, of various nucleic acid 
analogues in the treatment of human and animal 
cancer’, it was felt that a fluorine-substituted purine 
or pyrimidme might display tumour-mhibitory 
activity. Attention was focused on the pyrimidines 
because of suggestions that uracil may be utilized 
preferentially for nucleic acid biosynthesis in tumours*, 


and from the demonstration by Welch and his 
colleagues? of tumour-inhibitory activity of 6- 
azauracil. Accordingly, we have synthesized a 
number of hitherto unknown  5-flueropyrimi- 
dimes and their 2-thio derivatives’. 6-luoro- 
uracil (I Ro 2-9757) and _ 6-fluoro-orotic acid 
(I Ro 2-994&) exert considerable anti-tumour 
activity against transplanted tumours in rats 
and mice, whereas 5-fluorocytosine (ITI Ro 2-9915) 
and {various 2-thio derivatives have been inactive. 
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Moreover, I and II have shown an appreciable 
bacteriostatic effect in vitro against various micro- 
organisms, particularly Gram-negative bacteria. ITI 
was much less effective. The synthesis and testing of 
a number of related compounds are undergoing 
investigation in our laboratories. 

To date, 5-fluoro-uracil and 5-fluoro-orotic acid have 
demonstrated growth-inhibitory activity against the 
following transplanted tumours mm rats and mice: 
Flexner-Joblmg carcmoma, Walker 256 carcino- 
sarcoma, Yoshida ascites tumour, Shay’s chloro- 
leukemia, Sarcoma 180, Ehrlich ascites carcinoma, 
L-1210 leukeemia, #0771, mammary adeno-carcinoma 
755, and Sarcoma A-1 (a transplantable sarcoma 
derived from a dibenzanthracene-induced tumour ; 
Buck, unpublished). The results of typical experi- 
ments are shown in Tables 1 and 2. 

In the work with solid tumours we have calculated 
their volumes, instead of weighing. This was done 
so that the determinations could be made repeatedly 
in order to assess the growth-rate of the tumours and 
the duration of effect of the drugs. It will be noted 
from Table 1 that in all cases in which they have 
bean compared, 5-fluoro-uracil is more effective than 
5-fluoro-orotic acid. A very significant inhibition of 
growth of all four tumours was produced by 5-fluoro- 
uracil, and @ more pronounced effect was observed. 
with repeated rather than with single doses. This is 
at a dose-level at which there is little toxicity, as 
indicated by the slight weight loss. On the contrary, 
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5-fluoro-orotic acid is less effective than 5-fluoro-~ ` 
uracil even at a level where there is considerable 
toxicity as illustrated by a much larger loss of weight. 

As shown in Table 2, 5-fluoro-uracil is very effective 
against the Ehrlich ascites carcinoma. This is of 
considerable interest because ordinarily this tumour 
is affected primarily by derivatives of nitrogen 
mustard colchicine and not by 6-mercaptopurme— 
a typical purine analogue’. LePage has recently 
shown that this tumour is inhibited by azaserine, 
provided that the proper conditions of dosage are 
followed’. In one experiment, the two mice that 
survived 100 days appeared grossly to be free of 
tumour. They were killed, and peritoneal washmngs 
were injected intraperitoneally into four mice. No 
tumours appeared; therefore, these fiuoro-uracil- 
treated animals were free from tumours. In the case 
of the Yoshida ascites tumour, there was a significant 
prolongation of life produced by both 5-fluoro-uracil 
and 5-fluoro-orotic acid. Some of the animals 
developed solid tumours and eventually died. With 
the L-1210 leukemia, 5-fluoro-orotic acid gave a 
consistently greater prolongation of life than 5-fluoro- 
uracil. (Note added in proof. A combination of equal 
quantities of 5-fluoro-uracil and 6-mercaptopurine 
has demonstrated a synergistic effect against trans- 
planted tumours.) 

It is evident from these results that this class of 
compounds exhibits a high order of tumour-inhibitory 
activity, which warrants further exploration. Clinical 
studies of 5-fluoro-uracil in cancer patients are now 
under way at the University of Wisconsin Hospitals, 
following suitable acute and chronic toxicity experi- 
ments in rats and dogs., (We gratefully acknowledge 
the co-operation of Drs. E. L. Severinghaus and T. 
Wong, who carried. out these experiments.) 

With respect to in vitro anti-microbial activity, 
5-fluoro-uracil is qualitatively different from 5-bromo- 
uracil. Whereas the latter has no significant activity, 


Table 1. EFYROT OF 6-FLUORO-URACIL (FU) AND 5-FLUORO-oROTIO Acid (FO) ON SOLID TUMOURS 

















Average 
Dose No days Day mouse wt. change Average tumour Per cent of 
Compound Tumour mgm /kgm. treated measured treated/controls gm. | volume T/C mm.? controls 
FU S-180 150 1 —18/+0-7 276/808 
FU S-180 25 7 —~20/+02 12 8/218 
FO S-180 106 1 ~- 1 6/— 15 248/436 
FO 5-180 15 7 —5 4/—-15 204/436 
FU 755 20 7 —62/+07 - 268/1,020 
FU A-1 25 10 +0 8/+ 4:5 60/367 
FU F-J 110 1 + 33/ + 33 ROG ` 
FU `~F-J 20 7 + 25/-+ 33 1,340/6,660 
FO F-J 125 1 + 7]+2 585/1,010 
FO F-J 20 7 — 23/+ 2 690/1,010 











The compounds were given by intraperitoneal mjection starting one day after bilateral transplantation of the tumours. The tumours were 

measured in two diameters with calipers and their volumes calculated. There was a good agreement between volume and weight measure- 

ments of the tumours. The tumours were: sarcoma 180 (S-180), sarcoma A1 (4-1), and 755 mammary adenocarcinoma (755) ın mice, and 
the Flexner-Jobling carcinoma (F-J) in rats. Five mice and four rats in each group. 


` 


Table 2. EFFECT o¥ 5-FLUORO-URACIL (FU) AND 5-FLUORO-OROTIO AOM (FO) ON THE SURVIVAL OF RATS AND MICE BEARING TRANSPLANTED 
ASOITES TUMOURS AND THE L-1210 LEUKÆMIA 


Average 
cont: 


Compound treated 





hare 


7 
1 
T 
1 
7 
0 
0 


mh 





Survival 


Extremes 
treated 15 


treated 


Per cent of 


contro. controls 


The compounds were given by intraperitoneal injection starting one day after transplaniation. Five mice and four rats in each group. 


* Two of five mice were killed at 100 days and were tumour-free. 
+Some of these rats had solid tumours. 


$ Treatment was started by subcutaneous Injection (remote from tumour) 3 days after transplantation (10 mice/group). 
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Table 3. QUANTITIES OF COMPOUNDS REQUIRED TO PRODUCE 100 PER 
CENT GROWTH INHIBITION OF Lactobacillus leichmani: IN 17 HR. 


Compound vgm./ml, medium 
5-Fluoro-uracil 0 02 
5-Bromo-uracil 100 
5-Fluoro-orotic acid 05 
5-Fluoro-cytosine Ol 
2-Thio-5-fluoro-uracil 10 - 


5-fluoro-uracil in a cylinder-plate test procedure 
(we are indebted to Dr. J. Berger for these tests) 
exerts a marked inhibitory effect on the followmg 
organisms, three of which are Gram-negative: 
Streptococcus faecalis, Bacillus simplex, E. bacillus, 
Sarcina lutea, Bacillus subtilis, Staphylococcus aureus, 
B. cereus, B. megatheriwm, Escherichia coli, Proteus 
vulgaris, Azotobacter vinelandii and Scopulariopsis 
brevicaulis. The activity against Proteus vulgaris is 
half that of streptomycin. In addition, 5-fiuoro- 
uracil has profound activity when tested in semi- 
synthetic media against Lactobacillus leichmanit, 
Saccharomyces carlsbergensis, L. arabinosus, L. caset 
and S. faecalis. The concentrations of various com- 
pounds required to produce 100 per cent growth 
inhibition of L. leichmanii in 17 hr. in the U.S.P. XV 
vitamin B,, assay medium supplemented with 
vitamin B,, are shown in Table 3. It is evident that 
5-fluoro-uracil exhibits greater than 5,000 times the 
activity of 5-bromo-uracil, five times the activity of 
5-fluoro-cytosine, and twenty-five times the activity 
of 5-fluoro-orotic acid. The thio compound is con- 
siderably less potent. With L. leichmanii, the 
inhibitory activity of 5-fluoro-uracil was reversed, in 
order of decreasing activity, by thymidine, thymine, 
5-methyl-cytosine, uracil and cytésme. The quantity 
of thymine or thymidine required for 50 per cent 
reversal of the imbibition by 0-01-0-1 pgm. of 
5-fluoro-uracil/ml]. was 0-3 ugm./ml., which indicates 
a non-competitive relationship. On the other hand, 
uracil exhibits a competitive reversal, although the 
levels are much higher (35 pgm./ml. for 0-01 pgm./ml. 
of §-fluoro-uracil and 250 ugm./ml. for 0-1 ugm./ol. 
of 5-fluoro-uracil). This suggests that 6-fluoro-uracil 
may interfere with the methylation of pyrimidines 
(vide infra). 

With E. coli, K-12, 5-fluoro-uracil produced a 
50 per cent inhibition of growth in a synthetic 
minimal medium at a concentration of 2 ugm./ml. 
and nearly complete inhibition with 20 ugm./ml. 
These inhibitions were completely reversed by 
20 ugm./ml. of uracil, but were not affected by 
thymme or thymidine (Ledberg, J., private com- 
munication). It appears that 5-fluoro-uracil is block- 
ing different metabolic pathways in these two 
organisms. 

In a consideration of possible mechanisms whereby 
5-fluoro-uracil might exert its tumour-inhibitory 
properties the two most likely possibilities seemed to 
require either the incorporation of the compound 
into nucleic acids, such as is found with 8-azaguanine® 
and perhaps 6-mercaptopurine*®, which might result 
in a non-functional or damaging ‘fraudulent’ nucleic 
acid, or the blockage of the incorporation of various 
normal precursors into nucleic acid pyrimidines or 
possibly coenzymes. Indeed, both these mechanisms 
might operate simultaneously, and they are currently 
under mmvestigation. 

5-Fluoro-uracil-2-"C has been synthesized®, with a 
specific activity of 23-5 uc./mgm., and 4-5 mgm. was 
injected intraperitoneally into each of four mice with 
the Ehrlich ascites tumour. After 12 hr., during 
which time there was considerable radioactivity in 
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the respiratory carbon dioxide and in the urine, the 
animals were killed and the livers, spleens and 
ascites cells were obtained. The mixed sodium 
nucleates wera isolated by hot sodium chloride 
extraction!®, were dissolved and re-pracipitated to 
constant specific activity to remove any adsorbed 
impurities, and were then dialysed for 18 hr. against 
distilled water. After lyophilization, the samples 
were hydrolysed to the free bases with 9N per- 
chloric acid et 95° for 1 hr.™. The bases were 
separated by ion-exchange chromatography on 
‘Dowex-1’-chloride according to the procedure of 
Cohn!%, On this column (1 cm. x 20 cm.), the bases are 
found in the following tubes (10 ml. vol.): cytosine 
(3-10), uracil (50-56), thymine (69-76), 5-fluoro- 
uracil (90-115) and guanine (164—170). When this 
procedure was carried out on the labelled pyrimidines 
from the nucleic acids of liver, spleen and ascites 
cells, essentially all the radioactivity was found in 
the 5-fluoro-uracil region, although no ultra-violet 
absorption could be detected. To gain additional 
criteria, of purity and identity, carrier 5-fluoro-uracil 
was added to the material from the proper region of 
the first chromatogram, and was re-chromatographed 
in the same system. The radioactivity was found 
only in the 5-fluoro-uracil peak, which was then 
chromatographed on a ‘Dowex-l’~formate column. 
The substance was applied to the column at pH 11, 
and eluted with a gradient of 0-2N formic acid!'. 
Again, all the radioactivity was contained in a single 
peak. This material, after drying, was run on a 
paper chromatogram with a butanol—formic acid 
system!‘ that resolves 5-fluoro-uracil from the other 
bases, and all the radioactivity was contained in a 
single spot with Rp of 5-fluoro-uracil. These various 
methods of ptrification establish firmly that 5-fluoro- 
uracil is incorporated into the nucleic acids ‘as 
such. Further work is currently aimed at the 
separation of deoxyribonucleic acid and ribonucleic 
acid and the determination of the radioactivities 
therein. 

The results given in Table 4 show the total and 
specific activities of the various bases from the 
nucleic acid hydrolysates. It was impossible to 
determine the specific activity of the 5-fluoro-uracil, 
because befoze the addition of carrier there was 
insufficient ultra-violet absorption with the charac- 
teristics of the compound to permit analysis. The 
results also chow that there is an insignificant de- 
fluorination so uracil, which is mcorporated into 
nucleic acids*: The small radioactivity in the oyto- 
sine, uracil and thymine could have arisen by fixation 
mto carbon 2 of some of the labelled respiratory 
carbon dioxide. 


Table 4. RaDIGAITIVITIES OF COMBINED NUOLEIO ACID PYRIMIDINES 
FROM MIOB INJROTED BRITONEALLY WITH 4'5 MGM. OF 
5-FLUCRO-URAQIL-2-40 AND KILLED 12 HR, LATER 


Total c.p.m. C.p.m. ju | 





Liver 
Cytosine 1,300 450 
Uracil 4,200 825 
Thymine 820 1,025 
5-Fluoro-aracil 68,000 
leon 
Cytosine 1,800 1,800 

Tacil 83 114 

Thymine 0 
5-Fluoro-aracll 12,000 

Ehrlich ascites cells 
Cytosine 2,900 683 
Uracil 2,300 483 
Thymine 1,700 512 
5-Fluoro-uracil 175,000 
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Table 5, SPEOIFIO ACTIVITIES OF THYMINE FROM THE NUOLEIO ACIDS 
OF LIVER, SPLEEN AND EHRLICH ASCITES TUMOUR CELLS 


Thymine specific activity 
c.p.m./uM (per cent inhibition) 
iver Spleen Ascites cells 


Control 

5-Fluoro-uracil 
treated 

5-Fluoro-orotic 
treated 


2,420 
136 (94-4%) 
117 (95 2%) 


1,610 
90 (94 4%) 
74 (95 -4%) 


184 
44 (76%) 
45 (76%) 





Three mice in each group, each given an intraperitoneal injection of 

t 8 €. (4-8 sgan of sodium formate-“C, The control group was given 
6 5-fluoro-uracil and 5-finoro-orotio acid treated groups 

recelsed. 150 mgm./kgm. and 105 mgm./kgm. intraperitoneal injections, 

respectively, 80 min. before formate administration. The animals 
were killed 12 hr. after the formate Injection 


The urine from these mice was fractionated by 
charcoal and ion-exchange. It was demonstrated by 
carrier chromatography that 30 per cent of the 
radioactivity was present as 6-fluoro-uracil. 

To determine the effects of 5-fluoro-uracil and 
5-fluoro-orotic acid on pyrimidine biosynthesis, our 
attention was directed first to a study of the incor- 
poration of labelled formate into the methyl group 
of thymine!®, Simce the fluorine atom is located in 
the same position in the pyrimidine ring as the 
methyl group of thymine, it seemed reasonable to 
suppose that these drugs might block this conversion. 
That this is actually so is shown in Table 5. Three 
groups of three mice each were injected with labelled 
sodium formate; one served as @ control, one was 
treated with 5-fluoro-uracil, the other with 5-fluoro- 
orotic acid 30 min. before formate administration. 
Twelve hours after the formate injection the mice 
were killed and the livers, spleens and ascites cells 
from each group were pooled. The mixed sodium 
nucleates were isolated, hydrolysed to the free bases 
as above, and the hydrolysate was treated with 
columns of ‘Dowex 50’ and charcoal in order to purify 
the pyrimidines, which were separated on paper, 
using the system mentioned above. The specific 
activities of the thymine samples were determined 
by counting and ultra-violet absorption measure- 
ments. There was insignificant radioactivity in the 
cytosine and uracil samples. It will be seen that 
both drugs inhibited almost completely the con- 
version of formate to the methyl group of thymine 
in spleen and ascites cells, where active deoxyribo- 
nucleic acid synthesis occurs, and to a somewhat 
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lesser extent in liver, where there is only slight 
biosynthesis of deoxyribonucleic acid. Similar 
experiments with other pyrimidine and nucleic acid 
precursors, both in vivo and in vitro, are currently 
under way in an attempt to elucidate the mechanism 
of action of these drugs. 

- This preliminary report has directed attention to 
the biological activity and tumour-inhibitory pro- 
perties of some 5-fluorinated pyrimidines, a new 
class of antimetabolites. Certain facets of a pro- 
gramme aimed at the biological evaluation of newly 
synthesized members of this series and their deriva- 
tives and studies of the metabolism and mechanism 
of action of the active compounds have been pre- 
sented here, all aimed at their eventual clinical 
exploration in human cancer. 

This work was supported in part by a grant-in-aid 
from the Wisconsin Division of the American Cancer 
Society, a grant C-2832 from the National Cancer 
Institute, National Institutes of Health, U.S. Public 
Health Service, and by a grant-in-aid from Hoffmann- 
LaRoche, Inc. 
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AN ‘AUTO-IMMUNE’ REACTION AGAINST HUMAN TISSUE ANTIGENS 
IN CERTAIN CHRONIC DISEASES 


By D. CARLETON GAJDUSEK 


Walter and Eliza Hall Institute of Medical Research, Melbourne, Australia 


SING saline suspensions of finely homogenized 
U human tissues as antigens, ıb has been possible 
to demonstrate specific complement fixation, in some 
cases in extraordinarily high titre, with human sera 
from patients suffering from a number of different 
diseeses. 

The human antigens were prepared from tissues 
removed as soon as possible post mortem. A finely 


ground 10 per cent suspension ın physiological saline 
was clarified by three centrifugations at moderate 
speed, and in most tests the crude supernatant fluid 
was used as antigen. The effective agent was after- 
wards associated with material almost completely 
sedimented at 35,000g for 45 min. 

Rat tissue extracts were prepared m similar 
fashion. 
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Table 1. COMPLEMENT FIXATION BBACTIONS OF HUMAN SERA WITH 
HUMAN LIVER ANTIGEN 3 


No. 4561 


Per- 
centage 
positive 


Subjects 
Total Negative Titre Titre 
4-16 2 32 


Clinical condition 





Normal 
Miscellaneous 
diseases 


Disseminated lupus 
erythematosus 
Lupoid hepatitis 
Other chronic 
hepatitis ~ 
Macrogiobulinemia 








The complement fixation method used was based 
essentially on that of Donnelley’, two 50 per cent 
hemolytic units of complement being used and 
fixation carried out at 37° C. for 30 min. Comple- 
ment was always titred in the presence of antigen. 
The chief modification was the use of ‘Perspex’ trays 
with multiple cups instead of the conventional tubes. 
A full range of serum and antigen controls was 
included in all tests. Titres were read as the highest 
dilution giving 2+ fixation or greater. 

Table 1 summarizes the results of complement 
fixation reactions using human liver antigen on sera 
from 190 subjects. It will be noted that high titre 
` reactions (that is, above 16)—presumably reflecting 
auto-antibody levels—weré found only in a few 
pathological conditions, namely, disseminated lupus 
erythematosus, ‘lupoid hepatitis’ (vide infra), other 
types of chronic hepatitis, and macroglobulinzmia. 
Furthermore, positive reactions were rare in sera 
from normal subjects or in sera from patients suffering 
from a variety of other acute and chronic diseases, 
including acute upper respiratory infections, influ- 
enza, bronchopneumonia, chronic bronchitis, bron- 
chiectasis, malignant neoplasms (including chronic 
lymphatic leukemia, lymphosarcoma, and meta- 
static carcinomata), aplastic anemia, sarcoid, 
chronic pancreatitis, chronic gastritis, duodenal 
ulcer, acute infectious hepatitis, serum sickness, 
myxcedema, familial xanthomatosis, essential hyper- 
tension, myocardial infarction, and pernicious 
anemia. In various collagen diseases, not included 
in Table 1, a few low-titre positive reactions [were 
encountered. These will be further discussed in a 
later communication. ~ 

Table 2 presents the reactivity of representative 
high-titre sera to human liver, kidney and muscle 
and to rat liver and kidney antigens. It will be noted 
that certain sera have exceptionally high titres, of 
more than 1,000, to several of the antigens. These 
results were confirmed by starting titrations with an 
accurately prepared 1: 1,000 dilution of serum. Sera 


Table 2. REACTIVITY oF some HIGH TITRE SERA 


Human antigens 
Liver Kidney Muscle 


128 128 128 


Rat antigens 
Iıver Kidney 


250 250 


Diagnosis 
Disseminated 
lupus 
erythematosus 3 
Lupoid ‘hepatitis 1,000 


64 8 8 4 
2,000 1,000| 260 4,000 
a i 16 8 S "16 
Chronic biliary 1,000 128 82 500 
cirrhosis, none 
obstructive 


Macroglobulin- 
mi. 


1,000 


82,000 
500 


2,000 
1,000 


8,000 
2,000 


4,000 16,000 
2,000 500 
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are now being studied with a variety of other human 
and animal tissue antigens. Sera negative to liver 
and kidney antigens generally remain negative with 
other tissues. Occasional exceptions, such as the 
rather frequent reactivity of acute infectious hepatitis 
sera collected in the second to fourth week of illness 
with muscle and kidney and not with liver, have been 
noted. 

Cold agglutinin, heterophile antibody, Wasserman, 
Kahn, and Weil Felix (Proteus OX 19 and OX K) 
reactions, direct Coombs test for incomplete anti- 
body, and specific agglutination reactions to Salmon- 
ella typhi H anc O antigens and Salmonella paratyphit 
A and B antigens and to Brucella abortus were carried 
out on a number of these highly positive sera. 
Heterophile antibody titres on all these sera were 
within the normal range (that is, below 1:64). One 
serum (patient E. M.) highly positive to human 
antigens showed a weak cold agglutination reaction, 
undiluted only. In no other instance were any of 
these reactions positive. Thus, this auto-immune 
complement fixation reaction is not regularly associ- 
ated with any of the above reactions nor was it 
possible to associate it with positive cephalin floc- 
culation tests. 

Gamma glotulin precipitated from a number of 
positive sera appeared to possess all the activity of 
the sera. In ane macroglobulinemia serum (patient 
C. J.) the activity was demonstrated to reside 
exclusively in the eluate of the macroglobulin and 
gamma globulin band on paper electrophoresis and 
not in similar eluates of other serum protein 
components. Furthermore, macroglobulin, three 
times precipitated by water dilution to low ionic 
strength, was found to contain all the activity 
of this extraordinarily high-titre serum. On the 
other. hand, purified gamma globulin from pooled 
human- plasma did not react. with any of the 
antigens. z i 

It is generally accepted that species-homologous 
tissue components are not antigenic. Nevertheless, 
auto-immune mechanisms of pathogenesis have long 
been suspected in a number of pathological con- 
ditions, especielly in those referred to as the ‘collagen 
diseases’ —which include rheumatic fever, rheumatoid 
arthritis, dermatomyositis, scleroderma, acute glom- 
erulonephritis, disseminated lupus erythematosus 
and peniarteritis nodosa. Similar auto-immune 
mechanisms heve been suggested for certain types of 
purpura, hemolytic anemia, encephalomyelitis and 
Hashimoto’s disease (lymphadenoid goitre) and for 
certain forms of chronic hepatitis, including the 
so-called ‘lupoid hepatitis’ recently described by 
Mackay, Taft and Cowling?. In some patients 
suffering from Hashimoto’s disease, Roitt et al.’ 
have demonstrated a precipitin reaction between the 
patient’s serum and purified thyroglobulin. 

The positive findings with complement fixation 
reported above could be interpreted on classical lines 
as evidence of the production of antibodies against 
certain compcnents of human tissue. Presumably 
such components might become antigenic either 
because of some modification of chemical pattern by 
viral or toxic action, or conceivably because com- 
ponents normally inaccessible to immunological 
processes have in some way been rendered access- 
ible. - 

The alternative interpretation is that we are 
dealing with an adventitious reactivity of serum 
globulins not arising as a specific response to tissue 
antigen. : 
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It is not possible to decide between these two 
concepts on the available evidence. The serum 
reagent undoubtedly has many of the properties of 
typical antibody. It has been shown to be present 
in the globulin fraction of several positive sera. Its 
heat stability at 56° C. with increasing destruction 
above 60° C. is in line with the usual behaviour of 
human complement fixing antibody. So also is the 
presence of typical prozones in antigen titrations. 
On the other hand, the reproducible, but at the 
present time inexplicable, differences among sera in 
their -reactivity ,with antigens from different tissues 
seems unlikely to be the result of a unique antigen 
stimulus. This might seem to favour the view that 
the reactivity of the globulins in these cases is not 
ummunological m origm. However, in experiments 
using rabbits, guinea pigs and rats immunized by 
simultaneous intraperitoneal, intradermal and sub- 
cutaneous injections of human liver antigen, there 
afterwards developed high-titre complement fixation 
antibody responses to human kidney antigens of at 


least as high and often of higher titre than to the - 


liver antigen which had been injected. Furthermore, 
rabbits and guinea pigs immunized with human liver 
or kidney suspensions developed complement fixation 
antibodies to several other human tissue antigens 
(namely, muscle, adrenal, thyroid) and to rat liver, 
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kidney and spleen antigens as well. In some cases 
the titre to these other antigens, including those 
from rat tissues, exceeded that to the human 
immunizing antigen. 

Positive sera have generally been found in patients 
suffering from illnesses characterized by hyper- 
globulinemia. It has thus far been impossible to 
find significant correlation between positive reactions 
and any other factor in the serum of these patients 
than the alteration in the serum globulin patterns. 
The presence of these reactions almost exclusively in 
diseases wherein self-inflicted immunological damage 
has long been suspected further incriminates such 
mechanisms of pathogenesis. 

I wish to thank Sir Macfarlane Burnet, director of 
this Institute, and Dr. Ian Wood, director of the 
Clinical Research Unit of this Institute, for their 
encouragement and advice throughout this study ; 
Dr. I. R. Mackay for considerable assistance in 
collecting appropriate clinical specimens; and Miss 
Lois Larkin for her technical assistance. This 
research was supported by the National Foundation 
for Infantile Paralysis, Inc. 
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ELECTRIC CONDUCTIVITY AND CATALYTIC ACTIVITY OF 
SEMICONDUCTING OXIDE CATALYSTS . 


By Pror. A. BIELANSKI, J. DEREN and J, HABER 
Inorganic Chemistry Department, School of Mining and Metallurgy, Mickiewicza 30, Cracow 


T is generally accepted that the catalytic activity 

of a semiconducting catalyst is strongly mfluenced 
by its electronic state and that there must exist some 
relation between the catalytic activity of the semi- 
conducting catalyst and its electric conductivity}. 
Until recently, however, no measure- 
ments of the electric conductivity of 
such catalysts in the course of the 
catalytic reaction have been carried 
out. Matveev and Boreskov? have 
found that there exists a parallelism 
between the change of the electric con- 
ductivity of zinc oxide catalyst and its 
catalytic activity in the course of de- 
hydrogenation of methanol. Miasnikov 
and Psheshezky* obtained similar re- 
sults in the case of the dehydrogenation 
of isopropyl alcohol on the same 
catalyst. These authors were able to 
ascertain @ parallelism between the 
simultaneous changes of conductivity 
and yield of the catalytic reaction ; 
they did not, however, investigate the 
form of the relation between the two 
values. 

In our investigations, the first results 
of which were published‘ at the same 
time as those mentioned above**, we 9 
studied the electric conductivity of 
various semiconducting oxide catalysts 


x 





during the course of the catalytic dehydrogenation of 
ethanol. The oxides used as catalysts were n-semi- 
conductors (ZnO, Fe,0;) as well as p-semiconductors 
(Cr,03, MgO, NiO) and therr mixtures. Several 1-5-gm. 
pellets of catalyst were placed in a reaction chamber, 


mum [ 


-ma —0 [I 


— m oo 
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Time (min.) 
Fig. 1 - 
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one of them being inserted between two platinum 
electrodes which enabled the direct measurement of 
the electric “conductivity during the course of the 
catalytic reaction. After the reaction chamber had 
been evacuated to & pressure of about 1 mm. mercury, 
a steady current of vapours of.a 20 per cént (vol.) 
water-aleohol mixture was passed through it. The 
vapours emerging from the tube were condensed m 
a freezing condenser. Under our conditions we found, 
besides alcohol and water, practically only acetalde- 
hyde ın the condensation products. 

The electric conductivity was measured with an 
a.c. linear bridge with amplification. 

There was always quite an appreciable change in 
the conductivity. of the catalyst after the vapours of 
the water—alcohol mixture had been introduced into 
the apparatus. The change of the logarithm of the 
conductivity | A logo | was of the order of several 
units. The conductivity of the catalysts, consisting 
of the n-conducting oxides ZnO, Fe,0, or their mix- 
tures increased during 5-10 min. up to a constant 
level, as shown in Fig. 1, curve I (catalyst ZnO, 
temperature 400° C.). When the current of flowing 
vapour was cut off and air again introduced at a 
pressure of 1 mm;mercury, the conductivity dropped 
to 1ts initial value. With the p-conductmg catalysts 
NiO, Cr,0, (up to 450° C.) or with the MgO-Cr,0, 
mixtures, we observed the reverse, namely, the con- 
ductivity decreased to a constant value, as shown in 
Fig. 1, curve II (catalyst Cr,Os, temperature 350° C.). 

Chromium oxide (Cr,0,) above 450° C. showed a 
certain anomaly. Its conductivity at first decreased 
and then increased to a value higher than the initial 
one, as is shown by curve III in Fig. 1. Such 
behaviour can be explained by assuming the tran- 
sition of p-type conductivity of CrO, to n-type due 
to the shifting of the Fermi level after the exposure 
of the catalyst to reacting vapours (Haber, J., thesis): 

In the case of mixtures of n-type and p-type con- 
ducting oxides, both types of logo changes were 
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found, depending on which of the two oxides was 
predominant ir the composition. 

Fig. 2 shows the influence of the temperature on 
the change of logo (value of | Alogo|) in the 
course of the catalytic reaction on the surface of the 
ZnO + FeO, catalyst (full Ime), as well as the 
influence of temperature on the catalytic reaction 
yield r (dotted Ime), the amount (mgm.) of acetalde- 
hyde formed when 20 ml. of a water—aleohol mixture 
was passed (after the conductivity reached its constant 
value) being taken as a measure of the reaction. The 
parallelism of both curves suggests a close relation 
between the r and | A logo | values. In fact, in all 
cases we could confirm that the plot of r as a function 
of the absolute value of | A log c | was either linear 
or consisted of two linear portions (Fig. 3). 

The factor A in the equation r = A . | A logo | + B 
expressing the linear relationship of r and | A logo | 
was in all cases positive except in the case of CrO, or 
Cr,0,-rich MgO-Cr.0, and ZnO-Cr,O, catalysts, as 
well as some inactive industrial catalysts which gave 
negative A va_ues5. 

It is quite siking that the linear relationship of 
r and | A logc | is independent of temperature, that 
is, that the points which fall on the same line corre- 
spond to the measurements carried out at various 
temperatures. 

The most probable explanation of this is the 
assumption thet the catalytic reaction yield, as well 
as the number of electrons which were transferred to 
or taken out cf the catalyst, are functions only of 
the number of molecules which were chemisorbed by 
the catalyst. It also seems that we may expect that 
the-electronic state of the catalyst before the catalytic 
reaction has ssarted, which ıs determined by the 
quantity of all kinds of impurities, will influence the 
factors A and B. 


1 Hauffe, K., ‘Advances ın Catalysis”, 7, 213 (1955). 
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165 (Moscow, 1955). E 
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8, 175 (Moscow, 1955). 

‘ Bielański, A, Dereń, J, and Haber, J., Bull Acad. Polon. Sci., 
Cl. ITI, 3, 223 and 497 (1955). Dereń, J., Haber, J., and Mrowec 
S., wid., 4, 107 (1956). Bielański, A., Dereń, J., Haber, J., and 
Mrowec, S., ibiz., 4, 583 (1956). 

* Bielański, A., Dereń, J., and Haber, J., Przemysl Chem ,12, 642 (1958) 
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Use of Gamma Radiation for the Destruction 
s of Wood-boring Insects 


. COMPLETE eradication of wood-bormig insects in 
timber m buildings is difficult to achieve, particularly 
in structural members of large dimensions, often 
inaccessible for thorough surface treatment. More- 
over, the value of insecticidal fluids and of fumigants 
is restricted by the impenetrability of many timbers 
and varies according to the species of insect and 
extent of attack. Radiation treatments may offer 


a means of reducing this problem of penetration, ' 


especially in large built-in timbers, such, as oak 
infested by the death-watch beetle, but before their 
possible application in practice can usefully be con- 
sidered, accurate data are required upon the effect 
of different dosages on the various stages of develop- 
ment of the insects. 

With the object of obtaining this information, a 
series of experiments on. a laboratory scale has been 
undertaken, and is still in progress, at the Forest 
Products Research Laboratory in co-operation with 
the Atomic Energy Research Estabhshment, Harwell, 
where the radiation treatments of experimental 
material are carried out. The investigations have 
so far been confined to insects free from wood or 
within samples approximately half an inch in thick- 
ness. The powder-post beetle, Lyctus brunneus 
Steph., which will complete its life-cycle in three to 
four months in oak sapwood at 25° C. and 75 per cent 
relative humidity, was used in the initial work ; but 
this has now been extended to include the common 
furniture beetle, Anobium punctatum Deg., and the 
death-watch beetle, Xestobium rufovillosum Deg., 
both of which are more difficult to handle in the 
laboratory. 

. The following brief summary of the results to date 

indicates the possibilities and limitations of this type 
of treatment for the destruction of wood-boring 
insects : a progress report giving fuller details is being 
published elsewhere!. 

Using cobalt-60 as a source of gamma rays and. 
measuring dosages in réntgens, it has been found 
that the eggs of Anobium and Xestobiwm can be 
killed by exposure to 4,000 r., if irradiated within 
one to four days of laying, but that their resistance 
increases rapidly as they develop. For example, 
dosages between 48,000 and 68,000 r. are necessary 
to kill mature eggs of Anobiwm, and m excess of 
32,000 r. for Xestobium ; but there are indications 
that eggs uradiated at much lower dosages give rise 
to larve which do not survive. High dosages are 
needed to kill larve of Lyctus quickly, but thew 
development is arrested by treatment at 8,000 r. 
Incomplete results are available for Anobium 
larva, but it appears likely that their reaction is 
similar: the larve of Xestobiwm have not yet been 
studied. 

Irradiation of Lyctus adults at dosages up to 
48,000 r. did not inhibit egg-laying ; but after treat- 
ment of both séxes of Anobium, Lyctus and Xestobium 
at 8,000 r. no fertile eggs were laid. Of the insects 
studied, only in Xestobvum do the adults remain for 
several months within the timber before emerging, 
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and this may be an important practical consideration 
in relation to the period during which infested timber 
containing adults as well as larve could most 
effectively be irradiated. Further work, with par- 
ticular reference to this insect, is justified by the 
results so far obtained and is now in progress. 
The investigation forms part of the programme of 


. the Forest Products Research Board and is published 


by permission of the Department of Scientific and 
Industrial Research. We thank Dr. W. Wild, officer- 
in-charge of the Radiation Chemistry Group, Atomic 
Energy Research Establishment, Harwell, for the 
facilities provided by his Department and for his 
co-operation. i 
p J. D. BLETOBLY 
Rownatp C. FISHER 


Entomology Section, 

Forest Products Research Laboratory, 
Princes Risborough, 
Aylesbury, Bucks. 

Jan. 18. 


ì Bletchly, J. D., Xth Int. Congr. Ent., Canada, 1956 (in the press). 
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Lethal ‘and Sterilizing Effects of Gamma 
Radiation on Insects infesting Cereal 
Commodities 


Insrots infesting stored foodstuffs have been 
treated with y-radiation from cobalt-60 sources! and 
with accelerated electrons from a Van de Graaff 
generator?-*. Results have shown that cathode-, 
Yy- and X-rays are comparable in their efficiency in 
destroying insects**, The design, operation and cost 
of constructing irradiation facilities for research 
purposes? and for the treatment of bulk foodstuffs 
on & commercial scale? have been detailed. 

Research into the potentialities of radiation con- 
trol of insect pests has been stimulated in the United 
Kingdom by the advent of high-flux y-sources ; these 
will be developed within the next few years” from 


Table 1 


Laemophloeus minutus (Oliv. ) 
Laemophloeus ferrugineus (Steph.) 
Laemophloeus turcicus Grouv. 
Laemophloeus pusilloides Steel and 
owe 
Taemophlonis ugandae Steel and 


How 
Ephesia elutella nal Prueba: ) 
hestia kuhniella 
‘Sutotroga cerealella (ou. ) 


Oalandra oryzae (L) 

Calandra granaria (L.) 
Rhizop2rtha domina (F.) 
Tribolium castaneum (Herbst.) 
Tribolium confusum Dav, 
Oryzaephilus surinamensis (L ) 
Oryzasphilus m2rcator (Fauv.) 
ropotrma granarium Everts. 
Oallosobrushus chinensis (L) 


Table 2. Mian ADULT EMERGENOE OF IRRADIATED IMMATURE STAGES 


TAREE TREATED CULTURES AND THE CONTROL 































Dose (rep) 2x 10 5 x “toe 
Days after treatment 17 77 
Species Irradiated 1 Control | Irradiated | Control 
CO granarna <1 884 0 
C. oryzae 7 1,509 <1 
R. dominica 19 566 0 
T. castaneum 8 524 0 
T. confusum 61 161 0 
Q. surinamensis 175 1,599 0 
L. manutus 20 477 Q 
L roid, ke 10 0 
S. cerealella 327 4,500 <1 
E. kuhniella 3 108 0 
E. elutella <i 27 <i 
T. granarium* 7 38 0 





i * Cultured on unfavourable food media to assist routine examina~- 
1008. 
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80 - 


a 
© 


Survival (per cent) 
8 


Days after irradiation 


Fig. 1. Survival of adults after treatment with 5 x 10¢ rep y-radiation. The results have been 


corrected for mortality in the controls 


available fission products, formed as by-products of 
the nuclear power industry. “To investigate the effect 
of y-radiation on a variety of insects which infest 
cereal commodities, seventeen species (Table 1) havé 
been irradiated at the Atomic Energy Research 
Establishment using a cobalt-60 source, which pro- 
vided a dose-rate of 6 x 10° r./hr. A range of doses 
has been studied to determine the levels required 
to kill and to inhibit reproduction. A comparison 
has also been obtained of the tolerance of the various 
species. 

In the first trial, approximately equal numbers of 
immature stages of twelve species were irradiated 
in culture media at 2 x 10? rep. The results in 
Table 2 show that there was a reduction in emergence 
of adults in the irradiated 
cultures. Insects which sur-. 
vivéd the treatment were 
sterile. The vast majority of 
these emerged during the first 
17 days after irradiation, 
which suggests that growth of a 
young larve had been in- 
hibited and that only pupe 


100 


and late larve completed 
their development. Irra- 8 60 
diated larvæ of Ephestia spp. . 
remained ahve for many © 
weeks, but failed to pupate. E 
Similar results have been B i 
obtamed with X-rays’. Live 2 


larvæ of T. granarium were 
present in irradiated cultures 
three months after treat- 
ment. 20 | 
Samples of 300 adults of = 
eight species were also irra- 
diated at 2 x 10* rep. Ten 
days after treatment the per- 0 
centage survival of L. min- 
utus, C. oryzae and C. gran- 
aria was 23, 71 and 94, 
respectively, compared with 


NATURE 











671 


92, 98 and 100 per cent in 
‘the control cultures. There 
was no lethal effect on adults 
of R. dominica, T. confusum, 
‘T. castaneum and L. ferru- 
gineus. Adults of O. surin- 
amensis. showed an atypical 
result; all were killed after 
ten days compared with 84 
control. ‘ 
In the second trial, im- 
mature stages and 300 adults 
of each species were irradiated 
in culture media at 5 x 10} 
rep. Table 2 shows that very 
few immature insects emerged 
as adults. Larve of T'. cast- 


for 14 days after irradiation 
and larve of E. kühniella and 
T. granarium failed to pupate 
after 77 days. The lethal 
effect on adults is shown m 
Fig. 1; L. minutus and C. 
- oryzae were among the most 
susceptible species. T. cast-. 

anéum and R. dominica were the most resistant. 
Adults of all speeies were sterilized at this dose-level. 
A third trial was carried out to study the tolerance 
of thirteen’ species to sterilizing doses. One hundred 
adults of each species were irradiated without food 
at each of four levels, 1-5, 3-0, 4-5 and 6-0 x 10° rep, 
and transferred to non-irradiated culture modia. 
Examination of the cultures at intervals over a 
period of a hundred days showed that adults of 
L. minutus were sterilized at 4-5 x 10% rep. Adults 
of C. oryzae, L. pusilloides, L. ferrugineus, L. ugandas, 
R. dominica and C. chinensis were sterilized at 
6-0 x 10° rep, and at 4-5 x 10° rep progeny were 
represented by two or three individuals only. Adults 





of C. granaria, L. turcicus, O. mercator, O. surin- 
= T_CASTANEUM 

— eo 
Oae Q. MERCATOR a 
= 

O SURINAMENSIS 
> Se U_UGANDAE 
à R 





10 20 30 
Days after irradiation 


Fig.2 Survival of adults attor treatment with 6 x 10° rep y-radiation. The results have beer 


for mortality in the controls 


per cent survival in the. 


aneum, O. surinamensis and” 
L. ferrugineus remained alive , 


` 
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amensis, T. confusum and T. castaneum were not. 
sterilized at the highest dose-level. These produced 
very few offspring and correspondingly larger numbers 
were produced after treatment at 4-5 x 10 rep 
than by the more susceptible species. All species 
irradiated at 3 x 108 rep showed a significant 
reduction in fertility compared with non-irradiated 
adults.’ 

The lethal effect of treatment is shown in Fig. 2 (the 
thirteenth species, C. chinensis, is short-lived in the 
adult stage). Except for O. surinamensis, which has 
given anomalous results in previous experiments, 
species show close agreement in their order of toler- 
ance (cf. Fig. 1). The five species of Laemophloeus 
exhibit survival curves characteristic of the genus » 
and show a wide range in susceptibility, comparable 
in magnitude to differences in tolerance between the 
genera Calandra and Tribolium. The survival curve 
` for R. dominica is an exception to the graded series 

provided by the other species, but the significance 
of this is not clear. 

These studies have shown that irradiation prolongs 
the duration of larval stages; doses greater than 
2 x 104 rep are required to prevent the emergence of 
adults from irradiated pupæ. The irradiation of 
adults at the highest experimental level, 5 x 10‘ rep, 
produces no immediate ‘knock down’ effect. The 

_ most susceptible species are L. minutus, O. oryzae and 
C. granaria. Increasing the dose from 6 x 10° to` 
5 x 104 rep produces only a slight reduction in the 
time reqwred to obtain 100 per cent kill. While 
the insecticidal property of radiation exposes marked 
differences in the tolerance of the various species, 
irradiation with low doses has shown that thirteen 
species are sterilized at or near 6 x 10° rep. This 
would suggest that lethal doses evoke physiological 
processes which are more complex than those involved 
in destroying germ cells. 

Adults used in these experiments were of unknown 
age, which may partly account for the anomalous 
results obtained with O. surinamensis. Future studies 
will be directed towards analysing the radiosensitivity 
of developmental stages. Temporary and permanent 
sterility will be examined together with the possible 
development of radiation resistance. 

We wish to thank the Director of the Pest Infesta- 
tion Laboratory, Department of Scientific and 
Industrial Research, Slough, for supplying msects for 


these preliminary experiments. 


P. B. CORNWELL 
L. J. CROOK 
J. O. BULL 


Technological Irradiation Group, 
Atomic Energy Research Establishment, 
Harwell, Berks. 

Jan. 20. 
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Reflexions on the Monoplacophoran, 
Neopilina galatheae Lemche 


Tue discovery of the living representative of the 
Monoplacophora, of which a preliminary account- by 

. H. Lemche was published in Nature of February 
23, p. 413, is a zoological event of the first order. To 
a malacologist, at. any rate, these dredge hauls off 
the west coast ‘of Mexico, which secured no less than 
ten specimens with three extra shells of Neopilina 
galatheae in themselves alone more than justify the 
voyage of the Galathea around the world. 

Unquestionably a mollusc, it is no less certaizily 
segmented, so throwing light on one of the darkest 
places in zoological knowledge, the ancestral history 
of that phylum. The purpose of this communication 
is not, however, to deal with such matters, which 
will doubtless be fully discussed in Dr. Lemche’s 
forthcoming ‘account: of this anmmal in the Galathea 
Reports, but to direct attention to certain functional 
considerations. : 

In the first place, although N. galatheae is structur- 
ally by far the most primitive living mollusc yet dis- - 
covered, it is surely also highly specialized in that 
it lives in abyssal depths feeding on radiolarians. It 
is suggested by Dr. Lemche that the five pairs of 
pallial outgrowths are typical ctenidia each consist- 
ing ‘‘of a broad and flattened stem tapering outwards, 
and 6-7 elongately triangular, flattened branches 
arising successively from the postero-medial side of 
the stem”. The molluscan ctenidium, however, is a 


-structure of highly characteristic form and functions 


in a most precise mannert. It consists of an axis 
in which run afferent and efferent blood vessels, also 
muscles and nerves, and from which extend, alter- 
nately on the two sides, filaments into which blood 
enters from the afferent vessel and leaves by way of 
the efferent vessel. Externally, the opposed surfaces 
of the filaments bear tracts of lateral cilia which- 
create a current of water: from the efferent to the 
afferent side of the ctenidium, that is, against 
the flow of blood within the filaments. Cilia on the 
frontal and abfrontel (that is, efferent and afferent) 
surfaces of the filaments and on the axes are concerned 
with cleansing, although becoming concerned with 
food collection when the filaments elongate in the 
Lamellibranchia and in some Gastropoda. 

The molluscan ctenidium is one of the most success- 
ful because one of the most adaptable organs in the 
animal kingdom. It has. precisely the same basie 
structure in the Loricata (chitons), Gastropoda, 
Lamellibranchia and Cephalopoda’, indicating descent 
from a common ancestor and óne, moreover, in which 
the ctenidia were housed in @ restricted mantle 
cavity drawing in a localized inhalant current. This 


` condition remains true even where the ctenidia are 


multiplied as they are in the Loricata?. 

In N. galatheae the few ‘filaments’ come from one 
side, a pectinibranch condition found in ctenidia only 
where the axis fuses with the wall of the mantle 
cavity as it does in Mesogastropoda and Stenoglossa 
but certainly not here. Moreover, these organs in ` 
N. galatheae are not so disposed that they could 
function-as ctenidia, although doubtless they do 
serve as gills just as, for example, do the pallial 
outgrowths in the Patellacea. Unlike the multiplied 
etenidia of the Loricata*, they cannot make functional 
contact with one another laterally and so divide the 
pallial grooves into a ventral and peripheral inhalant 
chamber and a more dorsal and inner exhalant 
chamber. Nor, in the absence of a girdle which can 
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be lifted locally like a skirt, can functional inhalant 
openings be created anteriorly. 

Dr. Lemche suggests that N. galatheae lives upside 
down on the surface of the bottom. Although such 
changes in disposition have occurred, notably perhaps 
in heteropods hke Carinaria which swim with the foot 
uppermost and in Cassiopeia and related seyphozoans 
where the pulsations of the bell bring food to the 
animal instead of takmg the animal to its food, yet 
itis difficult to see how this limpet—for m form that 
is what it is—can either attain such a posture or feed 
when in it. Moreover, it must be a deposit feeder 
and on such sparse supplies that some movement 
seems essential. While agreeing that the foot (in 
any event an organ adapted for movement over a 
hard or at least firm substratum) 1s probably too 
feeble for creeping, ıt can still serve well enough to 
prevent the animal from smking into the substrate 
while it is moved very slowly by means of these 
pallial outgrowths which in function, as well as 
possibly ultimately m origm, it 1s here suggested 
may have somethmg in common with parapodia. 
That would further include the respiratory function 
which they clearly possess. 

The fleshy structures around the mouth appear 
well suited for collecting bottom deposits in much 
the same manner as do the palp proboscides of the 
protobranch Nuculidae and Nuculanidae’. The radula 
may well have been retained, as 1b 1s, for example, in 
the ciliary feeding Calyptraeidae, for pulling in part- 
icles massed together m mucus. 

An animal ving under the extreme conditions of 
abyssal depths cannot fail to be influenced by them. 
At the same time, so few animals can exist there 
at all that competition must be slight and the 
primitively organized may long survive if capable 
of modifications appropriate to existence in vast 
depths on soft ooze. Modern molluscs, in my opinion, 
can only’ be traced back to animals which had a 
single pair of ctenidia housed in a restricted posterior 
mantle cavity. That stage, it 13 suggested, was most 
probably reached in shallow water on a hard sub- 
stratum after the remote ancestors of Neopilina 
galatheae had moved down the continental shelf and 
so reached the abyssal depths, where they have since 
suffered no fundamental change. 

Fortunately, however, with this animal available 
in numbers in the region from which the Galathea 
dredged it, these and other speculations may one 
day be confronted—as likely as not confounded—by 
truth, should some future expedition brng them 
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` alive, with a suitable sample of the substrate on which 


they live, to the surface. 
C. M. Yonex 
University of Glasgow. 


1 Yonge, O. M., Phil. Trans., 282, 448 (1947). 
2/Yonge, C. M., Quart. J. Mier. Sci., 81, 367 (1939). 
5 Yonge, ©, M., Phil. Trans., 280, 79 (1939). 


Turn-over of Carrier-free Zirconium-89 
in Man 


In the course of a survey of positron-emittimg 
radioactive isotopes for potential use m external 
localization of human bram tumours!, zirconium-89 
(half-life, 79 hr.) was studied. Positrons with a 
maximum energy of about 0-9 MeV. and gamma 
rays of 0-9 MeV. energy are emitted. Previous 
animal studies employing zircomum salt solutions in 
metal displacement therapy of radioactive plutonium 
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poisoning indicated a rapid excretion of the zirconrm 
m the urine*, However, other investigations in 
animals suggested that various zirconium salts, when 
injected intravenously, formed colloidal aggregates 
which differed ım disiribution according to their. 
particle-size. The larger aggregates were not rapidly 
cleared from the >lood*. 

Zirconium-89 was obtained by bombardment of an 
yttrium oxide target with deuterons in the Massachu- 
setts Institute of Technology cyclotron’. The target 
was dissolved in 12 N hydrochloric acid and the solu- 
tion poured into a column containing a synthetic 
anion-exchange resin (“Dowex 1’). At this pH, only 
the zirconium-89 was adsorbed on the column. The 
yttrium, any rare-earth elements present, and other 
radioactive substances formed such as raciostrontium, 
passed through with the concentrated hydrochloric 
acid. The zircorium-89 was then eluted with 5N 
nitric acid, a msthod of separation suggested by 
Drs. C. D. Coryell and U. Schindewolf, of the 
Massachusetts Institute of Technology. Physical 
studies mdicated a satisfactory separation. The 
yield was 3-5 me. of positron activity (per 2 hr. 
bombardment at 40 uamp.). The 5N nitric acid 
was evaporated and the zirconium-89 activity sep- 
arated was dissolved in a 1 per cent solution of sodium 
citrate adjusted to pH 6-7. Citrate was used to 
minimize the colloidal properties of zirconium and 
prevent precipitation. Furthermore, a stable, rela- 
tively small, souble anionic-colloid complex was 
formed with citrete at this pH ?. After filtration and 
sterilization, the resultant solution was administered 
intravenously im man in doses up to 1:0 me. of 
positron activity in 4 ml. 

In preliminary chemical toxicity studies in mice, 
100-200 times the contemplated dose per kilogram 
m man was well tolerated. No ill-effects were 
observed in any of the animals. 

Fig. 1 shows the concentration-time course of 
zirconium-89 in the plasma after intravenous in- 
jection in a comatose patient with metastatic car- 
cinoma in the cerebellum. Otherwise, his vital 
signs, nutritional status, electrolyte levels, hem- 
atocrit, and renal function were essentially within 
normal limits. Plasma and venous blood samples 
were assayed in a scintillation gamma well-counter 
and compared with known standard dilutions of the 
original activity administered. In this manner, 
corrections for physical decay were made, and the 
curve in Fig. 1 ifustrates only biological processes. 

The concentrazion of activity in plasma is observed 
to increase for ab>ut three hours, reaching a maximum 
of 19-3 per cent of dose/litre. Then there is a slow ex- 
ponential decline to levels of 3 per cent of dose/litre at 
7 days. Calculazions based on the concentrations in 
plasma and whol blood in conjunction with the hem- 
atocrit indicate that the zirconium-89 in blood is con- 
fined to the plasma, and that this tracer does not enter 
the erythrocytes during the first week after injection. 
Concentrations measured in samples of serum were 
equivalent to those in plasma. Labelled plasma was 
fractionated by paper electrophoresis with cacodyl- 
ate buffer and the activity of the various components 
of the resultant dyed pattern measured; this was 
carried out in the laboratory of Dr. K. Schmid at the 
Massachusetts General Hospital. Zirconium-89 was 


_ present in the albumin and g-, §- and y-globulin 


fractions. : 

All urine was collected from this subject durmg 
the week of observation. Total daily output averaged 
about 1,000 ml. Only 2-5 per cent of the dose injected 
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Fig. 1. Concentration-time course of intravenously mjected 


zirconium-89 in the plasma 


was recovered in the first 24 br. Total recovery was 
7-6 per cent at seven days. The excretion-rate in 
the first hour was 0-11 per cert of dose/hr. From 
the plasma concentration of 18 per cent of dose/litre 
in Fig. 1, initial renal clearance of zirconium-89 from 
the plasma ıs therefore only 0-006 litre/hr., or 
0-1 ml/min. 

Intravenously injected zirconium-89 was assayed 
in biopsy samples from two patients undergoing 
neurological surgery. ‘In the first, at about 90 min. 
after administration, concentrations in bone (skull) 
and muscle were 1-2 and 4:8*per cent of dose/kgm. 
respectively, and after approximately 3 hr. in the 
second case, concentrations in bone, muscle, normal 
brain, and bram tumour were in order 0:9, 7:6, 0:8 
and 4-6 per cent of dose/kgm. All samples were 
earefully blotted and wet-weighed before analysis. 
Serum concentrations in these two patients were 
26-6 and 35-6 per cent of dose/litre at 1-5 and 3 hr. 
respectively. , = : —_ 

It would seem that after intravenous injection of 
zirconium-89 in carner-free dilute citrate solution, 
the radiozirconium is only very slowly cleared from 
the plasma due to the formation of metal complexes 
with the plasma proteins. The cause of the initial 
3-hr. rise in plasma concentration is obscure. More 
than 65 per cent of the dose remains in the plasma 
for some hours after injection and about 10 per cent 
at 7 days, assuming a plasma volume of 3-5 litres. 
Excretion of zirconium-89 averages only 1 per cent/ 
day in the urine during the first week. Fecal forma- 
tion in this subject was negligible, as he received only 
5 per cent glucose in water, 1,600 ml. daily, during 
the week of observation. Hence, the decrease in 
plasma concentration observed during this period 
represents & relatively slow distribution of the tracer 
into larger tissue compartments. 

From the concentrations of the radioisotope in 
the biopsy samples, muscle appears to be one major 
tissue compartment for zirconium-89, although no 
results are available for the major internal organs. 
That muscle mass gradually accumulates a significant 
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portion.of the tracer administered is alsó supported 
by positron-scanning with zirconium-89 in several 
patients. From the density of serial seans of one 
such patient’ on three successive days after a single 
injection, a relatively sustained high concentration. 
was observed in the well-muscled facial and temporal 
areas, despite physical decay and the decrease in 
plasma concentration over this period. In contrast, 
the area over skull and brain of this patient showed 
a substantially decreased concentration. 
JOHN MEALEY, JUN. 
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Department òf Surgery, 
Harvard Medical School, 
Neurosurgical Service, 
Massachusetts General Hospital. 
Jan. 23. 
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Anisotropic Structures in Human Elastin 


Te precise relationship between collagen and 
elastin has been widely discussed from the electron 


. maicroscope and biochemical points of vidw, and 


Burton et al.! have suggested that a transformation 
of collagen into elastin may occur in vitro due to 


“degradation of collagen by acids and alkalis, or by 


enzymes. Gillman and Penn et al.? have coined the 
term pseudo-elastic tissue in describmg collagen 
degeneration which may occur m the process of tissue 
repair after injury. Banga’, following Schwartz and 
Dettmer‘, has suggested that some natural elastins 
possess an inner structure of collagen fibrils. While 
there may be similarities between the results of the 
in vitro studies of Burton et al., and those of Gillman 
and Penn, the normal intimate relationship between 
collagen and elastin in most tissues renders it difficult 
to isolate either component. 

Hall’ has shown that differences exist ‘between 
human aortic elastic tissue and elastin from ox 
ligamentum nuche, and the chemical differences 
have been associated with varying solubilities in 
acetic acid. During recent studies on the plastic and 
elastic deformations of protein fibres using optical 
methods, differences of structure have been observed 
between different elastins from human and ox tissues. 
In the case of elastm from- the human aorta, 
anisotropic structures can be observed in the elastin 
fibres although these are usually considered to be 
isotropic. 

In tinely divided specimens of elastin from the 
human aorta, it 1s possible to effect a physical separa- 
tion of collagen- or reticulin-like structures from the 
elastin by using the modification of the pressure 
technique of Boddy*, as described by me’. A single 


fibre about 20-30 microns in diameter teased from 


the elastin material in the specimen and subjected 
to & radial pressure normal to the fibre axis is shown 
in Fig. 1, where a portion of the intimately associated 
collagen-like material is seen displaced. ‘This is 
refractile and resembles the redimiculous fibres 
already reported in other tissues*. Fig. 2 shows the 
same specimen under polarized light, and the 
birefringence of the edges and centre portions is 
marked. 

These bright areas are those which are relatively 
easily removed by this pressure technique ‘from the 
elastin itself. Having removed these structures com- 
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pletely by pressure, the loading was increased, and 
with greater pressures the elastin spreads into a 
flocculent mass of dark fibrils. This is shown in 
Fig. 3, and it will be observed that some sort of 
ordered structure appears in the centre of the dis- 
persed mass. This follows the diagonal position of 
the original fibre and presumably represents an inner 
‘core’ of material which differs from that of the main 
body of the fibre. Fig. 4 illustrates the appearance 
of the same field illuminated with polarized light and 
observed between crossed nicols. This ordered 
structure is birefringent and the double refraction 
is very definitely confined to this ordered region. 

This dark flocculent dispersion of short filamentous 
material is characteristic of elastin under pressure 
and has been observed with elastin from ox liga- 
mentum, human aorta and ox aorta, The reaction 
to pressure is predominantly plastic, and the material 
flows to give this dispersed mass of fibrils. ‘The 
application of pressure to these different elastins 
indicates that although the basic structure is similar 
throughout, the individual fibres differ considerably. 
With human aorta the elastin exists as sheets, 
lamelle or fibres, and the lamellæ are easily torn into 
fibres due to the preferred orientation of the fibrils. 
In ox aorta somewhat similar conditions exist, but 
the fibres are more numerous. With elastin from 
ox ligamentum, however, the elastin only exists as 
fibres. These are usually of two orders: first, the 
simple fibre of more or less circular cross-section, and 
secondly, the fibre bundle which is essentially formed 
by a braiding together of these simple fibres. 

Many of these isolated fibre bundles from ox 
ligamentum exhibit birefringence between crossed 
nicols with polarized light ; but in every case exam- 
ined this has been due to the presence of associated 
redimiculous or vitreous fibres of a collagen-like type 
within the bundle. The peculiar properties of these 
fibres as found in tendon and the dermis has 
been discussed elsewhere*, but mention should be 
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made of their reduced solubility in acetic acid, since 
this might account for the differences noted by Hall’, 

The presence ef these birefringent structures, 
apparently inside characteristic elastin fibres, suggests 
that in certain tissues changes in the muco-poly- 
saccharide/fluid ervironment around the fibrils may 
result in two-phase elastin/collagen structures being 
developed. Not all elastin fibres from the human 
aorta exhibit these birefringent structures, however, 
and it may be that this dual structure arises from 
some form of degeneration or degradation as observed 
by Gillman and Fenn et al.?. 

There are no similarities between the birefringence 
associated with tne presence of ‘variant’ fibres in 
ligamentum elastin and that noted with the internal 
structure of aorta elastin. The variant fibres are of 
the types found in tendons and dermis of a number 
of mammalian species, and their wide distribution 
in tissues follows the natural distribution of collagen 
and elastin. They always exist as discrete fibrous 
units, and, as shewn in Fig. 1, are usually displaced 
as discrete structures. The dispersed ordered structure 
shown in Figs. 3 and 4 is due to fibrils of much smaller 
diameter, since under the pressures applied the 
specimen thickness is less than 1-0 micron. 

It is not possble, from this evidence alone, to 
decide whether the birefringence is due to a collagen 
type of materia in the centre of the elastin as 
postulated by Ganga, or if it arises from some 
biochemical transformation of the type proposed by 
Hall, Keech, Reed et al.’. 

A. J. CRUISE 
4 Raymead Way, 
Fetcham, 

Leatherhead, Surrey. 

* Burton, D., Hall, D A., Keech, M. K., Reed, R., Saxl, H., Tun- 
bridge, R. E., and Wood, M. J., Nature, 176, 966 (1955). 


* Gillman, T., Penn, <., Bronks, D., and Roux, M., Arch. Path., 59, 
733 (1955). 

3 Banga, I., Nature, E72, 1099 (1953). 

* Schwartz, W., and Dettmer, N., Virchows Arch. Path. Anat., 323, 
243 (1953). 

* Hall, D. A., Biochem. J., 59, 459 (1955); Nature, 168, 513 (1951). 

* Boddy, R, G. H. B., Nature, 151, 54 (1943). 

* Cruise, A. J., J. Sos. Leather Trades Chem., 39, 252 (1955). 

* Cruise, A. J., J. Soe Leather Trades Chem., 40, 321 (1956), 

* Hall, D. A., Keech, M. K., Reed, R., Saxl, H., Tunbridge, R, E., 
and Wood, M. È, J. Geront., 10, (4), 388 (1055). 


Changes he Ultra-structure of Human 
F Bone during Growth 


Clark and Iball have recently reported! their 
observations or changes in the ultra-structure of 
bone during grewth. They confirmed the findings of 
Caglioti et al.*, that there is no evidence of crystal 
orientation in tie long bones of new-born rats until 
the second to fourth day of life. Moreover, they 
mention that, -n investigating human foetal bones, 
they did not fnd any orientation of the hydroxy- 
apatite crystalites until the fourth month of in- 
trauterine life. The latter result is not in accord 
with my recent work, which is based on microbeam 
diffraction teckniques*, in the investigation of the 
ultra-structura!l organization of human foetal bone. 
Diffractograms of the thin periosteal bone collar from 
longitudinal sections of femora from ten-week old 
human foetuses show in several areas a slight but 
definite meridmnal orientation of the 002 reflexion 
of apatite, when recorded in a Chesley microcamera 
with a 20-micren collimator. However, in a diffracto- 
gram taken by the usual macrobeam technique 
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Xray beam o- 25 mm. wade) through the entire s bona, : 


this orientation was no longer apparent: — 

I thus. conclude from this and a number of similar 
experiments that, within. microscopic areas, there is 
a tendency for the apatite particles to become aligned 
along the collagen fibres. In an area of the relatively 
large size required for ordinary X-ray diffraction 
techniques, however, these microscopically ordered 
‘areas give the appearance of being randomly dis- 
persed. These findings have been confirmed by the 
use of the polarized light microscope, and by low- 
angle X-ray particle scattering. 

The degree of orientation of the apatite crystallites 
was measured as the ratio between the meridional 
and equatorial intensities of the 002-reflexion. At 
the very early stages of bone development, this ratio 
is as low as 1-4, and then increases during intra- 
uterine development up to a value of about 2-3, 
after which it remains more or less constant until 
birth. Post-natally, the degree of orientation in- 
ereases again, reaching a maximum of about 4-6 in 
adult bone. 

That foetal bone never attains as high a degree of 
orientation as does adult bone does not seem to be due 
to the fact that the crystallites are smaller in foetal 
bone. (This aspect will be discussed more fully in a 
forthcoming paper dealing with biophysical studies 
on human foetal bone formationt.) Probably the 
inerease in orientation is due to changes in the 
“ghemical or physical properties of the collagenous 
bone matrix associated with growth and mechanical 
influences. 

GORAN WALLGREN 
Department of Medical Physics, 
Karolinska Institutet, 
Stockholm. 
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Detection by Paper Electrophoresis of Rapid 

Changes in Protein and Lipoprotein Distri- 

bution during Heparin-induced Clearing of 
Alimentary Lipæmia 


In recent studies, normal adults ingested 120-400 
gm. of fat (as 40 per cent butterfat cream) and, after 
3~44 hr., they received 100 mgm. of heparin intra- 
venously. Serum samples taken 30 min. later were 
compared with their fasting and pre-heparin samples 
by electropapergram techniques. The post-heparin 
samples consistently showed a number of changes 
which are listed below and indicated by Roman 
numerals. 

Certain changes were due to redistribution of 

protein. They could be demonstrated even after 
extraction of lipids before the electropapergrams were 
stained. 
. (1) A new band of protein appears between 
alpha-2-globulin and beta-l-globulin. We call it 
alpha-beta-globulin (rather than alpha-3) because 
it is sometimes incompletely differentiated from 
beta-1-globulin. 

dT) A new band of gamma-1-globulin appears. If 
rans are started from electrical midpoint, it is seen 
just anodal to the starting line. 


We have developed a method for inducing toluidine- 


blue metachromasia on serum electropapergrams, 
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-metachromasia in albumin and beta- I-globulin. 


(II) The new alpha-beta-globulin is intensely 
metachromatic, even more than beta-1-globulin. 

(IV) The new gamma-l-globulin is also meta- 
chromatic, but not so intensely as is alpha-beta- 
globulin. 

The double-staining oxazine dye, nilblau, stains 
fatty acid blue-green and neutral fat red-orange. 
Used as a post-run stain, it also detects protein and 
its sensitivity to pH provides a means of estimating 
the acidity or alkalinity of particular fractions relative 
to neighbouring fractions. 

(V) The new alpha-beta-globulin stains redder with 
nilblau than alpha-2 or beta-1-globulin and therefore 
seems to be a basic constituent. 
encourage hypotheses suggesting that the new fraction 
is a complex of serum globulin with heparin, a strongly 
acid mucopolysaccharide. 

Other changes cannot be demonstrated after lipids 
are extracted from electropapergrams and are there- 
fore due to lipoproteins. They may be shown by 
staining either with the water-insoluble sudan black Bo 
or with the water-soluble Schiff reagent which, we. 
recently reported, is predominantly a 
ing certain special lipoproteins when it is used on 
electropapergrams'. By staining first with Schiff and 
then counter-staining with amidoschwarz, the lipo- 
protein pattern and protein pattern may be examined 
simultaneously on the same sample; this cannot be 
done if sudan black B is used first. 

(VI) The concentration of beta-2-lipoprotein. and. : 
immobile zero lipoprotein is much decreased. ‘This 





may be considered the electrophoretic correlate of the = 


known change from low- to high-density lipoproteins =~ 
during the clearing of lipæmia?. ; 

(VII) The electrophoretic mobility of beta-1- 
lipoprotein is increased. 

(VIII) The electrophoretic mobility of lipo- 
albumin is increased. Others have attributed these 
increasés in mobility to the inereased level of free 
fatty acid found during clearing of lipwmia?. 

(IX) The beta-1l-lipoprotein band splits into two 
bands. 

(X) If samples are first stained with Schiff, then 
overstained with amidoschwarz, the faster beta-1- 
lipoprotein sub-band is seen to occupy exactly the 
same position as the new, intensely metachromatic 
alpha-beta-globulin ; they may be identical. 

There remain changes demonstrable only by 
‘intra-run staining’, which is our term for staining 
by electrophoretic migration over paper impregnated 
with nilblau or sudan black B*. In addition to im- 
proved detection of faster lipoproteins and of pattern- 
ing, important colour differentials are seen. The 
fraction with the highest fatty acid/neutral fat ratio 
is lipo-albumin, which is green on nilblau and gold 
on sudan black B. This ratio is lowest in the beta- 
lipoproteins, which are red on nilblau and black on 
sudan black B. Blue or red colours on nilblau and 
grey or brown colours on sudan black B are char- 
acteristic of the narrow alpha-1l-lipoprotein, of the 
narrow fast-alpha-2-lipeprotein, and of the broader 
slow-alpha-2-lipoprotein. 

(XI) The concentration of alpha-I-lipoprotein is 
greatly reduced ; it may disappear. 

(XII) A new band of lipo-pre-albumin appears 
moving fast to lipo-albumin. It is blue-red on nilblau 
and grey-black on sudan black B. These staining 
characteristics indicate its lipids to be relatively basic 
in comparison with those of lipo-albumin. As in the 


This does not 
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~ ease of the alpha-beta-globulin, this basic character is 
inconsistent with a hypothesis that this new fraction 
~ -results from a complex of globulins with either heparin 
or with fatty acid released during the clearing of 
_ lipemia. Herbst and Hurley’ made similar observa- 
ons. and argued against protein-heparin complexes 
by pointing out the unusually high lipid/protein ratio 
he lipo-pre-albumin. Lipo-pre-albumin also ap- 
pears after intravenous administration of fat®. 
The mechanisms which cause diminution of zero- 
d beta-2-lipoproteins during the clearing reaction 
pear to be well understood, and the overall increase 
in mobility of beta-1-lipoprotein and lipo-albumin can 
be explained. The significance of the three new 
protein- bands is more obscure. Two are meta- 
ehromatic, yet other evidence is against their being 
‘obein-heparin complex. This is less surprising 
congidered with our inability as yet to identify 
e-formed metachromatogens of normal sera with 
1own substance, One of the new bands, lipo: 
albumin, has a high lipid/protein ratio, whereas 
another of the new bands, gamma-l-globulin, is 
apparently free of lipid. The rapidity of these 
-changes in the pattern of serum protein after intra- 
venous heparin unquestionably makes direct inter- 
action a superficially attractive hypothesis, yet all 
- available evidence seems to be against it. One can 
; mly conchide that a number of the changes listed 
above are due to mechanisms which are ‘unknown 
t present. 
coo These studies, carried out at U.S. Army Hospital, 
Fort Riley, Kansas, were assisted by a grant-in-aid 
from, the Wolfson- -Meyer Charity Foundation, Miami, 
florida, U.S.A. We also are grateful for important 
iven. by olficors of the 18th Infantry Regiment 
and by Dr. R. E. Clegg and others of the staff of 
the Department of Chemistry, Kansas State College. 
WILLIAM Qurrman WOLFSON 
Brenron H. PENWARDEN, JUN. 
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Thyroid Adenomas in Sheep administered 
; lodine-I31 Daily 


Tne role of iodine-131 in the possible development 
thyroid tumours has been a matter of considerable 
oneerm in view of its widespread clinical use. The 
ecuurrence of thyroid tumours in rats after single-dose 
administration of iodine-131 has been described by 
Idberg and Chaikoff'; but no reports of such 
mour development in other species have been 
corded: During the course of an extended investiga- 
n of the effects of iodine-131 administered daily to 
eep*, thyroid adenomas were encountered in four 
a group of five sheep which were exposed to 

iodine-131 per day for their lifetime. The de- 


of the remaining member of this group is reported 
eparately". 
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The principal phase of the extended experiment 
initiated in 195¢ has involved the daily oral admin- 
istration of carzier-free iodine-131 at levels ranging 
from 0-005 to 1,800 ue. to Suffolk sheep. Offspring 
were exposed to iodine-131 in foetal life and by way 
of the milk during the suckling period. When ewe 
lambs reached the weaning age of four months, 
representative numbers were placed on the same 
iodine-131 regimen as their dams. The sheep were = 
maintained on a diet low in stable iodine in order o 
to ensure maximum uptake of iodine-I131. Weekly —— 
external monitoring of the thyroids of all sheep was : 
performed throughout the experiment. ene 

The estimated dose to the thyroid gland. of a. 
representative animal showing tumour involvement 
was 30,000 rads: for the entire five and a half years 
of life. The dosage calculations, however, are con- 
sidered only crude estimates, since, during the. life... 
time of the animals, the thyroid exhibits growth, 
seasonal changes in. weight®, and then a reduction 
in size due to radiation damage. 

Among the animals showing tumour involvement, 
two had adenomas which were detected. histologically 
but were not observed grossly at necropsy. In the 
other two animals the tumours appeared as small, 
raised lesions. “he gland of one animal presented a 
single tumour that did not exceed 1 em. in greatest 
diameter, and in the other ewe the involved lobe ` 
had three smal! tumours, none of which exceeded 
4 mm. in greatest diameter. 

Neither the six ewes of the same age which were 
exposed to 0-15 uc. per day for their life-time nor 
any of the twenty-five aged control animals showed 
any evidence of thyroid tumours. The dams: of the» 
affected animals were administered 5 pe. daily from. 
two years of age until they were killed three to four 
years later, but showed no tumour development. ‘The: 
thyroid glands of sheep fed 15-1,800 ue. per day. 
also contained wo tumours. However, these groups. 
were fed iodine-131 for significantly shorter periods, 
were killed at an ‘earlier age, and frequently ex- 
hibited severe thyroid damage or ablation, thus 
limiting the basis for comparison with the. group 
under consideragion in this report. 

This paper is based on work performed under 
Contract. W-31-109-Hng-52 for the Atomic Energy 
Commission. ; 

The technical assistance of N. L. Dockum, E. Jane 
Coleman and Glenda Vogt for photomicrographs and 
histological preparations, and of M. E. Kerr and 
animal farm staff for care of animals is gratefully 
acknowledged. 
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Protein Synthesis in Sphinx ligustri 
Pupe f 


At the beginning of the pupal stage of Sphinx 
ligustri, a lysis of larval tissues occurs. In winter, 
during diapause, the pupa is a bag full of blood con- 
taining a suspension of partially broken down larval 
tissues. In spring, diapause is broken, formation of 
adult tissues is speeded up and the moth becomes 
rapidly ‘ready to emerge. Most of the amino-acids 
used for adult protein synthesis come from larval 
tissues; the question is whether the larval proteins 
are hydrolysed to free amino-acids before being used 
for adult protein synthesis, or whether adult proteins 
are built up from larger units that might be carried 
- by phagocytes which are known to destroy the larval 
tissues. In order to approach an answer to this 
question, we decided te compare the mean specific 
rates of protein synthesis (rate of synthesis/amount 
of proteins) from one free amino-acid, namely 
glycine, in Sphinx ligustri pups», either in diapause 
or at the moment of the development of the adult 


“|. OF gans, 


112 ugm. of glycine-1-4C (433,000 ¢./min.) was 
injected into the body cavity of each of five Sphinx 
ligustri pupe. After a time, specified later, the 
animals were cut longitudinally into two, the blood 
. washed away, the remaining tissues dissected from 
the cuticle and put into 20 per cent trichloracetic 
“acid to stop enzymic actions. The tissues were washed 
_ with water, cooked in boiling water and ground. 

“They were put in a bag with some ordinary glycine 
and submitted to dialysis to eliminate the free amino- 
acids and especially the radioactive free glycine: the 
process of dialysis was repeated seven times. The 
non-dialysable fraction was submitted to hydrolysis 
with 6 N hydrochloric acid for 24 hr. and a neutral 
amino-acid fraction isolated from the hydrolysate 
with the use of ion-exchangers (“Dowex 2 and 
“Dowex 50°). 

A portion of the neutral amino-acid fraction was 

used for the determination of the amount of the non- 
Blood protein glycine following the ion-exchange 
.. taethod of Moore and Stein! (see Table 1) (the non- 





































































Table 1 
| Sphina ligustri 
| I Tl Tit Iv v 
Total | 
amount 
(mgm) -35 6°75 l 4-15 0-49 0-59 
Nitrogen | | | 
determ- | 
| | | 
| | ! 
| | l 
-| 
i i 18-7 18-0 18-4 18-7 
| | | | 
i | 31,200 | 14,700 | 39,800| 1,660] 1,090 | 
am AE Pee ARE Remick Asai i T fe et 
| Specific | i i 
i activity į | i 
| Gfminj | | | : 
m.molej | 250,4 263, | 720, | 254, 139,000 | 
Sone ee ee [720,000 | 264,000 | 380,000- 
“Fupal stage Transforming into adult Diapausing | 
eae a 
Duration of pee | | 
> experiment = abe. | 2e hir: | 
Amount of glycine j 7 Í 
injected 112 pem.; 433,000 c/min. 
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dialysable glycine is mostly protein glycine ; we shall 
call it protein glycine). 

The greater part of the neutral amino-acid fraction 
was used for the determination of the non-blood 
protein glycine radioactivity. A carefully weighed 
amount of ordinary glycine was added as a carrier 
and the glycine was isolated as the «-nitronaphthalene- 
sulphonate, which was recrystallized several times in 
water. The sulphonate in aqueous solution was 
poured on a column of ‘Amberlite [R-120(H) and 
the glycine was eluted with 3 N ammonia; the re- 
generated glycine was recrystallized in water/ethanol/ 
diethyl ether and submitted to Kjeldahl nitrogen 
analyses. The glycine crystals were used for the 
radioactivity determinations ; this radioactivity was. 
found not to change on recrystallization. 

From these results, the specific activities of theii 
non-blood protein glycine of the Sphinx ligustri 
could be calculated. 

The experiment was carried out in June. Sphina. 
I, IL and IIT had been maintained continuously in 


an unheated room in a garden; when injected, the 


formation of the adult was well on the way, antennw 
and wings being recognizable. Sphinx IV had been 
maintained at 2°C. during winter and transferred’ 

to the unheated room in April; at the time of the 
experiment the animal was still in diapause. Sphina V 
had been kept continuously in a room at 25°C.; 
at the time of the experiment, it was also in diapause. 
From what is known for other Lepidoptera, specimen 
IV was likely to produce the adult within a few 
weeks, whereas specimen V would never become |. 
adult. 

After the radioactive glycine injections, the five 
animals were put in the room at 25°C. so that the 
rates of incorporation of glycine into proteins could 
be compared. 

Sphinaz I and II were killed 2 hr., the cther three 
24 hr., after the injections. 

Specifie rates of protein synthesis or turnover- 
rates can be directly compared on the basis of the 
specific radioactivity of the protein glycine after 
injection of radioactive glycine, only if the specific 
radioactivity of the glycine used for protein synthesis 
is the same in all animals compared at any time 
after the injection. (The term ‘turnover’ is used only 
when there is a ‘steady state’, that is, no net protein 
synthesis, as is probably the case during diapause.) 

When the same amount of radioactive glycine is 
injected into all the animals, the specific activity of 
the free glycine in the free amino-acid pool at the 
time 0 after the injection depends only on the 
quantity of free glycine in the pool (hemolymph -+ 
intracellular). In the hemolymph, the quantity of 
free glycine is slightly higher in the diapausing 
Sphinx (600-750 ugm.) than when the transformation 
into adult has started (400-700 pgm.) (Duchâteau 
and Florkin, unpublished results). - 

The decrease of the free glycine specific radio- 
activity after the injection depends on the rate of 
utilization of free glycine. Is this rate large or not ? 
If it were not, the specific radioactivity of the free 
glycine could be considered constant during the 
experimental period, and the discussion would be 
simplified. However, the comparison of Sphinx I 
and II on one hand, and Sphinæ TII on the other, 
does not support this view: if the specifie activity 
of the free glycine had not changed during the 24 hr. 
following the injection, one would expect to find the 
activity of the non-blood protein glycine in Sphinx IIT 
to be about twelve times as high as that in Sphing I 
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sand IL; the ratio is actually much less (whether 
calculated from specific or absolute activities). 

It seems likely that the turnover of free glycine is 
“higher in pups that are in the process of forming 
the adult than in pups that are still in diapause. 
We tentatively draw the conclusion that, on the aver- 
age during the 24-hr. experimental period, the 
cific radioactivity of the free glycine in the free 
amino-acid pool was rather lower in Sphinx III than 
_Sphine IV and V, and consequently the mean 
pecific rate of non- -blood protein synthesis from free 
lycine is much higher in the transforming pupa 
than in the diapausing animal. This seems to sup- 
port the view of adult protein synthesis directly 
from the free amino-acid pool. 

_ We-wish to thank Dr. J. Leclercq for rearing the 
acts and for helpful discussion of the results. 


S. BRICTEUX-GRÉGOIRE 
W. Q. VERLY 
: M. FLORKIN 
oe Department of Biochemistry, 
: University of Liége. 
Jan. 17. 
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Indoleacetic Acid in Two Species of Nicotiana 


IN Nature, and afterwards elsewhere, Vlitos, 
eudt and Beimler!? reported that they were unable 
“to detect indole-3-acetic acid in leaf, stem, root or 
apical tissue of Nicotiana tabacum L. ‘Maryland 
Mammoth’ plants, which had been grown under 
g-day conditions. 
“he absence from a plant of indole-3-acetic acid, 
which is considered a major plant hormone, is of 
„interest, and its absence from a variety of tobacco 
‘was of particular interest to us, because in this 
laboratory it had been shown that stems and leaves 
f N. tabacum ‘Virginia Gold’ contained this acid 
concentrations up to 10 yem./kgm. of fresh weight 
yublished data). 
1s il-week old plants of N. tabacum ‘Maryland 
Mammoth’ were available, it was thought desirable 
find out if these plants contained indole-3-acetic 
d. The ‘Maryland Mammoth’ plants had’ been 
“grown together with Nicotiana sylvestris Speg. and 
Bones under short-day (8 hr.: daylight) or long-day 
16 hr.: daylight supplemented by incandescent 
18) conditions. Half the plants of each species in 
light treatment had been inoculated with 
acco mosaic virus, the other half being maintained 
controls. At 11 weeks, all plants had about 
welve - visible leaves; the ‘Maryland Mammoth’ 
lants were 18 cm. high under long day and 45 cm. 
nd flowering under short day. N. sylvestris 
were 75 em. high-and flowering under long day 
re rosettes under short day. 
rom five plants of each treatment the upper 
t leaves (lengths: 5-30 em.) and the stems were 
ested separately, and the acidic ether-soluble 
wth-substances (from approximately 60 gm. tissue) 
re extracted and chromatographed (solvent : 
ropanol : water : ammonium hydroxide, 10:1:1) 
y the method of Kefford?, which is almost identical 
with that of Vlitos et al2. The chromatograms were 
tioned and the sections were biologically assayed 
ith the Avena coleoptile section extension test*. 
- THe Avena extension tests showed, on chromato- 
_ grains a all extracts, an ares of growth oe 
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corresponding tc the positión of a synthetic indole-3- 
acetic acid guide (Rp 0-3). Thus, the acid was 
detected in the stem and leaves of plants of N. 
tabacum ‘Maryland Mammoth’ and N. sylvestris 
grown under both short- and long-day conditions and 
whether non-ineculated or inoculated with tobacco 
mosaic virus. The concentration of indole-3-acetic 
acid in non-inceulated plants was of the order of 
1 pgm./kgm. of fresh weight of tissue. Additional 
assays of tobazco plant material grown between 
June and November under natural daylight conditions 
showed that indole-3-acetic acid occurred in leaves 
and stems of (1) ‘Maryland Mammoth’ plants 19 
weeks old (non-dowering); (2) N. tabacum ‘Turkish 
Samsun’ plants 15 weeks old (flowering). 

In addition to indole-3-acetic acid, a growth-pro- 
moter, Rp 0-0-¢-15, and a growth-inhibitor, Ry 0-5~ 
0-7, were detected in all extracts. No sign was found 
of the auxin of Rp 0-98 detected by Vlitos et al.?, in 
extracts of ‘Maryland Mammoth’ leaves and apices. S 

The different findings of Vlitos et al. and ourselves. 
must be associated with differences either in technique 
of auxin extraction and detection, or in the physio- 
logical status of the plants used. One. difference in: 


technique is that Viitos et al.? evaporate extracts i 


‘in a stream of air”, which may oxidize indole-3- 
acetic acid, but if this is the case it is still necessary 
to explain the appearance of the auxin of Rp 0-98, 
and why this is not oxidized also. 
extracted by Vitos et al. contained a concentration 
of indole-3-acetze acid much less than 1 ugm. jkgm. 
as found here, their colorimetric method may not 
have been sensisive enough, in the presence of other 
extracted materials, to detect the amounts of indole- 
3-acetic acid present, notwithstanding the use of 
extracts from cp to 1 kgm. of tissue. 


reproductive status. 
N. P. Kerrorp — 
Katte Herms 


Division of Flant Industry, 
Commonwealth Scientifie and 
Industrial Reseerch Organization, 
Canserra. 

Jaa. 4. 


1 Viitos, A. J., Meuds, W., and Beimler, R., Nature, 177, 890 (1956). 


2? Vlitos, A. J., Meud:, A , and Beimler, R., Contrib. Boyce Thompson 
Inst, 18, 283 (2958 


? Kefford, N. P., J. ea, "Bot., 6, 129 (1955). 


Nature of Chioragogen Granules 


Ir has become generally accepted that the chlor-- 
agogenous tissue of earthworms is éxeretory in 
function and taat the granules consist chiefly of 
guanine. This view is to be found in both elementary 
and more advaaced text-books and is based on the 
work of Willem and Minnet. Theirs is not. the only 
work, however, and during the first decades. of ‘this 


century a number of papers were published on this 


problem. The evidence supporting the excretory 
nature of the ckloragogen is conflicting and that for 
the alternative theory of the elaboration and storage’ 
of food reserves is equally contradictory. Many new 
techniques have been developed since this early work 
and it seemed desirable to re-investigate the problem 
using modern methods. Moreover, past work was 





If the tissues © 


At prosent 
there is no clue to physiological differences, but they 

seem unlikely so be related either to the age. of sei 
the plants (temporal or physiological) or to the. 
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done on sections and on the whole gut, and no attempt 
was made to separate the granules. 

I have been able to obtain almost pure samples of 
chloragogen granules by taking advantage of the fact 
that the chloragocytes are very easily detached. The 
technique is as follows. The worms are lightly 
anesthetized with either chlorbutol or 10 per cent 
alcohol, and the intestine is dissected out and the 
ends ligatured. It is then rinsed in saline isotonic 
with the ccelomic fluid (0-07 molar sodium chloride) 
and the chloragocytes are brushed off in fresh iso- 
tonic saline. ‘lhe resulting suspension is centrifuged 
and the granules washed three times in distilled water. 
Histological examination of brushed and unbrushed 
pieces of intestine showed that only chloragogen 
cells are detached. The final thick suspension con- 
tains very little besides granules and nuclei, the 
latter forming an exceedingly small proportion of the 
whole. Granules separated in this way were subjected 
to element analysis and were found to contain approx- 
imately 43 per cent carbon, 6 per cent hydrogen, 
4 per cent nitrogen, 3:5 per cent phosphorus and 
l per cent sulphur. Now guanine contains 60 per 
cent nitrogen, so that neither guanine nor any other 
nitrogenous waste product can be present in any 
appreciable quantity in the chloragogen. It is there- 
fore clear that the chloragogenous tissue is not 
primarily, if at all, concerned with nitrogenous 
excretion. This conclusion is supported by the work 
of Dr. P. Semal?*, 

The granules probably consist mainly of phospho- 
lipid, and contain a yellow pigment which shows no 
well-defined absorption bands. Further work is in 
progress to identify these substances precisely, and 
to determine the part they play in the metabolism 
of the worm ; a full account will be published later. 


Berry I. Roors 
Department of Biology, 
Royal Free Hospital School of Medicine 
(University of London), 
Hunter Street, 
London, W.C.1. 


* Willem, V., and Minne, A., “Livre jub. Ch. van Bambeke” (Bruxelles, 
99); Mem. Acad. Roy. Belg., 58 (1900). 
*Semal, P., Bull. biol. France et Belge (in the press). 


Nitrogen Fixation in Non-Legume 
Root Nodule Plants 


Ir has been shown'-* that fixation of atmospheric 
nitrogen is associated with nodule-bearing plants of 
alder (Alnus glutinosa), bog myrtle (Myrica gale) 
and sea buckthorn (Hippophaé rhamnoides), enabling 
the plants to grow in a rooting medium free of com- 
bined nitrogen just as in the case of legumes. ‘This is 
well illustrated by Fig. 1, which shows plants of sea 
buckthorn from a recent experiment. ‘here are, of 
course, other non-legume root nodule plants, but 
those named, together with related species, are the 
examples occurring in northern countries. 

Mainly as a result of improvements in cultural 
technique, rates of fixation considerably exceeding 
those previously reported have been attained in 
recent experiments, particularly with bog myrtle and 
sea buckthorn. Some values are shown in Table 1. 
They refer to plants raised in water culture (nitrogen- 
free solution) in a city greenhouse; they could 
doubtless be improved upon still further under more 
congenial conditions, as they possibly are in the field. 
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Fig. 1. First-year plants of sea buckthorn (Hippophaé rhamnoides) 
grown in culture solution free of combined nitrogen, those on the 
left bearing root nodules. (x 1/5) 


The fixation recorded for alder and bog myrtle during 
the first year of growth considerably exceeds that 
usually shown by annual legumes under experimental 
conditions; the fixation of 450 mgm. per plant 
recorded by Giöbelt in a particular experiment with 
soya bean is exceptional. Fewer data for arborescent 
legumes are available, but the fixation reported’ for 
Robinia pseudoacacia in its first year is well below 
that for alder and bog myrtle. 

The view* that the significance of the fixation by 
these non-legumes in regions of natural vegetation 
is considerable is supported by the observations of 
Crocker and Major? at Glacier Bay, Alaska. ‘Their 
data indicate that under alder thicket, the develop- 
ment of which is a regular stage in the colonization 
of the bare areas left by the recession of the glaciers, 
a considerable build-up of soil nitrogen occurs, 
amounting to 55 lb. per acre annually. No doubt 
this facilitates the next stage in the succession, 
namely, the replacement of the alder by Sitka spruce. 

No ready method for the further exploitation of 
these nitrogen-fixing plants suggests itself. In tropical 
countries shrubby legumes are frequently grown for 
green manure, and it is possible that under quite 
different climatic conditions there might be occasions 
when some such use could be made of these very 
hardy non-legumes. Bearing in mind the ability of 
these plants to grow on land unsuited to agriculture, 
there is the further theoretical possibility of convert- 




















Table 1 
| Fixation per 
| plant during Subsequent fixation 
first year 
Alder 300 mgm. 2,500 mgm. 
(Alnus glutinosa) (by end of second year) 
Bog myrtle 460 mgm,* 6,020 mgm. 
(Myrica gale) (by end of third year) 
Sea buckthorn 26 mgm, 200 mgm. 
(Hippophaé rhamnoides) (by end of second year) 


* After fourteen months, for seven of which the plants were in the 
winter, leafless condition. 
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ing the nitrogen in material harvested from plantings 
in such areas into fertilizer by an industrial equivalent 
of the Kjeldahl process ; practical difficulties would 
be many and the economics probably unsound. In 
any future developments of the idea of preparing 
edible protein from leaves* these plants would merit 
consideration. 
G. Bonp 
I. C. GARDNER* 
Department of Botany, 
University of Glasgow. 
Jan. 16. 


* Carnegie Research Scholar. 

t Bond, G., Fletcher, W. W., and Ferguson, T. P., Plant and Soù, 
5, 309 (1954). 

Bond, G., MacConnell, J. T., and McCallum, A. H., Ann. Bot., N.S., 
20, 501 (1956). 

* Bond, G., New Phyt., 55, 147 (1956). 

* Gidbel, G., New Jersey Agric. Exp. Sta. Bull., 436 (1926). 

* Nobbe, F., Schmid, E., Hiltner, L., and Hotter, E., Landw. Vers. 

Sta., 39, 827 (1891). 

* MacConnell, J. T., and Bond, G., Ann. Bot., N.S., 21, 185 (1957). 

t Crocker, R. L., and Major, J., J. Ecol., 43, 427 (1955). 

* Pirie, N. W., Nature, 177, 1200 (1956). 


Controlled Differentiation in Cultures of 
Two Liverworts 


Ir is well known that relatively undifferentiated 
tissues of many vascular plants can be grown con- 
tinuously in aseptic culture, and, 
under appropriate conditions, may 
often be induced to produce normal 
fully differentiated organs!. Similar 
‘cultures do not appear to have been 
described for any of the bryophytes. 
Wettstein?’ obtained undifferen- 
tiated apolar tissue from spores of 
Funaria, by growing them on media 
containing relatively high concen- 
trations of thiamine or of narcotics 
such as chloralhydrate, but the cell 
masses produced never comprised 
more than 30-50 cells. Meyer 
observed similar clumps of rounded 
cells in cultures prepared from 
the spores of an unnamed leafy 
liverwort (probably Cephaloziella) 
but after several months the clumps 
gave rise to leafy shoots. In contrast 
with the restricted growth described 
in these previous investigations, the 
active and apparently unlimited 
growth of a callus-like tissue has 
now been obtained in two represent- 
atives of the liverworts—Fossom- 
bronia pusilla (L.) Dum. (Junger- 
manniales Anacrogynae) and Re- 
boulia hemisphaerica (L.) Raddi 
(Marchantiales). 

The cultures were initially pre- 
pared by sowing spores of the two 
species, under aseptic conditions, 
on & l per cent Knop’s agar, either 
with or without the addition of 
2 per cent glucose (A.R.). In the 
absence of glucose, development 
proceeded normally, but on the 
glucose medium growth was slow, 


except in some cultures in which ye 
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a and b, cultures of Fossombronia (x o. 6-8) and Reboulia (x ¢. 3-25), res 
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and b). These anomalous tissues were transferred 
later to fresh medium and following a further transfer 
have now been maintained in their original undiffer- 
entiated conditien for a period of longer than six 
months. 

The tissues from the two species show differences 
in detail. In Fæsombronia, the mass is bright green 
in parts and almost colourless elsewhere ; it gives 
the impression of having been produced by repeated 
division of the spical meristem of a juvenile shoot. 
In Reboulia, the tissue is deep green and composed 
of small clumps of isodiametric richly chlorophyllous 
cells, which grow out occasionally into smooth-walled 
rhizoids or short germ tubes. The tissue is here 
little removed from a persistent protonema phase. 

It is of particular interest that the tissue of both 
species at once begins to differentiate when trans- 
ferred to the imorganic medium (Figs. le and d), 
notwithstanding the fact that the growth-rate is at 
first many times greater on the glucose medium. 
The developmens of a normal thallus is achieved very 
soon in the Reloulia cultures, but in Fossombronia 
the normal leafy shoots are preceded by cylindrical 
dichotomously Sranched leafless structures, which 
evidently correspond to the juvenile thallus described 
by Chalaud’, 

The absence ef appreciable differentiation in the 
presence of glucese requires an explanation, Accord- 
ing to Biinning**’, polarity is necessary for differ- 


(a) (b) 
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Fig. 1. Cultures of Fossombronia pusilla (Le) Dum, and Reboulia hemisphaerica (L.) Raddi. 
phed in culture tubes. Grown under artificial light, 400 foot-candles, at 22° C. 


tive 


ly, 
irregular masses of more rapidly pma on 1 per cent Knop’s agar with addition of 2 per cent glucose; ¢ and d, dilferentiat- 


growing tissue were formed (Figs. la jtir á 


nia and Reboulie (both x ¢. 3-4) two months after transfer 


from 2 per cent glucose agar to Knop’s agar without glucose 
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entiation, and suppression ot ; polarity, “either by ‘the © “pH 9-0 and autoclave at 15 Ib. for 15 min. Pour 


direct effect of various treatments on the protoplasm 
or by neutralization of internal gradients of nutrients, 
growth substances, etc., will prevent normal differ- 
entiation, but. dees not necessarily result in the 
cessation of cell division. On the basis of this hypo- 
thesis, the action of glucose on the liverwort sporelings 
could be due to interference with the normal polar flow 
of nutrients. Experiments using different nutrients 
and non-nutrient osmotically active substances may 
furnish further relevant information. It should 


os perhaps be emphasized that a considerable number 


Of “plant. materials, such as Conecephalum thali, 
many Bryales, and the sporelings of Marsilea 
undergo normal differentiation on the same glucose 
“medium, < 

“ I am indebted to Mr. E. Ashby for the photographs 
‘reproduced in Fig. 1. 
: “: A. ALLSOPP 
Department of Cryptogamic Botany, 

University of Manchester. 


+ Gautheret, R. J., Ann. Rev. Plant Physiol., 6, 483 (1955). 

* Binning, E., and Wettstein, D. v., Naturwise,, 40, 147 (1953). 
* Wettstein, D. v., Z. Bot., 41, 199 (1953). 

* Meyer, D. E., Naturwiss., 40, 297 (1954). 


“ *Chalaud, G., Rev. Gén. Bot., 41, 24 (1929). 


* Binning, E., Surv. Biol. Prog., 2, 105 (1952). - 
"Pinning, E., in “The Growth of Leaves” (London, 1956). 


Isolation of Soft Rot Bacteria on 
Wieringa’s Pectate Gel 


Tae disintegration or soft rot of the parenchyma 
of plants is caused by varieties of the coliform 
` bacterium Pectobacterium carotovorum, which secretes 
enzymes capable of destroying the pectic substances 
of the cementing layer (middle lamella). of contiguous 
cells. No other coliform bacteria possess these 
enzymes. 

Bacteria isolated from rotted tissues or from soil 

on ordinary nutrient agar are mixtures of various 

types of which those causing rotting can be identified 
by the further process of testing the action of in- 
dividual colonies on slices of potato or carrot. 

If, however, a ‘pectin’-containing medium is used 
in place of nutrient agar the soft rot bacteria manifest 
themselves at once by liquefying the medium and 
thus. can be isolated in one operation instead. of 
two, 

‘The basie element of ‘pectin’ is galacturonic acid, 
the COOH. groups of which are more or less 
‘methoxylated (—OCH,). The ‘pectins’ in common 
“use are highly methoxylated and form a gel only on 
addition of acid or 95 per cent of sugar, whereas 
the low methoxylated “pectins’ form a stable gel 
when calcium ions only are present in sufficient 
quantity. 

Wieringa! devised such a medium by pouring a 
‘pectin’ solution on to well-set calcium agar from 
which the calcium ions diffused into the ‘pectin’, 
which slowly set as a stiff clear gel suitable for streak- 
ing plates. 

This plating medium has proved highly satisfactory 
and is much easier to prepare than any other ‘pectate 
gel’ so far devised. By its use the bacteria responsible 
for potato black leg can be immediately detected. 
The medium is made as follows. 

(1). The. calcium agar. Soil extract, 500 ml. ; 
sodium chloride, 0-5 gm.; calcium chloride, 2-5 gm. ; 
yeast extract, 0-5 gm.; agar, 10-0 gm. Adjust to 


enough to cover the bottom of Petri dishes and 
place in a desiccator to dry thoroughly (about 2 days). 

(2) The ‘pectin’ solution. Prepare a 2 per cent 
sodium polypectate solution by adding the powder 
slowly to hot distilled water, stirring all the time. 
Add 4 per cent bromo-thymol blue and adjust the pH 
to 8-0 by adding N sodium hydroxide drop by drop. 
Autoclave at 10 Ib. for 2 min. When cold pour just 
enough to cover the surface of the agar plates and 


leave to set and dry in a desiccator {about 8 days). =" 


The plates are ready for streaking if no liquid exudes 
from between the layers of pectate gel and agar when 
the plates are slightly tipped up. They keep well 


under a bell-jar at laboratory temperature. 


W. J. Dowson. ose 
Botany School, : 
Cambridge. 
Jan. 12. 


1 Wieringa, K. T., . Proc. Fourth Internat. Cong. Microbiology, `: : 
Copenhagen, we `p. 482 (1949). 





Surface Microflora of Pine Needles. 


In East Anglia, the crowns of pines (Pinus 
sylvestris and P. nigra var. calabrica) bear. large: 
numbers of fungal spores. Their presence is readily. 
shown by allowing water to percolate through freshly 
collected needles on to sections of pine stem about 
1 cm. thick and 7 cm. in diameter and then incubating | 
these in Petri dishes at 22°C. 

With unsterilized sections, the: substrate. favours 
growth of wood-rotting basidiomycetes and, to a 
lesser extent, blue-stain fungi; 
sections a variety of other fungi predominate, 
basidiomycetes being largely suppressed by com- 
petition. The surface spore population of pine needles: 
is readily washed off and may be estimated by plating 
suitable dilutions of washings on to sections of stem 
and also with malt agar; the number of colonies 
developing may be counted after about ten days. 
Thus in early December 1956, the approximate counts 
per needle for a sample of foliage from a pine planta- 
tion were as follows: Fomes annosus, 1; Clado- 
sporium sp, 4; Peniophora gigantea, 6; Sclero- 
phoma pithyophila, 14; and Ophtonectria cylindro- 
spora, 60. 

Under some conditions, therefore, the total spore 
population of such species on a single crown is measur- 
able in hundreds of thousands, if not in millions., 
The proportion of various species varies with locality 
and, with basidiomycetes, this probably reflects the 
extent of spore discharge in the vicinity. F. annosus 
has been detected on pine foliage in many localities 
in Thetford Chase; but, as might be expected, it 
cannot readily be detected on the foliage of pines 
in shelter-belts remote from this forest. In a given 
locality, the spore population fluctuates with time, 
probably through loss in viability and washing off by 
rain. F. annosus, P. gigantea and Stereum sanguino- 
lentum, together with biue-stain and other wood: 
inhabiting fungi, have been detected in water drops _ 
falling from the tree canopy just after rain. : 

This two-stage dispersal of basidiospores, by wind 
and water droplet, is almost certainly important in 
determining the chances of stump infection by tha. . 
parasite F. annosus and other fungi, and may well” 
be significant also for initiating mycorrhizal infection 
of rootlets. The apparent efficiency of pine needles“ 
in trapping wind-borne spores is doubtless related 
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to their shape, the chance of spore impaction being ` 


greatest on leaves of minimal cross-section (Gregory’). 
5 J. RISHBETH 
D. S. MEREDITH 
Botany School, 
Cambridge. Jan. 17. - 


Gregory, P. H., Trans. Brit. Mycol. Soc., 35, 1 (1952). 


Direct Effect of Preferential Segregation 
on the Origin of Polysomy 


INVESTIGATIONS of reverse linkage!? in Saccharo- 
myces (excesses of non-parental ditype tetrads yield- 
ing a frequency of recombination greater than 50 per . 
cent) have revealed that the centromeres of the 
adenine-inositol chromosome and the proline-lysine 
chromosome demonstrate affinities for each other at 
the first meiotic division’. (Reverse linkage is not 
detectable in organisms m which a long hetero- 
chromatic region intervenes between the centromere 
and the euchromatin, permitting random recombina- 
tion between the centromere and the euchromatic 
genes.) The centromeres of both chromosomes are of 
two types, designated ‘up’ (U) and ‘down’ (D). In 
reverse linkage for genes closely linked to these centro-: 
meres (genes controlling the synthesis of inositol and 
proline, respectively) the mating is UDa x D,U, 
(Fig. 1). Preferential segregation has been shown to 
occur in nearly every meiosis of this mating by the 
close agreement between the distances between inositol 
and proline obtained by (a) one mapping function 
assuming 100 per cent non-parental preferential segre- 
gation (which yielded the distance 36-25) and (b) an- 
other mapping function which utilized only the fre- 
quency of tetratype tetrads and thus was independent 
uf assumptions involving preferential segregation 
(which yielded the distance 37-50). Thus in nearly all 
resultant tetrads the gametes contain U,U, or D,D, 
centromere combinations. Unless recombination 
occurs between. the gene and its corresponding centro- 
mere, only non-parental ditype tetrads are obtained. 
The mechanism controlling the preferential segrega- 
tion of these non-homologous centromeres is inferred 
to comprise their synapsis just prior to meiosis I 
and their passing together to the poles in that 
condition at the first division. - Marker-pairs which 
are in reverse linkage ın one family may appear in 
direct linkage in a related family. This is inferred to > 
result from the new mating U,U, by D Da. i 

From these findings it would follow that the mating 
UD, by D,D, should produce a high frequency of 
unequal partitioning of chromosomes at the first 
division—U, passing to one pole and D,D,D, to the 





Fig. 1. Diagram showing how reverse linkage occurs in a hybrid 

OD, (IN pr) D, U, (in PR) thro the affinities of the 0,U, 

and the D,D, centromeres which orient them on the spindles and 

consequently direct them to opposite poles. Unless cross-overs 

occur between the centromere and PR/pr or the centromere and 
1 N/in only non-parenta] ditype tetrads are produced | 
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other. After the second division two D,D, gametes 
would be producec disomic, or attached, for the pro- 
linelysine chromosome and two non-viable spores de- 
ficient for the proline—lysine chromosome {if they were 
formed at all). Any hybrid resulting from a mating of 
one of these disomic gametes with a normal haploid 
would produce a cione trisomic for the proline-lysine 
chromosome. It is suggested that polysomy in 
Saccharomyces* as well as in all other organisms is 
the direct effect o? this mechanism. It is important 
to point out-that this mechanism differs fundament- 
ally from that involved in the induction of polyploidy 
since it does not entajl an extra division of chromo- 
somes but mere-y a preferential segregation of 
chromosomes already present due to an imbalance 
of the types of centromeres. $ 

In inbred Saccharomyces stocks fertile hybrids are 
not found frequently and many test matings must be 
made before one is obtained in which a high frequency 
of viable four-spozed asci occurs. Genetical analysis 
in this laboratory is confined to those famulies in 
which high freqrvencies of four-spored viable asci 
-occur, thus obviasing difficulties which arise due to 
polysomy, since this phenomenon might obscure the 
basic question of genic stability upon which our 
attention has been concentrated. The operation of 
this mechanism in the formation of trisomics in 
organisms used for single strand genetical analysis 


- would not generally be detected because chromosomal 


elimination m the reduction division at the formation 
of the egg excludes the detection of chromosomal 
deficiencies resulting from unequal partitioning of 
chromosomes at the first division. The low viability 
of eggs from certain females may be due to this type 
of imbalance. A genome containing a few long 
chromosomes as in Drosophila might be expected to 
exhibit a low frequency of trisomics among the longer 
chromosomes even if preferential segregation were a 
common event, because disomic gametes would 
produce inviable zygotes due to the extreme genic 
imbalance and thus eliminate at their origin all 
trisomic zygotes. In Nicotiana, with a larger total 
number of chromcsomes, trisomics might be expected 
to survive. 

This work has >een supported by grants from the 
National Cancer Institute of the National Institutes 
of Health, Public Health Service, C-2140 and C-1179. 

; ERNEST E. SaULT 
CARL ©. LINDEGREN 
Biological Research Laboratory, 
Southern Illinois University, 
Carbondale, Illinois. Jan. 11. 
1 Shult, E. E., and Lindegren, O. C., Genetica, 28, 165 (1066). 


? Shult, E. E., and Lindegren, C. C., “Mapping Methods in Tetrad 
Analysis. III. Reverse Linkage” (unpublished). 


3 Lindegren, C. C., and Shult, E. E., Haperientia, 12, 177 (1956). 
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Structure of Turnip Yellow Mosaic Virus 


Ix this communication we report some of the 
results of the early stages of an X-ray diffraction 
study of erystale of turnip yellow mosgic virus}. 
The two most important conclusions from the inter-. 
pretation of the X-ray diagrams concern: (a) the 
packing of the virus particles in the crystal; and 
(b) the arrangement of protein sub-units in the 
individual virus particle. z 

Crystals of thie virus were first studied, by Bernal 
and Carbsle*4, who found a cubic unit cell of side 
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about 700 A. On the basis of the absence of the 
222 reflexion they suggested that there were eight 
particles per unit cell, in a diamond-like arrangement. 

We have obtained X-ray precession photographs 
of single crystals of the virus (crystallized from 
ammonium sulphate solution’) and also powder 
photographs of crystals of the related ribonucleic 
acid-free virus protein’. From observations of system- 
atic absences at spacmgs out to less than 20 A., we 
are able to show that the space-group symmetry is 
F4,3, and to deduce a new crystal structure for the 
virus, involving 16 particles per unit cell. This 
structure is described below. Confirmation that the 
number of particles per unit cell is 16 was obtained 
(Walker, P. M. B., and Klug, A., to be published) 
by measuring the ultra-violet absorption per unit 
path length through a single crystal and comparing 
it with the known absorption of the virus in solution. 

From this result, ‘together with the observation of 
two classes of systematic absences not required by 
the space group, we are able to deduce that the virus 
particles lie with their centres at the lattice points 
of a pseudo-unit cell which is cubic, body-centred, 
and of side about 350 A. Tho large size of the true 
unit cell is due to the fact that alternate particles 
along the cube edge are rotated through 90° about 
the [100] axis. It may be noted that, viewed at low 
resolution, so that the two orientations of the virus 
particles are indistinguishable from each other, the 
crystel structure is the same as that of tomato bushy 
stunt virus’, namely, a simple body-centred cubic 
structure. ~ 

Such a crystal structure requires that the virus 
particles themselves have cubic symmetry. Crick 
and Watson have shown’ that the only possible 
cubic point-group symmetries which can occur in 
virus particles are 23, 432 and 532. Of these, only 
23 and 532 are compatible with the above crystal 
structure. This crystal structure implies that the 
point-group symmetry must be at least 23; the 
possibility that the additional non-crystallographic 
symmetry. of 582 is also present must be considered. 

Our X-ray photographs show indications of 532 
symmetry, in that there is a concentration of re- 
flexions of high intensity m the directions of the 
symmetry axes of this point-group. This effect is 
similar to that observed by Caspar for tomato bushy 
stunt virus’; but, because of the higher symmetry 
of the crystals of turnip yellow mosaic virus, the 
number of spikes of high intensity is doubled, and 
their intensity is therefore relatively reduced. The 
higher symmetry of turnip yellow mosaic virus 
crystals, however, allows the possibility of determining 
directly whether the 532 symmetry indicated by the 
spikes is fully present or not. 

‘We observe certain weak reflexions which, if the 
particle had true 532 symmetry, would be absent. 
‘We therefore conclude that the turnip yellow mosaic 
virus particle has 23 symmetry, with additional 
pseudo-symmetry of the point group 532. It should 
be noted, in the case of bushy stunt virus with its 
simpler unit cell, that one cannot detect directly in 
this way any such pseudo-character of the 532 
symmetry.- The possibility remains that m this case, 
also, the 532 symmetry is not strictly present. 

The existence of 23 symmetry implies that the 
particle contains a multiple of 12 sub-umits: The 
additional pseudo-532 symmetry may be due either 
to an arrangement of 12 sub-units simulating 532 
symmetry, or to the presence of 532 symmetry in 
one of the two components of the virus particle (the 
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nucleic acid or the protein), the other component 
having 23 symmetry only. The latter alternative 
seems to us the more probable. Our measurements 
on X-ray powder diagrams of the ‘top layer’ virus 
protein particles suggest that the protein component 
may have true 532 symmetry : the intensity distribu- 
tion is consistent with an arrangement of sixty protein 
sub-units spaced 60 A. apart at the vertices of a 
snub dodecahedron (a semi-regular solid possessing 
532 symmetry). Moreover, consideration of the 
genetic function of the nucleic acid would lead us 
to expect that the number of sub-units might be 
less in the nucleic acid than in the protein component 
of the virus. 

A fuller account of this work, including a discussion 
of recent electron microscope observations”, is being 
submitted to Biochimica et Biophysica Acta. 

The work was supported by the Nuffield Founda- 
tion (A. K.) and the Agricultural Research Council 
(J. T.F. and R. E. F.). 

A. Kuve 
J. T. Fino 
Rosatinp E.. FRANKLIN 
Birkbeck College Crystallography Laboratory, 
University of London, 
21 Torrington Square, 
London, W.C.1. 
Jan. 1l. 
1 Markham, R , and Smith, K. M., Parasitol., 39, 330 (1949). 
2 Markham, R., Disc. Farad. Soc., 11, 221 (1951). 
2 Bernal, J. D., and Carlisle, C. H., Nature, 183, 139 (1948). 
«Bernal, J. D., and Carhsle, O. H., Disc. Farad, Soc., 1L, 227 (1951). 
ë Caspar, D. L. D., Nature, 177, 476 (1958). 
6 Crick, F, H. 0., and Watson, J. D., Nature, 177, 473 (1956). 
? Kaesberg, P., Science, 124, 626 (1956). 
* Steere, B. L. (in the press). 


Electronic. Structure and Spectrum of 
s-Triazine 


A PAPER has been published recently’ in which 
calculations of the electronic structures and spectra 
of the mono- and di-nitrogen heterobenzenes are 
reported. 

A similar calculation for s-triazine has now been 
made, in the hope of stimulating further experi- 
mental work on this molecule. The results are as 
follows. 

Ground-siate. The self-consistent mobile charges 
on the nitrogen and carbon atoms were found to be~ 
1-115 and 0-885, respectively, while the corresponding 
self-consistent Coulomb integrals were found to be 
0-:2408 and —0-0658. - : 

Excited states. The degeneracy which exists in the 
parent hydrocarbon. (that is, benzene) persists in 
8-triazine. i 

The energies of the excited states are given, as in 
the paper mentioned!, by a configuration interaction 
calculation. The energies of the first four excited 
singlet states, relative to the ground state, are given 
in Table 1, symmetries being indicated in the notation 
of Eyring, Walter and Kimball? and the corresponding 
ultra-violet absorption bands in the notation of Olar. 


Table 1 








Cozresponding 
absorption band 
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Energy (e¥.) 








5 31 
6-31 
7-49 
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Very little experimental work has been carried out 
on this molecule; I have found only that of Hirt, 
Halverson and Schmitt®, which reports the lowest 
(singlet) transition as having an energy of 5-62 eV. 
and a symmetry 14,’. Further experimental work is 
required to confirm our assignment. ` 


T. E. Pracoox 


Physical Chemistry Laboratory, 
King’s College, 
Newcastle upon Tyne 1. S 
Jan. 8. 


1McWeeny, R., and Peacock, T, E., Proc. Phys. Soc., A, 70, 41 (1957). 


2 Eyring, H., Walter, J., and Kimball, G, E., “Quantum Chemistry” 
(Wiley, ‘New York, 1944) 


aa Fo Si pp baie F., and Schmitt, R. G., J. Chem. Phys., 22, 


Remanent Magnetization of Lower to Middle 
Eocene Basalt Flows from Oregon 


Tue Siletz River Volcanic Series of north-western 
Oregon. offers an ideal opportunity to determine the 
direction of the Earth’s magnetic field in the western 
United States durmg the early Tertiary. The forma- 
tion consists of 3,000-5,000 ft. of mainly submarine 
basaltic flows, flow breccia and tuff. Interbedded 
clastic sedimentary strata have yielded more than 
thirty species of fossils including brachiopoda and 
Turriella andersoni cf. subsp. susanae Merriam, on 
the basis of which J. Durham correlated this forma- 
tion with the Capay shale of California’. Additional 
faunal assemblages, meluding some foraminifera 
collected subsequently to those referred to above, con- 
firm this correlation and clearly establish the age 
of the Siletz River Volcanic Series as early middle 
Eocene to lower Eocene. Petrographically, the flows 
are porphyritic in texture, with phenocrysts of 
plagioclase and augite in a ground mass which con- 
sists of volcanic glass, plagioclase laths, and granules 
of augite and magnetite, the latter constituting as 
much as 15 per cent of the rock}. 

Fifty-seven oriented samples were collected from 
eight flows distributed across the coast range at a 
maximum distence of thirty-eight miles apart. All 
sampling was done in quarries or deep road cuts to 
avoid the effect of the weathered zone. Accurate 
geological attitudes could be measured in the 
associated sedimentary beds. 

Considerable scatter was encountered within 
individual flows. This was strikingly reduced by 
heating the specimens to 225° C. and cooling them 
in a magnetic field of zero intensity—a procedure 
used by Doell at lower temperatures to reduce scatter 
in sediments?. Figs. L and 2 show the same twelve 
specimens which were cut from twelve oriented 
samples from a single flow. The convention used is 
that all points are plotted on the lower hemisphere 
of an equal area projection, solid points representing 
positive inclmations, that is, north-seeking poles 
downward, and open circles negative inclinations. As 
an individual specimen was heated to progressively 
higher temperatures, the direction of magnetization 
was found to move roughly in a great circle connecting 
the direction of the present dipole field and the mean 
direction of the flow. The heating process may either 
chemically destroy alteration minerals which possess 
a crystallization magnetization®, or it may remove 
the component due to viscous magnetization. 
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Fig 1. Original direction of magnetization of twelve samples 
from flow A 
~- N 
Fig. 2. The same twelve samples of Fig. 1 after heating to 


225° C, and cooling in zero field 


In one flow fcur samples were collected across a 
single pillow in which well-developed columnar joints 
radiated from tke centre. Virtual elimination of a 
considerable init.al scatter on heating suggests that 
any distortions in the magnetization which might 
possibly have bæn introduced by the stresses active 
in producing columnar jointing were removed by the 
heating process. 

The mean direction for each of the eight flows 
before correcting for tilt is plotted in Fig. 3. Three 
of the flows show positive and five negative inelina- 
tions. There is no obvious petrographic difference 
between the antiparallel sets. By Graham’s classic 
test for magnetic stability, the scatter should be 
reduced on correcting for tilt®. Fig. 4 shows this to 
be the case, all flows moving toward a common 
centre except flow H. This flow also has the greatest 
cirele of confider.ce of any flow. 

Since & single flow cools rapidly with respect to 
the rate of secalar variation and since there are 
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Fig. 3. Mean directions of e1 


t flows before correcting for tilt. 
Cross indicates positio 


on of present dipole feld 


N 





Fig. 4. Mean direction of eight fiows after correéting for tilt - 


hundreds of feet of sediments associated with the 
flows, the eight flows may be considered a sampling 
which is random with respect to the secular variation, 
and Fisher’s statistical method applied to give a mean 
direction of north 70° east and 55° down, with 


Ass = 7°. (Fisher’s model is not rigorously applicable | 


to the analysis of a set containing anti-parallel 
directions, but ıs used here for comparative pur- 
poses.) The combined fifty-seven samples may also 
be treated by Fisher’s method to give a direction 
of north 67° east and 56° down, with hss = 3}°. 
The former is regarded as the more valid procedure, 
and the field thus computed is such as would be 
produced by an axial dipole field with a pole at latitude 
37° north and longitude 50° west. This pole lies 
about 30° north-east of the average pole found by 
Clegg et al. from the Deccan Traps’, which are prob- 
ably slightly older. It differs by a greater distance 
from the Eocene poles computed from European data‘. 

These measurements suggest the desirability of 
additional measurements in the early Tertiary in 
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dices to establish the rate of variation of the average 


VoL. 179 


field. From this we may be able to determine the 


accuracy in dating which is necessary for inter- 
continental comparisons of directions of remanent 
magnetization. 

Iwish to. acknowledge the assistance of P. D. Snavely 
of the U.S. Geological Survey in planning the field 
work, the financial support of the Institute of 
Geophysics, and the encouragement of Dr. John 
Verhoogen. 

Arian Cox 
Department of Geology, University of California, 
Berkeley 4, California, Jan. 2, 


‘Snare P. Ppa Baldwin, E€. M., Amer. Assoc. Pet Geol, Bull., 

2 Doell, R. R., Trans, Amer. Geophys. Union, 87, 156 (1956). 

3 Graham, J. W., J. Geophys. Res., 54, 131 (1949). 

“Clegg, J. A., Deutsch, E. R., and Griffiths, D H., Phil Mag., Ser. 8, 
I, 419 (1956). 

5 Hospers, J., Nature, 178, 1183 (1954), 
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Variation with Pressure of the Permittivity 
of. Polythene 


In connexion with the recent letter from Reitzel?, 
some measurements made in 1954 of the variation 
with pressure of the permittivity of polythene may 
be of interest. For these measurements, disks of 
polythene carried aluminium electrodes (which had 


~ been evaporated on) and were immersed in oil to 


which hydrostatic pressure, of up to 600 kgm./em.?3, 
was applied. One electrode on each disk was of 
smaller diameter than the disk itself, so that most 
of the stray capacitance at the edge of the disk was 
through polythene subjected to the same pressure 
as the rest of the specimen. 

The results showed that the effect in various types 
of polythene, and mixtures with small amounts of 
other polymers, was similar; and that the main 
change of permittivity is that caused by the com- 
pression of the material. The remaining effect, 
interpreted as a variation in the polarizability a, is 
given by 


lda _ 3g 1 dc 
a aP 


3 N 
™ (e-1) (e+2) dP * is CEE 


where C is the capacitance of a sheet specimen ; or, 
for polythene, in which s = 2-29, ` 
1 da 1 dC 


aes | a 


1 dd 

Th Saito 
ne term a ap 
kgm./em.?; the compressibility of polythene at these 
pressures was taken as 31 x 10-8. per kgm./om.? 


was found to be 12-2 x 10-78 per 


1 da 
The term ae | 
somewhat less than the earlier values mentioned by 
Reitzel; but as it arises only as the difference of 
two much larger terms, and as the compressibility 
of polythene is known to vary with pressure, the 
accuracy of this result cannot be good. 

’ A. ©. Lynox 
P. L. Parsons 
Post Office Engineering Research Station, 
Dollis Hill, London, N.W. 2. 
Jan. 22. 


1 Reitzel, F., Ni ature, 178, 940 (1958). 


is therefore —3 x 10~* per kgm./ern.*, | 
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FORTHCOMING EVENTS 


Monday, April I 
INstrruvion OF ELECTRICAL ENGINEERS, RADIO AND TELEO ELECOM- 
MUNICATION SEOTION (at Savoy Place, London, W. Qa Daat. 5.80 D: m.-— 
Jaformal uns on on oe Television”. ‘Talks by $5.80, . Jesty 
and Dr, E. 


Sooty OF ae en the Geologia Society 
House, Piccadilly, London, atag oy ME, 
“Automation in Tiho Motor Car Ind 


ean re os 


, Monday, April |—Tuesday, April 2 


Soormry OF CHEMIOAL INDUSTRY, FINE CHEMIOALS GROUP (at the 
Welcome Building, Euston Boad. gondon, N.W.1)}, abt 11 2.m.— 
Symposium on “5-Hydr oxytryptamine 


Tuesday, April 2 


NE AND Toots Sootery (at the quae tate of Orthopedics, 234 
great Portland Street, London, W.1), a 5pm m.—Symposium on 
pte ten Tmperfecta, and m e ae D perfecta”. 

INSTITUTION OF Post Orrick ELEOTRIOAL ENGINEERS (at the 
Institution of Electrical Engineers, Savoy Place, Victoria Embank: 
ment, London, W.0.2), at 6 pm. —Mr. J. Gerrard and Mr. J. B. 
‘Walters: “The Corrosion of Underground Telecoms. Cables’’. 

INSTITUTION oF CHEMIOAL ENGINEERS (in conjunction with the 
BRITISH NUCLEAR ENERGY CONFERENOE, at the Royal Institution, 
Albemarle Street, London, W.1), at 5.30 p.m.—Mr. R. Hurst, Mr. I. 
Wells and Mr. D. Newby: “The Aqueous Homogeneous Reactor”. 

Soomry OF CHEMIOAL INDUSTRY, CHEMTOAL ENGINRERING GROTE 
(at 14 Belgrave Square, London, 8.W.1), at 5.30 p 
akoro u “Some Applications of Statistica ¢ Control e the C Piai 
` Indust: 

INSTITUTION OF MEOHANICAL ENGINEERS, Epuoxtion Group (at 

1 Birdeage Walk, Westminster, London, *S.W.1), a t 6.45 p.m.— 
Discussion on “The Need for Technologists in the Next Ten Years 
and How it is Likely to be Met”. 


Wednesday, April 3 


ELEOTRIOAL ASSOCIATION FoR Won (at the Connaught Rooms, 
Great Queen Street, London, W.C.2), at 9.45 a.m.—Thirty-second 
Annual Conference. 

ASLIB (at the Industrial ee e Sooiety, 48 Bryanston Square 
London, W.1), at 2 p.m.—Mr. R Fishenden: “The Availability 
of ROTAN Teny formation”. 

AL SOCIETY OF ARTS (at zoi Adam. Street, Adelphi, London, 
wich at 2.80 p.m.—Brigadier J. L. P, Macnair: “Spherical Per- 
1 

PHYSICAL SOOIETY, COLOUR GROUP (at the Royal l E notographio 
Society, 18 Princes Gate, London, S.W.7), at 3.30 p.m.—Mr. R. G. 
Horner “Colour Systems and C.i.5. "Transformations" (Chairman’s 

Tess 

ROYAL METEOROLOGICAL Sooty (at 49 Cromwell Road, London, 
8.W.7), at 5 p.m.—Prof, C. F. Powell, F.R.8.: “Experiments at High 
Altıtudes wi hI Free Balloons” (Symons Memorial Lecture). 

INSTITUTE OF PETROLEUM (at 26 Portland Place, London, W.1), 

at 630 p.m.—Mr, J. L. Putman: “Some Applications of Radio- 
activity in the Petroleum Industry”. 

INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W. 0.2), at 6.30 p.m.— 
Mr. A. E. D. Heylen : “Wlectrie Breakdown in Gases” 

SOOTY FoR ANALYTIOAL CHEMISTRY (at the Chemical Society, 
Purlingyon House, Piccadilly, London, W.1), at 7 p.m.—Meeting on 
“Fluorimetry” 


Thursday, April 4 


INSTITUTE OF REFRIGERATION (at the Junior Institution of Engineers, 
Pepys House, 14 Rochester Row, Lond p.m.— 


ndon, 8 W.1), at 5.80 
Prof. Dr. Ing. J. Kuprianoff: “Rapid Cooling of Meat in Germany”. 


INSTITUTION OF beset ag ee (a (Gt Savoy Place, London, 
W.C.2), at 5.30 p.m.—Dr. B. M. Sutherland, F.R.S.: “Infra- 
Red Radiation” Tony righ Kelvin Lecture). 

INsrirera OF MET. LONDON Loos SECTION (at 17 Belgrave 
Square, London, S. W.1 Doat 6 p.m.—Annual General Meeting, followed 
by Dr. J. Nutting : ecent Developments in Electron Microscopy”. 

ROYAL ADRONAUTIOAL Society (at the a are of Mechanical 
Engineers, Birdcage Walk, London, 8.W.1), at 6 p.m.—Mr. L. F. 
Nicholson : “Engine—Airframe Integrati on”. 

SOCIETY OF INSTRUMENT TECHNOLOGY (at the National College 
of Horology and Instrument Technology, Northampton Polytechnic, 
St. Jobn Street, London, E.C.1), at 6.30 p.m.—Discussion on “Educa- 
tion”, opened by Mr. ©. J. eee and Mr. S. W. J. Wallis. 

Soorary FOR ANALYTI CHEMISTRY, 


Thursday, April 4—Saturday, April 6 


Sorentiric Fuam Associaton (on behalf of the geen ny 
Scientific Film Association, at the French Institute, South Kensin; 
London, S.W.7}—Conference on “Science Through Films and 
vislon——Best Ways of Presentation”. 


ele: 
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Friday, April 5 


ER a AAAA 
at 1 Bir e eatminster, ndon, , a p.m.— 
ie Teyine Hudson: “Modern Trends in’ Waterworks Pumping 
SOCIETY 0) a DYERS AND Eel aaa ag LONDON SEOTION (at the 
George Hotel, Luton), at 7 —Mr. L. Chesner and Mr. G. O. Wood- 
ford: “Some Aspects of sleachıng with Hydrogen Peroxide and’ 
Peracetic Acid’ pas wa 
g Ora INSTITUTION ‘at 21 Albemarle Stree ondon, W. 
S m= pir Gordon ea “The First Trans-Atlantic Telep Fs 
able”. 


Saturday, April 6 


BRITISH INTERPLANETARY SOCIETY a the Tudor Room, Caxton 
Hall, Caxton Street, London, S.W.1), at .m.—Mr. Heinz Walder: 
“History of Rocket Development in Hg ‘alterwerke”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

BIOCHEMIST, Basic Grade (with a science degree), at Doncaster 
Royal Tnfirmary—The Group Secretary, Doncaster ospital Manage- 
ment Committee, Doncaster Royal Infirmary, Doncaster (April 6). 

ASSISTANT EXPERINENTAL OFFICERS or ASSISTANTS (SOLENTIFIO) 
AT THE WANTAGE RADIATION LABORATORINS, to assist in a study of 
reactions of potential industrial importance, 3 which might be initiated 
by radiation—The Establishment Officer, Atomic Energy Research 
Establishment, Harwell, Didcot, Berks, quoting 742/34 (April &). 

‘ASSISTANT LECTURER IN PHYSIOAL Or INORGANIO CHEMISTRY 
Makerere College (The University College of East STE a 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, ondon, W.C.1 (Apr 

SENIOR PROGRAMMER (with a first- or aiala honours degree 
ın mathematics) ro AN ELEOTRONIO DIGITAL COMPUTER—Tho Secre- 
tary, North Western Gas Board, 60 Whitworth Street, Manchester 1 


(April 8). 
LECTURER IN GEOLOGY—The Registrar, University 


SSISTANT 
College, Leicester (April 13). 

ASSISTANT EXPERIMENTAL OFFIORR (with a pass gerda or equiva- 
lent, and training in chemistry andjor bo d, to holp with the 
biochemical study of tuberous Solanums—The Secretary, John Innes 
Horticultural Institution, Bayfordbury Hortiord,, Herts (April 15). 

LECTURER IN ANATOMY-—The Regis Kinga College (Univer- 
vase of o£ London), Strand, Tondon, W.C.2 (Api ril 

ER (mi th special Tho Univer in = nic chemistry) 
OaS ‘he Secretary, The University, T ilo oh (April oy 

ASSISTANT EXPERINENTAL OFFIOER (with a degree in horticulture 
or agriculture, and an, experience or an aptitude for mathe- 
matics) IN THE STATISTIOS SECTION, especially to maintain the 
liaison with the Advisory Services—The Secretary, East Malling 
Research Station, near Maidstone, Kent (April 20) 

LEOTURER ( an honours degree in philoso hy) IN am DEPART- 
MENT OF PHILOSOPHY, Canterbury University ege, tchurch, 
New Zealand—The Secretary, Association of Te e of the 
British Commonwealth, 36 Gordon Square, London, W.0.1 (New 
Zealand, April 20). 

ASSISTANT LECTURER (preferably with research experience in the 
field of protein chemist: 7), IN TEXTILE CHEMISTRY —Theo Registrar, 
The University, Toodi 2 U pril 24). S 

LEOTURER IN OOHEMISTRY——The Secretary, The University, 
38. North 1 Bailey, Sinan (April 27). 

PROFESSOR OF sa CHEMISTRY ; and a PROFESSOR OF MECH- 
ANIOAL ENGINEERING— Registrar-: in-Charge, Indian Institute of 
Belenco, a pangalore 8, la (April 29). 

Or ASSOCIATE PROFESSOR OF Bronoax—The Head, 
feere of Biolazy, Memorial University of Newfoundland, St. 
’s, Neowfoundlard, Canada (April 30). 

er (2) (wR good academic qualifications and experience 
in physical chemistry or inorganic chemistry) IN CHEMISTRX—TFhe 
Clerk to the Governors, Chelsea Polytechnic, London, 8.W.3 (April $0). 

ELECTRON Mioroscorist at the University of Sydney, Australia, 


to be responsible for providing a service with the electron microscope 
to those epartmènts within the University which require this research 
facility T Secre: , Association of Universities of the British 
fangs 36 Gordon Square, London, W.C.1 (Australis, 
pr 
HEAD OF THE DEPARTMENT OF GENETIOS—The Secretary, John 
Tanen, „Horticultural Institution, Bayfordbury, Hertford, Herts 
r 
TROTURER IN AGRIOULTURAL ZOOLOGY at the University of Khar- 


toum—The Secretary, Inter-University oat for r Higher Education 
Overseas, 29 Woburn Square, London, W.O.1 ( April 30). 
a LagtukER IN PaiLosoPHy—The Registrar, ™ niversity, Bristol 8 
Apri 
ARCH FELLOW IN PURE Sorsnog—The Secretary, The Univer- 


oe 88 North Bailey, Durham (April 30). 

UNIVERSITY CHAIM oF NATURAL PHILOSOPHY (APPLIED MATHE- 
MATICS)—The Secretary E the University “Gounell, Trinity College, 
Dublin (May 1). 

RESHARCH OFFICER (organic chemist, with at least a B.Sc. honours 
degree and some research experience, and preferably a knowledge of 
high polymers) AT THE PAINT INDUSTRIES RESHARCH INS STITUTH, 
Durban (University of f Natal and South African Council for Scientific 
and Industrial Research)—The Secretary, Association of Universities 
of 28. oo Commonwealth, 36 Gordon Square, London, W.0.1 

y 

ASSISTANT DIRECTOR OF RESEARCH IN THE DEPARTMENT OF Ex- 
PERDIENTAL MEDICINE—Dr. G. A. Gresham, Secretary of the Appoint. 
ments Committee of the Paci of Medicine, + Tho, University, Tennis 
Court Road, Cambridge (May}4). 


688 


LECTURER IN ORGANIC CHEMISTRY ; and a LECTURER IN ZOOLOGY 
at the University Qollege of Rhodesia and Nyasaland—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (May 4). 24 

HOLURER IN PHYSICS at the University of Otago, Dunedin, New 
Zealand—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (New Zealand, 


May 15) 

LEVERHULME STUDENTS and SHELL STUDENTS (graduates in chem- 
istry or engineering) IN CHEMIOAL ENGINEERING—The Registrar, 
University College, Gower Street. London, W.0.1 (May 15). 

LEOTURER or ASSISTANT PROFESSOR (with graduate training, prefer- 
a the Ph.D. level) or GEopHYsIcs—Robert J. Uffen, Department 
of Physics or Geology, University of Western Ontario, London, 
Ontario, Canada. 

LECTURERS; and RESBAROH FELLOWS IN THE INSTRUMENT TECH- 
NOLOGY Sxorion—Professor of Instrument Technology, Physics 
Department, Imperial College, London, S.W.7. 

METALLURGISTS (with a first- or second-class honours degree or 
equivalent qualification in metallurgy, and at least three years post- 
graduate metallurgical research erience) at a Ministry of Supply 
Research and Development Establi ent, near Sevenoaks, Kent, 
to lead a section Corrina out research on high temperature materials 
—The Mimstry of Labour and National Service, Technical and Scien- 
tifo Register (K), 26 King Street, London, 8.W.1, quoting F.137/7A. 

Paysicist (graduate of a British university and experience in 
electronic engineering) for duties mainly connected with the Depart- 
ment of Electroencephalography--The Secretary, Runwell (Mental) 
Hospital, near Wickford, Essex, 

PxHysioist (with an honours degree in physics and some experience 
in radioisotope work), for work concerned with the clinical uses of 
radioactive lsotopes—The Clerk to the Governors, St. Bartholomew’s 
Hospital, London, H.C.1, marking envelope ‘Physicist’. 

PHYSIGISTS or ÉLEOTRIOAL ENGINEERS (with a frst- or second-class 
honours degree in physics or electrical engineermg) with the Ministry 
of Supply at the B.A.E., Farnborough, Hants, to develop and design 
circuits to deal with special problems—The Ministry of Labour and 
National Service, Te cal and Scientific Register (K), 26 King 
Street, London, $.W.1, quoting A.83/7A. 

Paysioists (with, or obtaining, a first- or second-class honours 
degreo or equivalent) at various Ministry of Supply Experimental 
Establishments, mainly in the south of England, for research and 
development directed towards the solution of problems and the 
development of new ideas in various fields including aircraft and 
aircraft equipment ; gas turbines and jet engines; improved ‘cross 
country vehicle mobility; guided missiles and other armaments ; 
instrumentation; radio, radar and communication equipment—The 
Ministry of Labour and National Service, Technical and Scientific 
Register (K), 26 King Street, London, S.W.1, quoting A.420/6A. 

PLANT BiocwEsast (with research experience) AT THE INSTITUTE 
OF PLANT PHYSIOLOGY, for work on metabolism under mineral de- 


ficiency—The Director, Research Institute of Plant Physiology, . 


Imperial College of Science, London, S.W.7. 

. RESEARCH ASSISTANT (with some knowledge of electronics; an 
interest in X-ray methods, and preferably a degree or Grad. Inst. P), 
for work on identification by X-ray diffraction methods—Prof. A. J.C. 
Wilson, University College, Cardiff, 

SENIOR TEOHNIOIAN, Grade 1, for work in connexion with the 
application of materials in surgery—Department of Biomechanics 
and Surgical Materials, Institute of Orthopadics, Royal National 
Orthopadie Hospital, Brockley Hill, Stanmore, Middlesex. 

STATISTIOIAN (with a good honours degree in mathematics or 
statistics, and preferably an interest in agriculture or biology)—The 
Secretary, Grassland Research Institute, Hurley, Maidenhead, Berks. 

TROHNIOLAN (with the I.8.T. Certificate or an equivalent qualifica- 
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THE NUCLEAR POWER PROGRAMME IN BRITAIN 


HE statement regarding Britain’s nuclear power 

programme which Lord Mills, the Minister of 
Power, and Mr. R.:Maudling, the Paymaster-General, 
made m Parliament on March 6 had been expected 
for some time, even before the mterruption in oil 
supplies through the closing of the Suez Canal last 
November made it desirable to decrease the country’s 
dependence on oil. The success of the Calder Hall 
station had made it clear by the close of the year 
that nuclear power was lhkely to make a greater 
contribution to Britain’s supply of energy within the 
next decade than was contemplated when the White 
Paper was issued m February 1955. Lord Citrine 
had indeed stated, at a ceremony inaugurating work 
on the nuclear power station bemg built at Bradwell 
in Essex, that the original programme 1s likely to be 
doubled, if not trebled, and had forecast the building 
of eighteen to twenty nuclear power stations before 
1965 to supply the needs of the Central Electricity 
In announcing the coming mto full 
operation of the second reactor:at Calder Hall, Sir 
Christopher Hinton had forecast that the cost of 
power would fall below the 0-6d. a unit estimated in 
the White Paper—Sir John Cockcroft indicated a 
target of 0-4d. a unit at a conference at Harwell on 
November 30—and had given a most encouraging 
account of the first eight months experience at Calder 
Hall. British companies, he sad, are already 
negotiating for the sale of nuclear power stations in 
Europe, and hope to sell one to Japan, while m the 
1960’s it would be necessary to build another chemical 
processmg plant to handle the fuel used in the civil 
stations m Great Britain and abroad. The use of 
plutonium m thermal reactors, however, is less 
promising than was at first thought; but there is 
apparently considerable scope for fast reactors of the 
type now being constructed at Dounreay. Still more 
recently, in his Axel Johnson Lecture to the Royal 
Swedish Academy of Engineering Sciences at Stock- 
holm on March 15, Sir Christopher forecast that the 
cost of electricity from nuclear power stations would 
fall m thirty years time to no more than 0-32d. a 
unit. Equally significant, he predicted that the 
increased thermal efficiencies and reduced capital 
costs of generators and boilers which have resulted 
from contmuing improvements m the design of con- 
ventional power plants will be more than offset by 
the rise ın the cost of coal. Sur Christopher suggested, 
accordingly, that the cost of power from conventional 
stations is likely to merease to 0-84d. a unit by 
1990. 

Lord Mills on February 5 said that Britain is 
already spending some £250 million per annum on 
importing fuel, chiefly oil, and this burden on the 
country’s balance of payments will continue to grow. 
After reviewing the programme outlined in the White 
Paper of February 1955, in conjunction with the 
English and Scottish Electricity Authorities and the 
Atomie Energy Authority, he said that the Govern- 


ment has decided to aim at a nuclear capacity of 
5,000-6,000 megawatts by the end of 1965 in place 
of the target of 1,500-2,000 megawatts of the White 
Paper, and the supply of raw materials for nuclear 
generation, the scquisition of sites and the plannmg 
of the transmission network will be on a scale 
sufficient to bring 6,000 megawatts of nuclear 
capacity into operation by the end of that year. The 
actual amount of nuclear capacity to be installed 
will be subject to technical experience and develop- 
ment as planning progresses, mcluding the trend of 
capital costs, and to the availability of physical and 
financial resourc2s. Lord Mills announced that the 
Electricity Board for Northern Ireland proposes to 
bring a 150-mezgawatt nuclear power station into 
commission in 1963 or 1964. 

The execution of this programme, Lord Mills con- 
tinued, will offer a saving of some 18 million tons of 
coal on a full operating year, but will involve also a 
large merease ır. the annual investment programme 
of the electricity authorities of Britain during the 
early sixties. Eesides the very heavy burden on the 
nation’s capital resources m a period when these 
resources are likely to be seriously strained, the pro- 
gramme will mvolve the erection of new power 
stations and of overhead transmission lines in parts 
of the country which have not hitherto felt the 
impact of the nation’s requirements for power. This 
is mevitable, because nuclear power stations raise 
special siting problems; but the Government and 
the electricity authorities are determined to carry 
through the programme with the least possible inter- 
ference with the amenities of the countryside or with 
the rights of mdividuals. They believe that this is 
possible; and et the same time they think there can 
be some acceleration of the present procedure to 
avoid the serious delays now occasioned ; the Pay- 
master-General has mdeed tabled amendments to 
existmg legislation to that end for inclusion in the 
Electricity Bul now before Parliament. 

In replying to the short discussion on this state- 
ment, in which the Government, as in the House of 
Commons, had been asked to submit a White Paper 
for debate in Farliament, Lord Mills explained that 
by material resources he meant not only sites but 
also steel and >ther materials, and he referred par- 
ticularly to the scientists and engineers who would 
be engaged upon this work. The nuclear power 
programme, he said, in no way detracts from the 
importance of the coal industry. Coal is Britain’s 
fundamental wealth, but the energy requirements of 
the country ar= growing rapidly and we need more 
coal, more oil and more nuclear energy, particularly 
if we are to press on with the mechanization of 
industry required to enable us to meet growing 
world competition. It is not the Government’s 
present intention to issue a White Paper because the 
programme must remain flexible and subject to 
periodical reviaw. With regard to cosv, Lord Mills 
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estimates that the nuclear power stations will cost 
£1,460 million compared with £810 million for con- 
ventional power stations to give the same output ; 
but certain additional costs will bring the difference 
to £750 million, though it is believed that cost will 
fall as the programme advances. 

Lord Mills does not think it will be necessary to 
construct more than another sixteen nuclear stations 
in Britain in addition to those for which orders have 
already been placed. The programme has been 
phased in such a way that, at the time when we may 
expect the exports it ıs hoped to achieve will be 
growing, we shall be best able to expand them. The 
cost of generation at the three nuclear power stations 
which have been ordered is expected to be very 
slightly more than at new conventional stations, 
taking into account capital cost as well as operating 
cost; but it is confidently expected that the effici- 
ency of nuclear power stations will improve much 
more rapidly than that of conventional stations, and 
that ultimately the cost of generating electricity at 
nuclear stations will be less than at conventional 
stations. Lord Mulls agreed as to the importance of 
measuring this enormous capital cost against other 
capital needs, and he repeated the assurance he had 
previously given regarding the protection of amen- 
ities and the rights of mdividuals. While the 
Government is seeking to accelerate the procedure, 
he undertook to look fully into it to ensure that 
everything possible is done to protect the country- 
side and the rights of the individual. 

Mr. Maudling gave similar replies to questions m 
the House of Commons, adding that he is sure the 
Minister will consider suggestions regarding a White 
Paper on the broader aspects of the fuel situation 
and that the Government is satisfied that technical 
resources will be available to execute the programme 
in full. So far as can be seen, in the present state of 
knowledge, all the stations in the programme will be 
of the Calder Hall type with considerable improve- 
ments and modifications ; but there is no reason for 
departing from the estimate of cost given in the 
White Paper for 1955, and even with the new pro- 
gramme it will be necessary to increase imports of 
oil for several years to come. Mr. Maudling also said 
that the question of pump storage in relation to the 
base-load problem is much in the mmd of the Govern- 
ment; but he gave no reply when asked whether 
the Minister will advance research in connexion with 
the use of hydroelectric power, and with the utiliza- 
tion of surplus nuclear power during the night, or to 
a further question on the supply of the necessary 
trained technologists and their adequate remunera- 
tion. 

The trebling of the programme was warmly wel- 
comed by Mr. A. Robens for the Opposition ; although, 
in the House of Lords, Lord, Lawson [suggested it 
amounted to a new industriel revolution in which 
Parliament was not being consulted and that the 
National Parks Act was being torn up. Mr. Geoffrey 
Lloyd, also welcoming the statement, pointed out 
that it involves the expansion of certain key parts of 
the economy of Britain, such as the manufacture of 
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nuclear graphite, the preparation of uranium and the 
fabrication of special steels, which will facilitate a 
further and earlier expansion of the programme. 
Lord Salisbury, in a brief intervention, indicated the 
willingness of the Government to arrange for a debate 
on the subject. 

Replymg to a subsequent question about capital 
investment on March 11, Mr. Maudling said that the 
total investment m nuclear power stations in Britain 
is expected to need rather more than £1,000 million 
by the end of 1965, of which a little more than £900 
million represents the cost, mcluding the initial fuel 
charge, of the stations due for completion by then. 
The £1,460 million given on March 5 appears to 
represent the combined investment in conventional 
and nuclear stations and transmission lines over the 
period 1961-65, and this revised figure of £900 
million brings the total investment in electricity 
during the nine years 1956-65 to £2,900 million. 
Investment in hydroelectric power in Scotland is 
estimated to amount to £120 million by the end of 
1965, and colliery development by the National Coal 
Board to some £850 million. 

Mr. Maudling added on March 11 that the sug- 
gestion for a White Paper on the general fuel situation 
is still being considered ; but he offered no estimate 
of the effect of the programme on the growth of oil 
imports or of the net cost of fuel umports. The 
Government can now be in little doubt that this long- 
delayed statement on the nuclear power programme 
was badly muddled in its presentation. In the House 
of Lords, Lord Alexander of Hillsborough, m wel- 
coming the full replies to questions given by Lord 
Mills, frankly said that if the information had been 
given in the original statement, many of the questions 
would have been unnecessary. As it is, an impression 
is left that the Government does not fully apprehend 
the significance and implications of this great 
development, and more particularly its bearing on 
scientific and technical developments elsewhere or 
the demand that it makes for trained man-power. 
Questions to that end have been pressed in Parlia- 
ment, and particularly in relation to the adequacy of 
steel supplies. ; 

There are three particular respects which cause 
some anxiety. The careless presentation of this new 
programme quickens the concern which has long 
been expressed regarding the adequacy of Govern- 
ment organization for scientific research and develop- 
ment. The Lord Président of the Council again failed 
to give any sign that he appreciates the misgivings 
with which the discrepancy between his immense 
responsibilities and the meagreness with which his 
office is staffed is viewed in responsible quarters. The 
failure to present the programme with an adequate 
explanation of its reasons and hopes once more sug- 
gests that the Lord President is too over-burdened 
with other duties, and the Government as a whole 
too indifferent to give the scientific and technological 
activities of Government the care and attention they 
need. 

The second matter was the subject of a debate in 
the House of Lords on March 13. Lord Lawson again 
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“raised the question of the siting of nuclear power 
stations and was ‘obviously far from being satisfied 


- or reassured by what Lord Mills had previcusly*said_ 
both | 





on. this subject. “lord Lawson maintained. tha: 
“the National Parks: Act and the Distrib 
Industry Act are o bene side-track cand his concern 








eplying to the debate. He said 
„the present, because the nuclear power 
ontain highly toxic materials and represent 
a new development which has not yet stood the test 
of opération on a large scale, the Government has 
’ decided they must be sited away from built-up areas ; 
„© and Lord Mills could only repeat that the programme 
is flexible and that the Government will be guided 
by. experience. 
It would be unfair to suggest that Lord Mills is 
not concerned with the effects on amenity, or with 
the importance of public relations; though he did 
not respond to a plea for greater use of underground 
transmission in areas of natural beauty. He very 
-clearly wishes to preserve the amenities of the 
| countryside of Britain so far as possible, but to him 
"the over-riding consideration is the need for power. 
What is lacking is the appreciation that there are 
some arcas where amenity must come first if the 
preservation of the countryside is to have any 
meaning. The weakness in the presentation of this 
programme is the persistence of the piecemeal 
approach that has so often marred the handling of 
scientific and technical problems, Sir Josiah Eccles’s 
dress to the Parliamentary and Scientific Com- 
mittee on March 12 at least indicated that the 
importance of public understanding and goodwill is 
“appreciated, and that the threat to amenity may be 
less serious than appears. 
Ifthe doubts and misgivings which the programme 
has already aroused are to be removed, there must 
be no longer any suspicion that the Minister of Power, 
the Atomic Energy Authority, the electricity author- 
| ities and like bodies are allowed to be judges in their 
“own cause. The claims of power must be weighed, 
_ amd be seen to be weighed, along with those of other 
public interests and under conditions in which these 
other. interests such as amenity may on occasion 
prevail. This is the point above all which matters in 
_ procedure—far more than the saving of time which 
Lord Mills himself stressed. Meanwhile, a clearer 
explanation of the Government's policy on siting and 
_ its reasons would help. 
— The third point to which this programme is related 
and on which concern is felt is its bearing on the 
export trade of Britain and our relations with, for 
| example, Euratom. Mr. Maudling said in the House 
---of Commons on March 13 that the Government 
© favours co-operation in nuclear energy between the 
United Kingdom and Western Europe, including the 
-= coùmtries which are forming Euratom, and that it 
has with other Western countries been working out 
practical measures in the Organization for European 
©: Economie Co-operation. Recently the United King- 
“dom Atomic Energy Authority held technical dis- 
“cussions with representatives of the Euratom countries 
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on: the part which gas-cooled reactors of the type 
ordered by electricity undertakings for installation in 
the United Kirgdom might play in the Euratom 
nuclear power >rogramme; and on March 1 the 
Authority offered in a joint communiqué to facilitate 
contacts between United Kingdom and European 
firms to assist in training scientists and engincers 
from the counsries concerned. United Kingdom 
experts will cortinue their examination of the pro- 
posed Euratom power programme. Since Lord Mills 
spoke in the H>buse of Lords on March 5, Mitchell 
Engineering, Ltd, of London, has “announced 
that, with its American associate, it has received 
an order from Germany foroa boiling-water 
reactor plant. Another British firm which has 
also formed a Enk with the United States is known 
to be making good headway already in foreign 
markets. 

Mr. Maudling’s statement indicates that the pros- 
pect of Europeen orders for the British construction. 
groups is opening; but when pressed in. the House 
of Commons, Mr. Maudling declined to give any’ 
clearer indicatien of the Government’s attitude to: 
Euratom before it has been formed. Nevertheless, an 
imaginative British participation in Euratom from « 
the start would do more than any guarantees to ensure 
that British industry and methods play an active 
part in the futare industrial applications of nuclear 
energy which alone can keep the growing fuel imports 
of Euratom countries within bounds. A clear state- 
ment by the Gevernment that it seeks a special and 
permanent relasion with Euratom for Britain might. 
well be to Britain’s own advantage, at least as a unit — 
in the Organization for European Economic Co 
operation. The study of six specific types of reacto 
two for commercial production before the 
1965 and four br the decade 1965-75 included 
Atomie Energy Authority’s development prograxan 
may well run mto difficult engineering problems as 
serious design studies begin, in which a joint pro- 
gramme of prosotypes of power reactors might offer 
attractions. Cne deduction to be drawn: from Sir. 
John Cockeroft’s address to the Parliamentary ark 





Scientific Committee on March 12 could well be the : l 


value of technisal co-operation to Britain. 

Europe’s chief interest is in Britain’s scientific and 
technical knowledge, which have made Calder Hall 
and this revised programme possible; and Britain 
for her part has a clear interest in expanding this 
potential European market for reactors and power 
stations. Britain needs, too, a political guarantee 
that national discrimination will not expel British 
industry once its design and experience have been 
shared. Here, as in the expanded programme itself, —. 
the need is for vision as well as boldness, and the: 
readiness to taze calculated risks. But it is necessary. 
to ask once again whether the organization for re- 
search and development in Britam is appropriate to 
the times, anc whether in particular some further 
means is not required for ensuring that a wide view is 
taken in national as well as international problems, 


- and that the p:ecemeal approach which is so wasteful 


and costly is cecisively checked. 
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A NEW FORM FOR A GIANT RADIO TELESCOPE . 


By A. K. HEAD +“ 
Aeronautical Research Laboratories, Melbourne 


En | Boe usual type of general-purpose radio telescope 

is a steerable parabolic reflector. For operation 
at the important hydrogen line (1,420 Me./s.) the 
parabola must not deviate from its theoretical shape 
by more than one inch, and with parabolas of 250-ft. 
diameter or larger under construction or considera- 
tion, the engineering design of a structure with 
sufficient stiffness to meet the allowable one-inch 
tolerance is a matter of great difficulty. It was there- 
fore decided to investigate alternative focusing 
systems which might be easier to design and cheaper 
to construct. 

It appeared that the main distortion of a parabolic 
reflector was the changing sag of the structure under 
its own dead weight as it moved through its range of 
orientations. The proposed system reduces this 
effect by using two reflectors: one a large fixed 


~ hemisphere and the other a small movable barrel- 


shaped reflector. An incoming signal (from a direction 
parallel to the axis of the barrel) is reflected by part 
of the hemisphere into the barrel, which reflects it 
into the final focus. To receive a si from another 
direction it is only necessary to rotate the barrel 
about the centre of the hemisphere, another portion 
of which is then used. 


AVE 
> ` 








Fig. 2. Mode! of radio telescope. A, spherical pies neo B, movable extension of A; C, second reflector; D, equatorial bearings; 
, tri 


a 
T: 
Fig. 1. Path of a typical ray through system. F, focus; H, hemi- 
spherical reflector; O, centre of hemisphere; $S, second reflector 
In Fig. 1 the path of a typical ray through the 
system is shown. From geometrical optics it can be 
shown that to produce a point focus from a parallel 
Le 
; F, counter-weight 
7 à 
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incident beam, the second mirror must have the 
shape given by the following parametric equations : 


p.p: polar co-ordinates of mirror about focus F 
pẹ = 20 + 2 arctan f(9) 
p = $R (sin 0 — O sm 26) [f(8) + 1/f(9)] 


where f(6) = (sin 6 — C sin 29)/(K — 2 cos 8+0C 
cos 20), 6 is a parameter, R is radius of hemisphere, 
CR is distance of focus from centre of hemisphere, and 
K ıs an adjustable constant. E 

Fig. 2 shows a model of a radio telescope designed 
on this principle to meet the following specification : 
diameter of beam, 250 ft.; angular coverage, 60° 
down from the zenith in any direction; operating 
wave-length, 21 cm. to 3 m. 

The spherical reflector is of 250 ft. radius and is 
partly sunk into the ground. The model ilustrates 
an alternative to building a complete hemisphere, in 
which only a section of the part of the hemisphere 
above ground is constructed, but this can be moved 
on @ circular track as needed. This is possible, since 
only a circular area of the hemisphere of 250 ft. 
diameter is m use at any one time. 

The second mirror rotates in equatorially mounted 
bearings which are mounted at the centre of the 
sphere by tripod legs. A counter-weight is provided 
to balance the second mirror, and the kinks in the 
shaft connectmg, counter-weight and mirror enable 
the telescope to be pomted at the pole without the 
shaft fouling the bearings. 

Christiansen has considered the design of a suit- 
able feed for this radio telescope. Prelimmary results 
give a gain factor of 71 per cent with first side lobes 
of amplitude 13 per cent compared with the main 
lobe. Other side lobes are negligible, and it seems 
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probable that tke amplitude of the first side lobe can 
be reduced. 

Pearcey has zonsidered the effects of diffraction 
and has shown that, for wave-lengths longer than 
3 metres, diffraction in the mouth of the second 
miror may mcdify the performance as calculated 
by geometrical pties. However, McGee has shown 
that at wave-bngths of 3 metres or longer the 
spherical reflectcr is a sufficiently close approxmmation 
to a parabola for operation with a 250-ft. diameter 
beam. Thus a suitable feed placed at the paraxial 
focus of the sphere (which is at the mouth of the 
second mirror) axtends the operating range of the 
telescope to lonzer wave-lengths. 

Comparing this system with the equivalent para- 
bola, it appears that the gain and side lobes are 
similar, and that both can operate over the same 
range of wave-engths. Apart from the probable 
advantage in cst (particularly if an existing hole in 
the ground can. be used) this system also provides 
good shielding cf the focus from interference, and an 
equatorial mount can be easily provided. A dis- 
advantage is that, in correcting spherical aberration, 
the second mirrer introduces coma, so that operation 
with a displaced feed is impracticable. Full details 
of this work will be submitted to the Australian 
Journal of Physics. 

I would like to thank L. H. Mitchell of the Aero- 
nautical Research Laboratories, J. L. Pawsey, W. N. 
Christiansen, T. Pearcey and R. X. McGee of the 
Division of Radiophysics, Commonwealth Scientific 
and Industrial Research Organization, for their advice 
and for making available their unpublished work 
referred to above, and the Chief. Scientist, Depart- 
ment of Supply, Zor permission to publish this account. 


- AN AUSTRALOPITHECINE OBJECT FROM MAKAPANSGAT 


By Pror. RAYMOND A. DART 


University of the Witwatersrand 


VER since the Taungs discovery m 1925 I have 
maintained that the cavern breccias, in which 
the australopithecime remains were discovered, were 
the midden-heaps of these creatures. The accumulated 
evidence for australopithecine use of bones, teeth and 
horns as tools was recently summarized in the Smith- 
sonian Report for 1955 in an article entitled ‘‘Cultural 
Status of the South African Man-Apes”’. 

The failure to discover unequivocal evidence of 
stone tools in australopithecme deposits caused me 
to search particularly in 1948 for the explanation of 
double-depressional or double-valleculated cranial 
fractures found m the skulls of baboons and in 
australopithecine brain casts. This sharply localized 
type of cranial fracture was found at Taungs, Sterk- 
fontem and Makapansgat, sites spread over a territory 
with a diameter of about 400 miles. The cranial 
depressions were found to correspond closely with 
the double-ridged epicondyles of the distal ends of 
ungulate humen. As these ungulate arm bones with 
broken epicondylar ridges occurred with great fre- 
quency in some australopithecine deposits (they have 
hitherto been found to be the most frequently 
occurring of all long bones in the Makapansgat 
deposit) I had no hesitation in attributing these 


cramal fractures to impacts from such objects, and 
thus to these protohuman creatures a bone-bludgeon 
hunting technicue. i 

The systematic collection of every bone fragment 
isolated from the Makapansgat breccia, during the 
decade 1945-5& enabled me finally to present the 
results of a statistical analysis of 7,159 fragments at 
the Third Pan-african Congress in Prehistory held at 
Livingstone in July 1955. Statistics then showed 
that the most fequently occurring type of fragment 
m this Australopithecus prometheus deposit, out- 
numbermg evem arm-bones (or humeri), were lower 
jaws (or mandibles), the miraculous weapon of 
Samson and of various mythological heroes, such as 
the ‘Polynesian sun-god Maw and Perdix (or Tales, 
or Calos), the nephew of Dedalus. ` 

A predatory transition from ape to man was 
originally envisaged by Darwim in “‘The Descent of 
Man” and is now corroborated by this remarkable 
grey bone breccia of Makapansgat. The detailed 
evidence afforded by the aforementioned 7,159 frag- 
ments need not delay us here. It has been detailed 
in the tenth memoir of the Transvaal Museum, 
Pretoria (1957), dealing with “The Osteodontokeratic 
Culture of Auszralopithecus prometheus”. 


` 
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Attention has been directed in that memoir to 
some particularly curious specimens: & very small 
antelope mandible wedged in an antelope atlas ; four 
examples of antelope bones or parts of bones lying 
inside other broken long bones or retained by the 
lime in their broken ends ; and an antelope calcaneus 
wedged between the zygomatic arch and side wall of 
a hyena skull. The statement was also made there 
that “Accustomed employers of pointed horns, ulne 


and the broken shafts of antelopes’ long bones as f 


penetrating implements would scarcely fail to exhibit 
in respect of hollow bones and elongated slivers of 
bone—such as, whether by accident or design, encom- 
passed them in their cavern environment—the degree 
of intelligent behaviour normally exhibited by chim- 
panzees, when they ardently desire objects at a 
distance or in crevices”. 

On my way back to South Africa from the Inter- 
national Congress in Anthropological and Ethno- 
logical Sciences in Philadelphia (September 1956), 
which I had been privileged to attend by the gener- 
osity of the Wilkie Foundation in order to speak 
about the osteodontokeratic culture, I had an oppor- 
tunity of seeing the attractive australopithecine 
display at the British Museum (Natural History). 
There to my astonishment and pleasure among the 
bone fragments from Makapansgat I beheld the most 
striking example of this very phenomenon of crevice- 
exploration or depth-sounding by these creatures 
that I have hitherto encountered. 

The bone fragments in the British Museum display 
came from pieces of the grey australopithecine breccia 
from Makapensgat chosen in 1950 by Dr. L. H. Wells 
(now professor of anatomy in the University of Cape 
Town) and sent to Dr. Kenneth Oakley as typical 
samples of the breccia for submission to whatever 
tests might prove desirable and for subsequent 
development m London. The particular specimen 
that riveted my attention is illustrated in Fig. 1, a 
drawing by Miss Camilla Wybrants from a cast 
courteously prepared for me from the original by Dr. 
Oakley after my visit. The femur of a large antelope 
recently derived from another block of the same 
breccia was used for indicating the outline of the miss- 
ing portion of the bone. Í 

The central feature of the specimen is the right 
horn-core- of an extinct type of antelope (Gazella 
gracilior, Wells and Cooke, Palacontologa africana 
1957), a form very similar to the living red-fronted 
gazelle of North Africa, and having horn-cores 5-6 in. 
in length. Dr. H. B. S. Cooke informs me that this 
particular horn-core happens to be one of the largest 
of its type that he has seen hitherto. 

The peculiarity about the horn-core is that, 
apparently after isolation from the remainder of the 
skull, it had been rammed like a plunger or thrust 
like a dagger down to the hilt—formed by the orbital 
fragment of skull still attached thereto—through the 
brokea end of the distal, or lower half of the cavity 
in the previously shattered femur of one of the largest 
antelope types (such as an oryx) found represented 
in the deposit. Apparently the horn-core had been 
forced down so vigorously and had become so tightly 
impacted therein that it either was not, or could not 
be, extracted afterwards. At any rate, the horn-core 
now lies there fixed within the femur by calcite so 
firmly that the preparator could not separate them 
without fracturing the encircling femur. 

Fortunately or otherwise, the horn-core and the 
surrounding lime and femur have also been broken 
through by the blasting activities of the miners in 
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Gazelle 
horn core 


antelope femur (reconstructed) 


Fig. 1. Drawings in section and profile of a cast of the fossilized 
extinct gazelle horn-core from the Makapansgat Limeworks grey 
breccia which is on display in the sustralopıthecine exhibit at 
the British Museum (Natural History) and which was found 
impacted within the upper end of a previously-broken large 
antelope’s thigh bone (femur) 
For the sake of clarity, ghost-like reconstructional outlines of the 
distal ! portions of the femur and horn-core, that are missing from 
the exhibited specimen owing to its having been shattered during 
the mining operations, have been added by the artist, Miss Camilla 
Wybrants, to the profile drawing of the fragments from’informa- 
tion supplied by other corresponding fragments from the same, 
reccia 


such a way as to expose them in section. (see Fig. 1) 
obliquely 2-24 in. away from the attachment of the 
horn-core to the skull. A sufficient length of the 
femur, however, is present to identify the bone and 
approximately also the large type of antelope to 
which it originally belonged. 

Some observers, including even the late Dr. Robert 
Broom, as well as Oakley, Von Koenigswald and 
others, have repeatedly raised the time-honoured? 
but now discredited? query about Carnivora, especially 
hyenas, being responsible for australopithecine and 
other human deposits. The value of this particular 
specimen lies in its furnishing solidified in.stone a 
tolerably convincing (and, for Londoners, easily 
accessible) example of the type of phenomenon 
exhibited repeatedly by the Makapansgat grey 
breccia, that cannot be attributed to hyena (or to 
any other carnivore), or to a porcupine (or to any 
other rodent), or to any other supposed bone- 
accumulator lacking the manipulative skill and 
explorative curiosity characteristic of man. The 
associated employment of a long bone and a horn 
essential for the accomplishment of the feat 
embodied in this specimen, on the other hand, is 
reminiscent of the ability, spontaneously exhibited 
by some chimpanzees, to insert a rod-like object into 
a tubular one for the purpose of increasing its length 
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and so bringing a desirable object, otherwise in- 
accessible,. within reach. 

Since the Makapansgat grey breccia has furnished 
various other illustrations of this cavity-exploring 
ability on the part of these predatory employers of 
bone bludgeons and horn-core daggers, a specimen like 
this makes it highly probable that these protohuman 
creatures had also made the conceptual leap chimp- 
anzees can make of putting two things together 
to extend their readh; and thus, of improving the 
penetrating power of elongated objects such as sticks 


INFLUENCE OF LIGHT 


JOINT symposium on the mfluence of light on 
plent growth arranged by the Association of 
Apphed Biologists and the Horticultural Education 
Association was held in the British Museum (Natural 
History) on February 22. The morning session was 
devoted to @ discussion of certain aspects of photo- 
periodism in plants. The photoperiodic control of 
flowering in short-day plants was reviewed by Dr. 
D. Vince (University of Reading), with special 
reference to the chrysanthemum. In short-day 
plants, providing that they have first been exposed 
to light of high intensity, flowering is determined by 
exposure to dark periods of more than a certain 
critical length. During the dark period reactions 
occur that promote flowering, which may be mhibited 
or reduced by hght of low intensity, by the applica- 
tion of auxin to the leaves, and by low temperatures. 
Red light (6550 A.) is most effective in suppressing 
flowering in several species (including chrysanthe- 
mum) when given in the middle of an inductive 
dark period ; the effect of red light can be annulled 
by later exposure to infra-red radiation (7350 A.). 
Many other light-sensitive growth phenomena have 
been shown to exhibit this type of response to suc- 
cessive exposure to red light and infra-red radiation. 
Subjectmg the chrysanthemum to low temperatures 
during an inductive dark period may markedly 
reduce its effect. Initiation of inflorescence primordia 
may be retarded indefinitely, and in some varieties 
a marked terminal, vegetative rosette forms. If 
initiation occurs, the plant may behave as if it were 
in long-day conditions, that is to say, bracts and 
capitulum are formed but floret initiation is sup- 
pressed. If floret initiation occurs, the number of 
disk florets is reduced as in long-day conditions. 
Low temperature during a preceding long-day period 
may also affect the response to mductive photo- 
periods; in some varieties break bud formation 
occurs at favourable temperatures in short days 
following exposure to low temperature in long days. 
Photoperiod regulates numerous other phenomena 
m ‘plants, including dormancy in woody species. Dr. 
`P. F. Wareing (University of Manchester) showed 
that in many species the onset of dormancy occurs 
in response to short photoperiods, the stimulus being 
perceived (as in the flowering response) by the leaves. 
The resumption of growth normally requires exposure 
to low temperatures, but is photoperiodically con- 
trolled in some species; leafless seedlings of beech 
will grow out in long photoperiods and, in this 
instance, the stimulus is percerved by the buds. 
Some species, including birch, show an interaction 
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and so turning -hem into spears by capping their ends 
with hollow hons. The recent discovery of Kafuan 
stone artefacts and australopithecine remains in the 
pink breccia ovarlying the grey. breccia at Makapans- 
gat has also bæn the subject of report (see Nature, 
175, 16; 1955, and 176, 170; 1955); they therefore 
possessed the means of shaping the ends of sticks. 

* Buckland, Rev. W., Phil. Trans. Roy. Soc., 112, 171 (1822). Zapfe, 

H., Palaconbiolcyica, 7, m (1938). 
* Hughes, Alun R., 3. J. Sci., 51, 156 (1954); Amer. J. Phys. 


Afr, 
Anthrop., 12, 0.3.4, 467° es 964). Dart, Raymond A., Amer. 
Anthrop , 58, 4€ (1 958). 


ON PLANT GROWTH 


between chilling and day length; unchilled seedlings 
will only resume growth in long photoperiods, but 
chilled seedlings elongate in any day length. Sensit- 
ivity to photoperiod is also exhibited by seeds of 
birch. At 15° C. the percentage of seeds germinating 
is mereased in bng days ; this is a true photoperiodic 
response, being controlled primarily by the length of 
the dark period. The interaction of temperature with 
photoperiod was again stressed since at 20° C. 
germination oczurs in response to a single exposure 
to light. Birch seeds thus show the typical red/infra- 
red response cf light-sensitive seeds ai high tem- 
peratures and a photoperiodic response at lower 
temperatures, After chilling, the seeds are no longer 
lght-sensitive. Experiments carned out to elucidate 
the mechanisn of hght-sensitivity suggest the 
presence of ac: mhibitor in the seed coat, which 
undergoes dest-uctive oxidation since, whereas the 
excised embryo shows no photoperiodic response and 
has a low oxj.gen requirement, the percentage of 
whole seeds germinating in the dark is increased by 
leaching, by slisting the seed, and by increasing the 
oxygen concentration (slit or scratched seeds only). 
Mr. Jl. H. Williams (University of Nottingham) 
demonstrated the importance of photoperiod as a 
factor controlling growth and development in the 
raspberry ‘Maling Promise’. Under natural con- 
ditions, the biennial cane grows vegetatively in the 
first summer ; =s the days shorten in the autumn, the 
cane becomes dormant and flower primordia are 
initiated m the axillary buds. In the second summer 
these mixed frciting laterals grow out and a replace- 
ment shoot arises at the base of the two-year old 
cane. Initiaticn of flower primordia occurs during 
falling tempera=ures and shortening days and experi- 
ments m growth rooms have demonstrated the 
marked interaction between temperature and day 
length ; at 10° C. muitiation occurs in all day lengths, 
but at higher semperatures primordia are initiated 
only m short days. The lateral shoots remain dor- 
mant in subsecuent long days unless chilled at 3:5° 
C, for six weeks; the resumption of growth in this 
species is not, taerefore, photoperiodically controlled. 
The process of breaking dormancy can be separated 
from that of ficwer initiation by exposing the plants 
to 3-5° C. in tke dark without previous exposure to 
short days or cool temperatures, when vegetative 
laterals will gow out in subsequent conditions of 
long days and high temperatures. Mr. Williams 
directed attent-on to the effect of the physiological 
age of the shoos on its response ; following exposure 
to inductive conditions (short days at 10°C.) for 
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eight weeks, shoots of 12 nodes remained vegetative 
and continued growth on the main axis only ; 15-node 
plants developed flowers after six to eight weeks, 
20-node plants after three weeks, and 30-node plants 
after one week of such treatment. 

The observed interactions between temperature 
and photoperiodic behaviour link the three papers. 
In chrysanthemum inductive photopericds may be 
ineffective at, or when preceded by, low temperatures ; 
dormant seedlings of birch are no longer sensitive to 
photoperiod after chilling; birch~-seeds are light- 
sensitive at 20° C., photoperiodically sensitive at 
15° C., and will germinate in the dark after exposure 
to low temperature; raspberry canes are photo- 
periodic at 15:5° C. but will initiate flower primordia 
in any day length at 10° ©. The various types of 
interaction are of considerable interest, and their 
mechanism merits further study. 

The afternoon session was opened by a paper by 
Dr. van der Veen (Philips Research Laboratories, 
Eindhoven, Holland) on the influence of coloured 
light. Dr. van der Veen emphasized the technical 
difficulties of obtaining light of high spectral purity 
at intensities sufficiently great to maintain growth, 
and demonstrated that a very small amount of con- 
tamination at certain wave-lengths may be important. 
Blue light with a small amount of near infra-red may 
cause internode elongation, whereas pure blue light 
results in internode shortening; a small amount of 
infra-red in red light is less important because of the 
red/infra-red antagonism in many species. Dr. van 
der Veen emphasized the complexity of the reaction 
of plants to coloured light, pointing out that response 
may vary according to the species and to the method 
of application. The effectiveness of a flash of red 
light in the middle of a long dark period in promoting 
flowering in long-day plants and inhibiting flowering 
in short-day plants is well established. However, the 
long-day plant Hyocyamus niger will not flower in 
lorg days in red light alone, but will flower in the 
same day length when a small amount of near infra- 
red radiation is added. Variations between species 
was illustrated by reference to leaf expansion, which 
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is promoted in many species by red light but oceurs 
only in blue light in Mirabilis, and to internode 
extension, which may be increased (tomato) or 
decreased (pea) by exposure to red light. 

Practical plant irradiation was the subject of the 
final paper by Mr. A. E. Canham (Electrical Research 
Association), who discussed the relative merits of 
several standard types of lamp for vamous applica- 
tions in horticulture. Lamps may be used in insulated 
dark structures to replace daylight or in glasshouses, 
as a supplement to natural daylight when the light 
intensity is low; different factors must be taken 
into consideration in the two methods of irradiation. 
When daylight is replaced entirely, both formative 
and photosynthetic effects must be considered; the 
maximum rate of photosynthesis occurs in red light 
but the formative response to wave-length varies 
widely with species and, with the present limitation 
of knowledge, radiation in all visible wave-lengths, 
with no undue preponderance in one band and with 
little near infra-red radiation, is recommended. 
‘Daylight’ fluorescent lamps have been found to be 
most satisfactory in producing ‘normal’ growth but, 
because of therr low intrinsic brightness, large numbers 
are required. The formative effects of lamps are less 
important for supplementary irradiation since day- 
light will tend to balance the lamp effect, but an 
unduly high proportion of red or near infra-red may 
result in elongation and/or leaf epinasty in some 
species. Providmg the formative effect is not un- 
favourable, economic and practical considerations 
largely determine the choice of lamp; of the lamp 
types currently available the high-pressure mercury 
vapour lamp is generally recommended. 

The symposium concluded with a film by, Mr. 
A. GQ. Sparkes (West End Nurseries, Angmering) 
showing the use of photoperiodic regulation m 
practice to achieve flowering of chrysanthemums.all 
the year round. With suitable schedules of lighting, 
and shadmg with black cloth, flowers may be cut in 
every week of the year. 

The papers presented at the symposium will be - 
published in Scientific Horticulture. D. Vince 


A FLORA OF EUROPE 
By Pror N. A. BURGES and Dr V. H. HEYWOOD 


ISTORICALLY, plant taxonomy has tended to 
pass through phases of local exploration, con- 
solidation and regional synthesis, occasionally the 
whole cycle being repeated at a higher level of know- 
ledge. In Europe, however, taxonomy has never 
attained this overall regional view. On the other 
hand, no other continent or part of the world, with 
a flora comparable in number of species, displays 
such a diversity of partial Floras, each with inde- 
pendent criteria and more or less strict adherence to 
national or local boundaries. ` 
With the exception of some areas in Spain and the 
Balkans, few basic systematic novelties await dis- 
covery and description in Europe. Individually, 
most European countries can now claim that the 
descriptive-geographical taxonomy of their flora has 
been satisfactorily achieved. With the new tools of 
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cytogenetics, ecology and biometrics and like dis. 
ciplines, and with the new ideas inspired by modern 
genetical and evolutionary theory, much of the work 
now undertaken by European taxonomists on thew 
own floras is of an experimental or evolutionary 
nature. Descriptive taxonomy is largely limited to 
that of the colonies or other territories administered | 
by their parent countries. 

There are signs that this local analysis, in the 
absence of compensating synthesis, may prove detri- 
mental to taxonomy as a whole. The position is such 
that to answer almost any question on European 
taxonomy the specialist has to refer to upwards of 
fifty Floras and countless papers and then synthesize 
the resultant information. This ıs time-consuming 
enough for the professional taxonomist who knows 
the literature well and who has it available (and 
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there must be few indeed who would claim this 
distinction to-day); but for the workers in other 
fields such as evolution, phytogeography, etc., who 
are dependent on easily accessible taxonomic data 
the position is almost intolerable. Only the large 
national herbaria can afford to stock the necessary 
literature, and the number of taxonomists with 
adequate training and experience of European 
taxonomy as & whole is, rightly or wrongly, so small 
as to constitute a distinct problem. 

Although some works have a wider scope—for 
example, Hegi’s monumental “Illustrierte Flora von 
Mittel-Europa” and more recently Hylander’s ‘‘Nor- 
disk Karlvdxtflora”’, covering Fennoscandia, Iceland 
and the Faeroes—there is still no overall treatment 
of Europe. 

In an attempt to alleviate this situation, a com- 
muttee has been formed of British and Irish botanists 
to consider the possibilities of writing a Flora of 
Europe, condensing in three or four volumes the 
essence of the scattered published mformation about 
European plant taxonomy. Much progress has been 
made, and it now seems likely that the proposed 
Flora has every chance of success. A number of 
distinguished European colleagues have declared 
their support and interest in the project and some 
of them have consented to act as advisory editors. 
The Limnean Society of London has promised 
its patronage and the Director of the Royal Botanic 
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Gardens, Kew, and the Keeper of Botany at the 
British Museum (Natural History) have agreed to 
assist in an advisory capacity. 

The Flora vill cover Europe in the normally 
accepted sense ef the word and will connect up with 
the area coverec by Komarov’s “Flora of the URSS”. 
The intention is to key and describe briefly all the 
major taxa of Angiosperms and Gymnosperms that 
grow spontanecusly in Europe. Subspecies will be 
included, but not as a rule varieties unless they are 
well marked or have some claim to consideration at 
@ higher taxonomic level. Those taxa which are 
currently given a binomial in widely used Floras but 
which clearly čo not deserve full specific rank will 
not be reduced in status in the Flora unless there is 
strong evidence for such action; normal procedure 
will be to meclade them in thew original binomial 
form after the species to which they appear to be 
most closely rezated. 

The Editoria. Committee is: Prof. T. G. Tutin 
(University of Leicester, chairman), Dr. V. H. 
Heywood (University of Liverpool, secretary), Prof. 
N. A. Burges (University of Liverpool), Prof. D. H. 
Valentine (University of Durham), Dr. 8. M. Walters 
(University of Cambridge) and Prof. D. A. Webb 
(University of Dublin, Trinity College). 

Further information about the progress of the 
Flora will be published from time to time in the 
journal Taxon. 


OBITUARY ; 


Sir John Simonsen, F.R.S. 


Wits the sudden death on February 20 of Sir John 
Lionel Simonsen passed one of the last of the chemists 
trained in the Edwardian experimental tradition. He 
was born in 1884, his father being a naturalized 
Damish merchant and his mother also originally 
Danish; John Lionel remained in intimate contact 
with hus Danish relations all his hfe. He was educated 
at Manchester Grammar School and then obtained 
first-class honours under W. H. Perkin, jun., at the 
Victoria. University, Manchester, his contemporaries 
there meluding Sir Robert Robmson, ‘Sir Norman 
Haworth and C. 8. Gibson. 

His career mcluded both academic and public 
service, and fell into four main chapters. First, six 
years research at Manchester, as research fellow and 
later assistant lecturer. Secondly, seventeen years 
im India—1910-19, professor of chemistry, Presidency 
College, Madras ; 1919-25, Forest Research Institute 
and College, Dehra Dun; 1925-27, professor of 
organie chemistry, Indian Institute of Science, 
Bangalore. Then, from 1930 until 1942, he was pro- 
fessor of chemustry at the University College of North 
Wales, Bangor; and finally, until the end of 1952, 
director of Colonial Products Research, South Ken- 
sington, London. 

In the laboratory Simonsen’s sure technique was 
“a joy to watch; typically his bench carried a few 
covered conical flasks or beakers, a few stoppered 
test-tubes, all labelled, and perhaps è distillation in 
progress; the rest would be an empty expanse of 
gleaming teak. His 176 published experimental papers 
—a large output since so many antedated micro- 
analysis—cover the whole period 1910-42, and much 


was done with ais own rapid, skilful bands. Nearly 
all this work was on terpene chemistry, that on 
barbaloin being a notable exception; ıt included a 
long series on Indian trees and grasses, and later 
many papers on Australian oils supplied by A. W. 
Penfold (these papers always carried also Penfold’s 
name). He was soon an acknowledged authority m 
the field, and hes book “The Terpenes”, published m 
two volumes in 1930-32, became at once the standard 
work. This edition stopped at the bicyclic series, but 
the second edision, which covers also the higher 
terpenes, runs to five volumes and has been written 
in collaboration with L. N. Owen, D. H. R. Barton 
and C. W. J. Foss; he lived to pass the proofs of 
the last volume, and to the end collected references 
from the Chemxal Society library for a third edition. 

Smmonsen’s public services rank alongside his 
scientific work. It was he and Dr. MacMahon who, 
by personal lebrers, started. the Indian Science Con- 
gress in 1914, with two hundred members; he was 
its honorary secretary from that begmnmg until 
1926, and its president in 1928 ; the present member- 
ship of thousands is testimony to his foresight. For 
three years duzmg the First World War he was 
controller of oils and chemical adviser to the Indian 
Munitions Board. It was mainly due to him and Sir 
Robert Robmsœ that the Microbiological Research 
Institute was founded in 1944 in Trmidad, as part 
of his enthusiasm for the development of Colonial 
resources. 

Simonsen reesrved the Kaiser-i-Hind Silver Medal 
in 1921, and a znighthood in 1949. He was elected 
a Fellow of the Royal Society in 1932, received its 
Davy Medal m 1950, was the first recipient of the_ 
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Fritzsche Award of the American Chemical Society 
(1949), and his honorary degrees were D.Se. of Bir- 
mingham and of Malaya, and LL.D. of St. Andrews. 
He served as honorary secretary of the Chemical 
Society (1945-49), of which he was later elected a 
vice-president ; he was on the Council of the Royal 
Society of Arts, was honorary treasurer of the Laws 
Agricultural Trust, Rothamsted, and was on many 
committees. _ 

His public and academic honours pleased but did 
not corrupt him, any more than did the material 
temptations of his Indian years: he remained an 
essentially simple, lovable man, behind a rather 
formal manner. Simonsen was, however, no slack 
master; the writer, when interviewed for a junior 
post, felt obliged to say that he would have quickly 
to seek a better-paid one: Simonsen replied, “Of 
course ; if that were not so, you would not work and 
then you would be of no use to me”. His teaching 
ability 1s shown by the fact that one honours class, 
at Bangor, of five students included two who were 
later to become professors of chemistry (E. R. H. 
Jones and W. C. Evans). Simonsen’s opinions were 
always clear-cut and he did not hide them. Honesty, 
organic chemistry, verification before publication, 
credit where it was due, internationalism in science, 
but loyalty to one’s country and one’s friends were 
good: priority-hunting, sloppy experimentation, 
meanness, laziness, and the enemies of one’s friends 
were bad. Though the Edwardian certainty 1s now 
out of fashion, Simonsen’s ideals shine by contrast 
the brighter. But most memorable was his kindnéss ; 
that was one reward he gave for service, not only 
immediately but also long after the service ceased ; 
his advice and scientific help, however, were open to 
all; and many a young scientist, unknown to him 
previously, acknowledges m print the trouble Simon- 
sen would take m seeking Colonial materials for him. 
It was only typical that the residue of his estate is 
destined, -after the death of his widow, for the Royal 
Society’s Scientific Relief Fund. 
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He married, in 1913, Dr. Jannet Dick Hendrie, of 
Naun, then in charge of the Lady Dufferin Hospital, 
Madras. Her charity of mmd and very personal grace 
and charm made for him an ideal home in which he 
was happy and active to the end. R. 8. Cann 


JOHN SIMONSEN was my oldest friend in academic 
circles and his passing breaks almost the last link 
with the palmy days when Perkin was at the height 
of his powers at the University of Manchester. He 
was one year senior to me, but we were close com- 
panions in the Schunck and Perkin (as now called) 
Laboratories for several years and even collaborated 
in a new attack on barbalom. He was a most elegant 
experimentalist and the outcome of the work was a 
revision of the structures of aloemodin and rhein, 
the latter being recognized for the first time as a 
dihydroxyanthraquinonecarboxylic acid.. In those 
early years he developed a most unusual talent for 
handhng alicyclic substances and this led him into 
his brilliant excursions in the field of the higher 
terpene chemistry. 

In later years and in company with Alexander 
King, we journeyed together to the Caribbean and 
initiated a successful antimalarial campaign in 
British Guiana and also a Microbiological Institute 
in Trinidad. 

He was a most lovable person, mcapable of any 
mean action, transparently sincere in all his relations, 
personal and scientific. It was a great privilege to 
enjoy his steadfast friendship for half a century, and 
I certainly owe more to him than I can well express, 
more probably than T realize. A modest man, easily 
under-estimated, he nevertheless was very firm in 
defence of his high standards and principles. I make 
no attempt to discuss the important discoveries he 
made, such as the carenes, or his public services, too 
numerous to mention. I only wish to pay a tribute 
to the memory of a warm-hearted, fair-minded and 
beloved friend. R. ROBINSON 


NEWS and VIEWS 


Atoms for Peace Award : 
Prof. Niels Bohr, For.Mem.R.S. 


Pror. Nrexts Bong, professor of theoretical physics 
at the University of Copenhagen, is to be the first 
recipient of the Atoms for Peace Award. He was 
unanimously selected from among seventy-five 
nominees representing twenty-three nations by the 
trustees of the Atoms for Peace Awards, meeting at 
the Massachusetts Institute for Technology on 
March 6. Atoms for Peace Awards, Inc., 1s a non-profit- 
making corporation set up, in response to President 
Eisenhower’s appeal at the Geneva conference m 
July 1955, as a memorial to Henry and Edsel Ford. 
The Award, which consists of a gold medal together 
with an honorarium of 75,000 dollars, is to be granted 
annually—without regard for nationality or poltics— 
for outstanding contributions to the peaceful uses of 
atomic energy. 

Born in 1885 in Copenhagen, Dr. Bohr came to 
England in 1912 to work with Rutherford: at the 
University of Manchester on theories of atomic 
radiation. In 1913 he began to publish a series of 
papers, in which he enunciated the model of the 
quantized atom with which his name is always 


associated. For his work on atomic structure and 
radiation theory he was awarded the Nobel Prize 
m physics in 1922. In 1916, Prof. Bohr was 
appointed to the chair of theoretical physics at 
the University of Copenhagen. On his initiative the 
Institute for Theoretical Physics was opened there : 
he has since been its director. - 

In 1936 Prof. Bohr turned to nuclear physics and 
proposed & theory of nuclear reaction which success- 
fully interpreted the experiments of Enrico Ferm 
and others on the interaction of neutrons with 
nuclei. During a visit to the United States in 1939, 
Prof. Bohr, in collaboration with Dr. J. A. Wheeler, 
contributed to the understanding of the nuclear fission 
observations of Otto Hahn and Lise Meitner by identi- 
fying the fissile isotope as uranium-235. Prof. Bohr 
returned to his Institute in Denmark in 1940. In 
October 1943 he was forced to flee his country, which 
had become occupied. He escaped to Sweden, hidden 
in. a fishing boat, and from there he was flown in the 
bomb-bay of a Mosquito bomber to England. He 
went to the United States in December of that year 
to take part m the war-time atomic energy develop- 
ment. After the War, Prof. Bobr returned to 
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Copenhagen. In’ 1952 the Institute was selected 
as the temporary location for the theoretical group 
of CERN, the European organization for nuclear 
research, This joint effort of twelve nations had 
an early advocate in Prof., Bohr, who held that 
responsibilty for applymg advances m atomic 
scence to peaceful rather than warlike uses rests 
upon all peoples of all nations. CERN’S activity 
continued under Prof. Bohr’s direction until 1954 
and was housed at the Institute until 1956. In 1955 
the Danish Government established an Atomic 
Energy Commission to study the utilization of 
atomic energy for scientific and industrial purposes 
and appointed Prof. Bohr as its chairman. 


Meldola Medal Award : Dr. T. S. West 


Dr. T. S. Wust, of the University of Birmingham, 
has been awarded the Meldola Medal for 1956. The 
Meldola Medal, which is the gift of the Society of 
Maccabaeans, is awarded each year to the British 
chemist less than thirty years of age who is con- 
sidered to have shown the greatest promise as 
indicated by his or her published work. Awards 
are made by the Council of the Royal Institute of 
Chemistry, with the concurrence of the Society of 
Maccabacans. 

Dr. West is a graduate of the University of Aber- 
deen, where his interest in analytical chemistry was 
aroused by his association with Dr. R. Belcher. 
When he moved to the University of Birmingham, 
where he received the Ph.D. degree in analytical 
chomustry in 1952, this association was contmued. 
Dr. West was appointed lecturer in the University 
of Birmingham m 1955. The earlier phases of his 
research were concerned with the development of new 
reagents for titrimetric analysis. In the course of 
.this work, mercurous nitrate was developed as -a 
stable new titrant and was shown td have widespread 
applications to chemical analysis. An extensive study 
was made of the quantitative reactions of water, 
which led to the formulation of a considerably more 
reactive alternative to the Karl Fischer reagent for 
moisture determination. Further work was carried 
out on the analytical applications of co-ordination 
compounds of the trivalent manganese ion and 
particularly on the cholatıng action of ethylenedia- 
minetetraacetic acid on unusual valency states of 
metal ions. In 1952, Dr. West was awarded a senior 
Department of Scientific and Industrial Research 
Fellowship and, m conjunction with Dr. Belcher, 
initiated a programme for the development of a 
comprehensive scheme of ultimate orgamic ultra- 
mucroanalysis on the 50 ugm.-sample scale. For this 
purpose a simple robust quartz-fibre ultra-micro- 
balance of the torsion-restoration type was con- 
structed. New projects have meluded the study 
of O,O’-dihydroxyazo dyestuffs as pM (metal ion) 
indicators, the synthesis of iminodiacetic acid sub- 
stituted dyes as reagents for morganic analysis and 
the evolution of a new range of powerful chelating 
agents. 


The Marlow Medal : Dr. J. S. Rowlinson 


Dr. J. S. Rowzmson, of the Chemistry Depart- 
ment, University of Manchester, has been awarded 
the first Marlow Medal and Prize by the Faraday 


Society for his researches on the thermodynamics and 


statistical mechanics of gas, liquids and mixtures. 
The presentation of the Medal will be made at the 
annual general meeting of the Society to be held at 
Oxford in September. The award, which comprises 


NATURE 


699 


the Medal and_a grant of not more than fifty pounds, 
is made annuslly and is based on publications (not 
necessarily m the Transactions of the Faraday Society) 
over the preceding three years on any subject nor- 
mally published in the Transactions. It is restricted 
to members of the Faraday Society of not less than 
three years standing and not exceeding thirty-three 
years of age. 


Honorary Fellowship of the Imperial College 


Tue followmg have been elected to honorary 
fellowships of the Imperial College of Science and 
Technology: Sir Harold Bishop, director of technical 
services at ths B.B.C.; Dr. E. Hindle, ‘formerly 
scientific director of the Zoological Society of London 
and regius professor of zoology in the University 
of Glasgow; Prof. H. Levy, professor emeritus of 
mathematics az the Imperial College ; Mr. P. Rabone, 
a leading authority in the field of mineral dressing ; 
Prof. H. H. Read, professor emeritus and semior 
research fellow in geology at the Imperial College 
and a former pro-rector; Dr. A. P. Rowe, vice-chan- 
cellor of the University of Adelaide; Mr: C. E. R. 
Sams, former secretary and past-president of the Old 
Centralians (association of past students of the City 
and Guilds Co_lege). r 


National Research Council of Canada : 
Dr. R. F. Farquharson, M.B.E. 
Dr. R. F. FARQUHARSON, head of the Department 
of Medicine, University of Toronto, has been 
appointed vice-president (scientific) of the National 
Research Courcil of Canada, with responsibilities for 
medicme. The appointment is & part-time one and 
Dr. Farquharson will continue in his present post at 
the University of Toronto. While the Council has no 
medical laborazories of its own, its Division of Medical 
Research makes grants in support of basic medical 
research at hospitals and universities. For the past 
ten years the Council’s medical programme has been 
directed by Dr. J. B. Collip, dean of medicine m 
the University of Western Ontario, and, under his 
direction, this part of the National Research Council’s 
work has been built up to the point where a vice- 
president with medical responsibilities is desirable. 
Dr. Collip is to retire as director of the Division of 
Medical Research m the autumn, when Dr. Farqu- 
harson will assume direction of this Division. 


Staff College for Technical Teachers 


In a recent eddress to the Association of Technical 
Institutions, Mr. D. R. O. Thomas, chief education 
officer of the United Steel Companies, recommended 
the establishment of a staff college for teachers doing 
advanced work in technical colleges. The main 
purposes of the college would be to enable teachers of 
advanced technology to consolidate and widen their 
‘knowledge and to improve their skill in teaching, to 
give them oppartunities of identifying and discussmg 
their own problems and of exchanging ideas and 
experience and to help to maintain the status and 
prestige of the teaching profession m technical col- 
leges, in comparison with university teaching and with 
industrial occupations. A residential centre should be 
established of such a size that it could be run economi- 
cally on @ bas:s of continuous operation. An out- 
standing person with wide experience in staff college 
methods would be required to initiate the programme, 
direct the studies and set the tone and standard of 
work in the college. The programme of courses and 
conferences shculd cover all aspects of technology. 
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The purpose would be to give pnority to lecturers 
and teachers who have a number of years of service 
ahead of them, and to relate teaching methods to the 
dynamic nature of advanced industrial techniques. 
The college should be able to provide opportunities 


for intensive short courses and conferences on the, 


teaching of any aspect of technology at the more 
advanced levels. : 


Radioactive Substances in Technical Colleges 

TECHNICAL colleges “are expected to play their 
part in developing the use by mdustry of radioactive 
substances, X-rays and gamma-rays. Courses of 
instruction or research in these fields, however, call 
for special precautions on the part of the colleges to 
protect students and staff involved. In a recent 
memorandum to local education authorities, the 
Minister of Education advises the appointment of 
technically competent safety officers to be specifically 
responsible for advice on radiological protection in 
colleges where radioactive materials are used. The 
memorandum advises the use of separate laboratories, 
reserved solely for radioactive work; the provision 
of secure and adequately shielded storage places for 
radioactive substances, and the installation of 
mechanical ventilation where there is risk of radio- 
active gases. Other suggestions refer to the necessity 
of controlling removal of materials from storage, 
their transport from place to place and the disposal 
of radioactive wastes by methods which must be 
agreed with local authorities. Decontamination of 
equipment and clothing is also extremely important. 
Special precautions should be taken in the use of 
X-ray apparatus; and installations which are not 
completely protected should be placed in a separate 
room which should be unoccupied during exposure. 
The Minister refers particularly to the danger of 
exposure to gamma-rays, Because of the amount of 
protection required it may often be impossible to 
provide indoor accommodation in which operation 
can safely be carried out, and it may therefore be 
necessary to conduct gamma-radiography in the open 
air in a roped-off area. Colleges are asked to inform 
the Ministry before starting instruction or research 
in this field. 


The Paleontological Association 


On January 30, at a meeting attended by about 
seventy paleontologists and those interested in 
paleontology, it was resolved to form a Paleonto- 
logical Association. An inaugural meeting was held 
on February 27 at the Imperial College of Science 
and Technology, at which a constitution was adopted 
and the followmg elected as council and officers for 
1957: President, Dr. R. G. S5. Hudson; Vice- 
Presidents, Dr. E. I. White and Mr. N. F. Hughes ; 
Treasurer, Dr. W. S. McKerrow, Department of 
Geology, University Museum, Oxford; Editor, Dr. 
W. H. C. Ramsbottom; Secretary, Dr. F. Hodson, 
Department of Geology, University of Reading ; 
Other Members of Council, Dr. F. W. Anderson, Dr. 
T. Barnard, Prof. O. M. B. Bulman, Dr. F. E. Eames, 
Mr. G. F. Elliott, Prof. T. N. George, Dr. Dorothy 
H. Rayner, Mr. P. C. Sylvester-Bradley, Dr. J. T. 
Temple, Dr. Gwyn Thomas, Prof. T. S. Westoll, 
Prof. W. T. Whittard, Prof. Alwyn Williams and 
Prof. A. Wood. The Association, which seeks support 
from all who are interested in paleontology, plans to 
hold diseussion-meetings in London and other centres 
in Britain. It is intended that the Association’s 
activities shall cover all aspects and branches of the 
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subject. A journal is ‘being planned. Membership 
can be obtained by paying an annual subscription of 
two guineas. ~ 


Science In France . 

UNDER the title “Scientific Information”, the 
French Ministry for Foreign Affairs (Department of 
Cultural Relations) is issuing for free distribution to 
scientific organizations on request a bulletin sum- 
marizing recent scientific activities in France. The 
first issue (Informations Scientifique, No. 1, 1956. 
Pp. 52. Paris: Ministère des Affaires Etrangéres) 
outlines the formation and organization of the 
National Centre for Scientific Research, the scope of 
scientific and technical research on potash in Alsace 
and the organization of the Society for Chemical 
Studies for Industry and Agriculture, which has a 
research centre at Argenteuil, and the new centre for 
biological and pharmaceutical research at Strasbourg. 
Some recent researches in French laboratories on 
nuclear physics and atomic energy, on poliomyelitis, 
on the synthesis of granite, etc., are briefly described, 
Following a section noting features in higher 
education in France and in the work of the Academy 
of Sciences, there is a useful annotated bibliography 
of French scientific works published in 1955. 


The Art of Lecturing 


In a short booklet Dr. G. Kitson Clark, of the 
University of Cambridge, points out that while 
the Army, civil defence authorities, various religious 
denominations, political parties and many other 
organizations provide training for their lecturers, 
it is not normal for a university to do so; the 
assumption 18 made that dons should be able to 
lecture by the light of Nature. To help those who 
are willing to learn, Clark sets out some valuable 


-pointers drawn from-his own experience on such 


topics as the content of subject-matter, the length 
of lectures, the stance and posture of the lecturer, 
the use of microphones and of the blackboard, voice 
production, the use of notes by the lecturer and the 
making of them by his audience. The booklet has 
been published by W. Heffer and Sons, Cambridge, 
price is. 6d. ; 


Klamath Prehistory 


Tax Klamath area in Oregon adjoins the Great 
Basin, but differs from it in possessing a constant 
water supply, of which the effect on the life of the 
inhabitants is clearly shown in a repori recently 
published (Trans. Amer. Phil. Soc., New Series, 46, 
Part 4: Klamath Prehistory-——The Prehistory of the 
Culture of the Klamath Lake Area, Oregon. By 
L. S. Cressman, William G. Haag, and William S. 
Laughlin. Pp. ii+375-514. Philadelphia : American 
Philosophical Society, 1956. 2 dollars). In historic 
times the area was occupied by the Klamath Indians, 
In the course of four seasons work, Dr. Cresaman 
accumulated the data which are the subject of the 
report. By excavation of house pits, going back from 
quite recent times to at least A.D. 1500, an earlier 
midden and a cave, he has traced a continuous occupa- 
tion back to before a volcanic eruption which took 
place about 5500 s.o. Despite minor variations, the 
inhabitants of this region never progressed beyond a 
food-gathering and fishing economy. This is an in- 
teresting and well-illustrated account. The area it 
deals with is small and rather specialized, but the way 
in which the archxology is described and related to 
neighbouring areas gives it more than a local import- 
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ance. It is a very useful contribution to the archæo- 
logy of a large part of the western United States. 


Hints for Plant Collectors 


A USEFUL little handbook, “Instructions for Col- 
lectore’ (No. 10, British Museum (Natural History) ; 
sixth edition, 1957; price 2s.), with a preface by 
Dr. George Taylor, tells the plant collector what he 
should know if he is to set about the job in the right 
way: when, where and what to collect, how to 
collect, label and annotate, pack and transport. It 
is all here, in some seventy-two pages, with helpful 
notes on the proper handling of the abundant and 
diverse materials of the plant kingdom, from 
algae to xerophytes, mention being made of several 
new techniques which are not yet widely known but 
which should contribute much towards preserving 
plants in good condition for future study and 
reference. 


A Casium Clock 


In the issue of Atoms for Peace Digest for February 
23 (2, No. 19), the fortmghtly periodical of the United 
States Information Service, brief details are given of 
the ‘Atomichron’, the first cesium atom-beam clock 
to be available commercially in the United States, 
and probably in the world. 1t has been designed 
by the National Company, Inc., of Malden, Massa- 
chusetts, and developed under the guidance of Prof. 
J. R. Zacharias, of the Massachusetts Institute of 
Technology. The model costs 50,000 dollars, weighs 
500 Ib. and measures 84 in. x 22 m. x 18 in. It is 
capable of keeping time to an accuracy of five 
seconds over a period of 300 years, and ıs based on 
the 9192 631 830 Mc./s. frequency of the cæsium 
atom. The Atomichron has already been used by 
the U.S. Armed Forces in navigation systems. It 
should find application m- the improvement of 
astronomical observations, long-range navigation, 
radio communications, surveying and map-making, 
and in the study of basic physics, particularly the 
accurate determination of the velocity of light. 


Kodaikanal Observatory 


Tue annual report of the Kodaikanal Observatory 
for 1955 (Delhi: Manager of Publications, 1956) 
deals chiefly with the astronomical and allied geo- 
physical work of the Observatory. The meteorological 
and seismological data and the admimustrative details 
are published elsewhere. An expedition of seven 
members from the Observatory set up a camp at 
Hmgurakgoda, Ceylon, to observe the total eclipse of 
June 20, 1955; unfortunately optical observations 
were umpossible owmg to cloudy weather, but geo- 
magnetic, ionospheric and radio-astronomical ob- 
servations were successfully made. During the partial 
eclipse of December 14, 1955, geomagnetic and 1ono- 
spheric observations were made at Kodaikanal and a 
close watch was kept on the variations of solar 
activity on that day. The report contains an 
account of scientific co-operation between the 
Observatory and other institutions, including ex- 
changes of spectroheliograms with foreign observ- 
atories, quarterly statements relating to solar flares, 
which were sent to the Royal Greenwich Observatory 
and Meudon Observatory, periodical lists of solar 
flares sent to a number of scientific workers m India 
and abroad, information relating to the central 
meridian passage of sunspot groups and forecasts of 
expected magnetic and ionospheric disturbances, 
supplied to certain mterested institutions m India. 
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Other matters dealt with include sunspot activity, 
solar flares, pfrominences, radio astronomy, geo- 
magnetic observations, ionospheric observations, 
cosmic rays, seismology, meteorology, library research 
and publicatiors. . 

Kodaikanal Observatory Bulletin, No. 141, Part 1 
(pp. 373-416. Delhi: Manager of Publications, 
1956. Rs. 4/8/04, embodies the results of observations 
of prominences made at the Observatory during the 
second half of 1953, supplemented by data from 
Mt. Wilson and Meudon, which have provided 
spectroheliograms for those days on which Kodai- 
kanal had imparfect or no photographs. Magnetic 
observations fo? the same period are also included. 


Polish Scientific Publications 

Tue Polish Cultural Institute (81 Portland Place, 
London, W.1) sues a selective “Quarterly Guide to 
Polish Periodical Literature’. The entries are classified 
alphabetically cnder subject headings and m the first 
issue of Vol. 2 (January 1957) those relating to 
scientific subjects (under biology, biochemistry, 
chemistry, electrotechnics, geodesy and cartography, 
geography anc geology, mathematics, mechanics, 
civil engmeorirg, philosophy, physics, physiology, 
and history of stience) occupy some twenty pages out 
of the fifty-seven. The titles of articles are given in 
English, and tkere is a list of periodicals covered. 


Ninth Pacific Science Congress 


Tue ninth Pacific Science Congress of the Pacific 
Science Association will be held in Bangkok during 
November 18—December 9, 1957, under the auspices 
of the Government of Thailand and the Science 
Society of Theiland. A number of symposia are 
bemg arranged, for which papers are invited, on 
subjects includmg geology and geophysics, meteor- 
ology, oceanography, fisheries, zoology, entomology, 
botany, conservation, soil and land classification, 
forest resources, crop and animal improvement, 
development of natural resources, anthropology and 
social sciences, public health and medical science, 
nutrition and museums. Details may be obtained 
from the Secrsatariat, Pacific. Science Association, 
Bishop Museum, Honolulu 17, Hawaii. The Royal 
Society would be interested to know of British 
scientists mtending to be present at the Congress. 


International Congress of Pure and Applied 
Chemistry 


THE sixteenth International Congress of Pure and 
Applied Chemistry is to be held in Paris during July 
18-24. The Cor gress is to be ın three divisions: that 
on physical chemistry will discuss physico-chemical 
aspects of radiosctive elements, combustion of gaseous 
mixtures, water in chemical compounds and diffusion 
in liquids and gels. The inorganic chemistry division 
will discuss solid compounds of the transition metals, 
the combinations of boron with hydrogen and non- 
metallic elements, the chemical properties of the 
actinium series and of substances at high tempera- 
tures. The organic’ chemistry division will deal with 
reaction mechanisms and intramolecular rearrange- 
ments, organo-metallic and organo-metalloidic com- 
pounds, selective reactions and orientation phen- 
omens, stereochemistry, and the structure and 
synthesis of nstural compounds. Applications for 
membership of the Congress and abstracts of papers 
from British authors should be sent to the British 
National Committee for Chemistry, Burlington 
House, Piccadily, W.1, as soon as possible. 
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Announcements 


Dr. Denis TAYLOR, head of the Electronics and 
Instrument Division at the Atomic Energy Research 
Establishment, Harwell, has been appointed a 
director and general manager of Plessey Nucleonics, 
Ltd. In addition he will become research executive 
of the Aircraft and Electronics Groups of the Plessey 
Co., Ltd., and will be responsible for the co-ordination 
of the company’s nuclear programme. 

Pror. J. W. Howim, Gardiner professor of bacteri- 
ology in the University of Glasgow, and formerly head 
of the Department of Pathology and Bacteriology, 
Rowett Research Institute, Aberdeen, has been 
appointed a member of the Agricultural Research 
Council in succession to Prof. J. S. Young, who has 
resigned. 

Tux following appointments in the University of 
Leeds are announced: Dr. G. B. Cook, as lecturer in 
electronic computing ; and Dr. D. Kirby, as lecturer 
in mathematics. , 


Tue following appointments in the University 
of Exeter, to take effect from October 1, have 
been announced: Prof. H. N. Rydon, professor of 
chemistry and director of the Applied Chemistry 
Laboratories, College of Science and Technology, 
Manchester, to the chair of chemistry in succession to 
Prof. H. T. S. Britton; Prof. D. J. O’Connor, pro- 
fessor of philosophy, University of Liverpool, to the 
chair of philosophy in succession to Prof. I. Levine. 


In a written answer given in the House of Commons 
on March 28, Sir Edward Boyle, Parliamentary 
Secretary to the Ministry of Education, estimated 
the number of State Scholarship holders (including 
technical State scholarships awarded to mature 
students and awards made in supplementation of 
open university scholarships) who entered on degree 
courses in pure science and technology in 1956-57 as 
809 and 383, respectively, compared with 772 and 
353 in 1955-56 and 746 and 351 in 1954-55. For 
mathematics and medicine the corresponding figures 
are: 296 and 207; 273 and 243; and 270 and 258. 


Tue second edition of ‘Methods of Chemical 
Analysis as applied to Sewage and Sewage Effluents” 
has been published by H.M. Stationery Office, 1956, 
price 10s. net. It is a well-bound book of 96 pages 
and contains clear descriptions of methods and 
reagents, with thirty-nine references to original 
publications. 


Tue offer of supplies of d,l-aldosterone by the 
Endocrinology Study Section of the National Insti- 
tutes of Health, Maryland, from material made 
available by CIBA Pharmaceutical Products, Inc., 
was mentioned in Nature of March 16, p. 567. We 
are informed that small quantities can also be obtained 
z Great Britain from CIBA Laboratories, Horsham, 

ussex. 


Tue British Iron and Steel Research Association 
will hold two open days at the Sketty Hall, Swansea, 
laboratories, during June 19-21, for representatives 
of member firms and users of steel sheet and strip 
throughout mdustry. The Sketty Hall laboratories 
are devoted to research into problems concerning 
steel coatings and methods of surface preparation 
conducted by the Association’s Mechanical Working 
Division. 

THE eleventh International Management Congress 
of the International Committee for Scientific Manage- 
ment will be held in Paris during June 24-28. The 
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administration of the Congress will be in the hands 
of the Comité National de l Organisation Française. 
Lieut.-Colonel L. F. Urwick will deliver an address 
on “Taylor: His Life and Work” to commemorate 
the centenary of the birth of Frederick Winslow 
Taylor, ‘the father’ of scientific management, on 
June 27. Further details can be obtained from the 
British Institute of Management, 8 Hill Street, 
London, W.1. 


A symposium on ‘Molecular Structure and Spectro- 
scopy” will be held at the Department of Physics 
and Astronomy, the Ohio State University, during 
June 10-14. There will be discussions on the inter- 
pretation of molecular spectroscopic data as well 
as on methods for obtaining such data. In addition, 
there will be sessions devoted to phases of spectro- 
scopy of current interest. Further information can 
be obtained from Prof. H. H. Nielsen, Department of 
Physics and Astronomy, Ohio State University, 
Columbus 10, Ohio. 

THE twenty-second Cold Spring Harbor Sym- 
posium on Quantitative Biology will be held during 
June 3-12. The topic of the meetings will be 
“Population Studies: Animal Ecology and Demo- 
graphy”. Individual sessions will deal with the 
historical aspects of human populations, demographic 
analysis of human populations, studies of experi- 
mental populations, ecological aspects of natural 
populations, the structure of communities, and the 
population as a unit of evolution. The Symposium 
is open to all who are interested, but because of 
space limitations it is important to make advance 
reservations. Further information can be obtained 
from the Director, Biological Labpratory, Cold 
Spring Harbor, New York. 

Tse Ergonomics Research Society is arranging a 
symposium on “The Changing Demands of Modern 
Work and Control”, to be held at the University of 
Bristol during April 8-11. The symposium will, as 
far as possible, be organized into homogeneous 
sessions, each consisting of a number of short papers 
by specialists, followed by open discussion. The 
object is to bring together specialists and research 
workers in industry, engimeering, science and 
medicine. The proceedings should be of interest 
to those watching the emerging pattern of the 
nation’s work and prosperity as it changes with 
modern methods of automatic control. Further 
details can be obtamed from the honorary secretary, 
Dr. O. G. Edholm, Department of Human Physiology, | 
Medical Research Council Laboratories, Holly Hull, 
Hampstead, London, N.W.3. 

Tue International School of Physics of the Italian 
Physical Society is to hold a Summer School devoted 
to “Solid State Physics’ at Varenna on Lake Como 
in the Villa Monastero during July 14-August 3. 
The course, which is organized under the auspices 
of the Italian Ministry of Education, the Italian 
National Research Council, the Italian National 
Committee of Nuclear Research and the University 
of Milan, will include lectures in English or French 
on the quantum theory of solids, point imperfections 
in solids, dislocations, metal physics and semicon- 
ductors. The School will be conducted by eminent 
specialists from the United Kingdom, the United 
States and Europe, under the direction of Prof. 
Fausto Fumi, professor of theoretical physics at the 
University of Palermo, to whom all inquiries should 
be addressed. Applications must be submitted 
before May 31. P 
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ATTITUDES TO WORK 


TEAM from the Medical Research Council has 

carried out an investigation. in three large mass- 
production factories in England to determine the 
attitudes of the workers to two important aspects of 
their working life: the operation which they per- 
formed at the bench or the conveyor belt, and the 
system by which they were paid. Its report 
describes the methods of investigation and the main 
findmgs*. 

The method used was the direct one of personal 
interview, each man being invited to answer the 
interviewer’s questions as fully and frankly as he 
could, and to indicate the strength of his views on 
each topic by reference to a five-point scale. 

The general attitude to the five forms of group 
payment studied was predominantly favourable, 
though some forms were more satisfymg than others. 
On the whole, communal bonus and group piecework 
systems were the most satisfying and group unit and 
indirect bonus systems the least. 

The form of payment was by no means the only 
determinant of attitude. Other influential factors 
were: (a) the size and composition of the working 
group; (b) the typo of work; (c) comparisons with 
other systems of payment; (d) the way a system 
was administered by the firm; it was impossible to 
say that one form of payment was intrinsically better 
or worse than another. 

Some of the skilled men in the higher wage groups 
thought they were underpaid in relation to unskilled 
workers, and some of the men in the lower wage 
groups thought that wages were good for the type of 
-work they did. There was, however, a direct relation 
between attitude to the payment system and actual 
earnings when the same form of payment yielded 
different levels of earnings in comparable groups. 

Satisfaction with group payment was more marked 
among men in the higher than in the lower age 
groups. The older men, as compared with the younger, 
appreciated the comfort, co-operation and friendly 
feeling associated with group payment. 

The attitude to group payment was more favour- 
able in small than in large groups. Men in small 
groups (less than ten) as compared with men in large 
groups (more than fifty) spoke more frequently of 
the favourable effects of group payment on earnmgs 
and personal relations, and less frequently of its 
levelling and restrictive effects. They also had much 
less to say about slackers. 

The reasons for liking and disliking the five forms 
of group payment were many and varied. According 
to the classification used in this survey, the largest 
group of distinguishable comments centred around 
the effects of group payment on earnings, and this 
was followed by comments on social aspects and 
incentive values. There were also many comparisons 
with other systems of payment. 

Comments on the effects of group payment on 
earnings included references to standard times, rates 
of payment, the amount and consistency of the 
weekly wage or bonus, and the levelling effects on 
earnings. Comments were favourable when standard 


* Medical Research Council. Special Report Series, No. 292: A 


Study of Attitudes to Factory Work. By 8 Wyatt and R. Marriott, 

assisted by R. A. Denerley, H. Campbell, J. Walker, Yvonne Kapp, 

ona Sou Stork Pp vu-+115. (London: H.M. Stationery Office, 
5. s net. 


times and rates of payment. yielded a good and con- 
sistent wage or konus ; they were unfavourable when 
earnings were sdversely affected by anomalies in 
rates and standerds and by material and mechanical 
difficulties. The results as a whole suggest that good 
wages, like gooc rates and standards, tended to be 
taken for granted, but any downward deviation from 
the accepted level was usually resented and some- 
times strongly condemned. 

Some men liked group payment because they all 
received the same wage, and some disliked it for the 
same reason. It was also liked by men in the larger 
groups because it smoothed out the effects of good 
and bad jobs. 

The number cf comments on the social aspects of 
group payment varied with the form of payment ; in 
some they equaled or closely approached the number 
of comments on monetary aspects and in others they 
were almost negligible. 

Most of the favourable comments referred to the 
satisfaction derived from working together as a team, 
and most of the unfavourable comments to slackers. 
There was some evidence that adverse comments on 
slackers and s.ow workers were relatively more 
numerous when groups were large and the wage 
incentive was strong ; they tended to be less frequent 
‘when the rate of working was controlled by the speed 
of a moving bet, A fairly large proportion of men 
hked a group payment system because it encouraged 
them to work. The proportion was highest when 
groups were small, compact and homogeneous and 
when the bonus -ate increased as the level of efficiency 
increased. Conversely, a number of men said that 
group payment was discouraging, because earnings 
were not related to individual effort and output ; 
this attitude was particularly noticeable in the group 
of men on indrect bonus. There was also some 
evidence that the stronger the wage incentive the 
greater was the resentment towards anything that 
obstructed it. 

The proportic of men who said they were unable 
to check their earnings ranged from 41-7 per cent to 
81-2 per cent n the five factory groups, but the 
number who gave this as a reason for disliking the 
payment system was comparatively small. Inability 
to calculate earnings increased with the complexity 
of the system, the size of the workmg group and, 
presumably, with the inadequacy of the information 
and explanatiok given to the workers. 

About 40 per cent ofthe men compared their own 
system of payment with other systems. Most of the 
comparisons were with individual piece-rates and 
there were almest as many favourable as unfavour- 
able comparisons. The attitude to one form of 
payment (communal bonus) was also influenced by 
comparisons wizh an earlier system (group unit). 

The opinions of the workers were, on the whole, 
endorsed by the supervisors, though the latter tended 
to comment more frequently on the social and 
admiustrative aspects of group payment and less 
frequently on us relation to earnings. 

Almost all the supervisors said that the main and 
often the only imcentive to work was the weekly wage, 
and many of them thought that the workers would 
be more satisfied with an individual form of payment 
by results. t 
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Despite the tentative nature of most of the findings, 
it is fairly safe to say that group incentive payment 
schemes are likely to yield the best results when: 
(@) groups are small, compact and stable; (b) the 
members of a group are, well matched and engaged 
on the same type of work; (c) the form of payment 
is simple and the workers are able to translate output 
into earnings as work proceeds throughout the week ; 
(d) there are no anomalies in rates and standards 
within a group or between groups; (e) output 
depends on:the worker rather than on the mache ; 
(f) the operational cycle is fairly short and repetitive ; 
(g) variations in the quahty and flow of material are 
reduced to a minimum ; (h) the group is able to earn 
a reasonable bonus. (It is generally recognized that 
the bonus should be about one-third of the time rate, 
but the optimum rate has never been determined) ; 
() there is an atmosphere of mutual trust and under- 
standing between management and workers. 

‘When the operations in a department are too 
varied and irregular for sectional payment the 
incentive scheme may have to be related to depart- 
mental output. This is fairly straightforward when 
the product is uniform, but it is not easy when there 
are several products and the proportions vary from 
week to week. Under such conditions it is necessary 
to determine the number of man-hours per unit of 
output for each type of product and convert them to 
a common basis. The same procedure can, of course, 
be applied to factory output, though the scheme will 
lose some of its incentive value as its remoteness 
from individual effort increases. On the other hand, 
& payment scheme based on the total output of a 
department or factory is less costly in admumistrative 
and clerical work than one based on the output of 
individuals or small groups. It also reduces or 
eliminates many sources of friction and facilitates 
the movement or interchange of workers. 


SCIENCE AND THE LONDON 
COUNTY COUNCIL 


EW London citizens are aware of the considerable 
amount of work done on their behalf by the 
Scientific Branch of the Public Health Department 
of the London County Council. Yet this branch, 
under the scientific adviser, Dr. S. G. Burgess, has a 
staff of fifty-nine which includes twenty-six graduates. 
The function of the branch is to advise all depart- 
ments of the Council on scientific matters. The work 
of the branch is carried out in three groups of labor- 
atories, the headquarters laboratories at the County 
Hall and those at the Northern and Southern Outfall 
Works situated at Beckton and Crossness. A recent 
report* of the scientific adviser describes the work 
carried out in 1955. During the year, 30,335 samples 
were taken in connexion with renewed investigations 
into sewage treatments, paints and surface coatings, 
building materials, school meals, drinking water, 
swimming baths, ventilation of vehicular tunnels, 
lubriceting oils, polishes, disinfectants, insecticides 
and fungicides and other topics. 
New work was commenced on air pollution, regular 
observations being taken at twenty sites. The 


* London County Council: Public Health Department, Scientific 
Branch. Annual Report of the Scientific Adviser for the year 1955. 
Pp. 28. (London: ndon County Council, 1956.) Is. 
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observations made showed a marked difference 
between rural and urban conditions, and also varia- 
tion in different localities within the County due to 
local sources of pollution. Seasonal fluctuations were 
clearly marked at all sites, the generally higher level 
of pollution in winter being due to the combined 
effect of increased coal consumption and the occur- 
rence of meteorological conditions unfavourable to 
the dispersion of chimney gases. When the results 
are examined over a period of years they show a 
slight reduction in the amounts of tarry matter and 
smoke; this can be accounted for by the replace- 
ment of many domestic fires by the more efficient 
combustion units of blocks of flats. A distinction 
could be drawn between the effects of domestic and 
industrial combustion. For example, on week-days 
the smoke to sulphur ratio is at a minimum during 
the night, when most domestic fires die down, while 
some industry keeps running. At week-ends, when a 
greater proportion of industry is closed down, and 
domestic fires are burning for longer periods, this 
ratio is found to be higher than for comparable 
periods during the week. 

A new series of investigations has been made into 
the effects of discharging trade effluents into sewers. 
940 samples were taken, -and of these 193, or 20-4 
per cent, were considered to contravene the appro- 
priate Act. Of this number, 86 were discharges with 
varying degrees of acidity. The acids identified 
included hydrochloric from pickling shops, nitric acid 
from photo-engravers, sulphuric acid from plating 
and anodizing shops, acetic acid from pickle manu- 
facturers, citric acid from soft drink manufacturers 
and formic acid used for descaling and cleaning 
cookers. Also found were mixed organic acids similar 
to acetic acid from distilleries, bakeries and other 
works using fermentation processes. Wastes con- 
taining suspended matter in sufficient quantity to 
cause deposition and partial blockage of the sewers 
were those containing fats, thick mineral oils, tar, 
paint residues, vegetable fibres and tannery wastes. 

In two cases, complete blockage of pipe sewers had 
taken place. One of these was caused by the wet 
grinding of stone and the other by @ mixture of 
siliceous material and caustic metasilicate from a 
vitreous enamelling works. Of wastes containing 
inflammable solvents, the larger number were from 
garages, consisting of mixtures of waste lubricating 
oil with varying quantities of paraffin and petroleum 
spirit. One sample contained 37 per cent by volume 
of petroleum spirit. Three wastes from paint works 
contained white spirit or solvent naphtha. Another 
waste consisting of wash and cooling water, from a 
biological products plant, contained traces of mono- 
chlorbenzene and was sufficiently hot and of such 
total volume that the solvent, vaporized in the sewer, 
rendered the atmosphere unbreathable. Waste heat 
contained in process and cooling waters was another 
source of nuisance and possible dangers in the sewers. 
About forty cases of discharges above the 110° F. tem- 
perature limit laid down in the Act were investigated 
during the year. The adviser recommends that 
manufacturers should consider ways and means of 
recovering such waste heat in the interests of 
efficiency and economy. 

In many cases following the examination of samples 
which contravene the Act, officers of the Scientific 
Branch and of the Chief Engineer’s Department visit 
the premises to bring to the notice of the occupiers 
the particular nature of the offence and to discuss 
the problems involved in treating the discharges. 
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REFRACTIVE ERRORS OF THE 
‘HUMAN EYE 


COMPARATIVELY shořt Medical Research 

Council Report* on “Emmetropia and its 
Aberrations” contains a wealth of stimulating ideas 
and original data on the causes and incidence of 
refractive errors in the human adult eye. It will 
engage the attention of ophthalmologisis, refrac- 
tionists, physiologists and human geneticists. While 
a knowledge of elementary biological statistics is 
required to understand the full implications of the 
results, the authors have taken great care to state 
their conclusions clearly in plain language and also 
graphically. 

The report opens with an excellent, comprehensive 
and critical review of previous studies in this field. 
The main part of the report deals with the careful 
investigation of 341 eyes by the measurement of the 
maim refractive components—axial length, corneal 
power, depth of anterior chamber and lens power 
(the refractive indices of the refractive media are 
assumed to be the same for all eyes). Prof. Sorsby 
and his team have classified their material into two 
categories, emmetropia (— 0-5 to + 0-5D) and the 
lower degrees of ametropia on one hand, and 
pod high ametropias (greater than + 4D) on the 
other. 

In the emmetropic eye they find that the individual 
refractive elements show a wide range of values, but 
that a high degree of correlation exists between some 
of the components. They conclude that the high 
incidence of emmetropia in the population is due to a 
high degree of co-ordmation m the development and 
growth of the eye. A similar range of values 1s found 
in the lower ametropias, but here co-ordination of 
the components is imperfect. 

In contrast the high ametropias differ from both 
emmetropia and the lower ametropias in having an 
abnormahty in one component, usually the axial 
length, for which no amount of adjustment m the 
other components can compensate. It is concluded 
that these high refractive errors can no longer be 
regarded as the result of the intensification of the 
condition found in low ametropia, but must be 
regarded as ‘pathological’. Further research on this 
point is clearly mdicated. 

Several stimulating hypotheses are put forward to 
account for the high degree of co-ordinated growth 
found in approximately 95 per cent of human eyes, 
and a brief account 1s given of some prelimmary 
experiments on the growth of the rabbit eye designed 
to test these hypotheses. It has long been believed 
that there is a hereditary influence on the determ- 
mation of the refractive state. Some frustratingly 
brief and interesting prelminary information is given 
on the genetic aspect of emmetropia and its 
aberrations. 

All mterested ın this subject will look forward 
keenly to the results of this team’s future research 
on the growth of the eye m children and animals and 
to the elucidation of the genetic imphcations. In 
this work may he the final answer to the fascmating 
problem of co-ordinated growth not only in the eye, 
where physical size is all-rmportant, but also m the 
general body structure. F. W. CAMPBELL 

* Medical Research Council Special Report Series, No. 298: Em- 
metropia and Its Aberrations—a Study in the Correlation of the 
Optical Components of the Eye. By Arnold Sorsby, B. Benjamin, 


J. B. Davey, M. Sheridan, and J. M. Tanner. Pp. viii+69. (London * 
H.M. Stationery Office, 1957.) 7s. 6d. neb. 
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PERSISTENCE OF PATHOGENIC 
STRAINS OF FUSARIUM IN 
BANANA SOILS 


N a further study of the behaviour of F. oxysporum 
f. cubense in different soils, R. H. Stover (Canad. 
J. Bot., 34, 927; 1956) has shown that this organism, 
the cause of wilt or Panama disease of bananas, 
tends to diminish in artificially infested soils. Thus, 
after six to eight months, an initially large population 
of Fusarium o>tained by inoculation liad fallen to 
less than 500 spores per gram of soil but’ could be 
detected after wwo years in or around infested glass- 
cloth strips buried in banana plantations. The 
apparent differences between population counts in 
loam and sandy loam are attributed to some defect 
of the soil dilusion plate technique which was used. 
The soil plate technique consisted m adding 1 gm. 
of artificially inzested soil to a culture dish, moistenmg 
the soil with a suitable nutrient, and observing 
growth and spcrulation microscopically or by estim- 
ating colony increases on soil dilution plates. An 
external source of nutrient was essential for germ- 
ination and sparulation. Among the nitrogen sources 
tested, 1 per cent solutions of tryptophan and 
glutamic acid ssimulated the abundant production of 
spores, whereas inorganic sources of nitrogen were 
ineffective. Sporulation was greater in soils dred 
before plating than in soils maintained at 15-35 per 
cent saturatio:. Sporulation was greater in acid 
sandy loam than in alkaline loam and was abundant 
below pH 7:0 m all soils. Sporulation in soil plates 
was sparse or sbsent below pH 3-5 in acidified loam 
or above pH 8-8 in sandy loam. The optimum pH 
for sporulation. in acidified loam was about 5-0 and 
in sandy loam. 5-0-7-0. In general, the rate of 
disease spread in soils when they are first planted 
was correlated with soil texture, pH and amount of 
growth and sporulation on soil plates and buried 
slides. Thus, the soil, rather than the host, appears 
to be exerting the primary influence on the fungus. 
It was observed that Fusarium grew and sporulated 
abundantly m decomposing diseased banana pseudo- 
stems, on the surface of cut-open rhizomes and in 
adhering soil, but did not sporulate freely in sap ox 
in the xylem in vivo, Fresh banana sap stimulated 
the abundant production of spores in soil plates. The 
evidence presented suggests that F. oxysporum f. 
cubense also sporulates in Nature in saprophytic 
association with certain soil-plant components. 


STRATOSPHERIC DUST OVER 
BRITAIN i 


J7 has been known. since the eruption of Krakatoa- 
in 1883 that volcanic dust can spread around the 
world. Im July 1953, dust from an eruption in 
Alaska, was seen over western Europe. The latest 
occurrence of this kind took place at the beginning 
of April 1956, and is especially interesting for the 
route taken by the dust. Wing-Commander R. F. . 
Martin, the chief test pilot of the Gloucester Aircraft 
Company, anc his navigator, Mr. P. W. Varley, 
flying at 50,030 ft. over Gloucestershire between 
10.00 and 10.46 a.m. on April 3, saw a layer of ‘cloud’ 
off-white in colour and resembling an ony sea some 
5,000 ft. highar up. The same evening, Mr. B. 
Ramsey, of the Meteorological Office, Aldergrove, 
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Northern Ireland, observed a very high ‘cloud’ layer 
at sunset. Flying next morning, Wing-Commander 
Martin passed through a cloud layer at a height of 
40,000 ft. The tropopause was at about 35,000 ft., 
so this ‘cloud’ was well in the stratosphere. 

The observations agreed closely with those of July 
1953, and, ın the absence of news of volcanic erup- 
tions, the facts were given to the United States 
Weather Bureau with an inquiry as to whether there 
had been an eruption in Alaska. The Chief of the 
Bureau replied that an eruption of the volcano 
Bezymannaya Sopka (55° 57’ N., 160° 37’ E.) in 
Kamchatka on March 30, 1956, had been reported 
by :Moscow radio. Further details of the report, 
which- stated that dust was shot up to a great height, 
were thereupon obtained from the B.B.C. The Fore- 
cast Research “Division of the Meteorological Office 
then examined from upper wind information the 
problem of whether the very high ‘cloud’ layer over 
western Britain on April 3 and 4 could possibly have 
been the dust of the Kamchatka eruption. Tracking 
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back on the upper air charts at the 100 mb. pressure 
level (about 50,000 ft.), it was found that the air 
over Aldergrove on the evening of April 3 was over 
North Greenland at 9 a.m. on April 2. No information 
was available from Kamchatka or the Arctic basin 
at the 100 mb. level, but at the 200 mb. level (about 
38,000 ft.) on March 30 the wind over Kamchatka 
was southerly, 60-70 m.p.h. Supposing that the 
wind over the Arctic basin at 100 mb. was not very 
different from this, air at that level over Kamchatka 
on March 30 would have crossed the North Pole and 
reached a point @ little north of Greenland by the 
afternoon of April 1. It thus seems very probable 
that the stratospheric ‘cloud’ layer was in fact dust 
from the eruption in Kamchatka which had reached 


‘Britain in three days across the North Pole along a 


track of some 5,000 miles in length. 

Details of the eruption and of the determination 
of the trajectory are given by G. A. Bull and D. G, 
James m the issue of the Meteorological Magazine of 
October 1956. 


ANTIVIRAL ACTIVITY OF GLYOXALS 
By C. A. pe BOCK, J. BRUG and J. N. WALOP 


Central Research Laboratories, Chemical and Virological Departments, N. V. Philips-Roxane, 
Pharmaceutisch-Chemische Industrie ‘Duphar’, Weesp, The Netherlands 


ECENT reports of observed antiviral activity of 
compounds with an «,8-dicarbonyl structure!? 
lead us to submit: some results of experiments with 
compounds of this type and of very closely related ones. 
In screening compounds for growth-inhibiting 
activity towards influenza A-USA-47 (A’ strain 
former designation FM,) a number of «-keto- 
aldehydes appeared to be active. The experiments 
were carried out with eleven-day-old embryonated 
hen’s eggs. In each experiment six eggs were used. 
One hour prior to inoculation of the eggs in the 
allantoic fluid with 0-1 ml. 10~ dilution of a standard 
seed virus (£D50 about 7), 0-2 ml. of a 0-1 M solution 
or suspension of the compound to be tested was 
injected into the allantoic cavity. The compounds 
were dissolved or, when. necessary, suspended in 
saline. 
hemagglutination titre of a pool of allantoic fluids 
from treated eggs was determined. Dead embryos 
were discarded. A compound was considered active 
if the difference between the logarithm of the hem- 
agglutination titre of allantoic fluids from eggs in- 
jected with virus and 0-2 ml. salme and the logarithm 
of the'titre of allantoic fluids from treated eggs 
surpassed + 0-6. 

From Table 1 it can be seen that not all glyoxals 
are active. Compounds with closely related structural 
features appear to be non-inhibitory in this test. It 
must be realized that negative results with com- 
pounds tested in suspension might have been caused 
by an insufficient solubility of the compound in the 
allantoic fluid. 

The compounds 3, 4, 17, 20, 21 from Table 1 
appeared to be inactive when tested in the following 
way. A subtoxic dose was injected into the yolk sac 
of six-day-old chick embryos. After four hours the 
eggs were also infected in the yolk sac with the virus. 
Further incubating at 36° C. showed no difference 
between the mortality of treated and of control eggs 
(injected with virus and saline). 


After incubating for 48 hr. at 36° C. the ` 


Investigation in vitro of some active compounds 
(according to’ Table 1) revealed a direct action on 
the virus. The virus particles lose their infective 
power when incubated with glyoxals at low con- 
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titres of I and IL were equal. è- substrate concentration was 
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eator- FM, 
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co Fer example, incubation during 5 hr. at 

° C. in a 0002 M solution of compound No. po- 
rable 1) caused a drop in the 1D30 from 7-5 to- 
negative values. After 1 hr. at 37° Ç. a 0-004 M 
solution of compound No. 4 caused a fall of the 
ID50 from 8-5 to 6-0. 

Somewhat higher concentrations of the glyoxals 
destroy the enzymic activity of the virus (urinary 
mucin as a substrate).. Removal by dialysis of the 
excess glyoxal chowed that the particles had acquired 
the properties of indicator virus. (Fig.. 1); 

The hemagglutinating power of. the virus is 









destroyed by still higher. conce tions or by 
incubation during a prolonged time: .<neubation of 
FM, virus for 6 hr. at 37° in ẹ 0-004 M solution of 








compound. No. 4 causes no drop of hemagglutination 
titre. After 24 br. there was a drop in logarithm of the 
titre from 2-9 so 2-23; after 54 hr. it was less than 
1-25. A contrel shows no change. 

The virucidel action is strong enough to explain 
the activity im the allantoic. test. 
results in the yolk sac test may be explained in 
different ways. A more detailed. description and 


discussion. of tae observed ‘phenomena will þe pub- 


lished -im ge near future. 
v., d: Astaf’eya, Ki; Referat- Zhr. Khin Biol, 
Ko Tae (1955); Oen Abst., 50, 5082 (1956). 


Symp. Div. Med. phem. Amer, Chem. Soc., June 
Exg. News, 34, 3567 + 56). 


1 Vashkow, 
Khin., 

* Underwood 
1956 Chen” 


A RELAXATION OSCILLATION MAINTAINED BY 
















RICHEL: showed in 1938 that corona from a 
egative point consists of pulses of very short 
|, which often occur at a well-defined fre- 
The pulse frequency is roughly proportional 
corona current, and ranges from a few cycles 
second to the radio frequencies. A general survey 
the subject has been given by Meek and Craggs*. 
48 investigating the radio interference produced 
by negative corona from the aerial of a radio receiver’, 
using point-and-plane geometry, when I discovered 
peculiar effect. 

ion. a fine wire point was set up, and strong 
ma was produced by putting a high potential on 
the lane, the point often oscillated mechanically, at 
a frequency near its natural frequency. High-voltage 
power lines have been observed to oscillate under the 
ifluence of corona discharge, and a similar mech- 
anism may be involved*. For typical conditions, 
= 6 KV. on the plane, corona current of 10 yamp. and 
> a point consisting of 1 cm. of 48-gauge copper wire 
with the tip a few millimetres from the plane, the 

= point oscillated so that the tip moved in an ellipse. 
© The size and form of the ellipse depended on the 
-> current, and on the separation of the point from the 
“plane. The effect was reproducible, and the oscillation 
“would remain steady for hours on end, often until the 
point fatigued, and broke. Surprisingly large ampli- 
tudes of oscillation could be maintained, the wire 
sometimes swinging through an arc of more than 90°. 
By adjusting the potential, very small amplitudes 
*Now at Jodrell Bank ‘Experimental Station, University of 

Manchester, : 





DISCHARGE CORONA 


By M. I. LARGE 
Cavendish Laboratory, Cambridge* 






could be maintained. With a wire of circular section 
the oscillations were nearly always elliptical, but. b 
using 48-gauge wire hammered into strips, points 
could be prepared which oscillated in one plane only. 


Below a certair current, the point would not oscillate. — 


Oscillation coud be produced with either negative or 
positive points. 

When a negative point was thus oscillating, the 
noise heard on the radio receiver was a musical tone 
at twice the frequency of mechanical oscillation of 
the point. The point was effectively at an oscillating’ 
distanée from the plane, so that the discharge current 
and the Triche: pulse-frequency were oscillating with 
the mechanicad frequency of the point. The note 
heard on the receiver was the response as the pulse- 
repetition frequency swept through the tuned fre- 
quency of the receiver. 

The records on Fig. 1 were taken with a strip point 
oscillating in one plane. The upper trace is the 
current from the point, and the lower is the receiver 
response. The exact form of this response is instru- 
mental. Calibration with a square-wave oscillator 
showed that the lower trace corresponda.to pulses 
being applied to the receiver at times 0-3 msec. 
before the peaxs on the record. The dotted lines on 
the figure show this delay. 

In A the reseiver is tuned to 6 Mc./s. It is seen 
that the pulsefrequency is swept through 6 Mc./s. at. 
a current of about 10 pamp. In B the response at 
5 Me./s. occurs’ as the corona current is swept 
through 8 pamp., and in C the response at 4 Me./s. is 
seen to occur as the current is swept through 6 pamp. 





The negative i 
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Fig. 1. Simultaneous oscillograph records of the discharge from a mechanically oscillating 
pon (upper trace) and the interference produced on a radio receiver tuned to various 
requencies, The Trichel pulse-frequency of the discharge is in the region of 5 Mc./s., and 
is being swept through a wide range of frequencies by the oscillation of the point. The 
quency passes through the tuned frequency of the 
The delay is marked by the dotted lines. In (4) the 
receiver is tuned to 6 Me./s., in (B) to 5 Me./s., in (C) to 4 Me. /s. 
at 6 Mc./s., but the frequency swing is more than one octave, and the receiver is responding 
to the first harmonic of the 3 Mc./s. frequency, as well as the 6 Me./s. 


receiver responds when the pulse- 
receiver, with a delay of 0-3 msec. 


The effect could be very conveniently demonstrated. 
by tuning the receiver through the stages A, B and 
C. Outside the range of swing of the pulse-frequency, 
there is no response from the receiver until the har- 
monics of the pulse-frequency are reached. In D the 
éurrent swing is so large that the Trichel se- 
frequency swings through more than one octavéyand 
the receiver responds to a pulse-frequency of 6 Mc./s. 
and the first harmonic of a pulse-frequency of 3 Mc./s., 
at currents of 9 and 4 pamp. respectively. 

This device thus makes a very simple frequency- 
modulated signal-generator. The fractional swing of 
frequency is given approximately by the fractional 
swing of corona current. Like all point-discharge 
effects, this is subject to variations due to ‘change of 
regime’, and the device cannot be regarded as a 
oor reliable signal generator in its present 
OFTE. s 

When the point is discharging in the point-to-plane 
gap, there is constantly a space charge in the gap 
which is being cleared by the field between the point 
and the plane. If the tip is displaced slightly side- 
ways, it moves out of the symmetrical region of space 
charge, and experiences an electrostatic repulsion in 
the direction of its displacement. Since the point is 
discharging continuously, the foree on the point will 
depend on the velocity with which it moves out of 





—-10 msec. 


In (D) the receiver is 
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the surrounding space charge. 
Assuming the force is propor- 
tional to the velocity of the tip, 
the equation of motion takes the 
form : 


më + (k -s)@+ur=0 (1) 


k being the damping constant, 
x the displacement of the tip, 
and sé the force on the point due 


to the space charge. Equation 
(1) represents self-maintaimed 
oscillation when s =k. The 


constant s will be roughly pro- 
portional to the total space 
“charge in the gap at any instant. 
Since the current rises at a rate 
depending on V2, where V is the 


clearance time for the ions.in the 
gap depends on V, it may be 
coneluded that s is roughly 
proportional to V. This ex- 
plains the observation that a 
certain minimum potential has- 
to be applied to the gap before; 
the point will oscillate. , ; 

This oscillating point is reme < 
iniscent of the well-known point- 
discharge toy in which the 
‘electrie wind’ from a set of 


asymmetry being introduced by 
directing the ‘points’ at the 
rim backwards. It occurred 
to me that if the wheel were 
arranged with the points directed 
radially, it should be possible 
to set the wheel in motion in 
either direction under the in- 
fluence of the space charge, if 
the mechanism proposed for the 
oscillation of the point is correct. 
It was found that unless very great care was taken 
to make the points symmetrical, the wheel would 
rotate in one direction only, determined by the 
asymmetry of the wheel. However, by using two 
points on a pivot, in the manner of a simple mag- 
netic compass, and surrounding the ‘needle’ by a 
cylinder at high potential, the effect could be demon- 
strated, and the points continued to rotate in which- 
ever direction they were started. This arrangement 
greatly reduced the effect of any asymmetry of the 
points, and allowed the ‘velocity dependent’ mech- ° 
anism to control the movement of the points. 

Both this and the ‘oscillating point’ make very 
pretty demonstration experiments. The oscillating 
point was demonstrated at the Cavendish Laboratory 
during the recent celebrations to mark the centenary 
of J. J. Thomson’s birth. 

I thank Dr. T. W. Wormell and Dr. E. T. Pierce 
for their interest and encouragement, Mr. R. Brandish 
for his valuable assistance, and the Department of 
Scientific and Industrial Research for a maintenance 
grant. 

1 Trichel, G. W., Phys. Rev., 54, 1078 (1938). 

2 Meek, J, M., and Craggs, J. D., “Plectriceal Breakdown of Gases” 
(Clarendon Press, Oxford, 1953). 

* Large, M. L, J. Atmos. Terr. Phys, (to be published). 


+ Peak, F. W., “Dielectric Phenomena in High Voltage Engineering” 
(QleGraw-Hill Book Co., Ine., 1929). 
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TECHNOLOGY—GREEK, ROMAN 
AND MEDIEVAL 


A History of Technology 

Edited by Dr. Charles Singer, E. J. Holmyard, A. R. 
Hall, and Trevor I. Williams. Assisted by E. Jaffé, 
Nan Clow, and R. H. G. Thomson. Vol. 2: The 
Mediterranean Civilizations and the Middle Ages, 
c. 700 B.C. to c. A.D. 1500. Pp. lix+802+44 plates. 
` (Oxford: Clarendon Press; London: Oxford Univ- 
ersity Press, 1956.) 168s. net. 


T is a great pleasure to welcome the second of the 
five volumes which will undoubtedly constitute 
the standard work on the subject. The first volume 
appeared two years ago and was reviewed in these 
columns by. Dr. F. Klemm (Nature, 176, 182; 1955). 
This work is not only authoritative and well- 
documented but also very readable. Particularly 
commendable are the numerous illustrations through- 
out the book, so many of which are due to Mr. D. E. 
Woodall. 

The division between Vols. 1 and 2, which separates 
Greece and Rome from the earlier civilizations, is 
perhaps arbitrary though convenient, but that 
between Vols. 2 and 3 is more significant, for this 
volume carries the story to the momentous period at 
which technology began to be influenced by the rise 
of modern science, These divisions are not, however, 
rigidly adhered to. Thus the subject of glass, not 
treated ın the first volume, begins here with Egypt 
and the civilizations of the Middle Hast, and the 
extension of mining into the sixteenth century is 
obviously made necessary by the existence of Agri- 
cola’s illustrations; and although printing with 
movable type began before 1500, that subject has 
been left for the next volume. 

The period between the collapse of the Roman 
Empire and the Renaissance was on the whole one 
of technological advance, though retrogression natur- 
ally occurred in engineering activities such as public 
water supply and road building and maintenance, 
which require political unity and stabilty. Thus the 
crank was & medieval invention, and such outstanding 
advances in textile technique as the spindle wheel or 
great wheel and the spinning wheel with flyer belong 
to the same period. 

In the first 1,500 years of our era there occurred, 
however, one of the most important of all tech- 
nological advances, namely, the utilization of natural 
forces for motive power. In antiquity the chef 
source of energy was man’s muscle power. The use 
of the horse did not substantially mcrease the level 
of energy production even if ıt mereased the total 
amount, because the ancients did not know how to 
harness a horse effectively. The latter was discovered 
in the Middle Ages. The Greek water mull, also known 
as the Norse mill, was ineffective and gave no more 
power than a pair of slaves ora donkey. The Vitruvian 
water mill and later more effective mills, however, 
significantly raised the level of power production. 


The water mill was first used for grindmg corn, but 
owing to the shortage of man-power and the dis- 
appearance of slavery at the end of the “Roman 
Empire the use of water-power «was “extended and 
water wheels were used for driving ‘saw mulls, tilt 
hammers, fulling mills, and other machines. | The 
harnessing of wind-power was also, accomplished+ in 
the Middle Ages by the introduction of the windmill, 
and was more effectively utilized in the improved 
sailing ships wiich were able to sail to windward. 

The most general discussion of this revolution in 
power producsion by the effective harnessing of 
water, wind and animal muscle is to be found in 
Prof. R. J. Forbes’s chapter on power, which is there- 
fore the key chapter of this volume; but this topic 
is also to some extent involved in M. B. Gille’s 
chapter on mazhines. 

Prof. Forbes has also contributed chapters on 
metallurgy, focd and drink, and hydraulic engineering 
and sanitation; and with R. G. Goodchild, on roads, 
harbours, docks and light-houses. The late ©. N. 
Bromehead ccntributed a chapter on mining and 
quarrying ; ard the late Dr. F. Sherwood Taylor, m 
collaboration with Dr. Charles Singer, a chapter on 
industrial chemistry. E. M. Jope has written on 
agricultural implements, medieval ceramics, and 
vehicles and harness, and A. R. Hall on military 
technology, and on military pyrotechnics. There are 
chapters on. leather by John W. Waiterer, spmnmg 
and weaving by R. Patterson, furniture by Cyril 
Aldred and R. W. Symonds, Greek and Roman 
ceramics by Gisela M. A. Richter, glass and glazes 
by D. B. Harden, the medieval artisan by R. H. G. 
Thomson, building construction by Martin S. Briggs, 
fine motal-work by Herbert Maryon, shipbuilding by 
T. C. Lethbridge, and alchemical equipment by E. J. 
Holmyard. ‘There are also notes on parchment by 
H. Saxl, coin stamping by Philip Grierson, windmills 
by Rex Wales, and cranes by A. G. Drachmann. 

After such a recital of subjects it may appear 
ungrateful to ask for more ; but it is nevertheless a 
pity that ıt was not found possible to contmue in 
this volume the subjects of measures and weights, 
and-the measurement of time, especially as this 
volume is shorter than its predecessor by about the 
length of a chapter. 

A book by so many authors is m danger of lacking 
umity, but tke editors have contrived to bind it 
together by thorough cross-referencmg, and the 
impression of unity is strengthened by the use of 
many of the illustrations in more than one context. 

This work is confined, of course, to Western 
technology, Lut Dr. Singer in the last chapter 
discusses what we owe to the technologies of the East. 

Fimally, ıt should be seid that Imperial Chemical 
Industries, Ltd., by providing financial backing and 
office accommodation, has made this lavish pro- 
duction possible. Students of the history of tech- 
nology will skare with the editors their appreciation 
of this great company’s enhghtened patronage. 

K. R. GILBERT 
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PREHISTORIC METALLURGY OF 
IRON 


Notes on Prehistoric and Early Iron in the Old 
World 

By H. H. Coghlan. 

nology, No. 8.) Pp. 220+16 plates. 

Pitt Rivers Museum, The University, 

258. 


N ` 1951 the “Pitt Rivers Museum published as 
,Oceabioxjal Paper on Technology, No. 4, “Notes on 


(Oxford : 
1956.) 


thé ‘Prehistorié Métallurgy of Copper and Bronze in ` 


the Old World”, by-H. H. Coghlan (see Nature, 168, 
5315. T951). ‘This is now followed by Occasional 
Paper No. 8, which deals with prehistoric and early 
iron in the Old" World, by the same author. Taken 
together, these represent what is clearly one of the 
most: substantial contributions yet made to our 
knowledge of the metallurgical technologies in pre- 
historic times. Prepared by an engineer, they 
possess a degree of reality which has not always 
been present in publications in this branch of 
knowledge. 

It is the second of these, dealing with iron, with 
which we are here concerned. After a discussion of 
the nature, properties and uses of meteoric iron, in 
which a large amount .of material is collected and 
various opinions discussed and correlated so far as 
this is possible, it emerges that there is still much 
to learn, and in that process the trained metallo- 
grapher must play a definitely more important part 
than has hitherto been allotted to him. As an 
example, the reader of the present publication might 
well never realize that the curious twin bands known 
as ‘Neumann lamellm’, which were first discovered in 
meteorites and which are well recognized in such 
materials, occur also in synthetic iron and are not, 
therefore, conclusive evidence of meteoric origin. 
The early smelting processes which led to a sponge 
of soft, pure iron are discussed in relation to the 
types of ore available and the slags which were pro- 
duced. This stage of the metallurgy is moderately 
clear. Molten iron could never have been produced 
at the temperatures which were available, and the 
‘steel’ must clearly have been the result of carburiza- 
tion of such pure iron by a process which, in its 
essentials, differed little if at all from the production 
of ‘blister’ steel, which has become obsolete only 
within living memory. Damascene steel and the 
shear steel carving knives of our fathers were the 
result of the careful and repeated heatings and 
forgings of such cemented iron. Whether or not cast 
iron, that is, high-carbon material with a melting 
point sufficiently low for it to be poured into a 
mould, was produced until comparatively late times, 
has perhaps not finally been settled, but there can 
be little doubt that as a routine product it is a 
material which played no essential part in the metal- 
lurgy of at any rate pre-Roman times. It must not 
be forgotten, however, that the melting pomt of a 
white cast iron containing perhaps 4 per cent of 
carbon, around 1,150° C., is not so very much higher 
than that required to melt copper, and that accidental 
overheating during the carburization process may, on 
occasion, have led to its production. 

One most -curious fact which the author develops 
is that after its first utilization towards the end of 
the early Bronze Age, iron appears to have suffered 
an almost total eclipse, to re-emerge in the late 
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Bronze Age. The earliest use of iron, when it must 
have been a material of considerable scarcity and 
when, as is not impossible, the major portion of the 
available supplies was meteoric, was limited in the 
main to small artistic or religious objects. Early 
iron, soft, and more or less unreliable mechanically, 
could have been no very serious competitor to the 
rapidly developing bronze alloys. As the meteoric 
supplies were used up, therefore, there would be 
comparatively little incentive for the production of 
what must at the time have been both an inferior 
material and one much more difficult to produce 
than bronze. With advances in technical knowledge 
and in particular with increasing appreciation of the 
improvements to be effected by carburizing the iron 
and converting it into steel, competition with bronze 
entered on a new phase, and this in the main explains 
its reappearance. 

One of the difficulties in elucidating the full story 
of the early history of iron arises from the fact that 
the design of the furnaces in which the metal was 
produced is far from adequately known. As a 
result of weathering and deliberate destruction, the 
upper pert of such furnaces has frequently dis- 
appeared, while further, the examination of what 1s 
left has rarely been carried out by those with adequate 
technological knowledge. Despite this, certain 
general outlines have emerged. Starting with: what 
were little more than holes in the ground, dome- 
shaped furnaces were developed with an aperture at 
the top for the escape of the products of combustion 
and reaction, and with one or more openings at the 
base through which a blast of air, natural or artificial, 
could be directed and the semi-solid product of the 
operation removed. Here consistent lines of develop- 
ment appear to have been followed from the earliest 
days to the furnaces of the late Middle Ages which 
bear a recognizable similarity to the relatively 
gigantic structures with which the modern metal- 
lurgist is concerned. The tools of the smith and his 
technical art are described in detail and with skill, 
and many readers will be surprised at the quite 
astonishingly modern appearance of the tongs, anvils, 
ete., used by the very early worker. 

It is possible, however, that the part of the report 
which will prove of the greatest permanent value 
consists in the appendix by Mr. P. Whitaker, manager 
of metallurgical research of Messrs. Stewarts and 
Lloyds, Ltd., on some sixteen samples of early iron, 
varying in age from the late eighth century B.C. to 
about a.D. 900. These samples have been photo- 
graphed, analysed and examined micrographically 
with very great care and skill, as a result of which 
it has proved possible to describe the techniques of 
production both of the original material and of the 
particular article examined with a high degree of 
accuracy and detail. 

Taking the two reports together, all those con- 
cerned with the early history of the ferrous and the 
non-ferrous metals owe a debt of gratitude to the 
author, the Museum and all those who have been 
associated in any way in their preparation. There 
are points with which the metallurgist and metal- 
lographer will hesitate to agree, but these are not 
matters of great substance, and do not affect the 
general picture which has been painted. There is 
left the vivid impression of a body of men who, over 
much more than a millennium, were investigating 
natural phenomena of importance to their com- 
munities and were, in fact, the research workers of 
their time. F. C. THOMPSON 
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STUDY OF THE IONOSPHERE 
DURING SOLAR ECLIPSES 


Solar Eclipses and the lonosphere 

A Symposium held under the auspices of the Inter- 
national Council of Scientific Unions Mixed Com- 
mission on the Ionosphere, m London in August 
1955. Edited by W. J. G. Beynon and G. M. Brown. 
(Vol. 6 of Special Supplements to the Journal of Atmo- 
spherw and Terrestrial Physics.) Pp. x+330. (Lon- 
don and New York: Pergamon Press, 1956.) 140s. ; 
21 dollars. 


HOLE it has long been known that the Sun is 
the primary cause of the existence of the 
ionosphere, there has been some controversy as to 
the exact mechanism by which the various layers 
which reflect radio-waves are ionized. Much informa- 
tion has been accumulated concerning the diurnal 
variation. of conditions in the ionosphere, and the 
results have been used in a critical examination of 
the processes of ionization and recombination in the 
reflecting layers. An eclipse of the Sun clearly 
provides an excellent opportunity of investigating 
these processes over a short mterval of tame, and 
particularly of studymg the relative contributions of 
radiation from the Sun’s disk and from the corona. 
For these reasons every opportunity is sought by 
radio-physicists to observe the changes occurring in 
the ionosphere during an eclipse, especially when the 
path of totality is accessible and the time 1s not too 
near erther sunrise or sunset, when the eclrpse effects 
might be masked by the normal daily changes. 

In August 1955, certain aspects of eclipse phen- 
omena were discussed at an international symposium 
organized by the Mixed Commission on the Ionosphere 
and held at the Royal Society (see Nature, 176, 947; 
1955). This symposium was attended by delegates 
from eighteen countries, and the volume under review 
contains an account of its proceedings, with the 
fifty-three formal papers reproduced in full, and brief 
accounts of the accompanying discussions. The 
material is presented in nine sections beginning with 
an introductory survey of “Solar Eclipses and the 
Ionosphere” by Mr. J. A. Ratchffe. The second 
section comprises three theoretical papers on the 
subject ; and this is followed by the third and largest 
section in which some nineteen papers describe 
the results obtained ın ionospheric observations 
during recent; solar eclipses. Detailed consideration 
is given in the next two sections to the effect of 
solar radiation on the ionosphere in conjunction with 
the processes of recombination, which are surveyed 
and discussed. The sixth section is devoted to the 
relationship between geomagnetic occurrences and 
eclipse phenomena, introduced by a survey by Prof. 
S. Chapman. In the past decade, the radio astronomer 
has developed a new tool for studymg solar radiation, 
and the seventh section contains papers describing 
observations made at short radio wave-lengths in seven 
countries. After a collection of miscellaneous papers, 
the volume concludes with a summary m which 
attention is directed to the evidence, first that the 
ionizing radiation from the Sun is not uniformly 
spread over the visible disk, and secondly, even whén 
the disk 1s totally eclipsed, there 1s still some 10-15 per 
cent of residual ionizmg radiation m operation. 

The production of the work 1s excellent in every 
way ; 1b is printed on good quality paper and lavishly 
illustrated with very clear diagrams and some 
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unusually good reproductions of ionospheric records. 
The editors, Drs. W. J. G. Beynon and G. M. Brown, 
have prepared all the papers in as concise & form as 
possible, and provided a short abstract at the head of 
each contribution. They have also added a biblio- 
graphy of all papers on the subject published between 
1912 and 1954, arranged chronologically and provided 
with an author index. This is probably the most 
comprehensive collection of references in existence 
dealmg with tke effects of solar eclipses on the 
ionosphere, and ıs a most useful addition -to the 


papers presentec at the symposium. .. ~ ^, (7! 

The future research workers and students of this 
subject are indeed fortunate to have .this compre- ` 
hensive work of reference available, andeboth the 
editors and publishers are to be congratulated on its 


successful produstion. R. L. Surra-Rosr” 


FIELD THEORY AND MESON 
PRACTICE 


Mesons and Fields 

Vol. 1: Fields. By Prof. Silvan Schweber, Prof. 
Hans A. Bethe and Frederic de Hoffmann. Pp. 
xvi+449. Vol. 3: Mesons. By Prof. Hans A. Bethe 
and Frederic de Hoffmann, Pp. xiii+446. (Evanston, 
Il.: Row, Peterson and Company, 1955.) 8 dollars 
each volume; 15 dollars the set of 2 volumes. 


T is a reflexion on the present state of physics that 
in preparing a book on mesons and fields the 
authors were led to produce one volume on fields and 
another on mesons, with one of the authors essen- 
tially concentrazing on one volume, and the other 
two on the other, with only a very tenuous connexion 
between the two parts. 

Vol. 1 therefore becomes a text-book on field 
theory, and on closer inspection it 1s really a text: 
book on quantum electrodynamics. The reason for 
this is that the volume concentrates almost com- 
pletely on the sclution of quantum field equations by 
series in powers of the coupling constant, which is 
indeed the only procedure that can to-day be apphed. 
consistently to give unambiguous answers. It has 
been very successful in describing the interaction of 
electrons with the electromagnetic radiation, but it 
fails completely in the case of meson theory because 
the coupling constant there is known to be so large 
that a power series would be practically useless even 
if xb converged ‘in fact, it is almost certainly diver- 
gent). This faifure is evident theoretically and also 
confirmed empirically smce the data are in clear 
contradiction with the results of perturbation theory, 
a fact stressed clearly in the second volume but 
apparently not mentioned m the first. Indeed, the 
statement in the introduction (p. x1v), “We therefore 
believe that renormalization theory should be con- 
sidered as substantially correct, and applied to meson 
theory”, may easily mduce the reader to think that 
the methods developed in the volume may be applied 
directly to the meson field. The remark is probably 
intended in a more general sense, looking for an 
extension of the general principles of renormalization 
to strong interaztions, but this 1s as yet only a very 
vague programme. 

Non-perturbasion solutions are mentioned im 
section 25, but she only results obtained there relate 
to equations of the Bethe-Salpeter type which go 
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beyond perturbation theory only in the sense in 
which a bound system can never be regarded as a 
slightly perturbed version. of the motion of free 
perticles ; such equations are still restricted to the 
ease of weak coupling. 

Regarded as an introduction to quantum electro- 
dynamics, the volume is very useful. It sets out the 
formalism carefully and clearly and chooses the 
approach which would be used in practice by anyone 
wanting to calculate radiative corrections to some 
particular process involving electrons and photons. 
The notation is chosen with care, and the reviewer 
particularly wélcomes the avoidance of the confusing 
‘imaginary time variable. 

The volume will be less satisfying to a reader who 
wants to examine the basis of the theory critically. 
Doubts about the convergence of the series expansion 
are mentioned only briefly in section 24g, and the 
question whether, apart from the expansion, the 
equations have, or can be given, a definite meaning 
is not mentioned at all. Perhaps this is not quite 
fair comment, since in the interval between writing 
and publication (and the interval between publication 
and review, which the reviewer must confess to be 
appreciable) such questions have acquired special 
prominence. 

The subject of the second volume, meson physics, 
1s in a very different state of development, and calls 
for a very different treatment. Except for a brief 
final chapter, only pion physics is discussed, and at 
the present stage of knowledge this makes good sense, 
since it looks as if ‘strange’ particles do not intervene 
to any appreciable extent in processes involving 
mesons and nucleons at not too high energies. One 
may therefore treat pion—nucleon interactions as an 
isolated subject, just as electrodynamics is usually 
treated in isolation. One would hope that a deeper 
view of physics would ultimately connect these 
different phenomena, but at present we have no clue 
to the nature of such a connexion. 

The volume sets out the experimental results, and 
discusses their theoretical implications. As one has 
come to expect of a book based on a lecture course 
by Bethe, its approach combines data and theory in 
an admirable way, using enough theory to make the 
numbers acquire meaning, without letting theoretical 
speculation obscure the facts. 

The presentation of the data gives a remarkably 
lucid and complete coverage of the information avail- 
able at the time of writmg. In a subject of this kind 
any book is liable to date rapidly, but the time was 
probably wisely chosen. With the main features of 
the phenomena established, further mformation must 
depend on precision measurements which develop 
more slowly. This does not apply to energies requiring 
primary particles above, say, 500 MeV., but the 
mterpretation of data in that region is still complex 
and they are therefore not likely to change the main 
ideas very rapidly. There are, of course, already some 
new data available, but they can be fitted into the 
pavtern presented in the book, and for some time to 
come it will be possible to acquaint oneself with the 
elements of pion physics from this book and to 
supplement it by more recent reviews of the latest 
information. . 

The book is suitable for an experimentalist with a 
reasonable knowledge of elementary quantum theory, 
uf he is willing to skip some of the more detailed 
theoretical sections, and look only at the clear sum- 
maries of their results. He may then, however, feel 
a little bewildered by the profusion of theories, and 
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in doubt as to the degree of confidence (if any) to be 
placed on the result of any particular calculation. 
The various theoretical approaches are presented 
critically, and the limitations and errors of each are 
clearly stated. Nevertheless, the outlook (rather 
characteristic of Bethe) ıs positive and optimistic ; 
the presentation reflects the view that a calculation 
even on insecure approximations which yields a 
number that can be compared with experiment 1s 
more valuable than a beautiful equation which 
cannot be solved. Thus more weight is given to 
calculations with simple models than to speculations 
about the properties of the basic equations. It may 
indeed be true that even if the basic equations of our 
present theory make no sense (as there is good reason 
to believe) some of the rough models may survive as 
being derived not directly from the basic equations, 
but from guesses based on physical intuition. In any 
event, even crude theories are often vital to the 
progress of physics in providing points of view for 
looking at the data, and guidmg further experiments. 
This book will evidently remain for the near future 
an indispensable tool for any physicist concerned 
with mesons. R. E. PERILS 


THIS CHANGING WORLD 


Physics in My Generation 

A Selection of Papers. By Prof. Max Born. Pp. 
viii+232. (London and New York: Pergamon 
Press, Lid., 1956.) 40s. net. 


‘HERE can be few who know so much of the 

unwritten history of modern physics as Prof. 
Mex Born, who gives us in this book a series of 
pictures of important events. He has selected for 
this purpose a number of articles and addresses 
written durmg the period 1921-55. Although he is 
chiefly concerned with the interpretation of modern 
physics and the change in the climate of ideas, he 
includes many references to events in his own life 
and the lives of other great physicists of this century. 


. This feature, very interesting in itself, enlivens the 


main discussion, which the general reader might 
otherwise find too abstracs. - 

Space does not permit me to discuss individually 
the many articles which I admired, but I should like 
to mention just two. The lecture on “Cause, Economy 
and Purpose in Natural Laws”, originally delivered 
at the Royal Institution, shows a wonderful sense of 
economy and purpose in the use of words and illus- 
trations. It is a model of exposition—clear, simple 
and profound. The account of Einstein’s opposition 
to the umplications of the Uncertainty Principle 
interested me ın a quite different way. In this 
article, Born has to explain a view with which he. 
strongly disagreed. He does this so well that I feel 
that I understand Einstem better than I did from 
reading his own paper—though I still agree with 
Born. We are shown how a scientific controversy 
can be conducted not only with courtesy, but also 
with a broad-minded understandimg of the other side. 

The individual articles are good in themselves, 
but the book as a whole is more than the sum of its 
paris. The author has chosen from his earlier writings 
just those items which represent the outlook of the 
early ’twenties and he has placed beside them ten 
lectures and articles written smee 1950, in which he 
expresses very clearly the doubts, the difficulties and 
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the hopes of the presens times. He seeks and he 
achieves an effect of sharp contrast. This contrast 
has two aspects. First, there is the difference between 
theories which presupposed an objective knowledge 
of a world governed by deterministic laws, and 
theories ın which the distinction between subject 
and object has become blurred and statistical laws 
have replaced deterministic ones. Second, there is 
the contrast between the outlook of a man who, 
even after the First World War, does not discuss 
the future of civilization because he has no doubts 
about it, and the man who after Hiroshima fears— 
as we all must—the destruction of civilization by 
nuclear weapons. Yet im 1951 Born does not abandon 
hope either in science or in mankind—he urges men 
to learn from natural philosophy that apparently 
opposed views may yet be aspects of the same truth 
and to find therein a message of reconciliation and 
co-operation. 

Both the general reader and the physicist will find 
this an interesting and a stimulating book. 

R. W. DITORBURN 


RELAXATION FOR PHYSICISTS 


Relaxation Methods in Theoretical Physics 
A Continuation of the Treatise ‘Relaxation Methods 
in Engineering Science’. By Sir R. V. Southwell. 
Vol. 2. 
vii+ 249-522. (Oxford: Clarendon Press; London : 
Oxford University Press, 1956.) 55s. net. 


HERE is a logic in the use of the word ‘relaxation’ 
in the title of this book ; it is a legacy from some 
of Sir Richard Southwell’s work of twenty years ago 
on braced frameworks, in which a method was devised 
involving what he called ‘the systematic relaxation 
of constraints’. The book discusses what has come 
to be recognized as one of the few, remarkably 
general, techniques available for the numerical 
solution of problems of which the underlying mathe- 
matical equations have not been, or cannot be, solved 
in terms of mathematical formule. The theory of 
the relaxation method is beguilingly simple—but in 
practice physical msight, coupled with considerable 
patience and energy, are often required to apply it. 
There is in this field of work no substitute for the 
judgment which has constantly to be exercised by 
human computers—electronic computing machines 
will not assist. ; 
The book now under review is the second and final 


volume of Sir Richard Southwell’s treatise “Relaxa- - 


tion Methods in Theoretical Physics”. This and the 
first volume, together with the author’s earlier pub- 
heation, “Relaxation Methods m Engineering Science”, 
form a record of his work, and that of his co-workers, 
in the field of numerical processes; further, the 
books are also a didactic exposition of the technique 
m which the ‘case-history’ method has been used 
throughout. Appreciative reviews of the earlier books 
have appeared in these columns (Nature, 149, 123; 
1942, and 158, 727; 1946) above the name of Prof. 
G. Temple. 

The basic idea is to replace differential equations 
by their ‘finite difference approximations’ and to 
solve the resulting equations by an iterative process. 
The function under investigation is specified at a 
number of regularly spaced points in a plane lying, 
for example, at the corners of triangles, or squares, 
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or hexagons. Srarting with some first approximation 
to the general solution, the differences between it 
and the actual values at the specified points are 
determined, and the values of the differences are 
reduced systematically by a method of successive 
approximation -vhich never deprives the computer of 
his initiative; >n the contrary, it challenges him at 
each step to meke the best possible next guess. 

As 1s usual ic many branches of scientific inquiry, 
no one person may with justice be described as the 
sole originator >f the method; the idea of approx- 
imating to tke differential operation by finite 
differences is very old; in 1910 Richardson con- 
sidered the numerical solution of the simultaneous 
equations so farmed; in 1928 Thom discussed the 
finite difference equations of the Laplace equation ; 
in 1930 Thom, in collaboration with Orr, extended 
his earlier work, and in 1934 he discussed the 
biharmonic equation. In fact, in 1924, Hardy Cross 
propounded, w-thout going into much detail, the 
elements of a process which he called the ‘moment 
distribution method’ which bears a marked resem- 
blance to the relaxation technique. But it is to 
Southwell and ‘his collaborators that the principal 
credit must go for effectively devising the method 
now being reviewed, for giving it a satisfying scientific 
and esthetic fcundation, and for demonstrating its 
power by apply-ng it to so many mmportant problems. 

Inevitably the problems described in the three 
books mirror ths interests of Southwell and his team, 
and for that reason deal predominantly with elasticity 
and hydrodynamics, but the method can, by reason 
of its generality. be employed in many other branches 
of physics and engmeering. The books are really a 
guide to the methods to be used in applying the 
relaxation techmique ; explicit instructions to a com- 
puter would have been of great value, but ther 
inclusion woulc greatly have increased the size of 
the books. When using the technique of relaxation 
it is always necossary to keep an eye on the order of 
accuracy of the numerical solution. This accuracy 
can be increased, when required, but the price to be 
paid is that of the additional computational work 
involved in reducing the intervals of the finite 
differences, and of repeating the calculations. Judg- 
ment must be used to balance the need for increased 
accuracy agairst the time, labour and cost of 
additional computations. In general, however, the 
accuracy of non-excessive computations is sufficient 
for most of tke practical purposes of physics and 
engineering: t2e method provides solutions which, 
at the start, carve to reveal general features and 
which, if required, can later be made to acquire 
greater definition. 

The first chapter of Vol. 2 is numbered seven and 
continues wher> Vol. 1 left off. In it the relaxation 
technique is ap>lied to the solution of the biharmonic 
equation Vw = Z(x,y), in which Z(z,y) is some 
specified function of v and y. Solutions of the same 
equation are ccnsidered in Chapter 8, and in Chapter 
9 the ‘two-diagram technique’ is introduced as an 
alternative to the use of the biharmonic pattern. 
Chapter 10 discusses applications of the two-diagram 
technique to stress systems in solids of revolution ; 
eigenvalue prozlems associated with normal vibra- 
tions of mechanical and electrodynamic systems are 
discussed in Ckapter 11; the elastic stability of flat 
plating forms she principal subject of Chapter 12; 
and non-linear problems in elasticity and hydro- 
dynamics are discussed in chapters 13 and 14. A 
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number of other developments, such as three- 
dimensional relaxation, heat conduction, and other 
problems, are discussed in the final chapter. The 
book is rounded off with a bibliography concerned 
with relaxation methods, an index of the sixty-two 
problems solved in the two-volume publication, a 
list of the authors mentioned in the book, and a 
separate index of the topics discussed in the treatise. 

The excellence of the printing, of the many line 
drawings and of the general display makes it neces- 
sary to comment once again, even at the risk of 
appearing monotonous, on the valuable service which 
the Clarendon Press is rendering to scientists, and to 
the reputation of British scientific printing, by main- 
taining ‘its perfectionist standards. 

Lastly, a special tribute to Sir Richard Southwell 
—for the idea, for its development, for the vision to 
see its great value, and for his three excellent books. 
Something of the strength of the creative urge to 
write this last book may be sensed from the fact that 
the author relinquished his post of rector of the 
Imperial College of Science and Technology m order 
to make leisure for himself to complete the work. 
But perhaps the greatest tribute comes from the 
work itself—for the ugliness of some of the problems 
which he describes becomes transformed into elegance 
.when treated by the ‘method of relaxation’. 

Lours RosENHEAD 


NUCLEAR PHYSICS FOR THE 
RESEARCH WORKER 


The Atomic Nucleus 

By Prof. Robley D. Evans. (International Series in 
Pure and Applied Physics.) Pp. xv+972. (London : 
McGraw-Hill Publishing Company, Ltd., 1955.) 
109s. 


ROF. R. D. EVANS is a distinguished physicist, 

well known for his studies of naturally occurring 
radioelements and for his work on absorption 
coefficients and the units and standards of radio- 
activity. That he is also an outstanding teacher is 
obvious from this book, m which is assembled the 
material of lectures in nuclear physics given to grad- 
uate students of the Massachusetts Institute of Tech- 
nology over. the past twenty years. At a time 
when books in this general field seem to be written 
mainly by theorists, the appearance of a text which 
firmly adopts the experimental point of view is 
especially welcome. ‘Lhe reader will, however, not 
find more than a passing reference to the details of 
experimental methods; the aim and virtue of this 
book are to set out, in a clear and unhurried manner, 
the general principles of the subject, particularly 
those which are often glossed over or obscured in more 
hasty treatments “of greater scope. The book 
abounds in precise definitions of terms such as ‘radius’ 
and ‘cross-section’ and should contribute materially 
to the systematization of nuclear terminology. 

The first part of the book is devoted to the main 
nuclear properties of charge, radius, mass, static 
moments, parity and statistics. These chapters lead 
up to discussions of nuclear binding energy, inter- 
nucleon forces, nuclear models and nuclear reactions. 
The treatment is careful and thorough, at a level 
which seems admurable for the general purposes of 
the graduate student, and there is particular emphasis 
on the physical interpretation of theoretical ideas. 
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The main theoretical framework is wave-mechanical 
and the word ‘matrix’ does not occur in the index. 
Most of the more important derivations, such as 
those relating to expansions in partial waves and to 
barrier penetration, are given in detail, sometimes m 
appendixes. 

In the second half of the book Prof. Evans treats 
the radioactive-series decay, alpha- and beta-spectra 
and the mteraction of charged particles and of electro- 
magnetic radiation with matter. The chapters on 
these latter subjects, perhaps because of the author's 
personal interests, are really short expert monographs 
and are more highly developed, and therefore some- 
what less easy to read, than the edrlier parts of the 
book. The final chapters include useful accounts of 
the application of statistical methods in nuclear 
physics, including the fashionable ‘chi-square’ test. 
There are tables of constants and appendixes giving 
formule for the centre-of-mass system and for rela- 
tavistic problems. The book ıs enriched by an impres- 
sive collection of useful exercises and problems, many 
of which themselves contain new and interesting 
facts. 

The reader can scarcely fail to admire the care and 
thought which Prof. Evans has bestowed on this 
work, and he will probably put down the book with a 
feeling of regret that even in nearly one thousand 
pages it has still not been possible to touch on any- 
thing like all the manifold divisions of the subject. 
The title is carefully chosen, and the exclusion of 
practically the whole vast area of high-energy physics 
is perhaps to be expected, but the student might have 
hoped for more guidance regarding the theoretical 
spectroscopy of light nuclei or the interpretation of 
reaction data according to the shell models. Lifetime 
determinations and Coulomb excitation processes 
are also among the subjects which should figure in a 
future edition. The topics included are, however, the 
important ones and the research worker proceeding 
to his more narrow specialization will be grateful to 
the author for the sound foundations laid in this 
volume. The book has gained much from the labours 
of two decades of students and appears, at first 
reading, to be wholly free from errors. Pedagogically, 
its publication is an important event for the nuclear 
physicist in training, but its appeal as a general 
handbook should be much wider and most workers 
in the subject may expect to derive pleasure and 
profit from reading it. W. E. BURCHAM 


BASIC IDEAS IN TOPOLOGY 


Elementary Topology ~ 
By Prof. Dick Wick Hall and Prof. Guilford L. 
Spencer. Pp. xii+303. (New York: John Wiley and 


Sons, Inc.; London: Chapman and Hall, Ltd., 
1955.) 56s. net. $ 
Topology - 


By Dr. E. M. Patterson. (University Mathematical 
Texts.) Pp. viii+128. (Edinburgh and London: 
Oliver and Boyd, Ltd.; New York: Interscience 
Publishers, Ine., 1956.) 8s. 6d. net. 3 


HESE two books deal with the elements of 

. topology for the undergraduate in an honours 
course, and have much ground in common; they 
are, however, to some extent complementary, one to 
the other. A novice reading Hall and Spencer might 
end with a respectable knowledge of the jargon and 


G 


No 4562 


techniques of the subject and yet fail to understand 
what topology is. Patterson’s book is much smaller 
and therefore omits more, but takes great pains to 
. give ideas the preference over technique. 

In Hall and Spencer, we start with a certain 
amount of classical set theory and analysis, with a 
topological motivation, and proceed to a neat char- 
acterization of topological spaces, followed by a 
special study of metric spaces. Most of this has an 
analytical flavour ; but the next chapter, the longest 
in the book, is rather more geometrical, analysing 
the nature of arcs, Jordan curves, and the concept of 
local compactness. This section is detailed and clear, 
as befits a topic of such basic importance. The fol- 
lowing section, on Bing’s recent work on partition- 
ability, is less easy to assimilate, and being highly 
technical is almost out of place m a professed intro- 
duction. The final chapter 1s in the nature of an 
appendix on the axiom of choice and the equivalent 
lemma of Zorn. There is a good collection of examples, 
easy and not so easy, for the student, and a useful 
short bibliography is attached to each chapter. The 
road everywhere has a good surface, but more sign- 
posts would help the novice. 

Patterson begms with simple concrete ideas: 
topological equivalence, one-sided and two-sided 
surfaces, Euwler’s theorem on polyhedra, the four- 
colour problem. ‘Then a little set-theory leads to 
metric spaces, which in turn lead to the more general 
topological space. The homotopy problem, of con- 
tinuous deformation of one sub-space into another, 
1s clearly described. Then algebraic topology, prac- 
tically ignored in the Hall and Spencer volume, is 
developed in two chapters, one on simplexes, the 
next on homology. The latter is perhaps too concise 
for ready understanding, and might well be expanded 
m a new edition. There are a fair number of exercises 
for the reader. The great merit of the book is that 
it tells the reader what topology is about, in clear 
and generally simple language ; it will help not only 
the undergraduate but also the non-topological 
mathematician who wants to know what topology 1s 
and why it is important. T., A. A. BRoADBENT 


THE MIND-BODY PROBLEM 


The Biology of the Spirit , 
By Dr. Edmund W. Sinnott. Pp. ix+180. (London: 
Victor Gollancz, Ltd., 1956.) 16s. net. 


R. E. W. SINNOTT has written one more essay 
on the perennial mind-body problem, but this 
would be an unfair way of describing what he has 
given us, because it is distinctly original in character 
and, owing to the pomt of view from which it 1s 
written, opens out wide issues. His book may, m fact, 
be said to begin with protoplasm and end with beauty, 
goodness and God. The main thesis of the essay is 
that the basic facts of biology provide a common 
foundation for both mind and body. 

Dr. Sinnott is not a vitalist, though he considers* 
that the facts on which Driesch based his vitalist 
theory have not been, and probably cannot be, 
interpreted by a mechanistic hypothesis. He rejects 
the view that biology can understand living processes 
by employing solely the concepts which are adequate 
m physics and chemistry. One of his two master 
words is ‘organism’, and the chapter in which he 
expounds this conception and the reasons for regard- 
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ing it as fundamental are clear and well argued. In 
this section of the book, the central problem is that 
which Walter de la Mare once stated in the words, 
“Why does what Miss T. eats become Miss T. ?” and 
is essentially the same as that which Aristotle tried 
to solve in his philosophy of matter and form. “A 
living body is not an aggregate but an integrate” 
and in it the whole is, in some way, immanent in 
the parts. The other master word m Dr. Sinnott’s 
essay 1s ‘purpose’. He holds that it is misleadmg to 
think of living creatures being “propelled by drives’, 
and we have & more accurate picture when we regard 
the forces as ‘pulls’. He describes his own view as 
telism, the philosophy of goals—‘‘a belief that what 
is mmportant 1s not the push and drive of a living 
system but a drawing power to a goal conscious or 
unconscious that in some way is established in it”. 
The later chapters of the book deal with the develop- 
ment of the human individual and goals and pur- 
poses which have emerged in human personality. In 
his view, the process by which protoplasm and spirit 
are linked together ıs a continuous one, but im its 
course & new level of life is attained. 

In the final chapters, which the author undoubtedly 
regards as the most important, we are, of course, in 
the region of philosophy, and he does not pretend 
that he can give a scientific proof of his conclusions. 
He argues, however, that a survey of the phenomena 
of life in their whole range strongly suggests that 
the organizing and forward-moving qualities found 


.in life indicate the nature of reality and help us to 


link our valuss and our faith in God with biology. 
“If all the goal-seeking, desiring, and aspiring of our 
spirits are but curious tensions in @ protoplasmic 
mechanism, they are still of interest and importance 
in many ways; but if, beyond all this, they provide 
@ moans of communion with something in the 
universe that can be apprehended in no other way, 
then does their significance indeed transcend all 
other human qualities.” 

Dr. Sinnott believes that the fundamental problem 
is the nature of life and that, by concentrating on 
this, we may hope to reach an understanding both 
of matter and of mind and of their relations with 
one another. It cannot be said that Dr. Sinnott has 
done much more than point a possible way and made 
some important observations. Matter and mind, 
thought and things remain obstinately different, but 
it may well be that the solution lies slong the way 
which he has pointed out. W. R. MATTHEWS 


BRAINS: REAL AND ARTIFICIAL 


Automata Studies _ 

Edited by C. E. Shannon and J. McCarthy. (Annals 
of Mathemazics Studies, No. 34.) Pp. ix+286. 
(Princeton, N.J.: Princeton University Press; 
London: Oxford University Press, 1956.) 32s. net. 


HIS volume contains some dozen essays, by 

American and European authors, on the general 
theme of brain models. The work is mainly mathe- 
matical in character, and presents the opinions of 
well-informed, and mostly well-known, writers in the 
field whose. general aim is to answer the question: 
“How does the brain work ?” so far as this can be 
answered within the limits of modern scientific 
knowledge. Such knowledge is contributed from 
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several disciplines : mathematics, physiology, psycho- 
logy, logic and engineering. 

Modern brain models are very sophisticated. 
Whereas years ago brains were compared to telephone 
exchanges, a comparison so admittedly naive that 
few people regarded it as having any philosophical 
interest, to-day the sophistication is such that many 
serious-minded people fail to understand either the 
nature or the purpose of this work. Purpose in 
science is important. In the reviewer’s opinion, the 
aim and purpose of brain models are to integrate 
into a consistent scientific description the various 
known behavioural properties of the animal brain, as 
& conceptual aid to biologists, so that relationships 
between various modes of behaviour may be studied, 
hypotheses tested, and precise expression formulated 
where only descriptive notions have existed before. 
In fact, such models are exactly on a par with other 
scientific models in, say, physics. 

I emphasize here behaviouristic aspects. Words 
like think or know or other cognitive language are 
wholly out of place in this particular context (though, 
of course, they are of prime concern in other contexts). 

This volume has wisely been entitled “Automata 
Studies”, for its scope is wider than a title such as 
“Brain Models” might suggest. For in this whole 
field of interest there are two domains which, in my 
opinion, it is absolutely essential to distinguish. Tt is 
good to see that the volume has been sectioned 
accordingly ; the two fields are describable as follows. 

The first is concerned with mathematical com- 
puters, per se, both conventional and new, especially 
to examine what they can and cannot do in principle. 
The relevant question here is: ‘‘What is a machine- 
like task ?”? The papers falling within this field make 
no specific reference to biological data. The second 
field concerns models of the brain, and the relevant 
question is: “What is a brain-like task ?” It may be 
answered, though this is not always the case, by those 
who are not primarily concerned with the first field. 
One point of value in this present volume is that it 
contains work from both fields and thus is a useful 
comparative study. 

Not only should we ask: “What is a brain-like 
task?” but also: “What is a brain-like way of 
executing it?’ For brain models to be useful they 
must conform closely to neurophysiological principles. 

Truly, once a scientific description of brain oper- 
ation has been made, it might be programmed for a 
conventional digital computer—but such a form of 
representation would serve little purpose in research. 
The question of brain-like modes of action involves 
judgments by human observers; that is, it involves 
expectations of what the animal or human would do 
on such and such an occasion. Criteria of behaviour 
are required (as, for example, Rossum’s criterion of 
human behaviour was his robots’ fearful protests 
against being sent to the crushing machine as 
scrap*). 

Throughout this volume, in both the essays con- 
cerned with machines and their logical possibilities, 
and those concerned with representations of brain- 
like behaviour, one senses a certain universality of 
concept. Machines are described as having certain 
states, which are changed according to input stimuli. 
They are constructed as random or partially ordered 
nets of identical and simple elements, with well- 
defined properties. Sometimes these are in deliberate 
imitation of Nature (neurons), sometimes quite con- 
trary to Nature, according to the two fields of interest. 


* Karel Capek’s play, “R.U.R.”. 
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One paper displays a philosophical point of view 
which may well arouse fierce discussion (Culbertson, 
p. 99). This claims that given enough model neurons, 
enough space and time of assembly, a robot could be 
built indistinguishable in behaviour from John Smith. 
Are we so near Rossum? Is the sheer economy of 
Nature its great distinguishing characteristic ? 

Corrs CHERRY 


WILDERNESS ECOLOGY 


Wild America 

By Roger Tory Peterson and James Fisher. Pp. 416. 
(London: William Collins, Sons and Co., Ltd., 1956.) 
30s. net. 


Pelican in the Wilderness 

A Naturalist's Odyssey in North America. By F. 
Fraser Darling. Pp. 3804-15 plates. (London: George 
Allen and Unwin, Ltd., 1956.) 25s. net. 


OST Europeans (and, I suspect, many Amer- 

icans) are unaware of the vast extent of 
American wild Nature, of the problems it poses and 
the opportunities it provides. These two interesting 
and well-written books deal with it, though from 
different angles. Though the two treatments overlap, 
Peterson and Fisher are primarily concerned with 
the huge area of untamed Nature with its abundance 
of wild life still to be found in North America (in 
sharp contrast with Europe), while Fraser Darling 
deals chiefly with the problem of land use in the 
wilderness and the sub-wild areas. 

“Wild America” sets out to describe a 25,000-muile 
journey through the wilder areas of North America, 
mostly within the United States, but with excursions 
to Mexico and Alaska. For each step of the journey 
Peterson effectively sets the scene as an old stager, 
and Fisher records the vivid impressions of a new- 
comer who is also an experienced naturalist and 
traveller. Though, as is to be expected from two dis- 
tinguished ornithologists, the birds get favoured 
treatment, plenty of attention is given to scenery 
and geology (Fisher’s description of the Grand Canyon 
is outstanding), to the mammals (in which North 
America is still so rich), and to other groups, in- 
cluding the human—the Indians of the south- 
west, the Alaskan Eskimo, and the modern 
Americans. : 

Perhaps the most important sections of the book 
are those dealing with the National Parks system and 
the various agencies concerned with the conservation 
of Nature and wild life, and rather bitterly but 
justifiably contrasting American achievement in this 
field with the British. In Britain there are the 
admirable Nature Conservancy and the Forestry 
Commission. But these are dwarfed by the U.S. 
Fish and Wild Life Service, the activities of which 
extend throughout the country, and by the U.S. 
Forestry Service, which controls and safeguards 
enormous areas of woodland and undertakes a great 
deal of research. However, it is over National Parks 
that Britain comes off worst. In Britain, the Hob- 
house Report was emasculated, so that the National 
Parks are little more than camouflaged local parks, 
supervised but not controlled by a National Parks 
Commission without adequate powers or finance. 
There is nothing like the U.S. National Parks Service 
with its admirable rangers, guide-lecturers and pam- 
phlets, its camp-sites, picnic sites and other amenities 
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for visitors, and one can pass through any park area 
in Britain without ever discovering the fact that it 
is a National Park. i 

In the United States, the citizen has been made 
aware of the parks as a national asset: as Fisher 
writes, the park visitor leaves “‘satisfied, refreshed, 
emotionally stirred, and with another stake in 
America”. As a result, there is scarcely a trace of 
vandalism, or even of litter: the National Parks 
Service has educated the public to appreciate its 
heritage of Nature. i 

But the book offers much else. As I read I recalled 
how, years ago, I was made to realize the continental 
vastness and variety of the U.S.S.R. when Bukharin 
told me in Moscow that he was going to spend his 
leave shooting tigers on the Amur River. Peterson 
and Fisher bring home in much greater detail the 
same fact about the United States, with their admir- 
able descriptions of the tropical Everglades, the coral 
islands off the Florida coast, the deserts of the south- 
west, the Big Trees and the sea-otters of California, 
the scenery of the Rockies, the rain-forest of the 
Olympic peninsula, and the arboreal riches of the 
Great Smokies temperate forest, unparalleled except 
perhaps in western China. 

I was delighted with their informative account of 
the Navajo and Hopi Indians, and properly envious 
of their record tally of 601 bird species seen in just 
over ten weeks. 

Naturalists will find much to interest them—the 
arrival and rapid spread of a new species, the cattle 
egret, m North America; the dependence of that 
curious bird, the limpkin, on a giant species of water- 
snail; the evolution of distinct sub-species on either 
side of the Grand Canyon; the survival as a member 
of the American fauna of an African butterfly mtro- 
duced in the fodder of the camels brought m by 
Jefferson Davis as military transport ; the fact that 
the British wren is the one species of the wren family 
which has colonized the Old World; the dwarf sub- 
species of white-tailed deer on the Flonda Keys ; the 
unique colonial habits of the tri-coloured redwing ; 
the tool-using propensities of the sea-otter; and 
much besides. 

Fraser Darlmg covered almost as much ground ; 
but he was travelling on two assignments, one on 
human ecology for the Rockefeller Foundation, the 
other on wild-life ecology in Alaska for the Con- 
servation Foundation. He, too, gives a vivid and 
well-written presentation of the great areas of North 
America which are virtually unknown to Europeans 
(in the process revealing his own unusual and sym- 
pathetic personality). He tells us of the work of the 
Federal Bureau of Lands, the U.S. Fish and Wild 
Life Service, the National Parks Service and the 
Forest Service, of some of the great conservation 
projects (like the vast Bear River wild fowl refuge), 
of the leading figures concerned with conservation 
(like the Leopolds, Marston Bates, Paul Errington, 
H. L. Shantz, Fairfield Osborn, Paul Sears and 
W. J. Hanson) and of the many dedicated field- 
workers he met in the wilderness; and once more 
the European is struck by the magnitude of the 
American effort and achievement. 

He has mteresting things to say on the Alaskan 
Eskimo, on the Mexican peasant, on New York City 
as the modern equivalent of Alexandria and on Paul 
Bunyan as the legendary Hercules of America, on 
Williamsburg, that marvel of reconstruction, on the 
splendid trees of America, and on the botany and 
zoology of its forests, prairies and deserts. 
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Here are some titbits from his store: in some 
regions the gopher takes over the ecological role of 
the earthworm ; large numbers of moose are killed 
by trains in Alaska because of the abundance of 
browse along the railway lines; in Alaska you can 
see some of “the last meat-fed savages on earth” ; 
the pika or rock-rabbit deliberately makes hay in the 
summer to store against winter food-shortage ; the 
natural regeneration of brush in some semi-desert 
regions depends on the antelope ground-squirrels, 
which make innumerable little caches of bitter-brush 
seeds and then forget them; an area of low coastal 
tundra in Alaska, “empty of men except for a very 
few Eskimo famulies’’, 1s as big as mamland Scotland ; 
in the Grand Canyon National Park, deer which visit 
dustbins make more litter than the human visitors. ... 

But the main interest of the book is ecological. 
Thanks to his long experience of the Scottish Hagh- 
lands and their human problems, Fraser Darling was 
enabled to see in Alaska a picture of what the High- 
lands and Islands must have looked like when 
“emerging from the ice through a few thousand 
years”. Knowing how man had managed to convert 
much of the Highlands into an ecological desert, he 
could prophesy a similar desertic future for various 
areas in the United States if present tendencies are 
not checked. 

In the United States, as m Scotland, running sheep 
on marginal land seems to be one of the major causes 
of ecological impoverishment, leading to over-grazing 
and deterioration of pasture type; this, coupled 
with the irrational killing of predators, leads to 
multiplication of undesirable rodents, and often to 
irreversible erosion. 

American experience and research are illuminating 
the entire predator problem. Thus it is now clear 
that wolves arə beneficial to deer, not only by pre- 
venting over-multiplication (on the Kaibab plateau, 
once the wolves and mountain lions were extermin- 
ated, the deer ate themselves out of abundance to 
near-starvation and scarcity), but by keeping them on 
the move and so preventing them from local over- 
browsing. Some authorities, indeed, are beginning 
to think that predator-control is rarely useful and 
often deleterious. . 

One of Fraser Darling’s novel conclusions is that 
the best ‘crop’ for many areas is the wild life-—moose 
and deer, musk-rats and wildfowl—while to try to 
raise cattle in che moose areas of Alaska is to invite 
financial and ecological disaster. Similarly, the 
pastoral policy of grazing sheep on marginal pastures, 
especially those with underlying limestone, will 
convert them into barren pavements (as has prob- 
ably happened in northern England) or xerophytic 
sub-deserts ; while over-zealous ploughing, especially 
in arid regions, leads to loss of soil: in spite of the 
lesson of the 1930’s, this has now produced a new 
dustbowl over huge areas of the South-west. 

He has a good deal to say about the mystique of 
farming—the elmost religious belief in the rightness 
of converting as much land as possible to agricultural 
production, whether by ploughing, grazing or ranch- 
mg. This (and the farmers’ pressure-group) is 
especially strong in the United States, where a 
mystique of homesteading is also prevalent; but 
Fraser Darlmg had to contend with it in the High- 
lands, which “‘are being used to produce protein in 
the shape of meat and wool, when the climate and 
physiography dictates cellulose-production as the 
main activity’. This is clearly disastrous for mar- 
ginal land; but Darlmg goes further and maintains 
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that (in the present economic set-up) “agricultural 
or pastoral prosperity means accelerated ill-treatment 
of land”. 

This last phrase reveals his central approach. We 
have to think less about farmers and produce, more 
about the land. The land is man’s basic resource. 
We must apportion its use not only according to our 
various human needs, but also according to its 
varying capacities of continuing yield, whether that 
yield be of food, wild hfe, timber, or recreational 
space. Above all, we must see that its yield capacity, 
of whatever sort, is not reduced (or even totally lost) 
by faulty or short-sighted exploitation. Man must 
learn to love the land, and to respect it. 

This issue looms much larger and is being more 
thoroughly debated in the United States than in 
Western Europe, with its agriculturally propitious 
climate ; but it is a fundamental issue for the world 
as a whole. We should be grateful to Fraser Darling 
for having brought it to our notice in such an 
arresting way. JULIAN HUXLEY 


PERSPECTIVE IN GENETICS 


General Genetics 

By Prof. M. J. Sirks. From the fifth Dutch edition, 

translated by Dr. Jan Weijer and D. Weijer-Tolmie. 

Pp. viii+628-+-5 plates. (The Hague: Martinus 

Shot ; London: B. T. Batsford, Ltd., 1956.) 
s. 


Genetics 

The Modern Science of Heredity. By Prof. Edward O. 
Dodson, Pp. vii+329. (Philadelphia and London : 
W. B. Saunders Company, 1956.) 45s. 6d. 


HE key to the merits, and possibly to the short- 

comings, of ‘‘General Genetics”, by Prof. Sirks, 
1s found in the preface. Here the author discusses, 
with considerable justification, the tendency in some 
recent text-books to give insufficient attention to the 
pioneer work. As Sirks puts it, “Modern textbooks 
seem to suggest that for Genetics ‘Life begins at 
forty’ ”._ The stated aim of this book is “to establish 
an equilibrium between Genetics as it was built up 
before 1940, and Genetics as it has developed 
since”. 

Throughout tho volume the reader is led through 
the early work, which is presented, sifted and weighed 
with delightful care. In particular, the account of 
pre-Mendelian theories is stimulating. The short- 
comings of the book lie mainly in the treatment of 
some of the post-1940 material. The chapter dealing 
with the nature of genes is very uneven in quality. 
Here, many statements are ambiguous and some 
quite misleading. In dealing with extra-nuclear 
inheritance only half a page is allotted to the discus- 
sion of kappa while the antigens of Paramecium and 
respiratory enzymes of yeast are dismissed with 
only a reference. This will seem to many to be an 
over-correction of historical perspective. Further, in a 
brief discussion of bacteria Sirks writes of the absence 
of ‘pure lines’ and states “it is also not permissible to 
speak of bacterial mutations’. Such statements 
surely give too little credit to the bacterial genetics 
of the past decade. 

The book covers much of what might be taught in a 
first-year course, though its historical coverage is far 
greater than could be grasped by a student in one 
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year. For this reason, and because of its weaknesses 
in dealing with some of the more recent advances, the 
text-book will have a limited appeal for any but the 
most earnest student. Nevertheless the book will be 
welcomed. by geneticists. The author has marshalled 
an mmense amount of information and the extensive 
bibliography is excellent. The careful and compre- 
hensive treatment of the early work of genetics, 
together with a good index, make this a unique 
reference book. As such it forms a very valuable 
addition to the literature of genetics. 

“Genetics, the Modern Science of Heredity” is 
written primarily as a text for a first course. It covers 
the expected range from the laws of Mendel to physio- 
logical genetics, cytoplasmic inheritance, genetics and 
evolution and so on. Treatment of some aspects is 
rather scanty and one could, for example, have 
wished for a fuller account of genetics and evolution. 
However, the author may have felt that his terms of 
reference dictated such brevity. A brief historical 
account of genetics and a translation of Mendel’s 
famous paper form two appendixes. A third appendix 
suggests laboratory exercises. : 

The basic principles are presented rigorously ; the 
terms of genetics are, with a few exceptions, well 
defined ; experimental findings and deductions from 
these findings are clearly set cut. It is typical of the 
author’s approach that the OLB test, which ıs often 
a temporary stumbling block for many beginners, 
18 explained with perfect clarity. In each chapter 
Dodson has presented plenty of hard facts to be 
grasped and he draws cautious conclusions from 
them. But at no point does he close the door to 
further argument. This technique provides a satisfy- 
ing account which avoids an excess of controversy 
and yet is not over-simplified. Well-chosen references 
for further reading are given at the end of each 
Illustrative examples from a refreshingly 
wide range of organisms are provided and the many 
drawings and photographs are well reproduced. A 
minor fault of the book hes perhaps in the author’s 
desire to present è pleasing text. Generally he has 
been highly successful but occasionally one senses an 
over-anxiety to please. A few of the analogies are 
naive and irritating; m a few instances the author is 
too dogmatic and at times one detects an excessive 
attempt to ‘sell’ the subject. This applies partic- 
ularly to the chapter on human genetics. 

Despite such. minor faults, Dodson’s aim is well 
fulfilled and his book will provide an excellent text for 
a first course of genetics. J. A. Roper 


A NEW MONOGRAPH ON THE 
LINYPHIINAE (ARANEAE) 


Die Tierwelt Deutschlands 

Teil 44: Spinnentiere oder Arachnoidea (Araneae). 
Von Dr. Hermann Wiehle. Pp. viii+337. (Jena: 
Veb Gustav Fischer Verlag, 1956.) 38 D.M. 


HE first volume on spiders (Salticidae) in this 

monumental series on the German fauna’ was 
published in 1926 by Friedrich Dahl, who founded 
the “Tierwelt Deutschlands”. Further volumes, 
mainly by different authors, followed in the suc- 
ceeding years dealing with other families, and in 
1956, the centenary of Dahl’s birth, this important 
addition by Dr. Wiehle on the family Linyphiidae 
was published. Although the group covered by this 
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volume is given family status, following Dahl, the 
practice followed in the recent Ray Society mono- 
graph on “British Spiders’ by G. H. Locket and 
A. F. Millidge is to rank it as a sub-family, which 
together with the larger Erigoninae form the 
Linyplhilidae. In German literature the Erigoninae 
of Locket and Millidge is ranked as a family under 
the name Micryphantidae. > 

. Whether regarded as one or two families, this 
large and complex group of spiders has for long been 
very inadequately monographed in European faunas. 
The only modern work is by the above British 
authors, so that Dr. Wiehle’s work is particularly 
welcome. Wiehle follows Locket and Millidge in the 
features which separate the two mam groups, but he 
points out that there are several transitional genera 
so that separation cannot be complete. He believes 
that the Linyphiids evolved from the Micryphantids 
(Erigonids) and mentions various biological dis- 
tinctions between the two groups, for example, 
broad divisions of habitat preferenda and web types. 

As in previous monographs by Dr. Wiehle, there 
are many large and clearly drawn illustrations of 
structural features. He places considerable emphasis 
on the form of the vulva, which he says should be as 
well understood by the student as the epigyne. The 
females of some closely related species can only be 
distinguished by examination of the vulva. 

A key is provided for the six divisions recognized 
by Wiehle in the family and also for the genera and 
species. In general the arrangement of genera follows 
closely that of Locket and Millidge, but there has 
been some generic splitting. The species m the genus 
Linyphia of the British monograph are to be found 
in three genera called by Wiehle Prolinyphia, 
Linyphia and Microlinyphia. i 

Dr. Wiehle’s work will undoubtedly be widely used 
by British araneologists and serious consideration 
given to his new ideas on the taxonomy of the group. 

There is a genus and species index and references 
to the literature consulted precede his general 
introduction. Eric DUFFEY 


ECOLOGY OF FUNGUS-HOST 
RELATIONSHIP IN SOIL 


Biology of Root-Infecting Fungi 
By Dr. 8. D. Garrett. Pp. xi+293. (Cambridge: 
At the University Press, 1956.) 30s. net. 


HE investigation of root-infecting fungi has 

proved extremely difficult because the roots are 
in the soil, which is a complex ecological association 
in which not only the pathogen but also a great 
many other micro-organisms are in précarious equi- 
librium. Dr. Garrett points out that the study of 
root-infecting fungi has passed through a number of 
phases; the etiological phase when research was 
directed to proving that certain fungi were causal 
organisms in specific diseases; the environmental 
phase when research was concerned largely with the 
effect of the physical environment on disease develop- 
ment; and finally the present phase in which root 
disease is studied as an aspect of microbial ecology. 
It is in this last phase that Dr. Garrett has made his 
distinctive and distinguished contribution. This book 
brings together his mature views on the- whole 
subject. 
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The fungal flora of the soil is reviewed from the 
ecological point of view and the distinction between 
normal soil inhabitants and soil invaders is emphas- 
ized. The significance of competition for organic 
substrates in soil is explained. The growth habit 
of parasitic soil fungi is examined and a biological 
classification of these, ranging from primitive un- 
specialized types to the symbiotic mycorrhizal fungi, 
is put forward. The significance of mycelial aggre- 
gation into strands and rhizomorphs is discussed with 
special emphasis on fungal growth on the root surface 
(the ectotrophic habit) prior to penetration in certain 
important species. A brief chapter on mycorrhiza is 
concerned with showing that the difference between, 
ectotrophic mycorrhiza and root disease fungi is one 
of degree and not of kind. Rhizosphere and root 
surface floras are considered in relation to root 
infection. ; 

Much attention is given to the saprophytic life of 
pathogens, particularly in relation to the active 
saprophytic colonization of substrates in the soil and 
to survival in dead host tissue. The biology of resting 
spores and sclerotia is given full consideration. There 
is a general discussion of the epidemiology of root 
diseases and the effects of the environment are 
stressed. Finally, the principles, both biological and 
economic, governing the control of root diseases are 
outlined. 

The feature that really distinguishes this book is 
the successful attempt by the author to synthesize 
his unique first-hand experience and his vast know- 
ledge of the literature into a coherent whole. The 
book is written clearly and in a vigorous style. It 
has a philosophic air about it which will commend 1t 
not only to mycologists with an earthy interest but 
also to all mycologists and, mdeed, to botanists 
generally. It ıs full of suggestive ideas, many of 
which have a relevance far beyond the soil. 

The work has been condensed from Dr. Garrett’s 
unique knowledge. Some mycologists, not them- 
selves working on root disease fungi, might, perhaps, 
have welcomed an even greater condensation so 
that the essential ecological and biological principles 
developed by the author might have shone forth with 
even greater brightness. But this 1s a small criticism. 
There can ba no doubt that the author has con- 
tributed a book of outstanding mycological im- 
portance which will have a most significant bearing 
on future research on soil fungi. C. T. Ineorp 


THE NATURE OF DELUSIONS: 


Schizophrenia 1677 

A Psychiatric Study of an Illustrated Autobiographi- 
cal Record of Demoniacal Possession. By Ida 
Macalpine and Richard A. Hunter. (Psychiatric 
Monograph Series.) Pp. ix-+197412 plates. (London : 
William Dawson and Sons, Ltd., 1956.) 180s. 


ELUSIONS have always had a strong fascina- 

tion, not only for the general public to which 
they are inexplicable, but also to the psychiatrist 
who tries to unravel their nature and causation. 
There is an uncanny strangeness about them which 
arouses deep-seated horror. The apparently astute 
business man, the happy wife, or the successful 
student starts to talk and write in a way which reveals 
that he or she has lost touch with the real world. 
A belief in strange plots attributed to Freemasons, 
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or Catholics or some other minority reveals itself. 
At other times it is felt that the subject has been 
chosen by the Deity to lead mankind along some 
special path or even become the Deity Himself. In 
others curious changes are felt in the body—men 
believe that they are pregnant, changing their sex, 
or have some impossible event occurring (as General 
Hne believing that he had an elephant in his 
sıde). 

The problem does not end here. Delusions can be 
caused by obviously detectable mental disease, such 
as syphilitic encephalitis or cerebral tumours, and 
sometimes the nature of the delusion can be related 
to the point of injury. One might say, as some try 
to do, that delusions are merely the symptoms of 
cerebral damage. This would be supported to some 
extent by the fact that toxins can in some circum- 
stances produce exactly ths same type of false ideas. 
Yet such an attribution is disproved by the fact that 
some patients develop delusions (sometimes with 
hallucinations—such as hearing ‘voices’) which have 
no discoverable organic basis. These may last for a 
brief period and then disappear as the patient 
recovers. There seems little evidence in such cases 
that the causation was organic; they must be 
regarded as some disturbance of the psychology 
caused by inner or outer stress. 

It is especially valuable, therefore, when we can 
obtain an account written by the patient. himself 
describing what has happened to him. This occurred 
in the case of a German judge, Senatsprdsident Dr. 
Daniel Paul Schreber, who believed that he was the 
“sole survivor of mankind”, suffered from ‘soul 
murder” and was being transformed into a woman. 
Freud analysed the document he published and 
concluded that his illness was a defence against 
homosexual urges. He built up the psychoanalytical 
theory of paranoid psychosis on this basis. 

The present: book describes another case, also 
analysed by Freud, which was that of Christoph 
Haizmann, an artist who lived in 1677. This man 
had the delusion that he had sold his soul to the 
Devil and was only relieved of his symptoms when 
he managed to recover the pacts in the fiend’s pos- 
session at the shrine of Mariazell. 

This book gives coloured reproductions of Haiz- 
mann’s paintings and a photostat of the original 
documents describing the course of his malady. 
There are translations of the various documents and 
a careful analysis of the whole matter. The authors 
discuss it in relation to the case of Dr. Shreber 
and comment on psychoanalytical theory. They put 
forward their own. ideas on causation. 

The only unfavourable comment one can make 1s 
that it is a pity that this most valuable book has 
been made too much a vehicle for the authors’ 
theories, which are at times at variance with most 

. psychiatric teaching. Once or twice it is not easy to 
understand their ideas, particularly over the relation- 
ship of procreation fantasies and homosexuality. One 
is at loss to know what is meant by ‘“Lallemand’s 
miale patient who wrote love letters to a man was, 
psychologically speaking, showing heterosexual 
behaviour”. 

However, this book is recommended to all those 
interested in psychiatry. There is no other translation 
of the original documents, and the painter's own 
account of his psychosis is most interesting. The 
paintings of the Devil are worth-study. The book 
is well bound in beige cloth, the paper is good and 
there is a good index. CLIFFORD ALLEN 
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THE HUMAN EYE 


Documenta Ophthalmologica 

Advances in Ophthalmology. Edited by G. von 
Bahr, J. ten Doesschate, H. Fischer von Bünau, J. 
Frangois, H. Goldmann, G. Lo Cascio, H. K. Miiller, 
Jean Nordmann, A. J. Schaeffer and Arnold Sorsby. 
Vol. 10. Pp. iv+382+10 plates. (The Hague: Dr. 
W. Junk, 1956.) 92 guilders. 


ss OCUMENTA Ophthalmologica” has now come 

to its tenth volume, and it seems a suitable 
opportunity to comment on the value of the pub- 
lication as a whole. The aim it fulfils is to assume 
responsibility for publishing papers of a more scientific 
type than is acceptable to most clinical journals and 
of a more elaborate type than can be brought within 
the compass of most scientific journals. The present 
volume is typical of the way in which it fulfils its 
end. 

The first, and the most interesting, contribution 
from the scientific point of view is a discussion of the 
pupillary reactions by Schweitzer, of Utrecht, in a 
paper which occupies seventy-eight pages. It is a good 
paper describing original work in which the pupillo- 
motor reactions were studied by infra-red photo- 
graphy, a method which allows the activity of the 
pupil to be recorded continuously and directly without 
interference with pupillary movements due to visible 
light. The author determined the absolute threshold 
by interpolation of the plots of a number of con- 
tractions that were just perceptible, and finds that 
with a large field of retinal stimulation the pupillo- 
metric and visual thresholds coincide. It is inter- 
esting that at the threshold there 1s a scotoma at the 
macula and that the sensitivity curve for the activity 
of the pupil expressed as-a function of the wave- 
length runs closely parallel to the scotopic luminosity 
curve. All these considerations constitute adequate 
proof that in the dark-adapted eye the pupillomotor 
threshold is determined by the retinal rods. A further 
tentative conclusion is of interest. It was found that 
temporal summation for the visual and pupillometric 
functions is the same, but that spatial integration 
is different ; whereas the visual function is integrated 
spatially over small retinal areas, pupillomotor inte- 
gration takes place over very large areas. From this 
the author concludes that the afferent fibres for 
pupillomotor activity are either collaterals from the 
retinal ganglion cells, the integration of which takes 
place centrally, or that a very small number of 
separate afferent fibres subserve pupullomotor activity 
in the optic nerve. Although not proved, this assump- 
tion is of considerable interest. : 

A shorter paper by Kleifeld, of Bonn, is of more 
than usual interest. It claims the existence of an 
intracapsular accommodative mechanism in the lens. 
It will be recalled that classical writers used to 
ascribe contractile properties to the lens fibres, 
properties conveyed by the name “musculus cristal- 
linus”. On electric stimulation of the lens the author 
records displacement of the fibres, a variation in their 
thickness, and a movement towards each other; this 
activity is most marked in the younger equatorial 
fibres and is associated with metabolic changes—a 
diminution of glucose and phosphates and an increased 
oxygen consumption. If it is confirmed that accom- 
modative changes in the lens are not entirely the 
result of the passive displacement of its fibres-during 
accommodation but are partly dependent on the 
active participation of the fibres themselves, the 
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standard views on the mechanism of accommodation 
will require alteration. 

There is also an mteresting paper by Best and 
Bohnen, of Bonn, on the disturbance of the electro- 
retinogram by movements of the lids and the eye; 
a very interesting description by Meyer-Schwickerath 
of the new clinical technique for sealing retinal holes 
by coagulation with hght, a mechanism which can 
also be used for the destruction of retinal tumours 
and even for burning an artificial pupil in the iris; a 
detailed description by Leydhecker, of Bonn, of the 
chnical aspects of tonography; an extraordinary 
clinical experiment by Case of Belgrade, on the 
transplantation of a cadaver lens (which remained 
transparent) mto a blind human eye; and an inter- 
esting description by Muller, of Bonn, of the planning 
of the new Ophthalmic Clinic and Research Institute 
which has recently been opened in that University 
city. STEWART DUKE-ELDER 


BIOLOGY AND MEDICINE AT 
THE GENEVA CONFERENCE 


Progress in Nuclear Energy 

Series 6: Biological Sciences. Edited by J. C. 
Bugher, J. Coursaget and J. F. Loutit. Vol. 1. 
Pp. xi+205. 50s. net. Series 7: Medical Sciences. 
Edited by J. C. Bugher, J. Coursaget and J. F. 
Loutit. Vol. 1. Pp. xii+165. 42s. net. (London: 
Pergamon Press, Ltd., 1956.) 


T the Geneva Conference on the Peaceful Uses of 

Atomic Energy about one hundred papers were 

read in the sections on biology and medicine and & 

farther two hundred were submitted but not read. 

All the papers submitted, together with the dis- 

cussions at the meetings, were later published by the 
United Nations. 

The purpose of the two volumes now under review 
was, according to the foreword, to bring together 
the significant matters of the sessions at Geneva in 
as compact a form as possible and to provide the 
reader with the essence of the discussions. This was 
a worthy aim, but it is only very partially realized, 
largely because of a lack of consistency in the method 
of approach of the various contributors. Some have 
given little but verbatim excerpts from the Con- 
ference papers, others have attempted a review of all 
the papers submitted in their section, while a third 
group have written general reviews of their particular 
subject with reference to the Conference papers where 
relevant. Thus these two volumes are a very mixed 
bag. There are certainly some excellent contribu- 
tions, particularly in the volume on biological 
sciences, which includes a general review by Brues 
on radiation injury, by Scott Russell and others on 
the use of radioactive isotopes m agriculture and in 
the study of plant nutrition, by Bassham, Calvm and 
Porter on carbon-14 studies in plant biochemistry 
and by Comar and Wasserman on the use of radio- 
isotopes ın the study of mineral metabolism. The 
chapter by Carter dealing with radiation and human 
genetics, although consisting largely of verbatim 
excerpts (including the complete transcript of Muller’s 
paper), indicates clearly the difference in approach of 
the various schools to the problem of quantitative 
assessment of human genetic hazard. 

The volume on medical sciences is less successful, 
since certain of the chapters consist largely of excerpts 
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or pure summaries of a limited number of papers. It 
is difficult to see what advantage this offers since the 
reader may ss well refer directly to the Conference 
papers. However, the reviews on the use of radio- 
active isotopes m medical diagnosis, by Belcher and 
Mayneord and by Ross, provide a very useful summary 
of the presert position. The chapter by Binks on 
“Principles and Standards of Radiation Safety” gives 
& good account of the way in which this subject is 
being attacked in various countries. 

The formas and appearance of these volumes are 
good, but ths lack of umformity in the method of 
presenting references is a further indication of the 
Inadequate ecitorial control. 

These two ~olumes form part of a series on progress 
in nuclear erergy to be issued annually. Since the 
present volumes deal so largely with the Geneva 
Conference it ıs not possible to foresee the future 
policy of the series with regard to form of review or 
the audience to which they are directed. It is hoped 
that it will bə such as to satisfy a real need. There 
are already a number of annual reviews which 
melude the subject of the applications of nuclear 
energy in medicine and biology, and there is a risk 
that too mush effort can be diverted into writmg 
reviews of essentially the same material. 

L. F. LAMERTON 


WATER POLLUTION _ ., 


Aspects of R-ver Pollution . 
By Dr. Louis Klein. With Chapters by Dr. J. R. 
Erichsen Jores and H. A. Hawkes. Pp. xii+621. 
(London: Butterworths Scientific Publications ; 
New York: Academic Press, Inc., 1957.) 84s.; 
14.50 dollars. 


Disposal of Sewage and other Water-Borne Wastes 
By Dr. Karl Imhoff, Dr. W. J. Miler and D. K. B. 
Thistlethwayse. (Based on a translation of “Taschen- 
buch der Stadtentwaessering”. 16th edition. By 
Dr. Karl Imhoff.) Pp. x+347. (London: Butter- 
worths Sciensific Publications, 1956.) 458. 


Rural Water Supply and Sanitation 

By Prof. Forrest B. Wright. Second edition. (Wiley 
Farm Series.) Pp. xvi+347. (New York: John 
Wiley and Scns, Inc. ; London: Chapman and Hall, 
Ltd., 1956.) 40s. net. 


R. KLE_N’S “Aspects of River Pollution” is an 

outstandingly good book, dealing in great detail 
with the wids field of work of a river board m con- 
trolling pollution in an mdustrial district. This 
involves a knowledge of the various methods of purify- 
ing sewage ard trade wastes, of the legal aspects of the 
matter, of methods of examination of effluents and 
surface waters, and of the effects of polluting dis- 
charges on tae chemistry and biology of rivers and 
their surtablity for various purposes meluding 
domestic and industrial water supply. Dr. Klem, 
now the chief chemist of the Mersey River Board, has 
had a long acquamtance with all these aspects of 
pollution, ani in writmg his book has supplemented 
this experiecce with a most detailed and careful 
survey of ths literature. His chapter on detection 
and measursment of pollution—more than one 
hundred pagss in length—would have made a com- 
plete book ir itself and 1s easily the best account of 
methods of chemical analysis in this field known to 
the reviewer. 
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The second book, ‘Disposal of Sewage and other 
Water-Borne Wastes’’, has had an unusual history, 
its first ancestor being & text written by Dr. Imhoff 
in 1906 for the guidance of the team, of which he was 
chief, which was preparing plans for the sewerage of 
the Essen district of Germany. Simce then it has gone 
through many editions, in several languages, the 
present text being based on the sixteenth German 
edition of 1956. It gives an excellent and well- 
documented account of sewage treatment processes, 
and has two particular virtues—it deals equally 
thoroughly with German, British, and American 
practice, and it contains many worked examples of 
the calculations necessary in designing treatment 
plant. Indeed, the first English edition was published 
under the title “The Arithmetic of Sewage Treatment 
Works”. 

Both these books are concerned mainly with the 
treatment of urban wastes, whether domestice or 
industrial, and are addressed to the engineers, chem- 
ists, and biologists who as servants of industrial 
firms, of local authorities and river boards, or of 
Government, have to see that they are disposed of 
without nuisance. “Rural Water Supply and Sam- 
tation”, on the other hand, by the professor of 
agricultural engineering of Cornell University, is for 
the farmer or builder in a country district who may 
have to find his own water supply (the use of the 


‘divining rod is“discouraged), dig his well, install the 


plumbing, and dispose of the resulting sewage by 
somewhat primitive methods. There are perhaps not 
many opportunities now in Britain for practising 
these arts but the book, which is well written and 
illustrated, should be very useful to the engineer 
going to work in an undeveloped territory overseas, 


CONSEQUENCES OF SUCCESS 


Some Observations on American Education 
By Robert M. Hutchins. Pp. xiii+112. (Cambridge : 
At the University Press, 1956.) 15s. net. 


. R. M. HUTCHINS has been the enfant 

terrible of higher education in the United 
States for twenty-five years. That is a long tenure 
for such an iconoclastic office. His latest book 
establishes anew his claim to the title. He writes 
with wit and sometimes with an acid pen: and he 
always has something interesting to say. ‘Some 
Observations on American Education” 1s based on 
lectures given three years ago in various British 
universities. It begins with a brief anatomy of the 
educational system of the United States; it then 
goes on to examine the ideals, standards, and organiza- 
tion of the system, with special reference to American. 
universities ; it has some entertaining things to say 
about alumni, athletics, and academic freedom ; and 
it ends with some reflexions on the future of 
education in America. 

The purpose of a controversial book is to arouse 
controversy. Mr. Hutchins’s book (which is in this 
category) will doubtless achieve its purpose. However, 
there are canons of correctness even in controversy. 
Controversialists on serious topics should present all 
the relevant facts fairly and correctly, and concen- 
trate their argument on interpretation of these facts. 
Mr. Hutchins has not done this. In the introduction 
he disingenuously says that he could have written 
quite a different and highly complmentary book 
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about American education ‘‘and this approach would 
have required other illustrations”. The book under 
review confines its illustrations to such items as the 
Department of Mortuary Science at Wayne Univer- 
sity, Detroit, the advanced waiters’ course in New 
York City Community College, California’s B.Se. in 
television, and the fact that basketball players in one 
university may “major” in elementary swimming, 
social dancing, and first aid. No one doubts the accur- 
acy of these indictments ; indeed Abraham Flexner? 
exposed them more than a quarter of a century 
ago, also in lectures given to a British audience. No 
one interested in American education would like to 
see such indictments suppressed, but if there is to be 
@ reasoned and fruitful discussion over American 
education indictments need to be studied in perspec- 
tive, not in isolation. This has recently been done 
for American higher .education in two admirable 
books, one by Hofstadter and Hardy’, and the other 
by Hofstadter and Metzger’. Anyone interested in 
Mr. Hutchins’s thesis would do well to study these 
two books before reaching any conclusions. 

As to the thesis itself, 1t ıs important and relevant 
to our own educational problems in Britain. America 
has adopted the doctrine of education for all: Is this 
consistent with the maintenance of high standards ? 
Mr. Hutchins believes that the answer is “yes” but 
that all sorts of other factors have conspired to 
debase the currency of American education; so 
much so that in the minds of many Americans (so 
Mr. Hutchins suggests) education is a social device 
to accommodate the young and keep them amused 
until they are old enough to work. His messagé to 
his British audience, therefore, is : Follow our doctrine 
of education for all (a little gratuitous, perhaps, in 
view of the Education Act, 1944) but do not fall into 
the mistakes we have made in implementing the, 
doctrine. He has evidence that the mistakes are due 
in part to the fact that there is so much money 
available for education in America : the mistakes are 
‘one of the consequences of success. That cause is 
not likely to operate in Britain. A deeper cause of 
the mistakes 1s that the American man-in-the-street 
demands the wrong results from education: he 
measures its efficacy in terms of financial and social 
success. This debilitating public opinion might not 
matter in Russia (where also there is education for 
all) but it does matter in America, and 1t would 
matter in Britain. ‘So we should be grateful to Mr. 
Hutchins for one hint: that in a democracy public 
‘opinion can debase educational standards and has 
done so at some levels in America; and in Britain 
we would do well to educate the public more dili- 
gently than we have hitherto in the purpose of our 
educational system. But readers of Mr. Hutchins’s 
book who observe a non sequitur between. his indict- 
ments and the splendid achievements of American 
scholarship (not only in science and technology but 
also in history and archeology and even English 
literature) must not be surprised. Mr. Hutchins has 
exposed with wit and-precision the seamy side of the 
American educational cloak. He asks us to agree 
with him that it is seamy; but we cannot pass 
judgment on a cloak until we have seen both sides. 

ERIO ASHBY 


1 Flexner, “Universities : American, English, German” (Oxford Univ. 
Press, 1930). 

2? Hofstadter and Hardy, “The Development and Scope of Higher 
Education in the United States” (Columbia Univ. Press, 1952). 

è Hofstadter and Metzger, “The Development of Academic Freedom 

x in the United States” (Columbia Univ. Press, 1955). 
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Friction and Lubrication 

By Dr. F. P. Bowden and D. Tabor. (Methuen’s 
Monographs on Physical Subjects.) Pp. x+150+ 
7 plates. (London: Methuen and Co., Ltd.; New 
York: John Wiley and Sons, Inc., 1956.) 10s. 6d. 
net. 


KNOWLEDGE of the effects of friction and 

lubrication is of great importance in the 
modern technological world and there has been a real 
need to have to hand a concise yet authoritative book 
so that the modern concepts of these subjects may 
be utilized and applied with confidence when con- 
sidering practical: problems. This need has been 
admirably filled by this monograph. The authors 
are to be congratulated on producing such a read- 
able little book, and I would encourage anyone 
interested in frictional and associated phenomena to 
delve into its pages, and, if necessary, to use it as an 
mtroduction to the standard work by the same 
authors: ‘The Friction and Lubrication of Solids” 
(Oxford University Press, 1951). 

After giving a historical introduction and reviewing 
the methods of measuring friction, the authors discuss 
the nature of solid surfaces and the true area of 
contact between them; they lead on to considerations 
of adhesion, the mechanism of friction using clean 
and contammated metallic surfaces, the operation of 
polishing and rolling friction. Friction in non- 
metallic materials (including the development of the 
fast running ski) leads on to the subject of solid 
lubricants and to lubrication in general. After 
explaining the basic concepts of fluid lubrication, 
attention is directed to the theory and practice of 
boundary lubrication and to the work bemg done on 
extreme pressure lubrication. 

Criticisms are few, but one does ask what para- 
meter is represented by the abscissa in Fig. 5, and 
one would wish to see the index both accurate and 
enlarged—for example, the first mention of ‘P.T.¥.E.’ 
is on p. 59 and not p. 57 and one must read p. 59 
in order to discover that further consideration is 
given. to this material on p. 66. Davin TRAIN 


lon Exchange Technology 

Edited by F. C. Nachod and Jack Schubert. Pp. 
x+660. (New York: Academic Press, Ince. ; 
London: Academie Bocks, Ltd., 1956.) 15 dollars. 


HE widespread use of ion-exchange processes on 

the industrial scale has resulted in a need for an 
authoritative text-book on the technology of the 
subject. “Ion Exchange Technology” is intended to 
meet this need and to serve both as a reference book 
and text-book for technologists and engineers. The 
fundamental aspects of ion-exchange are considered 
in the first part of the book, which mcludes chapters 
on the general properties of ion-exchange resins, 
equipment and process design, mass transfer and 
equilibria, deionization, electrochemical operations, 
10n-exclusion, economics and the prediction of fixed- 
bed performance. 

In the second part of the book the applications of 
ion-exchange are described im chapters on water 
treatment, catalysis, metal recovery, the separation 
of rare earths, processing radioisotopes, the treatment 
of radioactive wastes, sugar refinmg, the purification 
of organic chemicals and on pharmaceutical and 
biological processes. The authors of the individual 
chapters are all experts’in their respective fields and 
each chapter is useful and authoritative. Many of 
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the chapters contain information which is not readily 
accessible or which has only recently been published. 
Short accounts of some important topics recur in 
several chapters. While this may be justified in the 
case of topics such as costs and stability, some 
unnecessary dcplication could perhaps have been 
avoided and more detailed accounts of the mixed- 
bed process and the development of continuous 
ion-exchange processes included. Only a few minor 
errors have been noted, and the general arrangement 
of the book is excellent... +4 

The editors are to be -congratulated on their 
initiative in arranging ‘for the publication of this 
work, which is a valuable addition to the literature 
on ion-exchange. It should do much to stimulate 
still greater interest in the application of ion- 
exchange resirs and ion-exchange processes. 

D. K. Hatz 


The Theory of Functions of Real Variables 

By Prof. Lawrence M. Graves. Second edition. 
(International Series in Pure and Applied Mathe- 
matics.) Pp. xii+375. (London: McGraw-Hill 
Publishing Company, 1956.) 56s. 6d. 


HE first edition of this book appeared in 1946. 

lt was noteworthy for a very careful discussion 
of the concept of a real variable, for precise and 
detailed analysis of the ideas of continuity and 
differentiability. and for its account of the Riemann, 
Lebesgue and Stieltjes integrals; the development 
of the Lebesgua mtegral was on lines suggested by 
F. Riesz, and a comparison may now be made with 
Riesz’s own account in his book (written with Nagy) 
on “Functional Analysis’. The expert may have 
found Graves’s book a httle lacking in outlook value, 
but the novice might be grateful for careful explana- 
tions and neat illustrations of difficult points. In the 
new edition, tae mam part of the book is sub- 
stantially unchanged, but there are two new chapters, 
one on the theory of sets and transfinite numbers, 
the other a concise introduction to the notion of a 
metric space. Here agam, explanations are lucid and 
precise, some exercises designed chiefly to enable the 
reader to test his assimilation of the text are supplied, 
and difficult pcints are wlustrated with well-chosen 
examples. Thus, for example, three forms of Zermelo’s 
axiom and thres forms of Zorn’s lemma are supplied, 
and the logical equivalences are worked out m full. 
References for farther reading occur at the end of each 
chapter, and should do something to correct the one 
defect m an. otherwise sound and valuable book, that 
it does not show sufficient resolution m breaking 
through into new ground ; but the bases for further 
advance are thoroughly laid. 

T. A. A. BroapBENT 


Vibration Analysis Tables 

By R. E. D. Bishop and Prof. D. C. Johnson. Pp. 
viii+59. (Cambridge: At the University Press, 
1956.) 10s. 6d. net. ` 


HE word ‘receptance’ has been adopted to stand 

for the amplitude of the motion at a chosen 
point of a dynamical system elicited by a simple- 
harmonic force df unit amplitude applied at the same 
or some other point. Thus a receptance is, in effect, 
a flexibility measured under the conditions of simple- 
harmonic motion; the name ‘mechanical admit- 
tance’ was formerly applied but abandoned because 
the analogy with electrical admittance is incomplete. 
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The numerical value of a receptance depends on the 
frequency and a matrix of the receptances provides 
a complete account of the behaviour of the system 
in simple-harmonic stimulation. Each element of 
the receptance matrix may be specified as a function 
of frequency or by numerical tabulation. The great 
value of receptances lies in the fact that the behaviour 
of & composite system can be very readily calculated 
when the receptances of its components are known 


- and this applies, in particaler, to the calculation of 


the natural frequencigs.’ ` 

The book under raview ‘is. ah-advance publication 
of tables to be included inta. text-book by the same 
authors. After some brief general @xplanations, 
tables of receptances are given for the following 
eases: lateral vibrations of cords, torsional oscilla- 
tions of shafts, longitudinal oscillations of rods, 
flexural vibrations of thin uniform beams. Since very 
many systems can be built from these elements, 
together with masses and springs, it is clear that the 
tables will be of great service to those concerned with 
the analysis of oscillating mechanical systems. 

W. J. Duncan 


A Textbook of Plant Virus Diseases 
By Dr. Kenneth M. Smith. Second edition. Pp. vii+ 
(London: J, and A. Churchill, Ltd., 1957.) 65s. 


HE second edition of this book is virtually 
& new text which describes the three hundred 
or so known plant viruses and the diseases they 
cause. The alphabetical arrangement of these is 
greatly to be appreciated, and a system of cross- 
references to synonyms also assists the reader. There 
will probably, however, be few who will read it from 
cover to cover, for the treatment is encyclopadic. 
The volume will be an indispensable guide to the 
research worker, advisory officer, teacher or com- 
mercial grower with the requisite technical trammg. 
A description is given of the properties of each 
virus and of its transmission. Then follows a con- 
sideration of the diseases it causes, its host range and 
ita geographical distribution. Symptoms are illus- 
trated as far as practicable on 94 half-tone illustra- 
tions, and there are further diagrams showing the 
wide host range of some viruses. The range of 
viruses considered is world wide, and includes all 
those described at the present time. A few of the 
more recently found ones are given in an addendum. 
Even the six hundred pages of text do not contain 
all the minutia of present knowledge, and there is 
frequent reference to the bibliography which contains 
more than a thousand citations. An index of synonyms 
makes it possible to review quickly the whole range 
of viruses which attack a particular host. This is 
the most comprehensive book on plant virus diseases 
in the English language, and its up-to-date treatment 
should confer certain wider priorities until more new 
viruses are described. JOHN GRAINGER 


The Myology of the Whooping Crane Grus 
americana 

By Harvey I. Fisher and Donald C. Goodman. 

(Illinois Biological Monographs, Vol. 24, No. 2.) 

Pp. viiit127. (Urbana, TIl.: University of Ilinois 

Press, 1955.) Cloth, 3.50 dollars ; Paper, 2.50 dollars. 


OR more than twenty years the whooping crane 
has been on the verge of extinction, although a 
remnant of thirty to forty manages to hold its own as 
a result of vigilant protection. The present study was 
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begun after two birds, which had unfortunately been 

shot during one month in 1952, became available 

for dissection, and it is an attempt to record the 

muscular anatomy of the species before the oppor- 

tunity is, perhaps, lost for good. A third alcohol- 

preserved specimen was also dissected, in addition - 
to material from related species. 

Though there is a large literature on the compara- 
tive myology of birds, this is only the second species 
ever to receive complete treatment in a monograph, 
the other being the American raven, the subject of 
Shufeldt’s classic study (1890). It is, of course, almost 
entirely a descriptive work, very competently 
executed, and illustrated by forty‘clear and detailed 
figures. The homology of bird muscles is full of 
difficult problems, and, though the authors have not 
made this their primary concern, they have paid 
close attention to innervation, and, by their carefully 
considered selection of names, have in fact made a 
very welcome and useful contribution towards 
clarifying the subject. 

Two points of general interest are, first, the 
demonstration of considerable variations in anatomy, 


_ not only between different individuals but also 


between the two sides of the same subject (as in 
man); and second, the numbering of the digits in 
the bird’s wing as 2, 3 and 4, in the tradition of 
Owen, and not 1, 2 and 3, as in practically all standard 
modern texts. C. WYNNE-EDWARDS 


General Botany 

By Prof. William T. Taylor and Prof. Richard J. 
Weber. Pp. viiit+376. (Princeton, N.J.: D. Van 
Nostrand Company, Inc.; London: Macmillan and 
Co., Ltd., 1956.) 42s. net. 


HIS new work is an excellent introductory text- 

book. The authors have obviously made every 
effort to present a modern account, and constantly 
stimulate the interest of the reader by striking 
examples illustrating the practical importance of the 
subject. Although the book is probably insufficient 
in itself to cover the syllabus of most Intermediate 
B.Sc. courses in botany, it could be read with profit 
by all students at that level, and seems particularly 
suited to meet the needs of medical and pharmacy 
students. The writing is clear and concise, but the 
American idiom is oceasionally strange to the English 
reader. 

The subject-matter is well chosen, on the whole, 
and errors are comparatively few. Some of ‘the 
physiological sections, such as those dealing with 
respiration and photosynthesis, are outstandingly 
good, but tropisms and plant hormones merit a fuller 
treatment. More space is devoted to the cryptogams ` 
than 1s usual in a book of this type. There are a short 
account of viruses and an interesting chapter on 
bacteria. The algae and fungi are described in some 
detail, but there is no mention of flagellate algae. 
The book concludes with chapters on genetics and 
plant evolution. 

There will probably be some difference of opinion 
as to the quality of the illustrations. These are bold 
and artistic and are described on the dust-cover as 
“unexcelled”, but many teachers of botany will con- 
sider that some of the morphological figures are 
over-diagrammatic, and that accuracy has been 
sacrificed to obtain a false clarity. This one serious 
defect of the book could easily be rectified, however, 
durmg any practical work undertaken by the student. 

A. ALLSOPP 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
Jor opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Sensitivity of Immature Mouse Sperm to 
the Mutagenic Effects of X-Rays 


Dr. A. J. Bareman’s careful analysis of X-ray- 
induced dominant lethality in the mouse? has yielded 
a sequence of mutation frequencies in successive 
matings which is strikingly similar to that of 
Drosophila, as established by me? and Khishin® for 
recessive lethals. In the mouse, as in Drosophila, 
successive matings of irradiated males result in an 
initial drop in frequency of mutation, followed by a 
pronounced peak, which m turn 1s followed by a de- 
cline to about the initial value and finally to a very 
much lower level. The initial drop, which in Drosophila 
takes place between the first and the second day, has 
been variously interpreted as due to a difference of 
sensitivity between fully mature and nearly mature 
spermatozoa*5 or as recovery from genetical X-ray 
damage during the first 24 hr. after irradiation’. 
Both interpretations are possible for the parallel drop 
in the mouse which, according to a personal com- 
. munication by Dr.’ Bateman, is entirely due to an 
excess of dominant lethals on the first day. 

A further analysis of the sensitivity pattern of the 
testis has been possible in Drosophila, where induced 
crossing-over and the formation of bunches of 
identical cross-overs can be used as markers for the 
treated stages? and where, moreover, irradiation of 
larve and pups allows a cytological check on the 
stage treated’, It has been inferred that maximal 
sensitivity occurs late in spermiogenesis, when 
spermatids become transformed into spermatozoa, 
that meiotic stages and young spermatids are about 
as sensitive ag mature sperm, and spermatogonia 
much less so. i 

A similar analysis is not possible in the mouse, 
where crossing-over in the male occurs even without 
irradiation. One may, however, draw some conclu- 
sions on the stage treated from the time after irradia- 
tion at which aspermy or oligospermy occurs. A 
number of workers, most recently Oakberg*, have 
shown that type B spermatogonia are by far the 
most easily destroyed stage, and that meiotic cells 
are much more resistant. With the low X-ray dose 
used by Dr. Bateman, spermatocytes are probably 
not killed—although their development may be 
somewhat delayed—and the oligospermic matings 
during the sixth and seventh week almost certainly 
represent irradiated late spermatogonia. The few 
dominant lethals which occurred during these weeks 
may have been due to admixture of spermatozoa 
treated during meiosis; there is also no reason for 
assuming that every dominant lethal which occurred 
m a spermatogonium must be eliminated in meiosis. 
On this interpretation, meiotic and early post- 
meiotic stages, sampled in weeks 4 and 5, are about 
as sensitive to the mutagenic effects of X-rays as 
mature spermatozoa, and the peak of mutation- 
frequency occurs at a late stage in spermiogenesis, as 
it does in Drosophila. At higher doses also spermato- 
cytes are killed, and this—not killing of the very 
resistant spermatids*’—explains why males given 
500 r. became sterile already in the fourth week. 

Dr. Bateman’s interpretation of his findings is 
different. In his opinion, the sensitivity pattern to 
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the mutagenic action of X-rays differs fundamentally 
between the mouse and Drosophila. There are two 
reasons for his belief. One is the assumption that in 
the mouse, as in Drosophila®®, spermatocytes are 
very easily destroyed by radiation: this results im 
an interpretation of the dominant lethal curve of 
the mouse which, in my opinion, is incorrect. The 


, second is the assumption that in Drosophila “peak 


sensitivity [to mutagenic effects] is found in the most 
immature spermatids”. This statement is in direct 
contradiction 30 the, findings‘ on recessive lethals 
quoted above. Presumably it is based on Dr. Bate- 
man’s own, recent experiments with Drosophila’. 
In these-expeziments he measured dominant leth- 
ality by the percentage of non-hatchmg eggs and 
came to the conclusion that its incidence was 
highest in very early postmeiotic stages. _ But 
hatchability Cata which are not supported by 
cytological examination of the unhatched eggs 
are no unambiguous measure of rate of muta- 
tion and become utterly unreliable when the stage 
of oligospermy is approached. It is true that the 
X-ray dose to which Dr. Bateman exposed Drosophila 
males was too low to result in a stage of pronounced 
infertility ; bct it 1s probable that the very low 


hatchability on the ninth day after irradiation, which ~ 


he interprets es entirely due to dominant lethality, 
was in fact partly caused by lack of sperm. It seems 
to me that Dr Bateman’s reasons for postulating a 
difference between the sensitivity patterns of mouse 
and Drosophila testis are not valid. It is true that, 
pending more precise information on the treated 
germ cell stages in the mouse, Dr. Bateman’s data 
cannot be taken as definite proof that the sensitivity 
pattern is the same in both species; but even less 
can they be ussd as proof that the two patterns are 
different. 

This question has a bearing on the assessment of 
radiation damage to the human testis. If Dr. Bate- 
man’s contention were correct, extrapolation would 
be impossible from Drosophila to man and very 
suspect from mouse to man. On the contrary, the 
observation that these two patterns show such a 
remarkable degree of parallelism suggests that we 
may be dealing with a fundamental property of male 
metazoon germ cells, and this may give us some 
confidence in extrapolations from animals to man. 

C. AUERBACH 

Institute of Animal Genetics, 

‘Edinburgh. 
Jan. 10. 
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We consider that Dr. Bateman’s timing of 
spermatogenic avents in the mouse! requires dis- 
cussion because of the impact it bears on the inter- 
pretation of raciation sensitivities. We believe that 
his estimate of six to seven weeks between spermato- 
cytes and ejaculation, based on genetical evidence, 
shows a serious discrepancy with other estimates 
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based on non-genetical evidence. The followmg 
non-genetical evidence is taken from work on the 
seminiferous epithelium dealing with, first, the rela- 
tive frequency of cell associations in normal males ; 
secondly, these associations and their timing in 
irradiated males; thirdly, 1ts labelling -with radio- 
active tracers; and fourthly, the pattern of damage 
after various doses of radiation. 

First, Roosen-Runge and Guesel* and Leblond and 
Clermont? accurately determined the relative dura- 
tions of the spermatogerietic stages m the normal 
rat and mouse, based on the relative frequency. of 
cell associations ın the semmiferous epithelium, and 
„both estimates agreed. Oakberg confirmed. that, in 
general, spermatogenesis is véry similar m both 
species’. Secondly, the relative durations in the rat 
can be therefore fitted without serious error to a total 
duration of the cycle equal to 34-5 days in mice; 
this figure was. determined by Oakberg®, using the 
methods of the former authors**, from the rapid 
disappearance* of spermatogonia, the resulting de- 
population, and the later repopulation, of cells in 
the seminiferous epithelium of mice irradiated with 
100 r. Thus, the mtervals obtained from the earliest 
spermatogonia A to the shedding of the spermatozoa 
in the testis are shown in Table 1, col. 1. It 1s 
possible that these figures are increased by delay due 
to irradiation. f 

Thirdly, work with radioadenine*’ and radıo- 
methionine® injected at very low radiation doses into 
mature and immature male mice of several strains 
resulted in intervals of the same order as those ob- 
tained with the other procedures**. The initial 
labelling of deoxyribonucleic acid with adenine takes 
place only in spermatogonia’, probably in spermato- 
gonial generations other than the earliest. Labelled 
deoxyribonucleic acid is retained by the cells develop- 
ing into spermatozoa, in which it 1s the main labelled 
component®’, That labelling of deoxyribonucleic 
acid occurs only before meiosis is in accordance with 
other observations showing that deoxyribonucleic 
acid is not synthesized after. that stage®. Methionine 
is taken up by spermatogonia and spermatocytes’, 
so that a narrower interval can be timed than after 
labelling spermatogonia’? with adenine. From these 
observations-the approximate intervals from labelled 


spermatogoma to the first meiotic prophase is - 


5 days’ ; to early spermatids, 8 days’ ; to spermatozoa 
occurring free in the testis and epididymus, between 
18 and 25 days*-*§; and in the ejaculate, 28° days*. 
The last figure was obtained by interpolation between 
the ejaculation of unlabelled spermatozoa at 26 days 


and of labelled spermatozoa at 30 days®; but our’ 


recent unpublished work shows that ejaculated 
spermatozoa are still unlabelled at 28 days and 
that between 1 and 6 per cent of them are labelled 
at 30 days ; the interval from labelled spermatogonia 
to ejaculated spermatozoa will therefore be taken as 
30 days. 

The last figure 1s most relevant in connexion with 
Dr. Bateman’s estimate of six to seven weeks between 
spermatocytes and ejaculation, because on his 
estimate labelled spermatozoa should not be ejacu- 
lated until some time after 42 days. An increasing 
percentage of labelled spermatozoa for some days 
after 30 days? possibly corresponds with an increasing 
percentage of spermatogonia being labelled for some 
days after injection’. Assuming that the labelling 
took place in the last period of deoxyribonucleic acid 
synthesis just before meiosis®, the addition of nine 
days (that is, the interval between earliest spermato- 
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Table 1. APPROXIMATE INTERVALS IN DAYS FROM SPERMATOGONIA 
TO LATER SPERMATOGENETIO STAGES IN THE MOUSE (SEE TEXT) 


(1) (2) 
Parkent spermatogonia A (second generation, 0 0 
ref. 
Spermatogonia B 47 
Resting spermatocytes 6 
Leptotene 9 q 
Firat meiotic prophase f 14 
Early spermatids -20 17 
testis 34 5 
Spermatozoa free in } 27-34 
epididymis 
Spermatozoa in ejaculation 30 


gonia A and leptotene in Table 1, col. 1) to the 
tracer fesults gives the figures shown in col. 2; 
because of this assumption, the intervals between 
the earliest spermatogonia A and all later stages 
until ejaculation may be over-estimated. For a 
process such as spermatogenesis, the agreement in 
Table 1 between the calculations in col. 1 and the 
tracer results (col. 2) is reasonable. 

The time taken for the transit of spermatozoa 
from their shedding in the testis to ejaculation can 
be assessed as follows. The above tracer data give 
intervals from certain stages to ejaculation : (a) from 
spermatozoa shed in the testis, 5-12 days (the dis- 
persion being due to the fragmentary data) ; (b) from 
early spermatids, 22 days. By subtracting the 
interval of 14-5 days between early spermatids and 
shedding of spermatozoa in the testis (Table 1, col. 1), 
from interval (b), interval (æ) is adjusted to 7-5 days. 
If, as mentioned before, the interval of 14-5 days 
includes delay due to irradiation, interval (a) may 
consequently be vunder-estimated here. Simlar 
estimates for interval (a) were produced. with different 
techniques by Hertwig? and other authors quoted 
in her paper. 

Fourthly, from the above estimates, we can cal- 
culate which spermatogenetic stages would be affected 
by irradiation to initiate aspermia three weeks after 
500 r. and oligospermia five weeks after 200 r. in 
Dr. Bateman’s experiments! For an interval of 
7-5 days between shedding of spermatozoa in the testis 
and ejaculation, these stages (Leblond and Clermont’s 
stages? fitted to a cycle of 34-5 days®; Table 1, col. 1) 
are: for 500 r. earliest spermatids, and for 200 r. 
resting spermatocytes. The stages affected agree to 
within one day with the most mature stages (meiosis 
and spermatogonia B, respectively) known from 
cytological evidence to be damaged in considerable 
numbers by these doses‘. 

Thus, the results m Table 1, involving doses up 
to 100 r., provide estumates of about three weeks 
between early spermatids and ejaculation, and of 
about six weeks between the beginning of spermato- 
genesis and ejaculation, to be compared with Dr. 
Bateman’s estimate of six to seven weeks between 
spermatocytes and ejaculation after 200 r. Further- 
more, the above considerations relating to the cell 
damage‘ causing diminution in numbers of sperma- 
tozoa equally show that his estimate is excessive 
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Table 2. APPROXIMATE STAGES OF SPERMATOGENESIS 
SAMPLED IN SPERMATOZOA EJACULATED DURING 
SUCOHSSIVE WEEKS 


Samples taken ~ Stages of spermatogenesis 
at centre of sampled in spermatozoa 
Week 1 Spermatozoa in vasa 
as 2 Latest spermatids 
» 3 Spermatids 
i 4 Meiotic prophase (pachytene) 
» 5 ” n (zygotene) 
6 Intermediate spermatogonia 


End of Week 6, ete. Primordial spermatogonia 
For renswal of primordial spermatogonia, see refs. 2, 4, 11. 
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after either 200 or 500 r. The approximate stages of 
spermatogenesis sampled m spermatozoa ejaculated 
after one to six weeks are shown in Table 2, which 
extends the calculations given above. With respect 
to Table 2, it must be emphasized, first, that this 
timing combines data from normal animals, and 
from animals irradiated up to 100 r.; second, that 
the timing of stages for the centre of weeks departs 
from the standard procedure in radiation genetics 
of scoring by full weeks after treatment. 

We acknowledge PAN from the-British Empire 
Cancer Campaign (J. L. S.) and Agricultural Research 
Council (R. G. E.). 

J. L. SRLN 
R. G. EDWARDS 
Institute of Animal Genetics, 
West Mains Road, 
Edinburgh. 
‘Bateman, A. J., Nature, 178, 1278 (1956). 
® Roosen-Runge, E. C., and Giesel, L. O., Amer. J. Anat , 87, 1 (1950). 
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I SHOULD first like to cöngratulate Drs. Sirlin and 
Edwards on their excellent summary of the cyto- 
logical data on the timing of spermatogenesis in the 
mouse. Of special relevance to my work with 200 r. 
is their reference to Oakberg’s recent results after 
100 r. There is still, however, a paucity of results 

.on the time spent by the sperm on its journey 
through the epididymis and vas deferens, an interval 
which seems likely to be very easily modified by 
various factors, particularly by the pressure exerted 
from behind by further mature sperm leaving the 
seminiferous _tubules. This would mean that 
destruction of the spermatogonia by irradiation would 
cause a sluggish passage through the epididymis four 
weeks later, when there was no sperm leaving the 
testis. 

Nevertheless, the cumulative cytological evidence 
18 such that it seems necessary to modify my original 
conclusions and assume that the sperm sampled 
during weeks four to seven had been irradiated as 
spermatocytes, not as spermatids. The peak in the 
third week would then after all be due, as claimed 
by Drs. Auerbach and Slizynski!, to hypersensitivity 
of the spermatids. This is like Drosophila, though 
mouse spermatids show only twice the sensitivity of 
the sperm, whereas my estimate for Drosophila? 
shows a ratio of 10:1. 

If the identification of the spermatogenic stages 
represented in the sperm sample- of each week is 
taken. as settled, the most important question becomes 
the origin of the dominant lethals from the irradiated 
spermatocytes, sampled in weeks four and five, and 
probably extending mto weeks six and seven owing 
to the sluggish stream through the epididymis at this 
time. 

My genetical timing of spermatogenesis? had been 
based on the æ priori assumption that viable sperm 
carrying dominant lethals could not be produced 
from chromosome breakage in spermatocytes. One 
has to admit that there ıs no experimental evidence 
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on this point. In Drosophila, where one might 
expect such evidence, the spermatocytes are alleged 
to be killed by irradiation’, and in any event are of 
such short duration that their detection would be 
difficult in sperm samples. 

It remaims true, however, as observation of irra- 
diated testes will show, that a high proportion of the 
products of meiosis immediately following irradiation 
are grossly abnormal, either as larger-than-usual 
pro-spermatids (restitution nuclei ?) or as misshapen 
and apparentiy impotent cells at later stages of 
spermiogenesis. Probably most of these abnormalities 
are accompanied by chromosome unbalance, so that 
many of the Cominant lethals induced ın spermato- 
cytes cannot survive as effective sperm. If the 
dominant lethal incidence in matings of weeks four 
to seven is as high as in the first two weeks, the 
primary incidence must be higher. Thus spermato- 
cytes must be mutagenically hypersensitive as well 
as spermatids. The quantitative estimation of their , 
sensitivity can only be made with a type of mutation 
not subject to germmal elimination and obtained at 
a dose lower tkan 500 r., which sterilizes the spermato- 
cytes. 

The outcome of this very useful discussion seems 
to have been that what I at first regarded as a 
genetical method of timing spermatogenesis has 
turned out to be a method of studying mutation in 
spermatocytes. 

A. J. BATEMAN ~ 
(British Empire Cancer 
Campaign Fellow): 
Christie Hospisal and Holt Radium Institute, 
Manchester 20. 
Feb. 1. 
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2 Bateman, A. J., o. Genet., 54, 400 (1956). 
3 Bateman, A. J., Vature, 177, 984; 178, 1278 (1956). 
t Friĉsen, H., Biol. Zh., 6, 1055 (1937). 


The Infra-red and the Bloch—Nordsieck 
Divergences 


Ix recent years physicists have become so 
accustomed to divergences that the divergence of the 
number of emitted photons, which was found by 
Bloch and Nordsieck', is considered quite a normal 
state of things. The reason is that the total energy 
carried off by these photons and the transition 
probability remain finite, 

However, I think that the appearance of an 
infinite quantity in a physical result is always 
unsatisfactory, and that it mdicates that too rough 
a schematization of reality was made at some stage 
in the theory. In fact, in a previous paper’, I have 
studied, in the Bloch—Nordsieck approximation, the 
number of phctons emitted by an arbitrary classical 
system of charges, and I have shown that this 
number is always finite, provided the charges are 
confined within a finite region of space. Therefore, 
in every experiment which can actually be made, no 
divergence of the number of emitted photons appears, 
and the divergence found by Bloch and Nordsieck 
has its source in the particular problem studied 
(transition between two definite momentum states 
of an electron), which corresponds to an experiment 
that cannot really be made, because an infinite region 
of space is needed. This result may also be expressed 
in the following way. The energy per unit of fre- 
quency-range of the radiation emitted from a system 
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of charges of finite extension tends to zero as the 
frequency tends to zero, whereas the same quantity 
tends to a value different from zero in the case of 
the radiation emitted in the transition between two 
definite momentum states of an electron. 

I have now extended the study to the emission of 
photons from an arbitrary quantum mechanical 
system. The purpose of this communication is to 
derive some of the most important results of this 
study in a very simple but (as I think) sufficiently 
rigorous way?. 

We consider here the emission of photons caused 
by the transition of the system from a given state 
to another state. In the Bloch—Nordsieck method, 
the problem is set out in two stages. First, the motion 
of the charges 1s studied neglecting the influence of 
the components of the electromagnetic field A,(x) 
which has an energy smaller than a fixed value. -Then 
these components are deduced from the Maxwellian 


, equation : 
ClAp(%) = — jul) (1) 


where j,(z) is the current. density calculated in the 
first stage. From this it follows, m the Bloch- 
Nordsieck approximation : 

(1) The fact that a photon has been emitted in a 
given infinitesimal energy-range does not affect the 
probability of emission of a photon in another 
infinitesimal energy-range: m fact, an mteraction 
between photons may only occur through their inter- 
action with electrons, but we have assumed that the 
low-energy photons do not affect the electrons. Thus 
the probability Wy of the emission of N photons is 
given by the Poisson distribution, so that: 


Wo = exp(—N), W,= Ñ exp(—W), 
NN 


Wy = yy PD) (2) 


` 


where N is the average number of emitted photons, 
(2) The ‘average number N of the emitted low- 
energy photons is proportional to the square of the 
elementary charge e. (More exactly, e is here the 
coupling constant of the low-energy components of 
the electromagnetic field with the system of charges. 
In the Bloch—Nordsieck approximation these com- 
ponents are entirely separated from the high-energy 
components.) In fact, the operator corresponding 
to the number of photons is a bilinear expression 
with respect to A,(x). Now, A,(x) is a solution of 
equation (1), so that it is proportional to e, since 
ju(z) is proportional to e. Hence N is proportional 
to e?. = 
Now expand W, in powers of e. Then from (1) 
and (2) it follows that the first term W,“ of the de- 
velopment (which is of the order of e*) is: 


We =N (3) 


Thus we have the folowing important result. In 
the Bloch-Nordsieck approxımation the average 
number of photons emitted in a transition is equal 
to the first term of the expansıon ın powers of e of 
the emission probabılıty of one photon in the same 
transition. 

This result provides a very sımple general method 
for calculating or studying N. In particular, we can 
deduce the followmg from ıt : 

(a) The infra-red divergence (divergence in the 
perturbation calculation of the emission probabihty 
of a finite number of photons) and the Bloch—Nord- 
sieck divergence are the consequence of the diverg- 
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ence of the same expression, although they have an 
entirely different physical meaning. 

(b) Consider the transition of a quantum mech- 
anical electron from a given. state of definite 
momentum to another one. In this case the first- 
order perturbation calculation of the probability of 
emission of one low-energy photon leads to the same 
formula as that which Thirring and Touscheck® have 
deduced for the average number of photons emitted 
in the analogous classical problem. Then from 
formula (3) it follows that the average number of 
photons emitted in the quantum mechanical problem 
is the same as in the corresponding classical problem, 
and Thirring and Touscheck’s formula holds also in 
the quantum mechanical case’. 

(c) Consider now a transition between two bound 
states. In this case it is known that the first-order 
perturbation calculation of the probability of emission 
of one low-energy photon leads to a finite result. 
Then from formula (3) it follows that in such a 
transition even the number of photons emitted 
remains finite. This is also true if the initial and 
final states are not bound stationary states but super- 
positions of such states. This result is the extension 
to the quantum mechanical case of the result which 
I have already obtained in the classical case*. 

If we assume, as it is reasonable, that in every real 
experiment the initial and final states are of the kind 
considered in (c), then we can affirm that m every 
real experiment the number of the emitted photons 
1s finite. i 

The significance of this result may be better under- 
stood by an example. Consider a scattering experi- 
ment: an electron, initially at rest, for example, ın 
a metal wire in the laboratory, is accelerated -by a 
machine up to an energy E; then it ‘hits a target, 
and finally comes to rest in this target. The usual 
way of schematizing such an experiment is to say 
that the electron has undergone a transition from a 
state of definite energy H to a state of energy 0 
(n the laboratory system). With this schematization 
one finds that an infimte number of photons 1s 
emitted. However, it is clear at once that such a 
schematization is appropriate if we consider the 
emission of phõtons of sufficiently small wave-length, 
but 1t is quite wrong if we consider the emission of 
photons of wave-length greater than the size of the 
laboratory. In the latter case the correct schematiza- 
tion is to say that the initial and final states are two 
bound states, in the first of which the electron was 
bound to the metal wire, m the second one to the 
target. With this schematization the number of 
emitted photons remains finite. ` 

These results confirm the suggestion that ın every 
case the~ Bloch—Nordsieck divergence ıs only the 
consequence of too rough a schematization of reality. 

R. Ascoxi* 
Max-Planck-Institut fúr Physik, 
Gottingen. Jan.:8. 


* On leave of absence from the Istituto di Fisica dell’ Universita 

d: Torino. 
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Electron Microscopy of Vulcanized Rubber 
using Gelatine First-Stage Replicas 

Two-sTaGE replication techniques using evaporated 
carbon as the second stage have been widely applied 
in the electron microscopy of solid surfaces’. The 
most popular materials for first-stage replicas, how- 
ever, are soluble only in organic liquids, and since 
vulcanized rubber generally swells in contact with 
such solvents, they must be avoided if faithful 
reproduction of such a surface is to be obtained. 

Water-soluble polymers have been employed for 
the replication of rubber by several workers. Harris* 
used a solution of gum arabic and glycerol, and 
gelatine has been used by Bromley and Downer 
(private communication). We have examined a 
number of other water-soluble materials. Ammonium 
polymethacrylate and polyvinyl alcohol have inferior 
film-forming properties, and sodium alginate films, 
though desirable in several ways, swell in water to 
such an extent that the evaporated carbon layer is 
severely disrupted. The present communication is 
concerned with the use of gelatine in the first stage 
of the replication process. 

In the technique employed by Bromley and Downer, 
a 20 per cent solution of gelatine in water at 80° C. 
was cast on the freshly creatéd rubber surface and 
allowed to dry. The gelatine wafer was stripped and 
a layer of carbon evaporated on to it, after which 
the gelatine was dissolved away by floating on warm 
water. While we occasionally obtained good micro- 
graphs by this method, the resolution, though pass- 
able, generally fell below the standard required in 
our investigation. The inconsistency was eventually 
traced to the persistence of a thin layer of gelatine, 
a few hundred angstroms thick, in contact with the 
carbon film. Prolonged washing in water or alkali 
failed to disperse the layer, even in samples which 
had not been exposed to the electron beam. Fig. 1 
shows the edge of a replica at which the carbon film 
has folded back from the gelatine layer. (The dark 
circles are carbon-black filler particles extracted from 
the surface of the rubber.) 

Acting upon a suggestion from Mr. A. G. Ward, 
enzymatic destruction of the gelatine was attempted, 
with complete success. The gelatine — carbon sand- 
wich is floated in a saturated solution of trypsin in 
0-1 M sodium chloride. The temperature, as is to 
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Fig. 2 
be expected, is quite critical, and must be kept at 
37°-39° C. Under these conditions the carbon film, 


in most cases wholly intact, is separated from the 
gelatine in 15-20 min.; this time could be even 
further reduced if trouble were taken to adjust the 
pH to 8, though in practice this would necessitate 
the use of a buffer solution. The end-point of the 
digestion process is indicated by disappearance of 
the ‘streamers’, visible in strong light below the 
dissolving geħtine wafer. The carbon film is lifted 
on @ glass slice and refloated in distilled water, being 
allowed to wesh there for five to ten minutes before 
collection on a copper grid. 

An exampb of the results obtained is given in 
Fig. 2, which shows the torn surface of a vulcanized 
natural rubber containing 33 per cent by weight of 
colloidal carbon black. The replica, which has been 
shadowed with a small quantity of gold—palladium, 
probably has a resolution of better than 100 A. 

This work, which will be fully reported elsewhere, 
forms part of a programme of research undertaken by 
the Board of she British Rubber Producers’ Research 
Association, in conjunction with the Department of 
Applied Physics of Northampton Polytechnic. 

E. H. ANDREWS 
British Rubber Producers’ Research Association, 
Wewyn Garden City, Herts. 
A. WALSH 
Deparsment of Applied Physics, 
Ncrthampton Polytechnic, 
London, E.C.1. Jan. 24. 
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A Method of investigating the Stress- 
Distribution in Granular Materials 


THE problem of the direct determination of the 
distribution cf stress in a mass of granular material, 
under a specified system of loads, is of considerable 
practical imoortance in such fields as powder 
metallurgy aad soil mechanics. In the solution of 
such problems, however, many difficulties are 
encountered, and in the present communication a 
simple technique, believed to be original, is presented. 

In the study of the stress-distribution in a granular 
material the technique in which the whole of the 
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has previously been used, the stresses being determ- 

ined by the conventional methods of photo-elastic 

analysis, Such a technique is of very doubtful 

validity, since in an unbonded mass of granular 

material relative: motion between the individual 

particles could well affect the distribution of stress 
“and invalidate the laws of elasticity. 

In an effort to meet these objections, we have 
simulated a mass of granular material by the use of 
a number of rollers made of a stress-optically active 
material, the rollers being arranged with their axes 
parallel and parallel to the optical axis of the bench. 
While loaded, the model was examined by the use 
of circularly polarized light, and the stress deduced 
from the relative brightness of the rollers. The 
objection to this model is that, if an apparatus of 
moderate size is to be used, rollers of diameter suffi- 

ciently small to simulate correctly the particles in a 
granular material cannot be obtained ; furthermore, 
the number of rollers required is prohibitive. 

In the model now proposed, the granular mass is 
simulated by the use of a powdered material. At 
suitable co-ordinate points in the mass, indicators 
made of a stress-optically active material of a length 
sufficient to extend throughout the whole depth of 
the model are inserted. ‘The directions of the principal 
stresses in these indicators are determined by the 
pation of the polarizer and analyser of the optical 

h; the angular positions of the crossed polarizer 
and analyser, for extinction, giving these directions. 
‘Tf these directions, at each co-ordinate point, are 
_. inserted on a suitable diagram, and provided that the 

a ions of the stresses in the indicators are the 





we: ‘same as those which would be present if the indicator 


were replaced by granular material, then a diagram 
showing the directions of the principal stresses in the 
gramular mass may be drawn. Thus a two-dimensional 
model, in which all the significant characteristics of 
ca granular material would be expected to be operative, 
is obtained. 
As an example of the application of the technique 
to œ practical problem are shown the results of 
experiments on & model simulating the distribution of 
' stress in a granular material in a tube under plungers 


of various diameters. 


The apparatus shown in Fig. 1 consists of a 
U-shaped brass plate } in. thick, on each side of which 
is clamped a sheet of ‘Perspex’, also } in. thick. In 
the slot so formed slides a plunger for the application 
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granular mass is represented by a solid block of. 
photo-elastic material, suitably shaped and loaded, 
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{a) : b) 
Fig. 2 


of the load. The granular material together with the 
photo- elastic indicators, which are ‘Perspex’ cylinders 
$ in, diameter, are loaded into the cavity under 


-the plunger. 


In Fig. 2 are shown the stress-distributions ag. | 
obtained by this method; in Fig. 2a is shown that. 
under a plunger the same diameter as that of the tube, = 
in Fig. 2b that under a plunger of diameter 0-8 of o 
that of the tube, and in Fig. 2c that under a plunger 
of diameter 0-25 of that of the tube. 

It is interesting to note that in the latter case the 
stress pattern begins to show features. nor er 
associated with the stress-distribution around a pi 
even though, in the present case, considerable 
wall-offect is operative. 

While we do not consider the method to be free 
from objections, it is felt that it may prove to be a 
valuable tool and may be of interest to workers in 
allied fields. 

H. E. Ross 


R. N. LANGMAID 
Dept. of Mechanical Engineering, ` 
King’s College, 
London, W.C.2. 
Dec. 28. 












Passage of Organic Vapours through Orifices 


Tue object of this note is to direct attention to 
a peculiar phenomenon discovered during an in- 
vestigation on the passage of organic vapourg 
through orifices. 

In one of a number of experiments, para-nitro- 
phenol vapour at a temperature of 130°C. and a- 
pressure of 0:02 mm. of mercury was allowed to 
flow along a capillary tube {internal diameter 
0-61 mm., length 10 cm.), into a chamber where it 
was condensed on an ice-cooled brass surface placed: = — 
3 mm. from the end of the capillary. The peres  __ 
nitrophenol was deposited on the surface in a < 
diffraction-like pattern consisting of a central disk = 
(radius 0-2 mm.), an inner ring (radius 1 mm.) and | 
an outer ring (radius 4 mm.). It has also been found! 





- that with a straight slit, two symmetrically placed 


deposits with a minimum at the centre are produced. .- 
BRAHMANANDA MISHRA 
Physics Department, 
Ravenshaw College, 
Cuttack, India. 
1 Mishra, B., Ind. J. Phyz.} 80, 273 (1956), 
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Competition in Atomic Halogenation 
Reactions 


I has been shown recently! that it is useful to 
_ consider a general mechanism for atomic halogenation 
< reactions, which, in the case of the photochlorination 
of P, and CHCl, is given by : 

he 

cl —— 201 (1) 
1+. (2). -C1+€,ClH—-C,Cl,+HC1 (2) 
CCl, + Cl, > 0,0l F Cl (3) 


QOQA 40,0, (4) C,Cl,+HCI>C1+C,0,H (4) 

























jire OCh + CI -e C.C1, + Ch , (5) 
200 4M eM (8) 
Cl + C,Cl, — > C,Cly m 





CCl; + C.Ch —— -> CaCl + CCl, (or CCl,o) (8) 


Tt has also been shown that the usual steady-state 
treatment is adequate for calculating overall rate 
equations’, and that absolute. reaction-rate theory 
and rough estimates of activation energies and 
ntropies permit one to calculate approximately the 
arall rato constants! 
The rate of substitution (D1, Table 1) and of several 
competition reactions (42, E; F, G) have now been 
easured® and are summarized i in the table with the 
reviously measured rates of addition (Al, B) and 
f dehydrochlorination (C). Table 1 shows further 
at several overall rate constants which are measured 
tly may equally well be caleulated:from other 
ments. The good agreement between these 
ect and indirect determinations is an extremely 
isfactory control of the accuracy of the proposed 
chanism ; it shows further that the error limits 
activation energie and ; Roqueney factors are 









€ A (H ; vild values “of three rate constants of 
tary steps (H, I,J). 
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We intend to measure further the life-time of the 
reaction chain cf the addition reaction at high tem- 
perature and of the dehydrochlorination, as well as 
further competision reactions,’ and to calculate the 
equilibrium constants. This should yield values for 
the eight rate constants which determine the reaction 
mechanism. A discussion of the measured values of 
activation energ es and entropies in terms of reaction- 
rate theory will >e useful after several similar systems 
have been studied (CHCl = CECL ; A C,Ch, _ 
CHCl; ete.). 

The Institut sour la Recherche Scientifique dans 
VIndustrie et Agriculture and the Fonds National 
de la Recherche Scientifique (Brussels) are thanked 
for their assistance. 
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D. VANDER AUWERA 
Laboratoire de Chimie physique moléculaire, 

Université Libre de Bruxelles, 


Brussels. 
Jan. 18. 
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3 Ackerman, M., AE 
Soc. Chim: * Belg. {in the press), 


Gas-Chromatographic Analysis of Higher 

Fatty Acids; up to and including |: 
“Cerotic Acid 

‘Tue rapid ges-chromatographic analysis of fatty 

acid methyl esters: was applied by Cropper and 





Heywood! and by Dijkstra, Keppler and Schols? to. _ 


the saturated fasty acids up to and including behenic 
acid. James and Martin® and James and Wheatley* 
analysed unsaturated. and saturated fatty acid 
methyl esters up to and including a C,,-acid. 


i ORRELATION BETWEEN..THE RATE CONSTANTS OF CHLORINATION AND DEHYDROUHLORINATION oF EA AND (,CL,H AND oF 
COMPETITION BETWEEN THESE REACTIONS : 






















LF. beg 








; l Value of log (rate | Value of log (rate con- 
PO B EAEan constants repre- | stants giving -best 
rate measurement or combina- Temperatuze senting d ralen agreement between 
-tlon of measurements | Rate equation interval easured rates) | directly measured and 
ae ; į calculated rate 
‘ | { ; constants) 
wA. (1) addition er. temperature (La¥!*hegfg™)(Ch,)* 360°~430° i | 
n reaction of Cl, with a mixture |” Jh E 
BCl + Cal 370°-390° E: | —  660/T +.2-56 — 660/7' + 2°56 
2 from substitution (D1) tur Li k Heal hoe piq: CCX? ao tane E 1,800/7'".— 1-17 + 1,725/7 1:20 
on ai moperature | Is e560 E| + 4, : Lai 
| O. Gebydrochlorination. Chat OCH 400°-470° E. | — 2500/7 + 6-20 | — 2450/7 + 6-20 _ 
29 atal opaa titution | 745 Ckka(Ch,)/ka (CCIH) +2)" (Cl)| 370°-430° E. | — 00/7 +312 b 6rs/T + 305 
E. fi) from pqualit of addition and 
; @ one ochlorination kiks (CCH) = bk (C,CL)(Clhy) 400°-430° E. | — 4,600/7 + 8:46 }- 4,800/7 + 8-50 
me competition substitution— | 
; re abe ehydrochlorination kik ({Cly) 400°-430° E. | — 2,890/7 + 4-08 } _ 3,550/7" + 6°30 
og B čompetition addition substitu- Kq(CyC1, ky’ (COLB) 365°-385° E 1400/7 — 2-28 : x 
N fa z ao o 5 + y ‘ates 5 i: 
(2) (B.C D3} Soe ge ty He : + 12507 ~ 2-20 
Be 
H. al + C,Ch, at low tempera- . 
{e ture in intermittent Hight kt 360°-420° E. — 150/T +46 — 10/7 + 46 
Aa AH, — 810 + 7-2 
bd = 4860/7 $13-5 | 





, Goldfinger, P., and “Martens, Go Bull. ‘ 
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‘By employing the gas-density meter of Martin and 
James®, we succeeded in analysing the even-numbered 


<- Baturated fatty acid methyl esters from C: to Ca 


(inclusive) in about 90 min. (Fig. 1). In the analysis, 


‘Celite 545’, screened to particle size 300-600 u, was 
employed as carrier. 
-The following immobile phases can be used at 


the temperature (257° C.) at. which the. analysis is 
carried out : ‘Apiezon L’, silicone oil “Dow Corning’, 
silicone grease (Edwards) and ‘Polythene alkathene’, 
grade 2 (I.C.1.). 

Fig. 2 shows the analytical. results obtained on 
applying this method to the methyl esters of 
higher fatty acids occurring in an arachidonic 
acid concentrate (I) prepared from adrenals. 
A marked difference is observed in the. elution 
times of saturated and unsaturated C, -acids. 
From an analysis of the same, but brominated, 
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esters from (I) on the above-men- 
tioned column it appeared that the 
concentrate consisted practically en- 
tirely of unsaturated fatty acids. 

Recent experiments, employing a 
newly designed katharometer, which 
can easily withstand temperatures up 
to 350°C., showed: that. this. appar- 
atus is also eminently suitable for. 
the analysis of the higher fatty acid 
methyl esters. z 

More detailed information on this 
subject will be published in due: o 
course. We wish to thank the man- 
agement of Unilever N.V., Rotterdam, 
for permission to publish these find- ~ 
ings. a 
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R. K. Breerravis 
J. G. KEPPLER 
Unilever Research Laboratory, 
Vlaardingen, - 
Holland. 
Jan. 5. 


1 Cropper, F. R., and Heywood, A., Nature, 172, 1101 (1953); 174, 
1068 (1954), : 


? Dijkstra, G., Keppler, J, G., and Schols, J. A., Ree. Trav. Chimi, 
4, 805 (1955); Discussion at the Symposium on Vapour Phase’ 
Chromatography in London (1956). l 

* James, A. T., and Martin, A, J. P., Biochem. J., 63, 144 (1956). 
‘James, A. T., and Wheatley, V. R., Biochem. J., 68, 269 (1956). 
ë Martin, A. J. P., and James, A. T., Biochem. J., 68, 138 (1056). 








Evidence of Regularities in the Chemical 
Structure of «-Keratins 


Srupres of the low-angle X-ray diffraction patterns 
of various «-keratins by Corey and Wyckoff!, 
MacArthur? and Bear and Rugo? have established 
the presence of structural regularities with minimum 
repeat distances of the order of 200 A. parallel to 
the fibre axis and 90 A. perpendicular to this axis. 
Evidence of chemical reactivity associated 
with the lateral periodicity was obtained 
by Zahn and Kohler’, who noted the 
appearance of intense low-angle equa- 
torial reflexions in human hair. after 
treatment with nitric acid, these being 
further modified by heating in a solq- 
tion of copper acetate. We wish to 
report new evidence of regularities <in 
the chemical structure of x-kera 
obtained by studying the X-ray diagram 
of Lincoln wool after reaction with’ 
various atoms and ions of high atomic 
number. Boe 

Richards and. Speakman’ have shown 
that. a specific conversion of the tyrosine 
residues in wool to 3:5 di-iodotyrosine ~ 
can be achieved. by reaction with a solu- 
tion of iodine in ethanol, the loosely 
bound iodine afterwards. being removed. 
with sodium thiosulphate, and a sample 

















Elation time (min.) 


Fig. 2. Nitrogen pressure, 28 em, mercury; rate of flow of ni n, 


as 
A, separation of 6-3 mgm. methyl esters 


C and Cisy curve B; separation of about 
ghe: D inan arachidonic 


19 ml/min. The other experimental conditions were the same 
mentioned under Fig. 1. ve 
of the saturated fatty acids Cys. 
14. mem, methyl esters of the hi 
acid concentra’ 






of wool was treated in this way. In 
general, the X-ray diffraction photograph - 
was very poor due to high absorption of 
the X-ray beam, but two very prominent 
reflexions were observed on the meridian 

at 24-8 A. and 34 A., the latter showing < 
fine. structure and not appearing in un- 
treated wool. A similar photograph was 
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obtained when the loosely bound iodine was not re- 
moved, the only difference being an increased absorp- 
tion of the X-ray beam. The prominent meridional 
reflexions indicate a regularly repeating pattern of 
tyrosine residues in the crystalline regions at intervals 

of 25 A. and 34 A. in the direction of the fibre axis, 
Osmium tetroxide has been used extensively in 
„electron microscopy to study fine structural detail in 
> biological materials, and we have also found it of 
value in X-ray studies. Lincoln wool was immersed 
= in-a 2 per cent solution of osmium tetroxide for 
| 24-hr. and afterwards washed in distilled water for a 

_ further 24 hr. The X-ray diffraction pattern showed 
` =; marked changes in the low-angle equatorial reflexions, 
` those at 27 A. and 45 A. being greatly intensified, and 
in addition a reflexion at 39 A., previously observed 

in African porcupine quill’, appeared on the 
meridian, The high-angle reflexions were weaker and 
lightly more diffuse in appearance, presumably due 
to a general increase in absorption within the speci- 
men, Crogs-sections examined in the optical micro- 
‘Scope showed an apparently uniform deposition of 
osmium throughout the structure. 
Treatment with 1 per cent solutions of barium 
acetate, phosphotungstic acid, cupric acetate and 
silver nitrate, led to considerable. deposition within 
the fibre, as evidenced by the high absorption of the 
beam, without. any specific effect on the 
m. In contrast, treatment with 1 per cent 

nercuric acetate in 1 per cent acetic acid yielded a 

wealth of new detail. The 27 A. and 45 A. equatorial 
. reflexions were greatly intensified, anda reflexion at 
46:8 A., which is weak in untreated wool and has 
Ot previously been reported, was also intensified 
thtly,. In addition, a new equatorial reflexion 
jppeared at 12:5 A. corresponding. to the seventh 
rder of an 85 A. repeat, and the seventh, twelfth, 
ixteenth and nineteenth orders of the 198 A. axial 
epeat were sharpened and slightly intensified (see 
fable.1). In this instance interpretation is hampered 
y the fact that mercury is probably bound to a 
variety of residues in the structure‘. 

Detailed interpretation of the intensity changes and 
reflexions resulting from the treatments described 
ere must await further study, but. already certain 
eneral conclusions can be drawn. It is clear that wool 
eratin can bind appreciable quantities of heavy- 
metal ions without significant effects on the X-ray 





































‘able 1. INTENSIFICATION (+) OF REFLEXIONS IN THE X-RAY 
IFFRACTION PATTERN OF LINCOLN WOOL FIBRES AFTER CHEMIOAL 
i S MODIFICATIONS 


Meridional reflexions 
































x: j : 7 7 
Order of | Untreated | Osmium- Iodine- Mercury- | 
198 AL. wool, spacing treated treated treated 

A. l 

5 e + (89 A.) — - | 

ane = ve + (84 4.) = | 

ede 28°5 _ pa + | 

8 24-8 ~ + ~ | 

10 19-8 — $ — | 

120° “15-8 | - - + l 

16 12-7 = = | + 

19 10-4 ~ pee + l 

ERA } 

Equatorial reflexions 

ii 

Order of | Untreated | Osmium- Iodine- | Mercury- 
85 Woo pacing treated treated treated 

| 2 45 + = + 

| 3 16.8 t i Hi 

a: ase a = + OZSA) 
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diffraction diagram. This recalls the studies of 
Astbury and Dawson’, where a similar result was 
obtained with dye uptake. In both cases it appears 
that binding is confined te the non-crystalline regions 
of the:fibre. In the case of mercuric acetate, however, 
where the X-ray diagram. is considerably modified, 
we have clear evidence of a regular three-dimensional 
distribution of chemical reactivity in the crystallites. 
The maximem spacing which could. be resolved 
with the X-ray diffraction camera used in these 
experiments was about 50 A., and a camera of con- 
siderably greater resolving power is now being used 
to*measure tha spacings reported in Table 1 with | 
greater precision and to record additional reflexions © 
at lower angles. 
RR. D. B, FRASER 
T. P. MARAR 
Biochemistry Unit, 
Wool Textile F.esearch Laboratory, 
Commonwealth Scientific and 
Industrial Research Organization, 
Melbourne. 
Jan. 15. 


* Corey, BR. B., and Wyckoff, R. G., J, Biot, Chem., 114, 407 (1936), 
* MacArthur, I., Nature, 152, 38 (1943), — é ER 

* Bear, R. 5., and Eugo, H.-J.; Ann. N.Y: Acad. Sci., 58, 627 (1951); 
‘Zahn, H. G., and Kohler, K., Z. Naturf., 5B, 187 (1950) i 


s Bichards, H. R., and Speakman, J. B., J. Soc. Dyers Col., 71, 587 


* Barr, T., and Speskman, J. B., J. Soe, Dyers Col., 80, 335 (1944). 
7 Astbury, W. T., and Dawson, J. A: T., J. Soc. Dyers Col, 84, 6. 


Oxidation and Decarboxylation of Citrate = 
in. the Presence of Ferrous Iron : 


ALTHOUGH a paper by Wieland and Franke in 
19281 described. the induced oxidation of several 
hydroxy-acids in the presence of oxidizing ferrous 
iron, citric acid was not specifically mentioned, and 
its reaction under these conditions appears not to be 
well known. We have observed that mixtures of 
sodium citrate and ferrous sulphate, shaken in air 
at 28°C. and vH 6-0, absorbed oxygen in excess of 
that required so oxidize the iron. At the same time 
carbon dioxide was evolved, and the quantities of 
carbon dioxide evolved and of excess oxygen absorbed | 
were approximately equimolar.. The amounts of 
excess oxygen presumably consumed in the oxidation 
of the citrate). and of carbon dioxide, were propor- 
tional to the initial amount of ferrous iron. No 
reaction was observed in the absence of oxygen. 
The identification of the decomposition products of 
citrate, apart fom carbon dioxide, was not attempted. . 

In the reaction with citrate, the ferrous ion could 
be replaced by stannous ion (which is also readily 
oxidized by air), but not by ferric, manganous, 
mercurous, zine or silver ions. In addition to citrate, 
the following organic anions were examined in mix- 
tures with ferrous iron, with results as indicated : 


Oxalate: slight escess of oxygen absorbed. 

Succinate, phthalate and ethylenediamine tetraacetate : excess oxygen 
absorbed and small amounts of carbon dioxide evolved. 

Tartrate: marked oxidation and decarboxylation. 


The reactions observed are purely chemical, but 
they may hav? significance in biological systems, In 
the presence of oxygen, the ferrous iron in complexes 
with citrate end other anions would soon become 
oxidized and is effect nullified. If, however, another 
system existed erate the ferrous form, con- 
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siderable quantities of citrate, tartrate, etc., could 


be decomposed under physiological conditions. 


F. H. Grav 
er ó W. J. HALLIDAY 
Bacteriology Department, ta 
University of Queensland, 
Medical School, 
Herston, N.9, 
Brisbane. 
Jan. 14. $ 


+ Wieland, H., and Franke, W.. Ann., 464, 101 (1928). 


Effects of Massive — Overload in the 


Tue low toxicity of iron-dextran complex 
(‘Imferon’) has made it possible to follow for the 
past eighteen months the effects of administering 
intramuscularly a total dose of 1,650 mgm. iron per 
kgm. to rats. Control animals on the same diet 
(M.R.C. diet 41 containing 1 per cent of cod liver oil) 
over the same time were treated with equivalent 
amounts of dextran, without iron. 

The iron-loaded rats have remained in good 
health, though the growth-rate of male animals 
in particular has been below that of the dextran 
controls. At intervals, groups of rats have been 
killed: the dextran-treated controls showed no 
abnormality ; in the others there was organ siderosis 
but nothing to suggest the development of hæmo- 
chromatosis'. On the contrary, the only changes 
noted to date in the iron-treated animals are effects 
which form part of the characteristic picture of 
vitamin E deficiency in the rat: rapid post-mortem 
renal autolysis** (from 9 weeks onward), brown 
uterus (from 50 weeks onwards) and testicular 
atrophy® (only in two instances, at 47 and 52 weeks). 
The most striking feature in all the animals was the 
massive accumulation of ceroid-like pigments, par- 
ticularly in the kidney (Fig. 1). A direct comparison 
with the organs of a rat deprived of vitamin E for 
651 days was made possible through the kindness 
of Dr. T. Moore. A close similarity exists, with minor 
differences in the staining reactions and distribution 
of the ceroid pigments. It should be emphasized 
that none of these changes was present in control 
rats treated with dextran only. 

In the vitamin E-deficient rat, renal autolysis is 
accompanied by an increase in tissue non-protein 
nitrogen*. This observation could not be repeated 
in the iron-loaded rats, where no significantly greater 
increase was observed than that obtained for normal 
rat kidneys under the same conditions ; nor did the 
iron-loaded rat kidneys have a higher Qo,. Despite 
careful and ted examination, no evidence has 
been found of the existence of some of the most 
important characteristics of vitamin E deficiency 
in the rat: muscles, nervous and adipose tissues, 
as well as incisor teeth were all normal; the dialuric 
acid hæmolysis test was negative and no excessive 
creatinuria, phosphaturia or amino-aciduria could be 
detected. ‘The absence of these manifestations of 
vitamin E deficiency suggests that, if such a state of 
deprivation is present in the iron-loaded rats, it is 

i in susceptible tissues. 

Tappel® has given quantitative expression to the 
catalytic function of hemoglobin, hæmin and cyto- 
chrome ¢ in copolymer fo ion from unsaturated 
fats and proteins. We duced a similar 
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Fig. 1 


ceroid-like polymer in vitro by using ferritin. In 
many of its characteristics it resembles the ceroid 
present in the iron-loaded rats, and differs distinctly 
from the ceroid which can be made in vitro by the 
catalytic action of hemoglobin. It would appear likely 
that high concentrations of intracellular iron, either 
as ferritin or hemosiderin, are capable of exercising 
hitherto unsuspected effects. These may perhaps 
provide an explanation for some of the pathological 
concomitants of Bantu siderosis. 


L. GOLBERG 
J. P. SMITH 
L. E. MARTIN 
Benger Laboratories, Ltd., and 
Department of Pathology, 
University of Manchester. 
Jan. l4. 


2 L., Martin, L. E., and Smith, J. P., J. i A 
bar x L. an J. Path. Bact., 72, 349 


2 Emmel, V. M., Anat, Rec., 118, 384 (1954); 121, 289 (1955). 
“wows Ee, Sharman, I. M., and Ward, R. J., Biochem. J., 64, 13P 
* Martin, A. J. P., and Moore, T., Chem. and Indust., 55, 236 (1936). 
* Evans, H. McL., and Burr, G. O., Mem. Univ. Calif., 8, 38 (1 
*Tappel, A. L., Arch. Biochem. Biophys., 54, 266 (1955). 


Catalytic Decarboxylation of «-Amino- 
Acids 

Non-enzymatic decarboxylation of «-amino-acids 
was tried many years ago by heating them above 
200° C., often dissolved or dispersed in an inert 
solvent too. As the reactions are always exotherim, 
heating is only required to reach the rather high 
energies of activation. The way in which Nature 
lowers these energies by enzymatic reactions has 
been frequently discussed. The formation of a Schiff’s 
base between an «a-amino-acid and pyridoxal- 
phosphate as the proved prosthetic group of most of 
the decarboxylases is postulated by many authors, 
and the easiness of their decarboxylation may be 
understood with the help of the electronic theory of 
valence. 

s me è 
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= Also in non-enzymatie decarboxylation of «-amino- 


-acids aromatic aldehydes can act as catalysts. In 
1886, Curtius and Lederer obtained decarboxylation 
by heating a mixture of glycine and benzaldehyde 
up to 130°C. But the end-product of this reaction 
was not methylamine but benzylamine, which could 
not be understood by the authors. 

I tried to modify the aromatic aldehyde component 
in several systematic experiments and found that in 
the o- or p-position to the aldehyde group there must 
be a group with free electrons significant enough to 
reduce fully the tendency of transamination in the 
Schiff’s base. 

An example is shown in the paper electropherogram 
given in Fig. 1. Using a mixture of valine and 
benzaldehyde the relation between formed benzyl- 
amine and isobutylamine was about 2:1; in the case 
of anisaldehyde it was about 1 : 1 (p-oxybenzylamine- 
methyl ether : isobutylamine) and finally, using p-di- 
methylaminobenzaldehyde, isobutylamine was the 
single product isolated after a method similar to that 

by Curtius and Lederer!. The temperatures 
of boxylation increased for each amino-acid 

i i inobenzaldehyde instead of benz- 


——" 


‘ref. 2) of the amines obtained 
presence of different aromatic 
40 min.) stained with ninhydrin. 
benzylamine + isobutylamine. 
xybenzylamine-methyl ether + 
+ valine — 

isobutylamine 
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aldehyde as the catalytic aldehyde, but never 
reached 200°C. (average value, 150° = oa 

The yields for the formation of amines from most 

of the natural amino-acids are between 25 and 70 per 

ocnt te: But by this method it was not possible 

corre: ing amines of cystine, cysteine 

The mecharism of splitting the carbon dioxide 


de 
understood from the accompanying k 
In (1) the mesomeric states (Lb), (ILe), (IId), eto., 
are more probeble than state (IIa). By the influence 
of the free electrons in the dimethylamino-group of 
p-dimethylaminobenzaldehyde the analogous states 
(IIb), etc., are suppressed (see ref. 2). Here state 
(Ia) is more probable. This demonstrates the signifi- 
cantly lowered tendency towards transamination 
in this reaction. 
Detailed results on this reaction will be published 
elsewhere. » 
Kraus DosE 
Chemical Group, 
Max Planck-Institut fiir Biophysik, 
70, 
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Preparation of Adrenocorticotropic 
Hormone from Fresh and Desiccated 


Hypophysis 


In accord with H. B. F. Dixon and M. P. k- 
Dunnet, who studied the behaviour of adrenocortico- 
tropic hormone on a chromatographic column of a 
carboxy-type ion-exchange resin, we have found that 
the crude substance (I) prepared, according to the 
method of Lyons’, from dry hypophysis powder 
previously desiccated by acetone is different from 
the crude preparation (II) extracted from fresh 
hypophysis by the same acid-acetone solvent. These 
preparations show different behaviour when we 
attempt their purification. 

The adrenocorticotropic hormone content of pre- 

tion IL is easily adsorbed by oxycellulose when 

treated with this adsorbent according to the method 
of Astwood and co-workers*. The greater part of 
the adrenocorticotropic hormone content of prepara- 
tion I remains unadsorbed when so treated. 

The crude preparations I and TI both contain anti- 
diuretic hormone in addition to theadrenocorticotropic 
hormone. We dissolved both I and TI in 50 parts 
(viw) of 0-01.N hydrochloric acid and stirred the 
solutions with 0-4 r cent (w/v) acid-washed 
bentonite. As the results of this treatment, the solu- 
tion of (I) lost 15-20 per cent of its adrenocortico- 
tropic hormone content and 70-75 per cent of its 
antidiuretic content; whereas a solution of (II) 
suffered a loss of 60-70 per cent of the former and 
_ only 30 per cent of the latter. We believe that these 

differences arise through the extensive modification 

of the bonds between low- and high-molecular weight 
polypeptides. 

During the desiccating process, the bonds between 
metallic ions and polypeptides are also altered. The 
ash content of preparation I cannot be fully elim- 
inated by an ion exchange process (treatment with 
‘Amberlite IR 120 and ‘Amberlite JRA 400’), 
whereas the same process applied to preparation II 
gives a practically ash-free crude adrenocorticotropic 
hormone. 

The differences between preparations I and II can 
be practically eliminated by dissolving preparation J 
in ten parts v/w of glacial acetic acid and precipitating 
the hormones with two volumes of ethyl ether. This 
treatment effects disintegration of bonds be- 
tween high- and low-molecular weight poly- 
peptides, most of which have their origin in the 
acetone desiccation process. The differences in 
these bonds lead to the different behaviour of 
preparations I and II with adsorbents. Paper 
chromatography (see below) demonstrates that 
the treatment of preparation 1 with glacial 
acetic acid augments its free and/or loosely 
bound adrenocorticotropic hormone polypeptide 
content. 

Differences between preparations I and 
II could be demonstrated by descending paper 
chromatography using the solvent system, 
butanol/acetic acid/water (4: 1:5). The water 
used for the preparation of this solvent system 
contained 1 per cent FeSO,.7H,O. Samples 
of crude adrenocorticotropic hormone were 
dissolved in 0-1 N acetic acid; the chromato- 

were stained with amido-black 10B 
dissolved in ethanol. Figs. 1-3 show chrom- 
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tion I: before (A) and after bentonite preuts 


tion of the chromatographic run, 50 


Fig. 1. Pr 
(B). 


high-molecular weight protein and its adducts 
(for example, adduct with adrenocorticotropie hor- 
mone). Spot (b) contains the Van Dyke protein 
containing antidiuretic hormonet; spot (c) physio- 
logically inert polypeptides and spot (d) the greater 
part of the free adrenocorticotropic hormone. — 
The high-molecular weight polypeptides nearly dis- 
appear after oxycellulose purification of crude 
adrenocorticotropic hormone, with concomitant 
increase in the concentration of the strongly basic 
antidiuretic hormone and adrenocorticotropic hor- 
mone polypeptides (Fig. 3). 

Fig. 2 demonstrates that preparation II contains 
more of the quickly moving component, which proved 
to be adrenocorticotropic hormone, than preparation 
I. The chromatograms also indicate the presence of 
antidiuretic hormone. Paper chromatography is a 


convenient method for demonstrating the presence of 
a high-molecular weight protein in commercial 
adrenocorticotropic hormone preparations. 





on I: without bentonite treatment 


atograms of adrenocorticotropic hormone pre- Pig. È Pro hs after bentonite 
parations differently treated. Spot (a) is treatment ; after glacial acetic acid treatment (C). tion II: 
a mio component whick fonan á before (D) pet a (E) treatment pan: aope Duration of the chromato- 
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Fig. 3. Preparation II: without treatment (A); after ifi- 
cation with. iul J; adiuretin-tres, red wie cay: 
cellulose (C). Duration of the chro c run, 20 hr. 


In the experiments described, recoveries of activ- 
ities were followed by appropriate bioassay methods. 
The adrenocorticotropic hormone activity of the 
paper chromatographic components was measured 
routinely by a frog method modified by one of us’, 
and the vasopressin activity was measured in the 
decapitated cat. 

Details of this work will be published elsewhere. 

E. HEGYELI 
I. MOLNAR 
Department of Organotherapy, 
Research Institute for Pharmaceutical Industry, 
Budapest, Hungary. d 
À Dizon, H. B. F., and Stack-Dunne, M. P., Biochem. J., 6l, 483 


* Lyons, W. R., Proc. Soc. Exp. Biol., N.Y., 35, 645 (1937). 


3 Astwood, E. B., Raben, M, S., Pa R. W., and Grady, A. B., 
J. Amer. Chem. Soc., 13, 2069 (1951). f 

tvan Dyke, H. B., Chow, B. F., Greep, R. O., and Rothen, A., J. 

Pharmacol. Exp. Therap., 74, 190 (1942). 

* Hegyeli, E., Experientia, 12, 222 (1956). 


_ Vacuolated Neurones in Sheep affected 
i with Scrapie 
Holman and Pattison! reported the occasional 
presence of homogeneous eosinophilic granules in 
vacuolated neurones of the medulla from sheep 
affected with scrapie. Palmer?, in a recent communica- 
tion, described similar eosinophilic bodies inside the 
vacuoles in eight sheep suffering from scrapie, and 
concluded that these bodies did not occur in vacuoles 
of healthy sheep. This observation of Palmer appears 
to be in contrast to the work of Zlotnik and Rennie’, 
who carried out an extensive study of medullas 
from fifty-seven apparently healthy sheep; they 
recorded the occurrence of vacuolated neurones in 
a high proportion of the animals and observed inside 
some of the vacuoles eosinophilic bodies identical 
with these described by Palmer. 
Eosinophilic bodies in non-vacuolated cells similar 
to these observed by Palmer in serapie have been 
described by Brownlee and Wils 
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the spinal ganglia from healthy sheep and in animals 
-ill. In my experience, apart 
from. mitochondria and Golgi bodies, two other 
structures can be demonstrated in the neurones of 
the medulla from both healthy and scrapied animals. 
One body appears in the form of discrete granules of 
various sizes, the biggest being similar to a large’ 
nucleolus. These bodies are highly eosinophilic, but 
may be stained also with Heidenhain’s iron hem- 
atoxylin. They are, however, negative in the following 
methods: Fevlgen reaction, periodic acid — Schiff, 
Kurnick’s methyl- 


embedded material. The second structure encountered 
in the neurones of the medulla is in the form of 
aggregations of small granules often in a juxta-nuclear 
position. These granules are either absent or very 
scanty in young animals, but increase in numbers in 
sheep more than two years old. ese bodies do 
not stain witk eosin, phloxine or iron hæmatoxy- 
lin, but staim very well with aldehyde fuchsin 
(Gomori’s), they are acid-fast, positive with periodic 
acid — Schiff reagent and give a very weak reaction 
with Feulgen’s method; however, they may be 
stained with Schiff’s reagent without prior oxidation 
or hydrolysis. In sudan IV they stain a brick-red 

sections. 
J. ZLOTNIK 
Animal Diseases Research Association, 

Morecun Institute, 
Gilmertcn, Edinburgh. 
March 7. 
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Restoration of Sodium-deficient Frog 
Nerve Fibres by Onium lons 


SıxcE guanidinium ions have proved to be able 
to restore conduction of impulses by sodium-deficient 
frog A fibres’, is seemed desirable to ascertain whether 
other ionized compounds possessing a tetracovalent 
nitrogen atom (onium ions) also can substitute for 
sodium. An extensive, but not exhaustive, research 
has revealed that, in addition to guanidinium ions, 
five onium ions can restore conduction by sodium- 
deficient frog A fibres: formamidinium, amino- 
guanidinium, kydrazinium, hydroxylammonium and 
ammonium ions. 

In all instanees the active chemical species are the 
ions. This is cbvious in the case of bases as strong 
as formamidins, guanidine or aminoguanidine and 
even in the case of ammonia, since the ionization of 
this base is praetically complete at pH 7. In the cases 
of hydrazine and hydroxylamine the following 
observations prove that the activity is due to the 
hydrazinium or hydroxylammonium ions present in 
the solution. 

A 0-01 N solation of hydrazine hydrochloride fails 
to restore sodium-deficient nerve fibres if the pH is 
adjusted to 7-& but if the pH is adjusted to 7-5 the 
solution has approximately the same restoring ability 
as a 0-008 N solution at pH 7. In the absence of 
calcium ions the last solution and a 0-006-0-007 N 
solution of sodium ions restore the ability to conduct 
impulses to approximately one-fifth of the A fibres. 


S- 


green-pyronin, aldehyde fuchsin _ 
(Gomori’s), and sudan TV in both frozen and paraffin- | 
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hrdia agrees with the 

ionization constant?, 8: x 10-7. 
e The proof is even more dramatic’ i 
hydroxylamine: For example, (a) a 0: 025 N 
9f hydroxylamine hy drochloride does not restore any 
nerve fibre if the PHY is adjusted to 7-6, but it promptly 
restores a large number of the A fibres if the pH is 
adjusted to 6-65 (b) a 0-02 N solution of hydroxyl- 
amine hydrochloride does not restore any A fibre 
if the pH is 7; it restores a few fibres if ‘the pH is 





“4, lowered to 6-6, and it restores about one-fifth of the 
> A fibres if the pHi is lowered to 6-4. In view of these 


results and taking into account the order of magnitude 
of the ionization constant of hydroxylamine’, 
6-6 x 107, it can be estimated that at a concentra- 
Aoh certainly not higher than 0-005 N, hydroxyl- 
i can restore the ability to conduct 
oximately one-fifth of the A fibres. 
< Neither hydrazinium nor hydroxylammonium ions 
ert a depolarizing action upon the nerve 
1€ other restoring i ions do have a depolarizing 
he effect is weak in the case of guanidinium 
and aminoguanidinium ions so that a number of the 
restored’ fibres can conduct impulses for as long as 
even longer. The depolarizing action 
dinium ions is somewhat stronger, and 
os ¢ monium ions is very strong, for which reason 
the restoring action of ammonium ions lasts only for 
a small number of minutes. That the fibres restored 
by ammonium. ions again lose their excitability 
because. they undergo a depolarization is proved by 
the fact that by raising the membrane potential by 
means of an applied anodal current the conduction 
block is relieved. The transitory character of the 
restoration of sodium-deficient A fibres by ammonium 
ions may explain why no restoration was observed in 
previous experiments’. 
More than seventy derivatives of the restoring ions 
have been tested on sodium-deficient nerves. In the 
absence of sodium none has proved to be able to 
restore conduction by any nerve fibre. A few are 
“able to enhance the restoring ability of small con- 
-< centrations of sodium ions (0-005-0-008 N) and a 

-number of them rapidly block conduction in the 
presence of concentrations of sodium ions (0-025- 
0-08 N) that by themselves would maintain con- 
duction of impulses for extended periods of time. 
R. LORENTE DE Nó 
FE. VIDAL 
L. M. H. LARRAMENDI 
ockefellor Institute for Medical Research, 

New York. Jan. 16. 

t Larramendi, b, M. H., 
few 178, 316 (1958). 
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A Beneficial Effect of Cobalt on the Growth 
of the Rubber Plant (Hevea brasiliensis) 


Wrriouvt adequate cobalt, ruminants will develop 
symptoms, sometimes referred to as enzootic maras- 
mus or pining, and will die if not resuscitated with 
either cobalt or vitamin B,,}%. Cobalt has also been 
demonstrated to be an essential element required by 
certain blue-green algae’. However, while it has been 
demonstrated that. cobalt -will materially increase 
the elongation of stem segments in the presence of 


’ augars“s, 
“element is essential tö the growth of higher plants. 
. Hewitt and Bolle-Jones* failed to produce evidence 
that cobalt was essential for the: growth of tomato, 
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there is no conclusive roof that the 


lettuce or sugar-beet. The evidence summarized here 
shows that a minute amount of cobalt supplied in 
nutrient solution to rubber plants grown in sand 
significantly improved growth. It shows that cobalt 
has ‘a beneficial effect on the growth of a higher 


plant; but this, in itself, does not prove it to be an 


indispensable nutrient element. 
Highly purified sand, contained in freely drained 
‘Pyrex’ glass vessels, was used for growing ‘selfed’ 


clone Prang Besar 86 rubber seedlings for a period 
a nil 
or Co,-level at which cobalt was not deliberately 


of one year. There were three treatments : 
supplied : a normal or Co,-level at which 0-005 p.p.m. 
of cobalt was supplied in the nutrient; and a high- 
or Co,-level at which 0-25 p.p.m. of cobalt was given. 
The one difference between treatments was the 
variation in the cobalt level. The composition of the 


basal nutrient supplied was (in milligram equivalents 


per litre): NO, 5, NH,+3,,SO,~ ~ 7-5, POT ~ 73,0) 
K+3, Mgt+2-5, Cat+4, Natl, Fet++1, Matto- 02, i 


BO,- ~—0-033, Cu*+0-002, Zn++0-002, Movio- 001, 
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Fig. 2. Roots of cobalt-deficient (Co,) and healthy (Co,) one-year- 
old rubber plants 


Al+++0-001, Nit+0-0002 and Gat+++0-0002. The 
salts of the macronutrient elements and manganese 
sulphate were freed from cobalt by complexing the 
cobalt ions with nitroso-R salt and/or «-nitroso 
8-naphthol at a neutral pH and removing the cobalt 


complex the excess organic reagent by adsorbing 
them ivated carbon. The salts of the micro- 
nutrient ents, other than manganese sulphate, 


were purified by recrystallization. Fuller details will 
be published elsewhere. 


Although symptoms definitely attributable to 


cobalt deficiency were not recorded, growth effects 
due to the deficiency were recorded and are shown 
in Figs. 1 and 2. In general, the Co, plants showed 
effects intermediate between the Co, and Co, plants 
but, for the sake of clarity, data obtained from them 
are not included in the graphs. Cobalt-deficient 
(Co,) plants possessed a smaller height, girth of stem 
and dry weight of root per plant than did plants 

wn at the adequate level of cobalt (Co,). An 
; uation of these data, after transformation to 
linearity, showed that for the dry weight of roots per 
plant and for girth, the differences between the 


‘slopes of the regression lines for the Co, and Co, 


values were significant at the 5 per cent level but 
that for height the 0-1 per cent level of significance 
was achieved. 

A subsidiary experiment using tomato as the test 
plant showed no signi difference in the dry 
weight per shoot and root between the Co, and Co, 
plants, but the fresh weight of fruit produced was 
halved in the cobalt-deficient plants. 

The absolute cobalt content of the Co, and Co, 

lants increased with time ; the rate of increase was 
much smaller for the Co, plants which, at the end 
of the experiment, contained no more than 10 pgm. 
of cobalt per plant, of which approximately 0-5 pgm. 
came from the seed and the rest must have been 
derived either from the sand, nutrients, or from casual 
dust contamination. ‘The normal or Co, plants con- 
tained approximately 250 ugm. of cobalt per plant 
at the end of the experiment. The concentrations 
of cobalt found in the laminæ at the end of the 
experiment were, in terms of p.p.m. of dry matter : 
Co, 0-02, Co, 0:36, Cos 4:42. A comprehensive 
chemical analysis for most of the nutrient elements 
revealed the interesting fact that, despite growth 
differences, cobalt-level did not have any marked 
effect on the accumulation of nitrogen, phosphorus, 
magnesium or potassium in the tissues. Sometimes, 
but not always, the calcium and n concentration 
within the roots significantly i the cobalt 
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peroxides as taey are forme prone O 
utilized in xidative reåcti and thus B 
the destruction of ‘indolé acetic acid, might. t 
for the genera shogj growth effects recorded here 
and for the lack of ked effects or interactio } « 
with other essential nutrient, elements. _ 4 Y> 
- E. W. Borre-Joxes ~ 
"V. R. MALLIKARJUNESWARA + @ ~ 
Rubber Researeh Institute of Malaya, 
Kuala Lumpur. ’ , 9 A 
Feb. 19. s a 
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Effect of Temperature on 
ment of Tetranychus telariusL. 


Ly view of tae economic importance of the glass- 
house red spider mite, it is desirable that the effect 
of environment on its rate of development be accur- 
ately determined in order that the intervals between 
applications of acaricide can be estimated effectively. 
The only availeble experimental figures are those of 
Van Marle? and of Linke*, and these are either based 
on a few scattered observations or cover an outdoor 
temperature-ramge too low to be applicable to 
glasshouse conditions. As our results suggest a 
more rapid development at high temperatures than 
has hitherto been assumed, we are publishing some 
preliminary figures in Table 1. 


Table 1. RATE OF LEVELOPMENT OF FEMALE Tetranychus telarius L. ai 
aT CONSTANT TEMPERATURES 


Period of development (days) 


== 
woorne 
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Note: The stadia combine both active and resting phases. e3 
An initial stock of the red form of T. telarius 
(considered by some workers to be T. cinnabarinus 
Bois?) from arum lily was started by inbreeding from 
a single female Using the floating-disk technique‘, 
mites were kept upon French bean in glass-fronted 
incubators with 16-hr. illumination daily from 
mercury vapou- lamps. The cultures were examined 
three times a day and only those eggs laid within 
the previous 4-ar. period were used for development 
data. These eggs were marked with coloured card- 
board pointers. Larve hatching on the same day = 
were afterwards maintained on separate disks. A 
parallel series >f experiments carried out in total 
darkness gave closely comparable results, but for 
each temperature the total development period was 
prolonged by about 12 hr. At 95° F., frequent trans- 
ference of the mites to fresh disks was necessary owing 
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work is being extended’ into the lower tem- 

1 and attention is to be paid 

o the effects of the considerable diurnal temperature- 
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A N ‘rematode, Poikilorchis congolensis, 
n.g., n.sp., living in Subcutaneous Retroauri- 
cular Cysts in Man from the Belgian Congo 


Yarwood and Elmes' observed a cyst in the retro- 
auricular region of a native in Nigeria, containing 
operculated eggs having the same form as the eggs 
of Paragonimus. Recently, one of us discovered, in 
natives of the Kasai Province, four cases of cysts or 
abscesses, similarly situated and containing eggs 
resembling those of Paragonimus westermani but 
slightly smaller in size*. Examination of an adult 
worm extracted from one of these cysts showed that 
it did not belong to the Troglotrematidae (although 
it had some of the characteristics of this family) but 
to the Achillurbainiidae Dollfus’. At the present 
time this family is represented by only one genus 
containing one species Achiliurbainia nouveli Dollfus, 
which was discovered in an abscess of the upper eyelid 
in a Malayan leopard. Our specimen has certain 
differences from the genus Achillurbainia and we pro- 
pose to place it in a new genus and in a new species : 
Potkilorchis congolensis n.g., n.sp. 

The worm is brown (in formalin), flattened, 
7-6 mm. long and 3-9 mm. wide ; oral sucker termino- 
ventral and smaller than the acetabulum, which is 


situated about one-third of the distance along the 


body; cuticle non-spinous and non-scaly. The 
prepharynx is absent, pharynx well developed, 
cesophagus dorsoventral and very short; the cæca 
reach about the end of the body and have very 
numerous folds. The excretory vesicle is L-shaped 
and slightly widened anteriorly. The ovary is ovoid, 
regular in shape and not lobate, situated to the left 
of the median line, a little behind the acetabulum ; 
uterus contains numerous eggs, lying between the 
two cæca, the posterior border of the ovary and the 


~qpacetabulum ; receptaculum seminis small, bilobate, 


situated medially; testes very numerous (about 
two hundred) and very irregular in shape, situated 
in the posterior two-thirds of the body ; seminal 
vesicle large, situated in front of the acetabulum ; 
cirrus pouch and copulatory organ absent ; genital 
pore situated in front of the acetabulum:a little to 
the right of the median line ; vitellaria very numerous 
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Fig. 1. Eggs of Potkilorchis co is n.g., n.sp., found in a 


ngolensis 
retroauricular cyst 


filling almost all the body ; eggs operculated, without 
a spine opposite the operculum, 0-063 mm. long and , 
0-04 mm. wide (Fig. 1). 

This new genus is distinguished from the genus 
Achillurbainia by the following characters: testes . 
very irregular in shape, ceca having very numerous 
and short folds, receptaculum testis small, bilobate 
and median, genital pore paramedian, ovary ovoid. 

It is notable that none of the four patients from 
Kasai suffered from pulmonary paragonimiasis and 
did not have eggs in the sputum. However, two of 
these patients were inhabitants of villages where, 
so-called pulmonary paragonimiasis had been pre- 
viously observed. Considering the dimensions of the 
eggs found in a case reported by Libert in the 
Cameroons*, we think that it is probable that some 
of the cases reported as pulmonary paragonimiasis 
in Africa are in fact caused by this new parasite. 

A. FAIN 
J. VANDEPITTE 
Provincial Medical Laboratory of Kivu, 


Bukavu, and 
Provincial Medical Laboratory of Kasai, 
b Luluabourg, 
Belgian Congo. 
Jan. 11. 
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* Libert, C., West African Med. J., 5, 51 (1932). 


An Interchange Heterozygote in Vicia faba 


Durme cytological investigations into the action 
of ethyleneimines upon root-tip cells of Vicia faba, 
variety Sutton’s Seville Long Pod, one treated 
seedling was found in which all dividing cells possessed 
a chromosome complement differing from that of the 
normal seedlings. Observations and measurements 
of the chromosome complement, carried out on eight 
metaphase cells from normal seedlings, showed that 
it was possible to recognize, apart from pairs 3 and 4, 
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CHROMOSOME COMPLEMENT OF 
INTERCHANGE HETEROZYGOTE, (2N=12) 
(INTERCHANGE BETWEEN 1.AND 3). RAI 
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Fig. 1. Semi-diagrammatic representation of the chromosomes 

from’ colehicine-arrested metaphase cells from root-tips of 

{a) normal seedlings of Vicia faba, and (b) an interchange 

heterozygote. Percentage standard errors are calculated from 
eight normal cells using chromosome I as standard 





each of the six pairs of homologues by the length 
their long arms. Pairs 3 and 4 could be distin- 
üshed from one another by the size of their short 
The six pairs of homoldgous chromosomes 
of the normal complement are shown diagrammatic- 
ally in Fig. la, together with the complement of the 
«treated seedling in Fig. 1b. 

- Inthe normal complement, nucleolar-organizer 
< eonstrictions are present in the long chromosomes 
{pair 1); in the aberrant seedling, however, only one 
of the long chromosomes had a nucleolar-organizer 
riction, while the second constriction was found 







+ 







_ that the seedling was heterozygous for an interchange. 
Measurements of the aberrant chromosomes suggest 







immediately proximal to the nucleolar-organizer 
< constriction of one homologue of chromosome .1, and 
at the distal end of the long arm of one homologue 
= of chromosome 3. At or near these points hetero- 
chromatic regions have been demonstrated!*, and 
_ although our observations are not conclusive it is 
_ likely that the interchange occurred in the hetero- 
_ chromatic. material. 
Examination of the interphase cells showed the 
normal-1 or 2 nucleoli and the cells appeared morpho- 





Fig. 2. Metaphase from roat-tip cell of V icia faba with interchange. 
Material fixed in 2 BD, after 4 br. pretreatment with colchicine, 


stained leuco-basic fuchsin (x 925) - 





hed to the long arm of one of the chromosomes’. 
-3 (Figs. 1b, 2). Further examination, showed 


that the probable points of interchange were situated ` 


















terminating in @ more | 
proximal third, apparently — 
remained unstamed (Fig. 2) 
In the genus Vicia, the species show: 
ences not only in chromosome size bu 
position of the nucleolar-organizer cong 
occur in many species at the distal end of chro) 
with subterminal centromeres, as in the inte: 
here described. One case of translocation h 
reported in the kybrid Vicia sativa x V:a 
although interckange heteroz, 
as I can ascertain, been observed 
V. faba. The seedling report 
guishable from the normal o 
prior to the examination of tl 
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Formation of an Enzyme through 


: Complementary Action of Mutant ‘Alleles’ 


in Separate Nuclei in a Heterocaryon 


THE am mutants of Neurospora crassa require 
exogenous ¢-ammo nitrogen for normal growth and 
lack detectable glutamic acid dehydrogenase?, 
Several such mutants are now known; all are 
phenotypically similar, and all, on the basis of limited 
genetic evidence. have hitherto been regarded as di 
to mutation et the same locus. 

Strains descended from the original X-ray mutan 
numbers 32213 end 47305 of the original Beadle an 
Tatum series will be referred to by the gene symbols 
am"? and am*’ respectively. Neither of these mutants. 
forms detectabie glutamic dehydrogenase, either 
when grown in medium supplemented with amino- 
acid or after physiological adaptation to growth in 
minimal mediura: (such an adaptation can.oceur 
after a prolonged lag which can be shortened by the 
use of large inceula). Crosses of amè? x am? show 
very little, if amy, genetic recombination. Out of 
197,000 ascospores examined from the cross, only ` 
two genetically wild type ascospores have- been 
recovered, and chance mutation, contamination and 
gene conversion® have not been excluded as possible. | 
sources these exceptional spores. On the other 
hand, ascospores which appear semii-wild when 
germinated on a selective medium (unpublished work 
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0 (<0°7) 
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‘or experimental details, see ref, 6, 


) occur with a frequency of about 0-05 per 
x am* @rosses, though not in am”? x 
n crosses. Cultures grown from 
s grow ‘poorly on minimal 
nparison with wild type, wére strongly 
by added alanine, and behaved genetically 
lds; tha strains containing comple- 
utant chromosomes originally 
ascospore nucleus and later 
ated into different nuclei‘. 
“Bight am strains were isolated from single conidia 
. from a pseudowild culture, In order to-reconstitute 
heterocaryons, thick mixed- suspensions of conidia 
from ‘pairs of these am isolates were spotted on to 
sorbose agar®, and, after incubation, pieces of the 
resulting pellets of growth were isolated. The eight 
am isolates fell into two groups of four, presumably 
corresponding to am** and am’ respectively. Pairi 
within each group gave ordinary am cultures, wie. 
all pairings involving one isolate from each group 
gave cultures resembling the original pseudowild. 
culture in growth properties. These reconstituted 
heterocaryons were thereafter maintained on minimad .. 
medium. Table 1 shows the results of enzyme assays: ` 





on extracts of pseudowild type, of the homocaryotic ` ed 


am strains derived from it, and of~heteroearyons 
produced from them. The am strains were grown 
in minimal medium as well as in medium supple- 
mented with glutamate; sufficient growth can be 
btained in minimal medium in the times indicated 
very, large inocula are used. 
tig clear that am** + am heterocaryons are able 
produce glutamic dehydrogenase, though at a level 
considerably less than the wild type, and that it makes 
ittle difference whether the heterocaryons originate 
as pseudowilds or by vegetative hyphal fusion. 
‘These results might be readily explained if ‘glutamic 
dehydrogenase’ of Neurospora were really two 
‘enzymes, acting in sequence. This seems unlikely 
on grounds of comparative biochemistry, and the 
possibility that am? can form one enzyme, and am’ 
a second, complementary, enzyme, appears to be 
virtually ruled out by experiments in which we have 
failed to detect activity either in mixtures of am™* 
and am“ extracts or in extracts of mixtur 
and am“ mycelium. : 
Assuming that glutamic dehydrogenase is & si 
enzyme, two main interpretations of the resu 
possible. It may be supposed that the synt 
the enzyme includes two Bence mediated “by two 










































ly; one 
the wild-type am locus acts as @ uni ‘producing 
a single component of the enzyme-forming system, 
and that this component can “be partially recon- 
stituted in the eytoplasm of the heterocaryon from 
two different.: defective nuclear products. — 


J. R. S. er 






Departenat of Genetics, 
University of Leicester. i 
J. A. Paveman 
Department of Genetics, 
University of Sheffield. 
Jan. 10. 


1 Fincham, J. R. S., J. Biol. Chem., 182, 61 (1950). 
* Fincham, J. Res a. J. Gen. Microbiol. 11, 236.(1954). 

3 Mitchell, M. B., ‘Prov. U.S. Nat, ‘Acad. Seis; 5 (1955). 
‘ Pittenger, T: H., Genetics, 89. 326 (1954). ` 
« Atwood, K. C., and Pittenger, T, H., Amer. J. Bot., 42, 496 (1988). 

è Fincham, J. R. S., Biochem. J. (in the press). 





Deposition of Sulphur from H fp o 
Sulphide by Bacteria and i 


Ir has recently been shown! that T i 
natans, when grown in 0-1 per cent peptone and 
afterwards exposed to an atmosphere of hydroge: 
sulphide, deposits sulphur intracellularly. Und 
phase contrast, there was a suggestion that the o; 
tion was associated with distinct granules withiz 
cells. It has since been shown that these gra B 
have properties attributed to mitochondria. Acting 
on the hypothesis that any large cell with well-defined 
granules would deposit sulphur intracellularly under 










simila#-ednditions, several yeasts and one unidentified 


es of the fungus Alternaria were similarly trea 
ic] clo-ff ai yeasts, including Pichia 
acendis showed quite rapid oxidation of “the 
sulphide, the intracellular deposition of 
sing associated again with granules giving 
; ributed to mitochondria. Not all 
ia the same activity. The culture of 
» also showed active oxidation of the 
i ilphide but has not yet been more critically 







The activity of yeasts and Sphaerotilus natans is 
increased by aeration of the cultures prior to ex- 
posure. Prolonged gassing with nitrogen inhibits the 
reaction. 

In aged yeast cultures, considerable quantities of 
globular sulphur appear outside the cells. Where 
clusters of the globules have been extracted with 
pyridine, clusters of granules having an appearance 
similar to those within the cells are left. Mes 

Work is proceeding in an attempt to establish 
whether granules isolated from the cells are in fact. 
mitochondria within the present meaning of the term, 
and whether the isolated granules are capable of 
oxidizing hydrogen sulphide. 









. B. D. n E 
R DEMENTIEV 
. G. W. SKYRING 
Department of Bacteriology, 
University of Queensland, 
Brisbane. 
Jan. 14, 


18kerman, V. B. D., Dementjev, Galina, and Carey, Barbara M., 
J. Bact. (in. the press). oa 
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‘FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is apen to the public) 
Monday, April 8° $ 
OHESTER LITERARY AND PHILOSOPMOAL SocierY (in the 


MANOHES' 
Reynolds Hall, College of Technology, Manchester), at 5.45 p.m.— 
Dr. A. R. Hall: “Decisions in Science”, 


SOCIETY OF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
È uare, London, S.W.1), at 6.30 pm, m.—Prof. R. Plontelli Je 
ecent Research at Milan on the lectrochemistry of Corrosion”, 


ROYAL GEOGRAPHICAL NOOIETY (at 1 Kensington Gore London, 
Be) at 8.30 p.m.—Mr. John Kempe, Mr. George Ban d Mr. 
chael Westmacott : “Exploration of Huagaruncho”. 


Monday, April 8—Friday, April 12 


SECOND INTERNATIONAL CONGRESS OF SURFACE ACTIVITY (at 
Senate House, University of London, W.C.1, and the Institute of 
Education, Malet Street, London, W.C.1). 


Tuesday, April 9 


INSTITUTION OF MEOHANIOAL ENGINEERS, AUTOMOBILE DIVISION 
y 1 Birdcage Walk, Westminster, London, S.W. 1), at 4.80 p.m.— 
ymposium on “Superchargers and Supercharging” 


ZOOLOGICAL SOOTY OF LONDON (at the Zoological Gardens, 
Regent’s Park, London, N.W.1), at 5 p.m.—Scientifie Papers. 


INSTITUTION OF BRITISH AGRICULTURAL pai ig Gt LR Buck- 
Ingham Gate, London, 8.W.1), at 5.30 p.m.—Mr. C. D. Manby 
“Recent Developments in Tractor Testing eim esy at the N.I.A. KA 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, West- 
minster, London, §.W.1), at 5.30 p.m.—Mr, H. D. Morgan :- “Control 
of Flow by Gates and Valves”. 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SEOTION (at at Savoy Pls Place, London, ndon. W.C. 2), at 5.30 p.m.— 
Mr. E. R. Hartill, Mr. McQueen and Mr. P, bson: “A 
Deep hta ic fank for the Solution of 2- and 3-Dimensional Field 
gineering”. 
INSTITUTION OF THE RUBBER INDUSTRY (at the Royal Society of 


Tropical Medicine and Hygiene, 26 Portland Place, London, W.1), 
at 6.30 p.m.—Annual General Meeting. 


Wednesday, April 10 


GEOLOGIOAL SOCIETY OF LONDON (at tata rvs House, Piccadilly, 
London, W. W1), at at 5 p. m.— (the late) Mr. D. Leitch, Mr. T. R. Owen 
and Mr. Jones: “The Basal Coal Measures ‘along part of the 
North Grop of of the South Wales Coalfield”; Mr. L. G. Lo 


a 


Ve : “Micra- 
and the Presence of Syngenetio Pyrite”. Retire» 


ant 
INSTITUTE OF FUEL (at the Fnetitukon of Civil Engineers,.Great, 
George Street, London, §8.W.1), at 5.80 p.m.—Dr. saree 
“Roppers-Toteek Gasification 2 ee * Seo 


SOOIETY of CHEMICAL INDUSTRY, Foop Grovr-SN 
{at 14 Belgrave Square, London, S.W. 1), at 6.15 p.m.—,Annt 
Meeting. 6.80 p.m.—Prof. J. Yudkin : “Diet and goron 
Some Correlations and Speculations” (Chairman’s" Address) 


iea xÉ 
BRITISH INSTITUTION OF RADIO ENGINBERS (in the are), 


of the London School of Hygiene and Tropical Medicine, ; Empk Ty 


Street, Gower Street, London, W.C.1), at 68.30 p-m Mr. 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned: 

(with higk academic qualifications, preferably an honours 
degree in mining, practical mining experience, and teachin experience, 
preferably in a technical college or university) 0: 

EOLOGY DEPARTAMANT —The Principal, Wigan ona District Mining 
aud Technical Colleze, Wigan (Apri 12). 

LEOTURER (with an honours degree in engineering, together with 
industrial, teaching or research experience IN MECHANIOAL/CIVIL 
ENGINEERING ; andan ASSISTANT (with an honours degree in engineer- 
ing) IN MEOHANIOAL ENGINEERING—The Secretary, The University, 
Edinburgh (April 13). 

Puysics LABORATORY ASSISTANT (with at least Inter.B.Sc., M.9.B. 
or equivalent), to assist in measurements in the application of 0- > 
active isotopes to medical problems The Personnel, Officer, St, 
Thomas’s Hospital, London, St (April 

LECTURER (grad tate in medicine or dees and postgraduate 
experience in some Lranch of physiology) IN Parsroroay in the Feouity 
of Medicine, University of Birmingham—The Assistant; Registrar 
Medical School , Birmingham 15 (Aprl 15). 

LECTURER (with a good physics degree or corporate member of the 
Institute of Physics, and preferably teaching experience) IN PHYSIOS=— 
ie Funcipal, North Staffordshire Technical College, Stoke-on-Trent 

T] 

Sunt ENIOR LEOTURER (with qualifications in either pure or applied 
mathematics) IN MATHEMATICS at Canterbury University College, 
Christchurch, New Zealand—The Secretary, Association of Univer- 
sities of the British Commonwealth, 86 Gordon Square,} London, : 
W.0.1 (New Zealand, April 20). 

MEDICAL ENTOMCLOGIST (preferably with at least a second-class 
honours, B.Sc. degres with entomology or zoology as major subjecta, 
or a higher academis q alifcation) in the Ministry of Health, Feders- 
eng oe odesia anc yesaland= e Secretary (R); Rhodesia House, 

Strand, London W.C.2 (April 24). 

P PROFAS oF CMI Ko; a PROFESSOR OF ELEOTRIOAL 
ENGINEERING; anc & PROFESSOR OF MXOHANICAL ENGINHERING, 
at the University of Roorkee, Roorkee—High Commissioner of India, 
Establishment Department, India House, Aldwych, London, W.C. 
(April 26). 


Hus- 


College, Yrewenstie- 
FELLOW (wi 


‘with an honours degree in tach and/or Pat Phyton 


(Veterinary 
; and (b) AT METHODS AND DIAGNOSIS 
ealth), D the Cr of Veterinary Sctence, 


Pepito 
(Departmen of A 0! 
e Secretary, Inter-University Council for 


artoum—-Thi 


ve “Cape 20) iowa: Dverseas, 29 Woburn Square, London, W.0.1 


oe "LEOYURER, and a LECIURER or DEMONSTRATOR (with 
medical qualifications registrable in this country) IN PATHOLOGY = 


-The Registrar, The University, Leeds 2 (April 30). 

, SENYOR LECTURERIN Cami 

"8 Roth IN PEYSIOS ; 
LECTURERS (¢ 


STRY ; & SENIOR LECTURER IN PHYSIOS ; 
a LECTURER IN BIOLOGY ; ‘ASSISTANT 

2) IN CHEMISTRY; and a 'URER or ASSISTANT 
-REOTURER IN MATH3MATIOS at the Royal Technical College of Bast 
Africa, Nairobi—The Advisory Co: ttee on Colonial Colleges, 


Stobbs: “The Uses of Electro-plated Coatings eon “Eibctronics’. 1 Woburn Square, London, Wie. 1 (April 80). 


Industry”. st 3 


ES 
CHMENT AND CONCRETE ASSOCIATION (at the mshi BE Civil 
Engineers, Great George Ki Senet London, 8.W.1), at 6.30 p-m.— 
Derrick Beckett and alls: “An Introduction to Pre- 
stressed Concrete in Hignwoy Engineering”. 


INSTITUTION OF MEOHANIOAL ENGINEERS, LUBRICATION GROUP 
iai 1 Birdcage Walk, Westminster, London, 5.W.1), at 6.45 a 
iscussion on “Standardization of Lubricants”. 


Thursday, April [i 


INSTITUTION OF ELECTRICAL ENGINEERS 
(at Savoy Place, London,. W.C.2), at 5. 36 p.m.—Mr, E. 
“Development of Transportable ermal-Storage Space Heaters” ; 
oe J. W. Moule and Mr. W. M. Stevenson: “Electrical Floor Warm- 
ng”. 


BOOIETY oF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S.W.1), at 6 p.m.—Annual 
General Meeting. Mr. Jacques Bellanger: “Rupture et Adhésivité 


des Emulsions de Bitume anfoniques et cationiques”. 


Thursday, April [!—Friday, April 12 


NATIONAL ASSOCIATION FOR MENTAL HEALTH (in the Assombly 
Hall, Church House, Westminster, London, 8.W. 2 at 10 a.m. 
‘Annual Conference 1957—“The Maladjusted Child—’ 


Report and After”. 
Friday, April 12 


BRITISH MEDICAL ASSOCIATION (in the Great Hall, British Medical 
Association House, Tavistock S , London, W. C.D, at 5.80 p.m.— 
Prof. Sir Geoffrey Jefferson, F.R.S. :_ “Str Victor Horsley—His Life 
and Work” (Tenth Victor "Horsley Memorial Lecture). 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS 
GROV? (at 1 Birdcage Walk, Westminster, London, $.W.1), at 6 p.m. 
—Dr. S. A. Tobias and Dr. R. N. Arnold: “The Influence of Dynam- 
ical Imperfection on the Vibration of Rotating Discs”. 


UTILIZATION ree 
. Bates: 


The ead i 


UNIVERSITY STUDENTS and ows for experimental or theoretical 
research in solid stase physics—The Professor of Natural Philosophy, 
The University, Glesgow (April 80). 

ENGLISH ELECTRIO RRSHAROH FELLOW IN AERONAUTIOS, for poste 
graduate research into problems of vibration or stability and control 
of ag Re Wazden, College of Aeronautics, Cranfield, Bletchley, 

uc] ay 1 

POSTDOCTORAL FELLOWS (two or more) for research on a variety 
of problems in orgaric chemistry—-The Administrative Officer, Dyson 
Perrins Laboratory, The University, South Parks Road, Oxford. 


(May 1). 

DEMONSTRATOR (with an honours degree in pure science 
with organic chemistry and biochemistry as principal subjects) IN 
ANDAL Nurerion—-The Secretary, ool of Agriculture, The 
University, Cambridge (May 1). 

ASSISTANTJKEEPER (with a British university aegre or equivalent, 
OF THE DEPARTMENT OF ARCHROLOGY—The Director, Museum an 
Art t Gallery, Congrere Street, Birmingham 8 (May 6). 

LECTURER (pref erably with special qualifications in 
es Daysiology) IN BOTANY; a LECTURER (preferably with research 
experience in valve or circuit seen) IN THE DEPARTMENT OF 
ELECTRONIO ENGINEERING ; LECTURER IN THEORETICAL 


ARTMANI OF EDUCATION—-The Registrar, 
University Registry, Oxford (May 

CHAIR oF GEOGRAPHY in the ” University of the Witwatersrand, 
Johannesburg, South Africa—The Secretary, Association of Univer- 
sities of the Britis: Commonwealth, 36 Gordon Square, London, 
W.C.1 (South Africa, May 15). 

LECTURER or ASSISTANT LECTURER IN PHILOSOPHY at the Univer- 
sity of Malaya—The Secretary, Inter-University Council for Higher 
a Overseas. 29 Woburn Square. London, W.C.1 (May 15). 

oF MATHOMATIOS in the University of New England, 
ala thie Secrotary, Association of Universities of the British 
Commonwealth, 86 Gordon Square, London, W.C.1 (Australia, 
ay 3 
RESEARCH FELLOW (ORGANIC CHEMIST); and a SENIOR RESEARON 
FELLOW or RESEAROH FELLOW (PHYSICAL-ORGANIO CHEMIST, with 


744 


special experience in spectroscopy) IN THR DEPARTMENT OF MEDICAL 
STRY, John Curtin School of Medical Research, Australian 
National University—The Secretary, Association of Universities of 
nA Antan, Commonwealth, 86 Gordon Square, London, W.C.1 
y . is 

RESEARCH OFFICER, Principal Selentific Officer or Senior Principal 
Scientific Officer grade (either member of the Royal College of Veter- 
inary Surgeons or with a qualification registrable with that body), 
TO TAKE OHARGE OF THE SECTIONS OF VIROLOGY AND PaTHOLOGY— 
The Director, Houghton Poultry Research Station, Huntingdon 


y 31). 

Scmmntivic ASSISTANT (with an honours degree in biological sciences, 
or a knowledge of foreign languages, and the ability to write correct 
English) AT THE COMMONWEALTH BUREAU OF PLANT BREEDING AND 
GENETICS, Cambridge, for work that includes the abstracting and 
reviewing of biological literature—The Director, Commonwealth 
Busan a Fon Breeding and Genetics, School of Agriculture, Cam- 

ridge (May 31). 5 

SENIOR LEOTURER or LEOTURER IN ZOOLOGY at the University of 
Queensland, Austraha—The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, May 31). 

DEMONSTRATORS IN BACH OF THE DEPARTMENTS OF INORGANIO 
AND STRUCTURAL, ORGANIC, and PHYSICAL CaemMistry—The Regis- 
trar, The University, Leeds 2 (June 1). 

ASSISTANT PROFESSOR (preferably with an advanced degree, and 
research and/or adequate industrial experience in the fields of elasticity, 
mechanics and dynamics of machines); LEOTURERS (with a good degree 
and experience in research or industry); and SESSIONAL LECTURERS 
{with a good degree} IN THE DEPARTMENT OF MECHANICAL ENGINEER- 
Inc—Prof. D. L. Mordell, Chairman, Department of Mechanical 
Engineering, McGill University, Montreal, Canada. - 

LABORATORY TECHNICIAN IN THE DEPARTMENT OF MATERIA MEDICA 
AND PHARMACOLOGY—The Secretary, The Welsh National School of 
Medicine, 84 Newport Road, Cardiff. 

LABORATORY TEOHNIOIAN (PHYSIOLOGIST) (aged 24-40, with 
A.LM.L.T. preferably in bacteriology, or equivalent, and a good 
praotce! knowledge of physiological laboratory technology) with the 

ast African Vetermary Research Organization—The Crown Agents, 
4 Millbank, London, 8.W.1,.quoting M.3/48869/NE. 

LABORATORY TECHNICIAN (preferably with some constructional 
experience of scientific apparatus) to assist in-the preparation of 
apparatus for use in the properties of matter and optics teaching 
laboratorios The Registrar, The University, Liverpool 8, quoting 

. No. ; 

OPERATING TECHNICIANS (with a sound general knowledge of 
electrical, electronic and vacuum equipment), for the main experi- 
mental thermonuclear power equipment—-The Establishment Officer, 
Atomo ee Research Establishment, Harwell, Didcot, Berks, 
quoting 

PHYSIOIST or ELECTRIOAL/MECHANIOAL ENGINEER (with a first- 
or second-class honours degree or equivalent in physics or electrical 
or mechanical engineering) at the Royal. Aircraft Establishment 
Farnborough, Hants, to carry out research on electro-mechanical 
instruments used for flight testing aircraft and misslles—The Mimstry 
of Labour and National Service, Technical and Scientific Register 
(K), 26 King Street, London, S W.1, quoting A.91/7A. 

PHYSIOIST or ENGINEER to work on physical problems associated 
with the deyelopment of automation in the textile industry—Dr. 
D. W. Hill, Director of Research, British Cotton Industry Research 
Association, Shirley Institute, Manchester 20. aa : 

POSTDOOTORAL and PREDOCTORAL RESEARCH ASSOOLATESHIPS- IN’ 


By 
EXPERIMENTAL AND THEORETICAL Puystos tenable in the MpleaueeNOL 8, No. ts 
Excitation Group—Dr. R. W. Nicholls, Department of Physleseo‘ a oe 


University of Western Ontario, London, Ontario, Canada. $ 
RESEAROH SCHOLARS (graduates or candidates with pequivalent 
qualifications) IN THE DEPARTMENTS OF TRY, CospuR CHAM- 
ISTRY AND DYEING, TEXTILES AND/OR OTHER DEPARTENTS—The 
Principal, Technical College, Queen Street South, Huddersfield. 


REPORTS and other PUBLICATIONS 


(not included vn the monthly Books Supplement) 


Great Britain and ireland 


Discovery Reports. Vol. 29, Pp. 1-128+-plates 1-7: Hydrome- 
dusae from the Discovery Collections, By P. L. Kramp. (Cambridge: 
At the University Press, 1957.) 68s. net. [42 

British Library of Pohtical and Economic Science. Annual Report, 
1955-56, . 16. (London: British Iabrary of Political and 
Economic Science, 18) [42 

Proceedings of the University of Durham Philosophical Society. 
Vol. 12, No. 14: Botanizing ın the Outer Hebrides in 1955 and 1956. 
By Prof. J. W. Heslop-Harrison. Pp. 141-150. Vol 12, No. 15: 

e Age and Origin of the Hemiptera, with special reference to the 
Sub-Order Homoptera. By G. Heslop-Harrison. Pp. 150-+169. 
(Durham : University of Durham Philosophical Society, 1956.) [42 

Atomic Energy Research Establishment: Isotope Division Radio- 
active Materials and Stablo Isotopes, Catalogue No. 4. Pp 221. 
(Harwell: Atomic Energy Resear tablishment, 1957.) [42 

Imperial College of Science and Technology (University of London). 
The Forty-ninth Annual Report of the Governing Body of the Imperial 
College of Science and Technology, 1955-1956. Pp. 101. (London: 
Imperial College of Science and Technology, 1956. [42 

Aero Research Technical Notes. Bulletin No. 168 (December, 


1956): The Extent of Contact between Glue and Adherend. By 
1086.) de Bruyne. Pp. 12. (Duxford. Aero Research Limited, 


42 
British Museum (Natural History). -Expedition to South-West 
Arabia 1937-8. Vol. 1, Nos. 27-38. No. 27: Hemiptera: Tringidae. 
By Carl J. Drake. No. 28: Isoptera. By W. Victor Harris, No. 29: 
Coleoptera: Anthicidae. By Maurice Pi No. 30: Coleoptera: 


ic. 
Seraptiidae and Mordellidae. By Mario E. Franciscolo. No. 31: 
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Hymenoptera: Vespidae. By A. Giordani Soika. No, 32: Revised 
List of Mr. Philby’s Collecting Statlons, with corrections and additions. 
By Hugh Seott. No. 33: Coleoptera: Paussidae. By A. Reichen- 

per ; 15-492. (London: British Museum (Natural History), 
- 1957. 


208. 

British Hat and Allied Feltmakers Research Association. Ninth 
Annual Report of the Director of Research for the year ended August, 
1956. Pp. 28. (Manchester: British Hat and Allied Feltmakers 
Research Association, 1957.) 82 

Chemical Service in Defence of the Realm: One Hundred Years 
of Chemical Inspection—The Story of the Chemical Inspectorate. 
By W. G. Norris. Pp. 91412 plates. (Kidbrooke, London : Ministry 
of Supply, Chemical Inspectorate, 1957.) 122 

University of Leeds. Annual Report of the Librarian, Session 
1955-56. Pp. 11. (Leeds: The University Library, 1956.) [122 

Macalloy Post-Tensioning Manual: s Handbook for the Engineer 
engaged In the design or construction of post-tensioned concrete, 
using Macalloy High Tensile Steel Bars. Pp. 80. (Sheffield: McCalls 
Macalloy, Lid., 1957.) : {122 

British Museum (Natural History). The John Murray Expedition, 
1983-34. Scientific Reports. Vol. 10, No. 3: Cephalochordata- By 
Dr. R. E. Webb. Pp. 121-128. (London: British Museum (Natural 
History), 1956.) 683. y > [122 


; Other Countries 
Kodaikanal Observatory. Bulletin No. 141, Part 1: Summary of 
Prominence Observations for the Second Half of 1953. Pp. 373:-416 
(Delhi: Manager of Publications, 1956.) Rs. 4/8/-. [291 
The Journal of Solar Energy Science and Engineering. Vol. 1, No.1, 
Gena 1957). Pp. 64. Subscription rate: 10 dollars per year. 


hoenix, Arizona : Association for Applied Solar Energy, 1957.) [Z9 > 
0,” 


Institut Royal Météorologique de Belgique. Contributions. - 
22: Éléments de Météorologie. Chapitre 9: Météorologie Synop- 
tique et Prévisions Météorologiques. Par P. Defrise. Pp. 39. (Brux- 
elles: Institut Royal Météorologique de Belgique, 1956.) ` {291 

Union of South Africa: Division of Fisheries, Investigational 
Report No. 23: -The South African Pilchard (Sardinops ocellata) and 
Maasbanker (Trachurus trachurus), Bird Predators, 1954-55. By Dr. j 
D. H. Davies. Pp. 40. etoria : Government Printer, 1956.) [291 : .- 

Commonwealth Scientific and Industrial Research tion, 


ponr Étude onomique du 


Dia; 


dsNegative Mesons in the Atmosphere. By I. Escobar V, and 
F. BGHarris. Pp. 9. Vol. 8, No. 6: Mean Free Path of 4,3 Bev 
Negative Pions in Nuclear Emulsions. By Alfredo Marques, Neusa 
Margem and G. A. B. Garnier. Pp. 7. (Rio de Janeiro: Centro 
Brasileiro de Pes Fisicas, 1955 and 1956.) E [42 
«Yale Medical Library. Annual Report including the Report of the 
Historical Library, 1955~1956. Pp. 85. (New Haven, £ mn.: Yale 
Medicai Library, 1956.) . ~ [42 

Bulletin of the American Museum of Natural History. Vol. IMT, 
Article 5: A Revision of the Leptogastrinae in the United States 


(Diptera, Asilidae). By Prof. Charles H. Mertin, Pp: 343-386, 
(New pork: American Museum of Natural History, 1987.) 
ceni 


Kungl. Sjöfartsstyrelsen, Stockholm, Ergebnisse der Beobachtungen 
des Magnetischen Observatoriums zu Lovö (Stockholm) im Jahre 
1954. Von Folko Eleman und Kjell Borg. Pp. 30. (Stockholm: 
Kungl. Sjöfartsstyrelsen, 1956.) 

Smithsonian Contributions to Astrophysics. Vol, 1, No. 1: 
Horizons ın Astronomy, Edited by Fred L. Whipple. Pp. x-+181+- 
plate 1. (Washington, D.C.: Government Printing Office, 1956.) 
1.50 dollars. ie be [42 
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of Cape Town, expressed the opinion that the subject 
of government and the universities was che most 
important problem of the modern world which con- 
fronts the universities. Much evidence could_be 
found in the past three years to justify that state- 
ment ; 
more ‘clearly displayed than in South Africa. The 
device by which these relations have hitherto been so 
harmonious and fruitful in Great Britain does not 
depend entirely on the device itself: the University 
Grants Committee functions smoothly because there 
is clear understanding on both sides. On the Govern: 
ment side, the autonomy of the universities is respected 

_ because the nature and function of a university and 
the way in which it works are clearly- understood. 

\On the side of the universities, there has been a con- 
tinuous attempt to adapt its service to the changing 
needs. of the community, without surrendering that 

. integrity and mdependence which a university must 
have of it is to fulfil its highest function and render 
the community the finest service in its power. 

It 1s the absence of such understanding on the part 
of the South African Government that has led to the 
mtroduction in the South African Parhament of a 
Bill providmg for epartheid in South African univer- 
sities. This Bill is opposed by the so-called ‘open’ 
universities of Cape Town and the Witwatersrand, 
and although it must be recognized that, from the 
Nationalist point of view, this is a constructive Bull, 
honestly intended to further the cause of non-European 
education, the Opposition United Party took the. 
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`T the seventh congress of the Universities of the 
Commonwealth in July 1953, Prof. W. H. Hutt,, 


but scarcely anywhere has its nature beer 


SOUTH AFRICA . 7, : oe 
or others—for the Asian and coloured groups, and its 
intended legislation is to provide “that as separate 
universities for the various non-European _ races 
become available, the white. universities will be pro- 
hibited from admitting non-Europeans”. When this 
prohibition takes full effect, every university and 
university college in South Africa will-be a segregated 
institution, closed to races other ‘than the. one pre- 
scribed for it by the Government, and each of the 
mstitutions for Africans appears to be intended for 
students from a particular. group. - +4 
This action kas been opposed by- the councils, 
senates, staffs, ssudents and graduates of both open 
universities m substantially similar terms. On 
December 12, 1956, the Council of-the University of 
Cape Town, and on December 14 that of the Univer- 
sity of the Witwatersrand, affirmed their ‘opposition 
in principle to academic segregation on racial grounds, 
and asserted thew conviction that the policy of 
academic non-segregation accords with the highest 
university ideals and has contributed to inter-racial 
understanding and harmony in South Africa, They 
have expressed the desire that their Universities be 
permitted to carry omtheir functions under the same 
conditions as hitherto, and that nothing be done to 
change or impede the Universities’ policy of academic 
non-segregation. The University of Cape Town also 
affirmed its belief that separate academic facilities 
for Europeans ani non-Europeans could not be equal . 
to those providec in an open university. On Decem- 
ber 18, when these resolutions were made public, it 
was announced taat the Councils of the two Univer- 
cSities. had agreec. to organize jointly a conference, 


unusual step of opposing its first reading. The BileSconsisting mainly of senior members of their academic 
does not propose to curtail the avenues to learning - = “Staffs, to prepare and publish a reasoned statement 


which now exist until Others are open; but, never- 


‘theless, apart from the weighty practical objections’ 


to the Bill, Mr. J. H. Viljoen’s attempt for’ the 
Government to dismiss protests and other opinions 
as frivolous shows how little the Union Government 
understands the character and function of a university. 

The University of Cape Town and the University 
of the Witwatersrand are known as the ‘open 

` universities’ because they admit non-white students 

_ a8 well as white students and aim, in all academic 

' matters, at treating coloured students on a footmg 
of equality with white students, and without segre- 
gation. They have for some years been under pressure 
to adopt a policy of apartheid, and the Bull which 
received its first readmg on March 11 is the outcome 
of the failure of the Union Government to secure the 
voluntary co-operation of the two universities. The 
Bill was m fact withdrawn on a technical point, but 
is in substance being re-introduced. 

The Union Government is seeking power to impose 
upon the universities’ a uniformity of practice, in 
accordance, with its theory of apartheid. It proposes 
to establish a number of new university institutions 
for non-whites, some for Africans only and another— 


on the subject of the open universities in South 
Africa. 

This statement, which has now appeared’*, sets forth 
in firm but dignitied argument the case-for the open 
universities and she grounds on which they oppose 
the intended legislation. It is strongest in its defence 
of the principle o? academic freedom, arguing lucidly 
and conclusively that the legislative enforcement of 
academic segregetion on racial grounds is an un- 
warranted interference with university autonomy and 
academic freedom. Much of this argument has already 
been discussed in Nature, for example, in considering 
the world-wide significance of academic, freedom.(178, 
555; 1954) and in discussing Dr. T. B. Davie’s 
Hoernlé Memorial Lecture on “Education and Race 
Relations in South Africa” (176, 618; 1955); but 
it appears, unhappily, that the Union Government 
is unlikely to attach much weight to the arguments 
of principle or to, trouble to justify its proposed 
action clearly anc: irrefutably. | 


* The Open Universtsies in South Africa. Pp. vili+47. (Published 
on behalf of the Conference of Representatives of the University of 
Cape Town and the Uriversity oi m Witwatersrand, Johannesburg, 
held in Cape Town on 9, 10, and 11 January, 1957.). (Johannesburg : 
Witwatersrand “University Press, 1957.) 
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While the practical objections are advanced some- 
what less cogently, they are sufficient to dispose of 
the Minister’s belief ‘that he can give the non- 
Europeans something as good as they will lose when 
the restrictions on entry to the open universities come 
to mean total exclusion. The University of Cape 
Town, in its resolution of December 12, challenged 
the contention that separate academic facilities for 
Europeans and non-Europeans could be equal to 
those provided in an open university. The contention 
is plausible, and the Holloway Commission conceded 
that if the non-white students excluded from the open 
universities were to have substantially equal oppor- 
tunities by the provision of proper facilities for them 
at other universities, there need be no clashing with 
the fundamental concept of academic freedom. 
Nevertheless, even the Holloway Commission found 
that such a policy was financially impracticable, and 
was forced to admit that in practice such facilities 
would mean a material retrogression in the university 
training of non-Europeans. 

- The Holloway Commission did not report clearly 
on costs, and the report of the interdepartmental 
committee, consisting entirely of officials, which the 
Government afterwards appointed, has never been 
published. The Holloway Commission, however, did 
put the capital cost of absorbing the non-white 
students now at the open universities into either the 
University of Natal or Fort Hare at £1,000 per 
student; but since the Union’ Government contem- 
Plates not an institution for a thousand students but 
several institutions each initially for a smaller number, 

‘it is probable that the cost per student would be 
three or four times that figure, if the material facilities 
are to be substantially equal to those at. the open 
universities. The running costs accordingly are also 
likely to be several times greater than the average 
grant of £120 which the Government at present 
provides for each student at the open universities, 
and nearer the annual expenditure of £345 per 
student at the small University College of Fort 
Hare. 

Whether the Union Government can afford, and 
will in practice appropriate, the capital expenditure 
of several millions and the considerably greater 
running costs to provide equal facilities for non- 
Europeans in this way 18, of course, South Africa’s 
affair; and it may well be that for tactical reasons 
the open universities do not in this statement stress 
the waste of resources involved by the Government’s 
proposals. What they do emphasize with justice 1s 
the practical impossibility, even at such a price, of 
providing those conditions, not to be assessed in 
physical or monetary terms, without’ which no real 
equality or even comparison is possible. The calibre 
of the staff, even its recruitment, the extra-curricular 
activities and exchange of ideas outside formal lec- 
tures and laboratory classes, present far more difficult 
problems in the segregated universities if there is to 
be for the student—or the staff—substantially the 
same freedom to seek the truth, to communicate and 
receive knowledge and ideas as marks the open 
university. It has already been realized in the 
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United States that inequality is inherent in segregated 
education, and the whole approach of the Union 
Government to the open universities in this matter 
engenders the profoundest scepticism that in the 
result any segregated university which it might 
establish would be allowed the freedom of utterance 
and imvestigation which is the glory of the true 
university and the condition of its existence. 

The open universities advance other weighty prac- 
tical arguments agamst the Union Government’s pro- 
posals. Rejecting the view that the open universities 
constitute a danger to the existence of white South 
Africa, they contend that, on the contrary, unless 
Western civilization is communicated comprehen- 
sively to at least the élite of the non-white population, 
the very existence of the white man in South Africa 
will be in jeopardy. The open university is effectively 
fulfilling this task of communicating Western know- 
ledge and values by that personal contact of the 
non-white with the actual daily practice of Western 
ways of thinkmg and livmg which is required and 
which is possible only in such a university. : 

No less important and practical is the argument, 
derived from experience, that a society, however 
successful it may have been in the past, will not long 
survive if it cannot cope with the tasks of a new era. 
For this reason, every civilized society tends to 
develop institutions which will enable it to acquire, 
digest and advance knowledge relevant to the tasks 
which are expected to confront it in the future. Of 
these institutions, the university is the most im- 
portant, but it cannot fulfil such functions unless its 
members are left free to pursue new knowledge. The 
small minority who in any society are engaged in 
advancing, testing and disseminating knowledge must 
be free to organize their work in the way that seems 
to them to be the most conducive to efficiency and 
success ; to impose on them subservience to some 
particular dogma, whether that of apartheid or any 
other, in place of the pursuit of truth and the 
advancement of knowledge is to frustrate their 
efforts. 

The very severity with which the Union Govern- 
ment seeks to repress discussion of these issues and 
refuses either to recognize that there are two sides 
to the argument or to present cogent reasons for its 
proposed action supports what ıs said in this state- 
ment as to the danger of the Government’s policy 
undermining the very fabric of South African society. 
Not only will the universities be unable to exercise 
effectively their most important function of throwing 
up new ideas and new knowledge and putting it to 
the test ; they will also equally be unable to play their 
full part in the conflict of ideas and in fostering among 
their students the understanding, tolerance, sym- 
pathy and capacity for seeing the other man’s point of 
view which are so essential to the development of an 
educated, humane and civilized perspective on race 
relations without which no multi-racial society can 
survive. The chapter in the statement published 
by the open universities m which this argument is | 
developed is one of the ablest in the book ; it brings 
out both the intensely practical implications of the 
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preservation of academic freedom and autonomy, and 
the way in which the open universities are also 
members of an international community of univer- 
sities, sharing common ideals and traditions by virtue 
of which any particular university may on occasion 
find itself m conflict with sectional mterests or with 
& narrow ‘interpretation of national loyalties and 
interests. 

Here indeed is shown how impossible it is to 
separate principle dnd practice: the open univer- 
sities of South Africa, no -more than any- other 
university anywhere in the world, cannot permit 
interference without betraying their ideals and 
traditions. It is part of their duty to society to 
represent and maintain the ideals and principles which 
unite the community of universities and which indeed 
find expression in their name. To force a university 
to abandon its ideals and principles is not only to 
affront its dignity and restrict its legitimate actı- 
vities: it is also to prevent its rendermg its true 
service to society, and even in the long run to 
destroy its soul. 

The open universities will thus have the universal 
support of the international community of univer- 
sities in the stand they have taken against a measure 
which they believe will prevent them fulfilling their 
true function and rendering their most effective 
service to the community in which they are placed. 
The Union Government may be unmoved by the 
plam fact that, neither in the open universities nor 
elsewhere ın the university world, are its proposed 
restrictions regarded as supported by the over-riding 
reasons which the Holloway Commission stipulated 
as required to justify any limitation of a university’s 
autonomy, It may even be unmoved by the dignified 
warning from the open universities that racial har- 
mony is a matter of slow evolution, and that while 
legislation cannot create racial harmony it can destroy 
the conditions under which 1t can grow. If, however, 
the Union Government is indifferent to the world- 
wide support which universities everywhere give the 
open universities in ther stand for the four pillars of 
university freedom—the rights to decide for them- 
selves what may be taught, how it may be taught, 
who may teach, and who may study—it condemns 
itself as attempting to lead South Africa into bar- 
barism and the destruction of the fabric of its 
civilization. It is not simply requiring the open 
universities to reject the ideals and wisdom garnered 
in eight centuries of expression; it ıs forcing on 
South African society the closed mind, and excluding 
that open forum in which existing institutions and 
beliefs are tested, criticized and re-assessed, approved 
or disapproved in the light of the evidence available. 
That is the basis of adjustment and modification in 
& dynamic society. What is at stake in this proposal 
to force apartheid on the open universities of South 
Africa is not the future of the universities alone 
but that of South Africa itself; ıt may indeed 
decide whether disaster end bloodshed rather than 
co-operation and peace are to:mark the future 
relations of black and white throughout that great 
continent. 
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QUANTUM THEORY OF FIELDS 


Quantum Field Theory 

By Prof. H. Umezawa. (Series in Physics.) Pp. 
xv-+364. (Amsterdam: North-Holland Publishing 
Company; New York: Interscience Publishers, 
Inc., 1956.) 35 guilders; 708. 


HE quantum theory of fields is concerned with 

the most basic problems of modern physics; it 
is also no doubt the most complicated branch of 
quantum theory as regards the mathematical formal- 
ism. The student of theoretical physics is therefore 
liable to regard it as the crowning glory of theoretical 
research, and will consider the initiation into its 
secrets as his obvious ultimate ambition, from which 
he should be drverted only by lack of ability or of 
opportunity. 

On closer acquaintance he will find it, at the 
present time, a much less rewarding field than he 
expected. The reason is that, in its application to 
electromagnetic mteractions, the essentials of field 
theory are required only for determining very small 
corrections to &@ more simple-minded approach, the 
smallness of the corrections being related to the 
small value, 1/137, of the fine-structure constant. 
The great suecesses of the post-war years in refining 
theory and experiment have shown that such cor- 
rections can be calculated, and agree with observa- 
tion, to an almost incredible degree of accuracy. 
Further™progress here is limited by the sheer com- 
putational difficulties of carrying the theory to yet 
higher orders, and the difficulties in getting more 
accurate experimental data. It is doubtful whether 
this process of successive approximations is an 
approach to a rigorous solution of the equations of 
the present theory, and whether, in fact, such a 
solution exists. Any limit to the accuracy obtainable 
by the present methods is likely to lie far beyond 
the limits of practical computation or experimenta- 
tion. (It is nov impossible, however, that we are 
nearer to discrepancies, and thus to new clues, than 
the internal nature of the formalism compels us to 
assume.) 

Whereas in this field the weakness of the inter- 
actions makes further investigations largely academic, 
the study of mesons and their mteractions is held up 
by the opposite difficulty. The interactions are here 
so strong that none of the known mathematical 
methods can yield reliable answers, and the doubts 
about the consistency of the equations we are using 
become of real practical significance. 

One cannot foresee when the next major step will 
be taken, or whet its nature will be, but it is certain 
that many of the concepts of current field theory 
will play a part in it, and for this reason it is still 
important for new generations of research workers to 
acquaint themselves with the present theory, how- 
ever academic it might appear for the moment. In 
an exposition of the subject the emphasis is bound 
to depend on the author’s view of the ultimate 
importance, in a future theory, of the various 
present-day tools. 

Prof. H. Umezawa’s book is an interesting contribu- 
tion to the literature of the subject. One of its 
unusual features is the stress on the most general 
wave equations (including those for spin greater than 
1) and on very general action principles. While there 
is as yet no strong reason to assume the existence of 
particles of high spin, it is interesting to know about 
possible generalizations. For this reason the quan- 
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tization” of fields is introduced only of p. 136, and 
the interaction between fields on p. 179. Thus the 
details of the formalism of renormalized field theory 
are condensed into a fairly small space. 

‘lhe mathematical derivations are usually elegant 
and often original, as one would expect of an author 
who is thoroughly at home in the subject and who 
has made many original contributions to it. ‘But 
the presentation is not easy to follow; the reasons 
for choosing an expression, and its meaning, are 
often explained only very briefly. The book is 
therefore. scarcely suitable for a beginner, but for a 
reader with some knowledge of the subject it pro- 
vides many interesting new angles. 

‘The historical introduction is a brief but useful 
survey; it is interesting also because it refers to 
some work of the Japanese group which is not 
adequately known in the West. 

‘Lhe English text was written during the author’s 
stay in Manchester. A preface by Prof. Rosenfeld 
describes graphically the efforts to overcome the 
language difficulty with the enthusiastic help of the 
rest of the department. Unfortunately, many errors 
and roughnesses remain. While most are harmless, 
some make it quite difficult to follow the author’s 
meaning. It seems a pity the book had to be pub- 
lished in Holland, not only because many English 
readers will be discouraged by the price, but also 
because some of the more obvious errors might have 
been caught by the printer’s reader. Aside from the 
language question, the standard of typography is a 
little disappointing for a book of this price. 

R. E. PEerers 


RADIOACTIVITY AND NUCLEAR 
PHYSICS 


Phénomènes radioactifs et 
Physique nucléaire 


introduction à la 


Par Prof. Georges Gueben. 2° Édition. Pp. 312. 
(Liège: Éditions Pees Paris: Dunod, 1956.) 
n.p. 


‘HIS introductory book, based originally on two 
lecture courses at the University of Liége, is 
intended, the author states, to present the minimum 
of knowledge necessary for embarking on specialized 
books and reviews. The present edition, folowmg 
the conference in 1955 held at Geneva, has been re- 
vised to include some recent advances in the subjects. 
The general properties of radioactive substances 
and their radiations are set out through accounts 
of the classical experments which established them. 
Through this approach, the author succeeds in 
recapturing some of the spirit of discovery which 
attended these experiments. A special study of the 
natural radioelements, introduced in small type as 
unessential to the main text, is full of interesting 
information not generally found in a book of this type. 
‘he concept of the nuclear atom is developed 
through Rutherford’s theory of scattering for alpha 
particles and supported by arguments based on 
radioactivity. A chapter on nuclear collisions is 
followed by an account of Gamow’s theory of nuclear 
fields, and this prepares the reader for a discussion of 
artificial dismtegration of the nucleus and its results, 
which are fairly thoroughly treated in two separated 
chapters. 
‘Lypes of particle accelerators are briefly described, 


and an account of nuclear fission is followed by a 
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chapter on chain reactions and the basic principles 
of nuclear reactors. A treatment of transuranic 
elements follows in which some unfamiliar names for 
elements 99 and 100 will be noticed. 

Some applications of radioactivity are next ‘de- 
scribed, though these make rather an inadequate, and 
in places (for example, the section on thickness 
gauges) even misleading, illustration of the established 
and potential techniques. Considering the wealth 
and diversity of examples described at the 1955 
Geneva Conference, to which the author refers in his 
preface, this part of the book is disappointing. 

Rather more satisfying is the account of the signific- 
ance of radioactivity in geological studies, including 
methods of geological age determination. Cosmic 
rays also are treated more thoroughly and on the basis 
of experimental evidence. 

The book concludes with three chapters on nuclear 
properties and structure, in which such properties as 
bindmg energy and its consequences are carefully 
discussed. There is an additional chapter in small 
type on radiation measuring techniques. 

To attempt to condense even the fundamentals of 
such a wide subject into a single volume is a formid- 
able task and, as the author admits, there are some 
omussions which the interested reader is obliged to 
make up by supplementary reading. Some more 
adequate references to published papers and special- 
ized books would have helped greatly towards this 
end. Much could have been gained also by making 
the figures more self-explanatory : few have adequate 
captions and some are not even referred to in the text. 

The overall coverage of subjects, however, is 
remarkable: few important topics escape mention. 
The dismissal of bremsstrahlung in three and è half 
lines, as compared with nearly a page accorded to 
neutrinos, illustrates the concern of the book with 
academic fundamentals rather than practical applica-. 
tions. It is a pity that the experimental detection 
of the neutrino could not have been included i in the 
new edition. 

Practical experimental techniques are -rather 
sketchy, though this shortcoming is partly redeemed 
by an additional chapter on counting techniques. 
Autoradiography is inadequately described, for 
example, and its potentialities for research are largely 
missed. 

The book is valuable, however, as a logical cohesive 
outline of the fundamentals of radioactivity and 
nuclear physics, well within the comprehension of the 
undergraduate. ‘The general reader should find it 
informative and to the more serious student it will 
serve as an introduction to the more detailed study 
of these subjects. J. L. Porman 


POLLINATION OF FLOWERS BY 
INSECTS 


Einführung in die Bliitenokologie 
Von Dr. Hans Kugler. Pp. 278. (Stuttgart: Gustav 
Fischer Verlag, 1955.) 28 D.M. 


HE interest in the complicated interrelations 

between flowers and the animals—mostly insects 
——which pollinate them is perennial. The present book 
brings our knowledge of the subject up to date at a 
relatively elementary level. It is primarily written 
from a German point of view and nine-tenths of the 
four hundred and seventy-one references are to the 
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German literature. Even such a large work as. 
“Experimental Pollination” by Clements and Long 
is not mentioned; the German references, however, 
seem to'be sufficiently full. The most useful feature 
of the book is the general review of the problem ; of 
types of flower and ‘of types of pollination, including 
pollmation by wind, water, bats, birds and insects. 

As insects are of special importance, they are con- 
sidered in much more detail and the colour, structure 
and scents of flowers are considered in relation to 
what is known of the physiology and behaviour of 
the msects. The author is probably primarily a 
botanist and the statements about insects and the 
illustrations of them structure are much less author- 
itative. Thus, Panorpa is called a Neuropteran and 
Forficula an Orthopteran. About one-third of the 
book is taken up by a systematic consideration of 
flowers classified according to their pollination 
mechanisms. The numerous illustrations of flowers 
are clear and informative, but those of insects, apart 
from some excellent photographs, are often much too 
diagrammatic. In spite of the author’s insistence on 
ecology m the title, this aspect of the problem is 
really scarcely touched on. 

There is still little information as to the significance 
of different types of insects m. pollinatimg flowers of 
different kmds and we know still less of the mfluence 
of different habitats on these relations. While the 
present volume forms a useful introduction, there is 
still need for another book with a more ecological 
approach. O. W. RIOHARDS 


SYSTEMATIC AND FAUNISTIC 
ZOOLOGY OF SOUTH AMERICA 


Beiträge zur Neotropischen Fauna 

Herausgegeben von Prof. Dr. Erich Titschack und 
Dr. Hans Wilhelm Koepcke. Band 1, Heft 1. Pp. 68. 
(Jena: Veb Gustav Fischer Verlag, 1956.) 10 D.M. 


N 1936 an expedition was sent from Hamburg to 

southern Peru, but for obvious reasons it was not 
possible to publish the results, to the systematic 
parts of which a considerable number of experts 
contributed, until comparatively recently. They 
were produced under the editorship of Prof. Erich 
Titschak, of Hamburg-Altona. Now he, together 
with Dr. Hans Wilhelm Koepcke, of Lima, appears 
as editor of a new periodical, Beitrage zur Neo- 
tropischen Fauna, which, like the volumes just men- 
tioned, is published by Gustav Fischer, of Jena. It 
is to be devoted mainly to systematic and faunistic 
zoology and other studies subserving these ends. 
The main languages are German, Spanish and 
Portuguese, but contributions in languages other 
than German must be furnished with a résumé m 
that language. 

In the introduction, in giving some explanation for 
the addition of a new journal to the many now 
appearing, it is pointed out that South America, the 
Neotropical region of zoogeography, is a clearly 
defined region geographically and a very rich and 
characteristic one zoologically. In spite of the work 
that has been done, many groups of animals have 
scarcely been touched, if at all, and most of the 
remainder far from satisfactorily dealt with. Further, 
it is emphasized that the relevant information is 
widely scattered in many publications. Of course, it 
will not stop the appearance of papers in the pub- 
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lications of museums and institutes and in the reports 
of expeditions and authors will still continue to 
contribute specialist studies to the periodicals 
catering for thair own particular field. It is hoped 
that the new journal will lessen this difficulty to 
some extent by making provision for descriptions of 
new species, monographic treatment of small or large 
units and revisions of groups furnished with identi- 
fication keys for South American animals. 

The inaugural part of 68 pages contains papers on 
Peruvian fishes, Brazilian ostracods and new poly- 
cheetes from Erazil and El Salvador. It is well 
illustrated and produced in the excellent style one 
associates with the house of Fischer. The parts will 
appear from time to time and at first will not exceed 
ten sheets in a year. The only mdication of price is 
a small slip stuck on to the first page saying that its 
price is D.M. 1), but a more important omission for 
a work dealing with systematics is the absence of a 
publication date more precise than just 1956. 

C. H. O’DonoauuE 


TARSKI’S PAPERS 


Logic, Semantics, Metamathematics 

Papers from 1923 to 1938. By Alfred Tarski. (Trans- 
lated by J. H. Woodger.) Pp. xiv+471. (Oxford : 
Clarendon Press ; London: Oxford University Press, 
1956.) 60s. nes. 


HIS book contains the translation into English 

of seventeen of Tarski’s major writings on logic, 
semantics and metamathematics which were pub- 
lished before the Second World War. With two 
exceptions (Papers 2 and 11) it does not contain his 
papers on foundations of special mathematical dis- 
cıplines or any of his papers of a pronouncedly 
mathematical character. Their arrangement corre- 
sponds to the chronological order in which they first 
appeared in prmt. 

The articles have been provided by the author 
with cross-refersnces to other articles in the volume 
and with notes zeferring to later developments. Some 
new remarks have also been added. In two of the 
articles (2 and 6) Tarski has inserted several passages 
to amplify and clarify their contents. 

The original idea was that Tarski should see the 
translation befare it got into print, but considerations 
of time and space and the death of Kalicki, who was 
assisting Tarsk, made it impracticable to do this 
with the whole >f the manuscript, so Tarski saw only 
galley proofs of some of the translation, in which, 
obviously, exteasive changes were impossible. 

Prof. J. H. Woodger is to be congratulated upon 
completing the arduous task of translation and 
presenting in a handy form papers many of which 
originally appeared in journals difficult to obtain. 
The translation is accurate and readable, so that one 
almost gets the impression that the papers were 
origmally written in English. The volume forms a 
very ‘valuable addition to the library of a specialist 
in mathematical logic. 

The titles of she seventeen papers are: (1) On the 
primitive term of logistic (Tarski’s doctoral disser- 
tation, 1923); (2) Foundations of the geometry of 
solids (1927); (3) On some fundamental concepts of 
metamathematizs (1928); (4) Investigations into 
the sentential calculus (with Lukasiewicz, 1930) ; 
(5) Fundamentel concepts of the methodology of the 
deductive scienzes (1930); (6) On definable sets of 
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real numbers (1931); (7) Logical operations and 
projective sets (with Kuratowski, 1931); (8) The 
concept of truth in formalized languages (1931, in 
Polish ; the translation is from the German trans- 
lation of 1936. This article occupies about one-third 
of the book) ; (9) Some observations on the concepts 
of w-consistency and w-completeness (1933); (10) 
Some methodological investigations on the defin- 
ability of concepts (1934); (11) On the foundations 
of Boolean algebra (1935); (12) Foundations of the 
calculus of systems (two papers, 1935, 1936) ; (13) On 
the limitations of the means of expression of deductive 
systems (with Lindenbaum, 1935); (14) On the 
extensions of incomplete systems of the sentential 
calculus (1935); (15) The establishment of scientific 
semantics (1936); (16) On the concept of logical 
consequence (1936) ; and (17) Sentential calculus and 
topology (1937). 

From this it is seen that the selection is well 
chosen and all the important papers are present. It 


was wise not to publish the original on one page and. 


the translation on the opposite page, for this would 
have doubled the price of the book. But it would 
have been helpful if the page numbers of the German 
version of 1936 had been indicated in the long, and 
moueb. referred to, article 8. 

Mathematical logicians are greatly mdebted to 
Prof. J. M. Woodger for making these important 
papers easily readable and available. 

S. W. P. STEEN 


PRODUCTIVITY CHANGES AND 
REWARD 


Dynamic Factors in Industrial Productivity 
By Seymour Melman. Pp. xiii+238. (Oxford: 
Basil Blackwell, 1956.) 22s. 6d. net. 


Measurement of Responsibility 

A Study of Work, Payment, and Individual Capacity. 
By Dr.: Elliott Jaques. Pp. xiii+143. (London : 
Tavistock Publications, Ltd., 1956.) 15s. net. 


OTH these books are concerned with the problems 
of administrative overheads. Mr. Melman has 
undertaken a survey of all the effects of rising labour 
cost on the methods used in production in Britain 
and the United States. Dr. Jaques approaches the 
problem from that of an individual organization and 
attempts to devise a method for assessing the just 
reward for varying levels of responsibility. Both 
authors appreciate that unless there is a degree of 
contentment among the workers in any organization, 
productivity will suffer. 

Mr. Melman’s wide review sets out not only the 
results of his inquiry but also the methods used in 
his investigation. The book is therefore of consider- 
able interest to research workers in his field, and the 
general conclusions have immediate bearing on the 
practices of industrial management in Britain. 
The problem posed by Mr. Melman is that of discover- 
ing “what factors underly the increased mechaniza- 
tion of industrial production methods in England 
after World War IL”. He believes that the primary 
determinant was changes in the relative cost of 
man- and machine-hours. 

The first part of Mr. Melman’s book sets out the 
method he used m collecting his data and his con- 
clusion. that only the cost of alternative labour and 
machine hours changed substantially from 1938 to 
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1950. He sees definite paths of decision making, 
through which the change of costs was linked with 
production mechanization. This observation led 
Mr. Melman to turn to an investigation of the signi- 
ficance of the growth of administrative overheads 
in manufacturing firms in relation to productivity 
changes. An interesting conclusion in this section of 
the book is that he found no evidence to suggest that _ 
any concerted. policy-making, related to productivity, ‘ 
was undertaken by individual or group managements 
with respect to the growth of the administrative staff. 
Administrative overheads were found to vary with 
the addition or subtraction of administrative func- 
tions and did not move in proportion to increases of 
productivity. 

In the third section of his book Mr. Melman 
compares alternative labour and machine costs in the 
United States and Britain. He shows that in the 
United States the rise in the ratio of administrative 
costs to productive labour cost has been exceeded by 
the rise in productivity. In Britain the degree of 
growth of administrative overheads has exceeded that 
of industrial worker productivity. 

The final section of the book is a balanced review 
of the findings and suggests the implications behind 
them. Mr. Melman concludes that there is no uni- 
lateral line of action that any one interested group in 
the economy may take to raise productivity. Produc- 
tivity changes are a joint product of employer/ 
employee participation. 

Dr. Jaques takes one of the factors indicated 
in Mr. Melman’s book and considers this in con- 
siderable detail. Jt ıs abundantly clear to every- 
one associated with industry that the recurring 
difficulties in settling wage disputes have an adverse 
effect on productivity. Techniques such as ‘job 
evaluation’ are an advance on straight bargaining in 
wage discussions, but difficulties arise in attempting 
to assess responsibility. The findings of Dr. Jaques’s 
research will be of considerable interest to all workers 
in the field of wage negotiations. He concludes that 
individuals estimate their weight of responsibility by 
the amount of discretion they are required to exercise 
in doing their work. Dr. Jaques believes that the 
amount of responsibility can be measured by the span 
of time during which an individual exercises discretion 
on his own account. He has observed that individuals 
with the same span tend to expect comparable 
financial rewards. 

The book is interestingly and stylishly presented 
so that it should appeal to a wide public interested in 
the problems of administration. Part 1 poses the 
problem. Part 2 details the experiment he carried 
out in collaboration with the Glacier Metal Company. 
Part 3 deals with theoretical considerations. Dr, 
Jaques realizes that increased mechanization may 
lead to a de-skiling. of work. This trend is clearly 
shown in Mr. Melman’s analysis. Unless this effect 
is recognized and steps taken to deal with it, stress 
and tension gradually increase and an attempt is 
made to freeze the situation in order to prevent further 
reduction. Dr. Jaques indicates useful lines of action 
to prevent this situation arising. 

Both authors, although looking at the problem from 
widely different points of view, conclude that each 
organization and indeed each nation must build its 
business on @ pattern that satisfies the needs of the 
people involved in the undertaking. Unless employer 
and worker are in a satisfactory relationship to 
each other the efficiency of the organization will be 
reduced. LEON FONTAINE 
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The Pocket Guide to Wild Flowers 

By David McClintock and R. 8. R. Fitter, assisted by 
Francis Rose. Pp. xii+340+4-112 plates. (London : 
- William Collins, Sons and Co., Ltd., 1956.) 25s. net. 


a T seems to be no limit to the spate of popu- 
>U J lar books on the English flora and it is with a feel- 
ing of irritation that one picks up the latest of them, a 
book “designed to enable anyone without botanical 
knowledge, to identify...” A perusal of the book 
- turna the pessimist into an enthusiast because this is 
© not just another book on wild flowers. It is some- 
hing that. makes a very serious attempt to justify 
e publisher’s note on the jacket and the authors 
iay be gaid to have succeeded admirably. 
| (his then is a book which can be recommended 
_. to anyone who takes an interest in the countryside, 
for the very numerous keys and hints, couched in 
imple language, will enable anyone to run down their 
plant with comparative ease. The book is richly 
illustrated with plates in colour and with numerous 
e drawings. It has an index to popular names and 
one to the Latin names. It is altogether an excellent 
ork which the reviewer wishes had- been available 
en he was a boy. N. L. Bor 






































An Introduction to the Botany of Tropical Crops 
CS: Cobley. Pp. xv+357+82 plates. 
don: Longmans, Green and Co., Ltd., 1956.) 
6d. net. 6 
"N this useful book the author has given an account 
of the botany of the main and subsidiary tropical 
rops, illustrated by many good photographs and 
grammatic line drawings. The extensive and 
aried subject-matter, in twelve chapters, includes the 
cereal crops, sugar cane, fibres, oil seeds, leguminous 
crops, starch storage crops, spices, beverages, drug 
lants, cultivated fruits, vegetable crops, rubber and 
sential oil crops, together with selected biblio- 
es and an index of botanical names. In all, 
nore than one hundred and fifty different useful 
ecies are described. The scope of the treatment may 
ated by. noting that, among the essential oil 
ps, fourteen different sources are described ; rubber 
cribed from eight sources; fibres from twelve 
urces; and so on. This book is a commendable 
dertaking, and the author may be congratulated 
on having provided a wide circle of readers with a 
| concise, interesting and readable introduction to the 
botany of tropical crops. C. W. WARDLAW 





Integral. Functions 
«By Dr. M. L. Cartwright. (Cambridge Tracts in 
- Mathematics and Mathematical Physics, No. 44.) 
Ooo Pp vili+185. (Cambridge: At the University 
- Press, 1956.) 18s. net. 

_ | PPE theory of functions which are of finite order 
; in-an angle, to which Dr. Cartwright has herself 

made many contributions, is here collected into a 

single volume. The first chapters give the machinery 
- yequired, such as various maximum modulus theorems 

and the powerful Nevanlinna formula. The third 
chapter is a detailed study of the Phragmén—Lindeléf 
theorems and of the Phragmén-Lindeléf function 

h{8), which, roughly, compares log |f! with r°, where 

p is the order of the function. Chapter 4 defines the 

Lindelöf proximate order, and thus leads up to the 

“possibility of obtaining very general results, discussed 

in full detail in Chapters 5 and 6, on the relations 

between the growth of a function and the distribution 
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of its zeros. Chspter 7 deals with the lines of Julia, 
connected with the concept- of exceptional values 
which a function cannot take, while perhaps the most 
interesting part of the final chapter is that which 
relates the exceptional values to thé.singular points 
of the Borel transform of the function. . Dr. Cart- 
wright’s expositicn shows classical specialized analysis 
at its best. T. A. A. BROADBENT 


Irrational Numbers a 
By Prof. Ivan Niven. (Carus Mathematical Mono- 

graph, No. 11.) Pp. xii+164. (Buffalo, N.Y. © 
Mathematical Association of America, 1956. 


and Chapman ard Hall, Ltd., London.) 24s. net. 


ROF. NIVEN’S book carries on the high traditions 
of the Carus Monographs by providing a concise. 
and illuminating account of an important topic. His 
title is slightly misleading, for he is concerned not. 
with the definition and construction of irrational 
numbers but wita their main properties, particularly 
those connected with number theory and Diophantine: 
approximation. — Pre-requisite knowledge is ele- 
mentary, except in the later chapters, where some 
acquaintance. with algebraic numbers and. with 
function theory is expected. Typical results proved 
are: ifr is raticnal, cos r is irrational; almost all 
real numbers are normal to every base, a normal 
number being one in which all blocks of digits of the 
same length occur with equal frequency ; the theorem 
of Lindemann, which includes the transcendence of e 
and v as special cases; the Gelfond—Schneider 
theorem (1934), that if a and b are algebraic numbers, 
where a is neithes zero nor unity and b is irrational, 
then ab is transendental. Since almost all real 
numbers are tramscendental, this goes some way to 
removing the paradox that most of us, if asked for 
an example of a transcendental number, would find 
it hard to go beyond e-or x; perhaps the stimulus 
of Niven’s book vill encourage someone to settle the 
character of Euler’s constant. 


Atlas Coeli 1950.9 Wesaca 
By Antonin Bečvář. Pp. 111+16. (Praha: Nak- 
ladatelstvi Geskoslovenské Akademie Véd, 1956.) 
60 Kes. 


Tac conveniant and very useful series of star 
charts, constructed under the supervision of the 
Director of the Recky Lake (Skelnate. Pleso) Observ- 
atory, was originally published in Prague in 1948. A 
reprinted edition, from duplicate negatives, was pub- 
lished in 1949 by the Sky Publishing Company, 
Cambridge, Massazhusetts. The most obvious change 


in this new Prague edition of 1956 is the use of- ee 


colour to mark ths galactic and globular clusters, the 
planetary and exsragalactic nebule and the bright: 
and dark galactis clouds. The usefulness of the 
Atlas has also been increased by indicating the 
positions of radic-stars listed by Ryle, Smith and 
Elsmore (Mon. Mot. Roy. Astro. Soc, 119, 1105: 
1950) and B. Y. Mills (Austral. J. Sct. Res., 5, 266; 
1952). The manner in which the brightness, duplicity 
and variability cf the stars brighter than visual 
magnitude 7-75 is indicated is the same as that in 
the previous editiens, but the new charts contain not 
only the Bayer letters but also the Flamsteed numbers 
of the stars in sach constellation. The sixteen 
16} in. x 23 in. charts are bound in attractive, stiff 
covers and a plastic templet is supplied to facilitate 
accurate determination of the co-ordinates. 





Dis. 
‘ tributed by Johr. Wiley and Sons, Inc., New York; 
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OBSERVATION OF DISLOCATIONS IN METALS BY MEANS OF 
MOIRE PATTERNS ON ELECTRON MICROGRAPHS 


By D. W. PASHLEY, J. W. MENTER and G. A. BASSETT 


Tube Investments Research Laboratories, Hinxton Hall, Cambridge 


ie recent years, several workers'-* have observed 
fringes with spacings from 20 A. upwards in 
electron microscope images of overlapping crystals. 
It is now well established’ that these fringes may be 
interpreted as a moiré pattern arising from the 
coincidence of the projected planes of atoms in the 
two overlapping lattices. In a recent paper, Uyeda 
and Hashimoto® show that the moiré patterns are 
modified by dislocations in either lattice, and that in 
favourable circumstances the dislocations are clearly 
recognizable in the moiré pattern. 

We have recently carried out independent experi- 
ments in these Laboratories, in which dislocations in 
metals are revealed in moiré patterns. All previous 
work seems to have resulted from studies on for- 
tuitously overlapping crystals, with small angular 
misorientations, so that the patterns have been seen 
comparatively rarely. Our technique allows deliberate 
overlapping in a predetermined relative orientation ; 
pairs of crystals of similar structure, but different 
lattice parameters, are used and the two are prepared 
in exact parallel orientation. This allows a much 
greater control of the geometry: of the formation of 
the patterns than is possible with the rotationally 
misoriented crystals, and eases the interpretation of 
effects due to dislocations. 


The Optical Analogue 


Uyeda and Hashimoto have described an optical 
analogue which demonstrates the effect of dis- 
locations on the moiré pattern, for the case of two 
rotationally misoriented crystals. We have shown, 
both by analysis and by means of an optical analogue, 
that edge dislocations are made directly visible in 
our system, 

Figs. la and lb show two line gratings, one of 
which contains an edge dislocation. If these two are 


Optical analogues demonstrating moiré effect with 
grating. 


Fig. 1. 
(a) Grating containing single edge dislocation. (b) Perfec' 


superposed, with relative spacings such that five 
spacings of la match with about six spacings of 1b, 
then the moiré pattern is as shown in Fig. lc. The 
extra line associated with the edge dislocation is 
clearly visible in this pattern; thus the moiré 
pattern is effectively a magnified image of the dis- 
located grating. However, the optical analogue can 
be used to show that the exact form of the ‘strain 
field’ of the dislocation in the moiré pattern depends 
upon the way in which the two lattices are super- 
posed. In Fig. lc, the extra line of Fig. la has been 
made coincident with a line of Fig. 1b; if this is not 
done, then the moiré pattern becomes somewhat 
distorted, although the extra line is still clearly 
visible. 


Resolution 


The great advantage of the system in the case of 
electron microscopy is that, although it has not yet 
been found possible to resolve directly the lattice of 
a metal (see, however, ref. 7), it is possible to resolve 
the lattice indirectly by means of the moiré pattern. 
d,+d, 
d,—d,’ 
where d, and d, are the spacings of the two elementary 
gratings; thus by a suitable choice of d, and d, the 
moiré spacing can be made sufficiently large to allow 
the pattern to be resolved. 


The spacing of the moiré pattern is given by 





Preparation of Specimens 


An extensive coherent single crystal (111) film™of 
gold is prepared by an evaporation method which 
will be described in detail in a later publication. A 
second metal is then evaporated on to this as sub- 
strate, such that oriented growth occurs, to give a 
composite film of two metals each about 200 A. in 
thickness. When nickel, copper, cobalt, palladium 
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Table 1 
Cc T — - - | 
| Crystal spacings Moiré spacings (A.) when 
| Metal (A.) combined A parallel 
> ‘ u: gold x 
| (022) (422) (022) (422 
| Nickel 1-24 0-719 92 58 
Cobalt 1-26 0:725 9-8 5-7 
| Copper 1-28 0-737 11:3 6-5 | 
Palladium 1-37 0-792 29 17 | 
| Platinum 1°38 | 0-798 | 35 2 | 





and platinum deposits are used, parallel orientation 
occurs, so that the specimens have their (022) and 
(422) type planes perpendicular to the plane of the 
foil. It is these planes which are used as the elemen- 
tary gratings in the formation of the moiré patterns. 
A list of the expected moiré spacings is given in 
Table 1. 


Interpretation of Patterns 


All the combinations listed in Table 1 give ex- 
tremely good moiré patterns with remarkable con- 
sistency. Fig. 2 shows an example obtaimed from a 
gold—palladium specimen. In some regions more 
than one set of lines is apparent, giving the effect of 
a two-dimensional grating. This can be understood 
when the diffraction conditions in the specimen are 
considered. Dowell, Farrant and Rees* have shown 
the intimate relationship between the moiré pattern 
and double diffraction by the two overlapping 
crystals. The spacing of the moiré pattern corre- 
sponds with that expected from the ‘Bragg angle’ of 
the doubly diffracted beam. For the resolution of 
periodic structures in the electron microscope, it has 
been shown by Menter? that the Abbe criterion 
applies, that is, it is necessary that the undeviated 
beam and the first-order diffracted beam from the 
set of planes to be resolved shall pass through the 
objective aperture to the image. Similarly, the beams 
which are essential for the formation of the moiré 
pattern are the undeviated beam and that which has 
been diffracted by a given set of planes in each 
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Fig, 2. Moiré pattern obtained by superposition of thin gold and 

palladium single crystal films in parallel orientation. Several 

different sets of lines are simultaneously resolved giving the effect 
of a two-dimensional grating. (x 850,000) 
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Fig. 3. Electron diffraction pattern from composite single crystal 

film of copper cn gold showing double-diffraction effect. The 

group of spots close to the central spot are the essential image- 
forming beams for the moiré pattern 


lattice, but in opposite senses ; this doubly diffracted 
beam is almest coincident in direction with the 
incident beam. The double diffraction effect is 
illustrated in Fig. 3, which is a diffraction pattern 
from a copper—gold specimen. The variation of the 
pattern from one region of the specimen to another 
arises simply from slight buckling of the foil, leading 
to varying diffraction conditions from one place to 
another, so that different sets of planes are resolved 
in different regions, 

The spacings in the moiré patterns are slightly 
higher than shose given in Table 1. However, 
abnormal latt.ce spacings are often observed with 
thin films, and the moiré spacings are consistent with 
the spacings deduced from the diffraction patterns 
to within abeut 10 per cent. A more accurate 
calibration of the magnification of the electron 
microscope is required before this consistency can be 
tested to greaser accuracy. 


Otservation of Dislocations 


The moiré patterns contain many irregularities, 
some of which can be readily interpreted in terms of 
dislocations. In Fig. 4 several cases of edge dis- 
locations are visible, the associated extra plane being 
imaged in the moiré pattern as in the optical analogue 
of Fig. le. 

Although pure edge dislocations lie in [211] 
directions inclined at 70° to the foil surface, the 
extra plane of the dislocation is very clearly resolved, 
In the case of a face-centred cubic structure, an edge 
dislocation of unit strength has a Burgers vector of 
[4 40], which has a magnitude of a/./2. Since the 
(220) planes have a spacing of a/24/2, there are two 
extra (220) planes associated with such a unit dis- 
location, as wes first pointed out to us by Dr. P. B. 
Hirsch and Mr. M. J. Whelan. An example of this 
is shown in Fiz. 5. It is readily shown that an edge 
dislocation with a Burgers vector which is not per- 
pendicular to the set of planes being resolved will not 
necessarily give rise to two extra lines on the moiré 
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"ig. 4. 


F 
Fig. 2 with several examples of edge dislocations. 


Moiré pattern from diferent area of specimen shown in 
(x 500,000) 


pattern. Thus edge dislocations with a Burgers 
vector of [0 4 4], [0 4 4]. [4.0 4] or [} 0 4] have just 
one extra (220) plane associated with them. Many 
dislocations of this type are visible on Fig. 4. 

The general waviness of the moiré pattern is prob- 
ably due to slight relative misorientations of the gold 
and palladium. It can be shown that if the crystals 
are misoriented by a small angle « about the normal 
to the foil, the moiré pattern will rotate about the 


same axis through an angle of pa , which is about 
Gi — as 

2læz for the gold-palladium specimen. Thus the 

moiré pattern is very sensitive to lattice perfection 

and orientation. 

Many other features on the moiré patterns are 
being studied and analysed. We have tentatively 
interpreted some effects as due to dislocation lines 
containing screw components. 

Although the moiré patterns have been obtained 
with all of the combinations indicated in Table 1, 
the patterns from gold-palladium and gold-platinum 
are the most striking, because they have a large 
spacing. They are readily visible on the fluorescent 
screen of the electron microscope (a Siemens Elmis- 
kop 1 in our case). This is important, since it means 
that movement of dislocations can cause visible 
changes in the moiré patterns, so that dislocation 
movement can be followed by the displacements 
which take place in the lattice planes. Such move- 
ment has already been observed on several specimens, 
as a result of the electron bombardment, and attempts 
are being made to record the movements. Observa- 
tions of this type are essentially complementary to 
the study of dislocation movement by contrast 
changes due to lattice strain, already made by Hirsch, 
Horne and Whelan® in thin aluminium specimens. 


Conclusions 


The technique provides a new means of studying 
dislocations and their movement in metallic foils, To 
a large extent, the method overcomes the limitation 
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imposed by the inability to resolve directly the 
lattice of a metal, although we are continuing to 
explore the possibility of achieving this, since this 
would allow the strain-field associated with a dis- 
location to be plotted in more detail. 

Experiments are in hand to allow dislocation 
movements revealed via the moiré patterns to be 
studied during controlled plastice deformation and 
controlled annealing of specimens inside the electron 
microscope. We also intend to apply the moiré tech- 
nique to the study of alloy formation, order—disorder 
phenomena, and the growth of oriented layers 
(particularly oxides on metals). 

Finally, it is worth noting that the system of two 
parallel oriented metallic foils of different lattice 
spacings provides an excellent means of constructing 
a simple electron interferometer. Marton, Simpson 
and Suddeth* have used a system of three similar 
foils to obtain, by successive crystal diffraction, two 
beams which can be made to interfere. They obtain 
fringes of low intensity and contrast, and are limited 
to fringe spacings of about 1650 A. In the system 
used here, the moiré pattern is very bright, and the 
spacing of the fringes can be adjusted readily from 
about 5 A. upwards. The fringes can be considered 
to arise from the interference of one of the doubly 
diffracted beams of Fig. 3 with the undeviated beam. 
It is therefore possible to put a thin foil of any 
given material in the path of one of the beams, 
so as to cause a displacement of the correspond- 
ing set of fringes. This. displacement can be 
used for the determination of the refractive index 
of the material in the electron beam, and provides 
a direct means of measuring the inner potential of 
crystals. 


We thank Dr. T. P. Hughes and Dr. F. P. Bowden 
for their interest and encouragement in this work, 
and the Chairman of Tube Investments, Ltd., for 
permission to publish this paper. We are indebted 





Fig. 5. 


Moiré pattern from another area of specimen shown in 
Fig. 2 with an example of an edge dislocation with its Burgers 


vector oriented perpendicular to set of planes giving rise to lines 
of moiré pattern, In this orientation two ‘extra planes’ appear 
in the pattern. (x 750,000) 
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to Dr. 'A. L. G. Rebs, of the Division of Chemical 
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Research Organization, Melbourne, for sending us 
manuscripts of unpublished work. 
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BIOLOGICAL EFFECTS OF RADIATION 


N open meeting was held on March 7 at the 
Institute of Biology under the title “Aspects of 
Radiotoxicity’’, with the aim of clarifying some of the 
problems arising from the increasing level of radiation. 
Dr. H. O. J. Collier, m the chair, set the evening’s 
challengmg tone to the scientist by opening the dis- 
cussion with the quotation, “Man, proud man, drest 
in a little brief authority, . . . plays such fantastic 
tricks before high heaven, as make the angels weep”. 
This challenge was taken up by Prof. J. Rotblat, 
who spoke on the physical aspects of radiation 


damage, and by Prof. L. Penrose, a member of the ' 


Medical Research Council Committee (1956) for the 
study of radiation hazards, who discussed biological 
damage, including ‘the genetic effects. 

Prof. Rotblat began by stressing the complexity of 
the problem. On the physical aspect alone, and con- 
fining the discussion to ionizing radiations, there is a 
roultitude of particles to consider, from electrons to 
fission fragments, with widely differing energies, 
penetrating powers and types of secondary reactions 
produced. Compared, however, with the chemical, 
biochemical and biological processes contributing to 
radiation damage, the nature of which is still obscure, 
the physics of radiation damage is fairly well under- 

„stood. The passage of radiations through matter 
gives rise to excitation and ionization of atoms and 
dissociation of molecules. , All these contribute to the 
biological action and for this reason it is necessary 
to consider the total energy transferred to matter 
rather than ionization alone. The umt employed is 
the linear energy transfer (sometimes referred to as 
the L.E.T.), which 1s the amount of energy trans- 
ferred per unit length of path of the ionizing particles, 


usually measured m keV. per micron of tissue. This - 


does not depend on the ‘mass of the ionizing particle 
but only on its-charge and velocity. The very marked 
variation with velocity explains the observed. differ- 
ence between the damaging action of alpha particles, 
protons and electrons, of the same energy. But 
although different particles with the same value for 
the'lmear energy transfer produce the same biological 
effect, the relationship between the linear energy 
transfer and biological damage, or the relative bio- 
logical effectiveness (R.B.E.), ıs not at all straight- 
forward. Prof. Rotblat quoted examples of biological 
processes, in some of which the biological damage 
imereases with linear energy transfer, in - others 
decreases with it, and in still others first increases 
and then decreases. These variations indicate the 
existence of different mechanisms of biological action. 

Turning to the doses of ionizing radiations to which 
man is nowadays exposed, Prof. Rotblat made a 
survey of the natural background of radiation, point- 
ing out that this will differ depending on whether 


one considers the gonad. dose, the dose to bone or to 
other tissue. In Great Britain the gonad dose is 
0-1 r. per year, or 3 r. in thirty years ; the bone dose 
is slightly graater and amounts to 8-5 r. during 
seventy years of life. Of the man-made radiations, 
the largest contribution is from diagnostic radio- 
logical examination. The Medical Research Council 
report gave a figure of 22 per cent of the natural 
background, kut more recent evidence indicates that 
the actual value may be 5-10 times higher, which 
would bring it in hne with that in the United States. 
The fall-out fom nuclear test explosions has up to 
now contributed very little so far as external radia- 
tions are concarmed, but internal radiation gives rise 
to some concern. The effect of cesium-137 in the 
body, although quite small, has perhaps been dis- 
missed too lightly, but the concentration of stron- 
tium-90 in bone is the more worrying factor. 

All these doses appear quite safe when compared 
with the max:mum permissible dose (M.P.D.) estab- 
lished by the International Commussion on Radio- 
logical Protection, which amounts to 0-3 r. per week, 
or 150 times she natural background. It has, how- 
ever, to be remembered that the maximum per- 
missible dose was set up for people occupationally 
exposed, and on the assumption that only a small 
fraction of the population is so exposed. For the 
whole population the figure may have to be reduced 
by a factor o£ 10 or even 50, but there may be other 
reasons for lowermg the maximum permissible dose. 
It is now bem ming evident that the doubling dose 
for leukemia, may be much less than was thought. 
Another factor, which came to light only recently, 1s 
the shortening of life-span due to an acceleration of the 
natural processes of ageing. A survey of radiologists in 
the United States, showing a reduction of life-span by 
five years, msy ‘be statistically uncertain, but there 
18 no doubt ebout this effect from experiments on 
animals. These experiments show that every irradia- 
tion results in.some irreparable damage, and that the 
lethal dose gradually decreases with age. If this 1s 
extrapolated to human beings, it leads to an inherent 
limit of life-span due to the natural background of 
radiations. Tas hmit may be two hundred years or 
more, but the grim significance of this sort of specu- 
lation becomes apparent when apphed to the present 
maximum. permissible dose, which would reduce the 
life-span to about thirty years from the time exposure 
began. There seems, therefore, to be a good case for 
lowering the maximum permissible dose, quite apart 
from the genetic hazards. 

Prof. Penrcse opened his- discussion of the bio- 
logical damage due to radiations by directing atten- 
tion to the ignorance there 1s of the mtermediate 
steps in their action, stating that one could only 
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speculate with the knowledge available. He pointed 
out that the major damage to populations exposed 
to an atomic explosion would be due to heat and 
blast, and not “to radiation. Ionizing radiations 
were, however, damaging even in small intensities. 
Their effects could be divided into immediate, during 
the first few’ weeks, and delayed. The immediate 
effects,;‘such as burns and anemia, are well known. 
Their relation to the dose received ıs not linear, 
lower doses producing apparently no effect. With 
the delayed effects, such as cataract or leukemia, 
the picture is different. From the evidence on sur- 
vivors at Hiroshima and Nagasaki, as well as from 
the findings of Court Brown and Doll on patients 
treated with X-rays for ankylosing spondylitis, it is 
clear that the incidence of leukæmia increases lnearly 
with the dose. This linear relationship between 
exposure and delayed effects emerged towards the 
end of the Medical Research Council Committee’s 
deliberations and was the reason for the demand for 
a reconsideration of the maximum permissible levels. 

Another point to be clarified in the public mind 1s 
the difference between somatic and genetic effects. 
Direct damage to the footus by radiations has been 
studied on pregnant rats and mice as far back as 1931, 
and the findings have been supported by observa- 
tions on human fcetuses. It was found that large 
doses to the mother's abdomen could clearly cause 
foetal damage not previously suspected. Apart from 
miscarriage, this could result in the birth of babies 
with arrested development of the central nervous 
system leading to a special type of microcephaly. 
These risks, which had been known for some time, 
were definitely confirmed in the populations exposed 
at Hiroshima, Dr. Alice Stewart and her colleagues 
at Oxford claim to have observed delayed deleterious 
effects on the foetuses exposed at any time during 
pregnancy to a much smaller dose of X-rays, such as 
occurs during diagnostic pelvic X-ray of the mother. 
In these offspring there was found to be a significantly 
higher incidence of leukemia, which developed one, 
six, or even ten years after birth. Prof. Penrose 
hesitated to accept these findings as fully proved, 
but felt that although the damage occurred only in a 
small proportion of the mothers X-rayed in preg- 
nancy, nevertheless it was important. 

The genetic hazard can only be considered by 
looking at a long-term picture. There are two pro- 
cesses to be considered—chromosome breakage, which 
disturbs nuclear harmony, and point mutations, both 
of which may be the result of ionizmg radiations. 
When a chromosome breakage occurs, both theory 
and experiment show that the effect is proportional 
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to the square of the dose because, to produce an 
effect, there must be two breakages with the poss- 
ibility of joming up again to reproduce. In the case 
of pomt mutations there is a direct linear effect, and 
this has been established by work with Drosophila. In 
man, such mutations are far more difficult to study, 
and this has in ‘part produced the impression that 


_the genetic hazard results only in an increase in the 


number of achondroplasic dwarfs. Actually, an 
increase in the rate of mutations will increase many 
other far more serious conditions. Referring to the 
nuclear test explosions, Prof. Penrose stated that the 
number of fresh mutants would be small and difficult 
to demonstrate, and in this sense only is it insig- 
nificant: counted over the whole population the 
number would certainly not be negligible. 

Prof. Penrose then produced some evidence of the 
part played by radiation on the natural mutation- 
rate in man. One method is to study the incidence 
of diseases bélieved to arise by spontaneous mutation 
in relation to the ages of parents. For chondro- . 
dystrophy and acrocephalosyndactyly the age of the 
father, but not that of the mother, is strikingly 
high. This could be explained by assuming that the 
gene loci concerned were not very sensitive to radia- 
tion but mutated in response to other factors. For 
the most sensitive loci, mother’s and father’s age 
would both be only slightly raised, as seems to be 
the case in retinoblastoma neurofibromatosis and 
epiloia. Mongolism falls into a quite ‘different group, 
its incidence increasing with an increasing maternal, 
but not paternal, age, and it is clearly not due to 
point mutation. 

In answer to questions on the haphazard use of 
radioisotopes therapeutically and experimentally, 
both speakers stressed that nowadays every care 18 
taken m the use of these materials. Prof. Rotblat 
explained that in the case of radioiodine therapy in 
thyroid disease, treatment is now limited to patients 
of the older age group where tumour induction after 
many years is of less importance than uf the younger 
age group. Physicians in Britain have been more 
conservative in accepting the possession of a Geiger 
counter as essential for their practice than has the 
medical profession in the United States. The con- 
tribution from short-lived isotopes used in medicine 
has been calculated to be very small. 

The chairman concluded the meeting by a revision 
of the old rules of health, suggesting that one should 
stay indoors to be shielded from cosmic rays, to stop 
drinking milk to limit the intake of cesium-137, and 
to keep away from the doctor, to avoid being X-rayed. 

P. J. Lovpop 


SIR VICTOR HORSLEY, F.R.S. 
By Sin ARTHUR MACNALTY, K.C.B. 


CTOR ALEXANDER HADEN HORSLEY, 
neuro-surgeon, physiologist, pathologist and 
social reformer, was born on April 14, 1857. At the 
centenary of his birth it is appropriate to consider 
his scientific work, much of which was applied for 
the benefit of mankind. 
Horsley achieved fame early. His brilliant career 
at University College Hospital, his personality, his 
exceptional intellectual powers, his devotion to pro- 


fessional work, his eloquence, forthrightness and 
rapidity of decision all bespoke genins. In 1880, 
while still a medical student, he published his first 
paper in Brain with H. C. Bastian on “Arrest of 
Development in the Left Upper Lumb, in Association 
with an extrerhely Small Right Ascending Parietal 
Convolution”. In 1882 (with F. W. Mott) he con- 
tributed a paper to the Journal of Physiology “On 
the Existence of Bacteria or their Antecedents in 


No. 4563 April 13, 1957 


Healthy Tissues”—then a controversial subject. He 
was associated with the research work of the Local 
Government Board, his paper on septic bacteria 
appearmg as an appendix to the eleventh annual 
report of the Board m 1881. 

In 1882 Horsley was appomted assistant professor 
of pathology in University College, London, becoming 
full professor from 1893 until 1896. In 1884 he was 
made professor-superintendent of the Brown In- 
stitution (University of London). During his six 
years of office at this Institution, in spite of his other 
duties as professor of pathology and hospital surgeon 
and the claims of private practice, he found tıme for 
an enormous amount of research work. He mvesti- 
gated the localization of function in the brain and 
the pathology of epilepsy and canine chorea. As the 
result of experiments on monkeys, his report on 
myxcedema m 1888 argued for the identity of myx- 
cedema, cachexia strumipriva and allied diseases, 
and proved that these conditions were due to removal 
of the thyroid gland. As a surgeon he applied his 

‘laboratory results by transplanting the thyroid into 
patients suffermg from myxcedema, and showed the 
treatment was specific. He thus founded the modern 
study of the thyroid gland in Great Britain and first 
suggested the rational method of treatment. In 1886 
Horsley was not only the author of the report of the 
Local Government Board’s Commission on Rabies 
which confirmed Pasteur’s discovery of anti-rabic 
vaccine, but also the active investigator of the 
method both in Paris and at the Brown Institution. 

It was as a neuro-physiologist that Horsley made his 
greatest contribution to science. In January 1884 he 
began with Prof. Schiifer in the Physiological Depart- 
ment of University College a series of researches on 
the brain of the monkey with a view of testmg and, 
if possible, extending the work of Ferrier and Yeo on 
cerebral localization. Schäfer and Horsley confirmed 
Ferrier’s results, and added to them with a finer 
analysis of certam groups of movements. With C. E. 
Beevor at the Brown Institution, Horsley further 
studied localization in a monkey both at the level of 
the surface of the brain and at the level of the nerve 
fibres passmg from the surface of the brain towards 
the spinel cord ; they also studied localization in the 
cerebral cortex of the orang-utan. In certam 
details these experiments have been corrected or 
modified by subsequent work, in particular by the 
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more exact studies of Sherrington and Grimbaum ; 
but Horsley’s work marks a great step forward and 
made plain paths of research for others. In 1886 
Horsley was elected a Fellow of the Royal Society, 
and in 1891, with Francis Gotch, he gave the Croonian 
Lecture to the Royal Society, “On the Mammalian 
Nervous System, its Functions and ther Localization 
determmed by an Electrical Method”. He studied 
the motor innervation of the larynx with Su Felix 
Semon. 

In the closing years of Horsley’s scientific researches 
he devoted special attention to work on the cere- 
bellum, principally with R. H. Clarke. With special 
apparatus devised by Clarke, these investigators 
produced a minimal electrolytic lesion of .a cerebellar 
nucleus without involving the cerebral cortex. This 
was the first use of electrolysis in cerebral physiology. 
Horsley and Clarke concluded that the cerebellar 
cortex is practically mexcitable ; but this has been 
disproved by subsequent investigation with the use 
of a stronger electrical current. I had the privilege 


- of assisting Horsley in his researches during 1904-9. 


The results of certain of these researches were incor- 
porated in our joint paper in Brain (1909) entitled 
““Cervico-Spinal—Bulbar and Spino—Cerebellar Tracts 
and on the Question of Topographical Representation 
in the Cerebellum”. 

It has only been possible here to mention the chief 
of Sir Victor’s researches. To describe them fully and 
to show their material contribution to neuro-physio- 
logy would need volumes. In addition, Horsley 
collaborated with many distimguished workers, and 
some publications under other names issued from 
his laboratory represent investigations guided and 
directed by hin. 

Nerther is there space to mention his other interests. 
For example, his researches as a neuro-surgeon, which 
were the application of scientific physiology in the 
treatment of lesions of the brain and spinal cord, his 
work as a medical and social reformer and his 
political activities. Nor can I dwell here on his 
generous and noble nature, on the helping hand he 
stretched out to others, and his encouragement of 
younger men in scientific research. 

In the end hə died a hero’s death from infection 
and heat-stroke on July 16, 1916, when he was 
reporting on medical conditions in Mesopotamia. It 
was his last crusade. 


OBITUARIES 


Sir John Townsend, F.R.S. 


Joun Smarty Epwarp TownsEND, who died in 
Oxford on February 16, at an age of eighty-eight, was 
one of the most notable physicists of his day, a 
master of experiment and theory alke and the 
founder of the kinetic theory of ions and electrons m 
feebly ionized gases. He was the son of Prof. Edward 
Townsend, of Queen’s College, Galway, Ireland, and 
was born there on June 7, 1868. He was educated at 
Trinity College, Dublin, where he took a Moderator- 
ship Examination in mathematics, mathematical 
physics and experimental science in 1890, and was 
a Fellowship Prizeman in 1893 and 1894. In 1895 he 
went to Cambridge, where he and Rutherford became 
J. J. Thomson’s first research students. Later he was 
made a demonstrator in the Cavendish Laboratory 


and a Fellow af Trinity College and won the Clerk 
Maxwell Studentship. Among his contemporaries 
were also Larmor and Langevm. Townsend made 
his name with his work on the formation of electric- 
ally charged clouds, from which he derived for the 
first time a value of the elementary charge: he pro- 
duced by electrolysis a charged gas which was then 
saturated with water vapour. By removing the latter 
with sulphuric acid, and weighing the acid, he 
obtained the mass of water in the cloud. From 
photographic recordings of the rate of fall of the 
cloud, he found the mass of a droplet in the cloud 
and this, together with its total charge, gave the 
ionic charge of a droplet as about 3 x 10-?° es.u. 
When the University of Oxford decided to promote 
research in experimental physica on æ larger scale, 
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Townsend was elected to the new Wykeham chair in 
1900, together with a fellowship at New College, 
R. B. Chfton being the existing professor of experi- 
mental philosophy. Untal means for a laboratory 
were found, Townsend worked in the Observatory 
and later in the University Museum. It was not until 
1910 that, with the help of the Draper’s Company, 
the Electrical Laboratory was built, a stone building 
with walls 3 ft. thick, which was specially designed 
for electric and magnetic research. - 

Townsend’s early work included a study of solar 
disturbances, magnetization of liquids, and the effects 
of secondary X-rays; but very soon he turned his 
attention to the motion of swarms of electrons in 
gases, in particular their motion in electric and mag- 
netic fields. He recognized very early that drifting 
electron swarms could be treated as a flow of a gas 
passing through another stationary gas. Later he 
developed the concept of a ‘hot electron gas’ which 
is driven by the electric field through the cold parent 
neutral gas, the average energy of the electrons being 
orders of magnitude higher than that of the neutral 
molecules. This is because the light electrons are 
able to transfer only a small fraction of their energy 
to the heavy molecules in collisions. He also showed 
that the ionic charge in a gas ıs the same as in a 
liquid electrolyte. 

From his numerous outstanding contributions one 
recalls the first measurements of the drift velocity 
of electrons- (with Lattey) and its more accurate 
determination by deflecting the electron swarm by a 
transverse magnetic field, of diffusion and random 
velocity of electrons in gases, and of the average 
energy losses which the electrons suffer in collisions 
with gas molecules (with Pidduck). To him also must 
be given the credit for the discovery of the dependence 
of the mean free path of electrons on the mean 
electron energy of swarms which he found in argon, 
now known as the Ramsauer-Townsend effect. He 
will be remembered for his fundamental work on the 
multiplication of charges by electron ‘collisions and 
the dependence of the (Townsend) ionization co- 
efficients on the electric field. He supported the first 
quantitative research by Kirkby on electro-chemistry 
of ionized gases. He showed that electrons and some- 
times ions ionize gases, and that positive ions release 
secondary electrons from the negative electrode, thus 
mcreasing the current flowing through the gas until 
suddenly the gas becomes a good conductor and a 
spark crosses the gap. He investigated electric break- 
down, developed similarity relations governing these 
processes and measured the emission of light from an 


electrically excited gas; continuous spectre of rare. 


gases at high pressure were found early in his lab- 
oratory by McCallum. During his last years in office, 
he and Guill developed a theory of the electrodeless 
discharge m high-frequency electric fields. 

Altogether Townsend published probably more 
then a hundred papers and several treatises: “‘Elec- 
tricity in Gases” (1915), “Motion of Electrons in 
Gases” (based on a lecture which he dehvered at the 
Franklin Institute in Philadelphia, in 1925), “Elec- 
trons in Gases” (1947), ‘Electricity and Radio 
Transmission” (1943), and “Electromagnetic Waves” 
(1951). 

Townsend was a man of great energy who took 
much interest in hunting and he had a great sense of 
humour. He loved talking shop, but still more loved 
to have an argument. Looking back at his scientific 
contributions, one wonders why he was not selected 
to receive more honours in the field of science. There 
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are many possible reasons. He belonged to the rare 
class of men who are content and happy with their 
discoveries and their work. Moreover, his papers 
were not always easily readable. He seldom attended 
scientific meetings and took little interest in other 
people’s fields. Although he was reluctant to adver- 
tize his or his research men’s successes, it is quite 
remarkable that in spite of that, many of his school 
have achieved prominence—Moseley, Van de Graaff, 
Tizard, V. A. Bailey, L. Q. H. Huxley, F. Llewellyn 
Jones and many others. 

Townsend was a tireless worker and an excellent 
talker, but he was sometimes very absent-minded 
and stubborn. He once entered a dark room where 
he found a man struggling with an experrment. He 
told him how to perform it, took the readings for 
him and then left the room without being aware that 
the man was a candidate in a practical examination. 
During the First World War, King George V visited 
the Electrical Laboratory, where cadets of the Signals 
Corps were trained. At that moment Townsend was 
writing his magnum opus; he refused to be nter- ` 
rupted m his work, and was not presented. 

“ Townsend was elected to the Royal Society in 
1903, and later became a Chevalier de la Légion 
d’Honneur, a member of the Institute of France and 
a member of the Frankln Institute, and he was 
knighted m 1941. He married in 1911 Mary Georgiana, 
daughter of P. F. Lambert, of Castle Ellen, County 
Galway, with whom he spent a most happy home life 
and’ who survives him with two sons. 

A. von ENGEL 


Prof, V. F. Boldyrev 


Vasstuyit Feporovicnh BoLDYREV, who died in 
Moscow on February 25, was born in Saratov on 
January 20, 1883, educated at the Saratov Gym- 
nasıum and the University of Moscow, from which 
he graduated m 1906, when he joined the staff of the 
Department of Zoology and Entomology of the 
Moscow Agricultural Institute (now the Timiriazev 
Agricultural Academy), at first as an assistant, 
becoming professor in 1920. The Moscow Institute 
has been one of the main schools of agricultural 
entomology m Russia, where many workers m this 
field received their training, first under the late Prof. 
N. M. Kulagin, then Boldyrev. This school has always 
been characterized by giving a much wider general 
biological education to 1ts students than is usually 
provided in & course of applied entomology ; and 
Boldyrev has been, above all, an ardent and serious 
naturalist, able to inspire his pupils with the need 
to understand the living insects, rather than merely 
to learn how to kill them. 

His own scientific work was extensive and varied. 
His main original contributions were in the pains- 
taking studies.of courtship behaviour and repro- 
ductive physiology of Orthoptera. His papers on the 
subject contain a vast amount of personal observa- 
tions, described in a lively style rivalling that of 
Fabre. Other scientific works of Boldyrev dealt 
with the biology of various insects, while in the field 
of applied entomology he is deservedly known in the 
U.S.S.R. as the pioneer of the application of aircraft 
to the control of insect pests, particularly locusts. 
Those who, like myself, have been so fortunate as to 
know Boldyrev personally, will always remember 
his charming friendliness, deep love of livmg Nature 
and keen sense of very kindly humour. 

B. P. Uvarov 
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Physical Chemistry at the University of Birming- 
am : Prof. J. C. Robb 


Dr. James C. Ross has been appomted, at the age 
of thirty-two years, to the chair of physical chemistry 
at Bumingham rendered vacant by Dr. H. W. 
Melville’s appointment as secretary of the Depart- 
ment of Scientific and Industrial Research. Dr. 
Robb graduated from the University of Aberdeen 
with first-class honours m 1945. He was awarded 
the Carnegie Research Scholarship and later the 
Carnegie Senior Scholarship and gained his Ph.D. 
in 1948. He then moved to Birmingham with Prof. 
Melville, where he held a senior D.S.I.R. award 
(1948-50) and an Imperial Chemical Industries 
Fellowship (1950-51). He was appointed lecturer 
in chemistry in 1951 and senior lecturer in 1956. 
He gained his D.Sc. at Birmingham in 1954. He 
was appointed a member of the faculty board of 
mathematics and physical sciences in 1956. Dr. 
Robb has had a wide and varied lecturing and 
demonstrating experience and has assisted with the 
direction of many df Prof. Melville’s researches con- 
cerning the reaction of free radicals in the gas and 
liquid phases. He has developed a solid source mass 
spectrometer and is interested in the appheation of 
this instrument and of gas phase chromatography 
as analytical tools. He will maintain the Birmmgham 
tradition of discovering new techniques for studying 
the kinetics of reactions, including those concerned 
with polymerization. He is particularly interested 
in student activities, having formed and commanded 
a technical company of the Army Cadet Force in 
Aberdeen and having been an honorary vice-president 
of the University Athletic Union at Birmingham. 
Dr. Robb brings youth and energy to his chair at 
a time when the Chemistry Department in the 
University of Birmingham is undergoing considerable 
expansion. 


Mining at the University of Sheffield : 
Dr. A. Roberts 


Dr. ALBERT ROBERTS, who has recently been 
appointed director of the Postgraduate School of 
Mining in the University of Sheffield, was educated 
at the Wigan Junior Technical School and the Wigan 
Miming and Technical College, and graduated ın 
mining in the University of London in 1932. Dr. 
Roberts received training as a mining engmeer in 
the north of England, gainmg a colliery manager’s 
certificate ; be held various colliery appointments in 
Lancashire. In 1935 he was assistant manager at 
the Wigan Coal Corporation’s Parsonage Colliery. 
Experience in moetalliferous mining followed, with 
the Ashanti Goldfields Corporation, Ltd., during the 
course of which he travelled extensively in British 
and French West Africa, the Sahara and North 
Africa. He returned to England shortly before the 
outbreak of war, and since 1940 has been engaged in 
mning education and research, havmg successively 
held appointments as lecturer in mmmg and geology 
at Sunderland Technical College, mining organizer to 
the Shropshire Education Committee, and lecturer in 
mining at the University of Nottingham, where he 
was awarded the degree of Ph.D. m 1953. In January 
1955 he was appointed senior lecturer in the Post- 
graduate School of Mining at the University of 
Sheffield. 
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Fundamental Research at the Mellon Institute 


Te Mellon Institute in Pittsburgh has adopted 
plans for a major expansion of fundamental research 
under the leadership of Paul J. Flory, executive 
director of research. It is widely recognized that, 
despite the funds available for the support of research 
m the United States, the progress of fundamental 
science has seriously fallen behmd the proliferation 
and consequent requirements of applied science and 
technology. Is has been decided, therefore, that the 
Mellon Institute can best perform the aims of its 
foundation in 1913 as a non-profit making institution 
dedicated to scientific research for the benefit of 
mankind by orienting its organization as a centre of 
advanced investigation, with comprehensive attention 
to fundamental problems, Although it is the aim 
eventually to direct the Institute’s main efforts 
along the lines of research the object of which is the 
extension of the frontiers of knowledge, there is no 
intention to depart from the field of applied research. 
A healthy collaboration between fundamental and 
applied researsh will be fostered, and in applied 
research, investigations of a long-range character, 
or pioneering nature; will be especially encouraged. 
Fundamental research is contemplated in fields 
embracing physical chemistry, chemical physics, and 
inorganic, organic and analytical chemistry, with an 
emphasis on solid state physics, polymer chemistry 
and physics, radiation studies, and biophysics and 
biophysical chemistry. The umportance of granting 
freedom commensurate with ability to individual 
research workers is recognized, and a wide latitude 
of opportunity will be assured for creative research. 
Members of the research staff will be encouraged to 
direct their efforts toward significant objectives of 
their own choosmg, and to evolve their own problems 
and programmes. 


British Hat and Allied Feltmakers Research Asso- 
ciation 


Tax ninth arnual report of the Director of Research, 
British Hat and Allied Feltmakers Research Associa- 
tion, for the year ending August 1956 (pp. 23. Man- 
chester, 1957), records no radical change in the 
research programme. A detailed study of the absorp- 
tion of mercury by proteins from solutions of the 
metal in sulphuric acid indicates that reaction occurs 
on cystine anc tyrosine groups, but that there is a 
more labile combination with other groups. Progress 
is reported with the comprehensive series of carrotting 
trials, and storing trials indicated the importance oftem- 
perature on the performance of the fur. Attempts to 
devise a simple laboratory test to assess the feltability 
of wool/noil blends and, in particular, to indicate 
darhage, suggest that without rigid control of carding 
conditions, use of felting without complementary 
testing cannot be recommended as a means of 
assessing fibre damage. A further attempt was made 
to measure the influence of fibre-length on the rate 
of felting and an examination of the physical charac- 
teristics of felt made from fibres cut to 2-cm. and . 

8-cm. lengths chowed that the tensile strength of the 
felt and the eontribution of the fibre to the felt 
strength both decreased as the fibre-length increased. 
Considerable progress was made in studying the 
physical and chemical properties of shellac, and work - 
on proofing wes re-opened with particular reference 
to the effect of heat treatment on the stiffness pro- 
duced. The wark on wool hardening is now concerned 
with the mechanical transfer of energy from the 
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machine to the wool, while work on dyeing wool, 
- raw fur and fur which has been carrotted, both with 
mercuric and with non-mercuric reagents, showed 
that the initial rate of dyeing was greater for wool 
than for fur, but that the final degree of exhaustion 
attained with fur.and wool under comparable dyemg 
conditions did not differ significantly. 


The Welsh Economic Development Council 


In addressing the Trade Promotion Conference at 
- Cardiff on October 12, 1956, Dr. Clyde Williams, presi- 
dent and director of the Battelle Institute, describmg 
the development and use of science and technology 
by American industry and particularly the tech- 
nological revolution which has occurred smce 1940, 
said that in arriving at recommendations for area 
planning, teams at the Battelle Institute first made a 
detailed survey of all resources within the area that 
might bear on its economic development. They then 
proposed steps which the planning group should 
take, sometimes outlining programmes of research 
and development to exploit unusual situations. Dr. 
Williams suggested that the Welsh Economic De- 
velopment Council should organize and conduct such 
a study, and in a memorandum issued on March 28, 
the Council urges the formation of a Welsh Water 
Resources Council to safeguard and promote the full 
development of Welsh water resources. Such a body 
would give valuable assistance to the advisory com- 
mittee of the Minster of Housing and Local Govern- 
ment by collecting, assimilating and issuing reports 
on the hydrological cycle as a whole in Wales and 
by assisting with the provision of data essential 
for the water policy which is so vitally needed in 
Wales. ‘The Council would provide the means of 
co-operation among Welsh water authorities but 
would not usurp their functions. The memorandum 
recommends consideration of the means of financing 
the full development of the water resources of Wales. 


The University Women’s Part-time Employment 
Agency 
A REGISTER of graduate women in the London area, 
who are prevented from taking on full-time work 


because of family responsibilities, but who would, 


like to use their qualifications and experience in suit- 
able part-time work, has recently been compiled by 
the University Women’s Part-time Employment 
Agency and has already been found useful by em- 
ployers in search of trained steff. Some women on 
the register take up outside work for part of each 
week and others are available for work such as 
abstracting, translation or proof-reading which can be 
done at home. Temporary as well as permanent work 
as undertaken, and some employers find the scheme 
particularly useful when ea member of their per- 
manent staff is ill or in ‘rush’ periods when extra 
help is needed. The type of work done imcludes 
translation, research, statistical analysis, indexing, 
typmg and teaching. ‘There are now about sixty 
science graduates on the register, many of them with 
experience of research in industry or for government 
departments. It is hoped that this Agency may help 
to ensure that such experience is not wasted. Further 
information can be obtained from Mrs. D, D. Furley, 
57 Richmond Road, New Barnet, Herts. i 


The Electric Railway Society 


Wirra the growth of technology comes an increase 
in the number of specislist groups formed from those 
interested in the various fields: thus the recent 
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emphasis upon railway electrification has led-to the 
foundation of the Electric Railway Society, which 
caters for those interested, professionally or other- 
wise, in the study of electric railways. Its neatly 
duplicated Journal, published six times a year, shows 
the Society to be interested in the history, operation 
and even sociology of electric railways, as well as in 
their more obvious technical features. Further m- 
formation about the Society and its publications may 
be obtained from the Secretary, 4 Sandhurst Road, 
Sidewp, Kent. 


Technological Information in Britain 

THE Central Office of Information Reference Pam- 
phlet No. 21 on “Technological Information in 
Britain” (pp. iii+36. London: H.M. Stationery 
Office, 1957. 2s. 6d. net) provides a brief account 
both of the Government’s proposals for the expansion 
of technological and technical education in Britain 
(without, however, clearly distinguishing between 
them), and of the provision already made for training . 
technologists and technicians. Some account is given 
of the professional institutions as well as of some 
fifteen establishments ‘including—besides such in- 
stitutions as the Imperial College of Science and 
Technology, the Royal College of Science and Tech- 
nology, Glasgow, and the Manchester College of 
Science and Technology—the national colleges 
created to deal with particular fields of technology. 
A final section directs attention to the way in which 
the needs of overseas students in- Britain and of 
British technologists overseas are met. 


Public Libraries in Britain 


A PAMPHLET on the Statistics of Public (Rate 
Supported) Libraries in Great Britain and Northern 
Ireland, 1955-56, issued by the Library Association 
(pp. 33. 7s. 6d. net), is in future to appear annually. 
lb shows in tables, arranged alphabetically in one 
sequence of names of county and urban library 
authorities, the issues, stock, staff, income and 
expenditure of the 583 library authorities in the 
United Kingdom (including a few burghs in Scot- 
land), whereof the statistics are included in the county 
library’s return, apart from fifty libraries which did 
not reply to the questionnaire. Thirty-three of these 
served populations under 10,000 and it is unlikely 
that issues from these fifty libraries would total much 
more than 2,200,000. Adopting that figure, the 
grand total of lending library issues amounts to 
398,730,000, an increase of 12,430,000 on the previous 
year. The percentage of non-fiction m adult issues was 
29, and 127 libraries recorded more than 10 issues per 
head of population, 58 recording less than 5. ‘The 
total stock in all British public libraries is estimated 
at about 63,400,000 volumes, and allowmg for those 
libraries which made no return, expenditure is 
estimated at £13,870,000, of which 23 per cent was 
on books, 6 per cent on binding, 1:25 per cent on 
periodicals and newspapers, 42-5 per cent on salaries 
and 5-5 per cent on wages. The national average 
expenditure on books was ls. 4d. per head of 
population, and of the libraries making returns only 
41 per cent spent more than 2s. per head on books. 
The total number of registered readers returned was 
11,689,696, and of full-time non-manual staff 12,700, 
full-time staff provision m the counties being 1 per 5,690 
of the population and in the urban libraries 1 per 
3,350. There are at least 31,957 public service points 
m the United Kingdom, comprising 573 municrpal 
central libraries and county headquarters, 1,240 full- 


4 


No. 4563 April 13. 1957 


time branches and 30,144 part-time branches, centres, 
etc., as well as 185 mobile libraries. 


Scientific Bibliography for the Middle East 


Tur National Research Council of Egypt, Cairo, is 
issuing, as a continuation of the “List of Scientific 
Papers published in the Middle East”, abstracts of 
scientific and technical papers published in Egypt and 
papers received from Afghanistan, Cyprus, Iran, 
Iraq, Lebanon, Pakistan, Sudan and Syria, of which 
Nos. 3 and 4, Vol. 1 (October and December 1955), 
have already appeared. The abstracts are classified 
under pure and applied mathematics; astronomy 
and geophysics; physics; pure and applied chem- 
istry; geological sciences; biological sciences ; 
medical sciences; engineering; agriculture and 
veterinary sciences, with sub-divisions as required ; 
and there are author and subject indexes. The 
first four issues have been distributed free for pub- 
licity purposes, but beginning with No. 1, Vol. 2 
(January 1956), the Bulletin is being published 
monthly and distributed regularly only by sub- 
scription or in exchange for other scientific pub- 
lications. Applications should be made to the 
Director of the Scientific and Technical Documenta- 
tion Centre, National Research Council of Egypt, 
Dokki, Cairo. 


London Computer Group: Regional Centres 


Tue London Computer Group has now completed 
arrangements to assist in the formation of other 
sunilar groups of members outside the London area. 
These groups will share common services, but retain 
their local autonomy and individuality. The regional 
centres are intended to fulfil the same objects as the 
London Computer Group—the creation of oppor- 
tunities for specialists in many fields, with some 
interest in the design, manufacture and use of elec- 
tronic computers and data processing equipment, to 
meet together, as individuals and not at an official 
level, for the discussion of common problems and the 
exchange of knowledge and experience. Further 
details may be obtained from the Hon. Secretaries to 
the Group at 29 Bury Street, St. James’s, London, 
8.W.1. 

The London Computer Group ıs also setting up a 
Research Sub-Committee to report on specific prob- 
lems addressed to it from time to time, and in 
particular to maintam the annual survey of com- 
puters and electronic data processing installations 
operating and planned in Britain. 


Veterinary Science in Australia 


THE wide scope of modern vetermary science, its 
relations with agriculture on one hand and with 
medicine on the other, the opportunities it offers to 
young men and its achievements in Austral in spite 
of continuing shortage of veterinarians in that 
country, were all discussed by Prof. John Francis, 
dean of the Faculty of Veterinary Science of the 
University of Queensland, in a recent address given 
at the ceremony of conferring degrees at that 
University. Australia has ‘only 800 veterinarians, 
while Great Britam has 6,000; and Queensland’s 
most valuable animals, sheep and beef cattle, lack 
almost completely the kind of vetermary services 
available elsewhere. The Veterinary School in Queens- 
land is, as Prof, Francis explained, doing all it can 
to remedy this state of affairs. Dr. G. R. Moule, 
director of the sheep and wool branch of the Division 
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of Animal Induszry, who has done distinguished work 
in this field, is the first person on whom the University 
of Queensland has conferred the degree of doctor 
of veterinary science. 

Colonel Lionel Rose, chief veterinary officer of the 
Northern Territory, has rendered valuable service to 
the cattle industry of that area. Many of the worst 
animal diseases have been eradicated, and problems 
of nutrition and animal management have been 
energetically studied. A great deal, however, remains 
to be done, and the Veterinary School of the Univer- 
sity of Queensland is energetically tackling the 
problem of the shortage of veterinarians. Prof. 
Francis outlined the courses of training grven, the 
achievements of the graduates of the School and the 
development of the University’s Farm at Moggill, 
situated on land given by Dr. Mame and helped by 
grants from Australian banks and by Mrs. S. M. Thom- 
son of Worthing; a new vetermary school at St. Lucia 
is also being built about four miles from the farm. 


The Australian Museum 


To promote more interest in its Magazine, the 
Australian Museum has decided to seek more articles 
from outside contributors, to include articles on plant 
life and to publish each December an issue dealing 
authoritatively with a special topic. For the first 
special issue the subject is “Australia”? (12, No. 4; 
December 15, 1956). Among the articles is one by 
Charles F. Laseron describing the nine different 
geological periods when the sea covered some part of 
Australia. Winifred M. Curtis describes the flowering 
plants of Austrelia, special attention bemg paid to 
such peculiar Australian species as Eucalyptus, she- 
oaks (Casuarina sp.), Hakea, Bantsia and the 
waratah, J'elopec. Another article deals with Aus- 
tralian mammals and is illustrated with some remark- 
able photographs of young bandicoots feeding. The 
well-known Australian birds, the lyre-bird, bower- 
bird, kooka-burra, emu and cassowary are described 
and illustrated, as are more typical Australian insects. 
The Great Barrier Reef and its corals, by W. Stephen- 
son, forms one of the most interesting articles in the 
journal. 


The South African Museum 


In the one hundred and first annual report of the 
South African Museum for the year ending March 31, 
1956 (Cape Town: South African Museum, 1956), 
the Trustees recall with pride the history of that 
institution which from small begmnings has grown 
into a scientific organization of international repute. 
The centenary was celebrated by the unveiling of a 
memorial plaque by Mr. J. H. Viljoen, Minister of 
Education, Arts and Science, and a special display 
illustrating the growth of the Museum and the scope 
of its activities. Under a new Act of 1954 which 
repeals the South African Museum Act of 1857, a 
new Board of Trustees has been appointed. The 
Trustees consider that the change from a simple trust 
autonomy to & more complex administration has 
been accomplished without undue inconvenience but 
admit that the increase in clerical work threatens to 
curtail the Director’s time for research and scientific 
work. In the galleries considerable progress has been 
made with the construction of a new series of dioramas 
showing present-day reptiles and amphibians. 


International Implications of Nuclear Power 


An article, ‘Atomic Power”, by the technical 
editor of the “International Year Book and States- 
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man’s Who’s Who” has been reprinted from the 
current edition of the “Year Book” (pp. 8. London: 
Burke’s Peerage, Ltd., 1957). Emphasizing the vital 
importance of the development of nuclear energy to 
Britain and the. Commonwealth, it reviews recent 
developments both in production and in research, 
pointing out the difficulty of solving any technical or 
economie problem in the nuclear field except within 
a global framework. Britain, the United States and 
the U.S.S.R. are not the only nations concerned. 
Belgium’s uranium resources place her in a special 
position in connexion with nuclear research and 
development. It is particularly significant for Great 
Britain that in the less-developed regions coal, oil and 
water will remain vital sources of power, but in 
territories where technology is highly advanced they 
will rapidly become obsolete. It is in the distribution 
of isotopes that Great Britain is making its most 
significant contribution to the undeveloped areas. In 
conclusion, the article points out that in spite of its 
limitations, the United Nations provides a common 
forum; indeed the only one equipped to formulate 
policies upon which could be built a united nuclear 
world. 


Observations of Atmospheric Waves by Radio- 
sonde 


Ir is now well known that when wind increases 
with height and the air is convectively stable, regular 
ascending and descending movements, simuar to the 
waves set up in & river flowing over @ weir, may 
occur on the lee-side of mountains. The existence of 
such waves was recognized first from clouds and later 
from their effects on aircraft. No systematic obser- 
vations of them have hitherto been possible; data 
have depended on seeing clouds of the particular type 
associated with the waves or on chance encounters 
of the waves by aircraft. Now Mr. G. A. Corby has 
shown (Quart. J. Roy. Meteor. Soc., 83, 49; 1957) 
that the waves can be observed with the radio-sonde, 
This instrument transmits observations of pressure 
and temperature at regular intervals as the balloon 
to which it is attached rises through the air. 

The curves of pressure against time recorded during 
1,440 ascents at four British radio-sonde stations 
between November 1953 and April 1954 were exam- 
ined and a number were found on which the rate of 
ascent of the balloon clearly varied systematically. 
Durmg 48 of the ascents the vertical speed of the 
balloon varied systematically by more than 300 ft./ 
min. and there was no evidence, such as the presence of 
cumulus clouds, of the likelihood of the existence of 
any appreciable vertical currents not due to waves 
or of precipitation which might have affected the 
rate of ascent of the balloon. The paper contains a 
number of curves of the vertical air currents in terms 
of the height of the balloon which show clear wave- 
like up and down currents. There is confirmation in 
the shape of reports by pilots of civil aircraft arriving 
at Northolt for about half the occasions. Special 
interest attaches to the waves recorded by radio-sonde 
ascents on April 14, 1954, when vertical currents 
approachmg 1,000 ft./min. were recorded near 
Leuchars (Fife) and aircraft reported currents of up 
to 1,900 ft./mm. in the Edmburgh region. Statistical 
examination shows that the average horizontal wave- 
length of the 26 cases with a dominant wave-length 


was 6-7 miles with extremes of 2-6 and 14-4 miles. - 


The wave-length increases with wind speed as would 
be expected from the general theory of lee-waves. 
Mr. Corby concludes by pointing out that it might 
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“be profitable to investigate wave-effects in moun- 


tainous areas with a mobile radio-sonde station. 
Such work might, apart from the purely scientific 
interest, be æ contribution to aircraft safety. 


Determination of Moisture in Solids 


A KNOWLEDGE of the moisture content of many 
non-metallic solids is required for purposes connected 
with their production, sale, use or storage. Examples 
of such materials are textiles, crops, foodstuffs, paper 
and board, wood, ceramics, plastics, building 
imaterials, electrical insulating materials, soil in 
agriculture and civil engineering, moulding sand, 
chemicals, solid fuels and biological substances. In 
1955, the Laboratory Apparatus, Thermometers and 
Thermostats Research Panel of the British Scientific 
Instrument Research Association recommended that 
& survey be made of methods of measuring the 
moisture content of solids, and the results of that 
survey by P. J. Geary have now been published 
(British Scientific Instrument Research Association. 
Research Report M.24: Determmation of Moisture 
in Solids: a Short Survey of Methods and Apparatus. 
By P. J. Geary. Pp. iv+52. Chislehurst: British 
Scientific Instrument Research Association, 1956. 
7s. 6d.; overseas purchasers, 9s. 6d.). Methods for 
determining the amount of moisture are described 
briefly, and equipment suitable for the determination 
which is available commercially in Great Britain is 
listed. Brief notes are given of about forty different 
methods and 247 selected references, and particulars 
of fifty-three manufactured equipments are included. 
The methods of determining moisture content of a 
solid, that is, the percentage by weight of water 
present in the material, fall into two groups, one 
consisting of those in which the water in the material 
is disturbed, and the other of those in which the 
water is not disturbed. The latter group ‘includes 
methods which are dependent on a physical property 
of the material (for example, specific heat, thermal 
conductivity or reflexion of light) affected by its 
moisture content, and two fundamentally new tech- 
niques, utilizing neutron scatter by the hydrogen 
nuclei of the contamed moisture and nuclear magnetic 
resonance of the hydrogen nuclei. None of the 
apparatus mentioned has been examined or tested 
by the Association and no attempt has been made in 
the survey to quote accuracies or determination 
times, which can vary considerably according to the 
circumstances. 


Mathematical Printing 

Tux need for skilled mathematical printing in- 
creases with the growth of mathematics and the 
widening of ıts domain of applications; to help to 
meet this need, authors should understand some- 
thing of the compositor’s problems, and compositors 
must have some special knowledge of mathematical 
requirements. The author seeking such instruction 
will find all he requires in “The Printing of Mathe- 
matics”, by Chaundy, Barrett and Batey (Oxford, 
1954). For the compositor, the Monotype Recorder 
(40, No. 4, 1956) consists of an essay by Mr. Arthur 
Phillips on “Setting Mathematics’, a concise and 
informative account of the needs of the mathe- 
matician and the ways in which the compositor must 
be prepared to meet them. Many illustrations of 
good and bad setting are given; these should be 
studied by author as well as compositor, and a closer 
co-operation based on such study might contribute 
substantially to a reduction in the cost of mathe- 
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matical printing. A note on the experimental four- 
line mathematical system for dealing with formule, 
estimated to save about 20 per cent in the time of 
setting, is accompanied by .a typical page prepared 
by this method. It 1s clean, attractive and not unduly 
cramped, though not entirely satisfactory in its 
handling of the tiresome but frequently occurring 
index which itself carries a suffix. 


A New Organophosphorus Insecticide 


Dora the past twelve years a succession of 
organic phosphorus insecticides have been brought 
into commercial use. Schradan, parathion, systox 
and others are well-known substances. They are 
exceedingly toxic to insects and some of them act as 
‘systemic’ poisons: entering the sap stream of the 
plant, they are carried into all its parts, rendermg 
the foliage* poisonous to insects that feed upon it. 
The most widely used of these materials in orchards 
has been parathion. But like most members of the 
group, this is highly poisonous to man and therefore 
needs the greatest care in its application ; and it 1s 
destructive to the beneficial predators, so that when 
used against the fruit tree red spider mite its ım- 
mediate good effect ıs liable to be followed by an 
extensive build-up of the pest later m the season. 
Plant Protection, Lid., has now announced the pro- 
duction of a new chemical, O,O-diethyl-S-(beta 
diethylamino) ethyl phosphorothiolate hydrogen 
oxalate, which ıs being marketed under the trade 
name of ‘Tetram’ or ‘I.C.I. amiton’. This substance 
again has a high toxicity to man, but as an insecticide 
it is claimed to be largely specific for red spider and 
other mites and for scale insects, and to have little 
effect on msect predators, so that the adverse after- 
effects of parathion do not occur. “Tetram’ is systemic 
in 16s action, said to be effective at a dosage of two 
ounces per acre and to be so persistent that a single 
application m the season is effective. So far it has 
been tested on a large scale chiefly against cotton-, 
citrus- and apple-infesting mites and scale insects. 
Permission to sell ‘Tetram’ in most countries will be 
obtained later in 1957; supplies will be available to 
fruit-growers in Britain this season. 


Forestry in Africa 


Tux annual report for 1955 of the Forest Depart- 
ment of the Uganda Protectorate (pp. vi+65. 
Entebbe: Government Printer, 1956. Shs. 3/25) 
states m a foreword that the responsibility for 
the provision of forestry services in Uganda is 
shared between the Protectorate Government and 
local authorities. The Central Forest Reserves are 
under the former, whereas the Buganda Government 
and other local governments are responsible for the 
management of forest reserves serving local needs. 
The division is somewhat unusual but appears to be 
working well. Advisory, educational and research 
services are under the Central Government. Under 
sylviculture, the natural regeneration of high forest 
was continued, and the creation of 459 acres of new 
softwood plantations now brings the total of these to 
2,903 acres. Both the Forest Department and the 


local governments have under their charge consider-- 


able areas of fuel and pole plantations, important 
equally for neighbouring big towns and for the people 
in the countryside. There are 12,000 acres under 
Government control and 8,000 acres under local 
authorities. The sylvicultural research plan has 
been expanded and the utilization research plan 
has been completed and approved. 
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For the northern region of Nigeria the annual 
forest report for 1954-55 (pp. u+31. Lagos: 
Government Prmter; London: Crown Agents for 
Oversea Governments and Administrations, 1956. 
9d, net) records a year of solid and unspectacular 
progress, ‘The northern part of- Nigeria has been 
neglected in the past from the forestry point of 
view and the Forestry Department is still in the 
making. The chief energies of the Department 
are at present concentrated in reserving areas of 
State forests to be managed in the interests of 
the country. The public, however, are taking little 
interest in foressry, and, m contrast with Uganda, 
local villages are reluctant to maintain their own 
communal fuel areas which had been formed for 
them in order to free the forest reserves from these 
demands. Notes are being made of the types and 
conditions of the forest as the new reserves are 
selected. In this connexion unexpected assistance 
has been obtained from aerial photographs obtained 
from the Directorate of Colonial Surveys; although 
they are on a small scale they are proving very 
useful. 
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Overseas Service Division : Colonial Office 


Tam following appointments have recently been 
made in the Overseas Service Division of the Colonial 
Office: W. R. Asfour (agricultural superintendent, 
British Guiana), -agricultural economist, British 
Guana; H. K. Ashby (senior agricultural officer, 
grade A, Federation of Malaya), assistant director of 
agriculture (field), Federation of Malaya; A. L. 
Barcroft (agricultural officer, Federation of Malaya), 
senior agricultural officer, grade B, Federation of 
Malaya; P. A. Chang-Choong (economic botanist, 
British Guiana), assistant director of agriculture (field 
and extension), British Guana ; J. K. Coulter (senior 
research officer, grade B, Federation of Malaya), 
senior research officer, grade A, Federation of Malaya ; 
R. Henderson (senior agricultural officer, grade B, 
Federation of Malaya), senior agricultural officer, 
grade A, Federation of Malaya; H. J. Simpson 
(assistant director of agriculture (field), Federation 
of Malaya), deputy director of agriculture, Federation 
of Malaya ;’ G. E. Crichton (senior assistant con- 
servator of forests, Sierra Leone), working plans 
officer, Nyasaland ; J. Mitchell (geologist, Geological 
Survey Department, Ghana), senior geologist, 
Geological Survey Department, Ghana; J. M. 8. 
Garrod (leprosy specialist, Northern Rhodesia), 
director, East African Leprosy Research Centre, East 
Africa High Commission; W. M. Fitzsummons 
(vetermary officer, Swaziland), vetermary research 
officer, Nyasaland; I. R. Grimwood (biologist, 
Department of Game and Tsetse Control, Northern 
Rhodesia), assistant director, Department of Game 
and Tsetse Control, Northern Rhodesia; J. W. 
Blencowe, temporary senior plant pathologist, West 
African Cacao Research Institute; P. Johnsen, 
entomologist (tsetse), Northern Rhodesia; J. A. 
McFarlane, scientific officer (stored products ento- 
mologist), Jamaica; H. MacNeill, survey assistant, 
grade I, Forests Department, Kenya; G. J. Snow- 
ball, technical records officer, Geological Suivey, 
Northern Rhodesia; M. V. Christensen, temporary 
surveyor, Northern Nigeria; V. Jacobsen, surveyor, 
Federation of Nigeria; K. N. Toms, surveyor, 
Northern Nigeria ; D. L. Stewart, veterinary officer, 
Uganda; A. Zatwarnicki, veterinary officer, Eastern 
Nigeria. 
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The Biological Council 


Ar its meeting on March 20, the Biological Council 
elected Prof. J. F. Danielli as its honorary treasurer 
and Dr. L. Broadbent as its honorary secretary. 
Two societies, the British Herpetological Society and 
the British Society for Immunology, were accepted 
for affiliation to the Council, bringmg the number of 
affiliated societies up to twenty-five. 


The Queen’s University of Belfast: Appointments 


Tue followmg appointments in The Queen’s 
University of Belfast are announced: Dr. J. R. 
Beloff, to a lectureship in psychology ; W. E. Coey, 
to a lectureship m crop and animal husbandry ; Dr. 
W. T. E. MeCaughey, to a lectureship in applied 
pathology ; T. R. F. Nonweiler, to a senior lecture- 
ship ın aeronautical engmeering; Dr. E. M. Pan- 
telouris, to a lectureship in zoology; Dr. D. C. J. 
Burgess, to a lectureship in pure mathematics. 


University of Leeds : Appointments 


Tue following appointments in the University of 
Leéds are announced: the title and status of reader 
have been conferred upon Dr. R. S. Bradley, senior 
lecturer in the Department of Inorganic and Struc- 
tural Chemustry ; and tho title and status of reader 
in mathematical chemistry have been conferred upon 
Dr. D. W. J. Cruickshank, lecturer m mathematical 
chemistry in the same Department. 


Announcements 


Mr. H. WuxLramson, formerly assistant to the 
director of the Division of Apphed Biology of the 
National Research Council of Canada, has been 
appointed scientific liaison officer for the National 
Research Council in Washington, D.C. In co-opera- 
tion with the Department of External Affairs, he 
will act as scientific attaché at the Embassy. Mr. 
Williamson replaces Dr. J. D. Babbitt, who was 
transferred to Ottawa to serve as assistant director 
(Information Services) in the Division of Admumis- 
tration of the National Research Counen. 


Mr. P. O. Wolf, lecturer in civil engineering at the 
Imperial College of Science and Technology, has been 
appomted to the university readership m hydrology 
tenable at that College. 


Pror. J. B. S. Hanpane will deliver the fourth 
Bateson Lecture at 5 p.m. on July 19 ın the Library 
of the John Innes Horticultural Institution. The 
subject of his address will be “The Theory of 
Evolution, before and after Bateson”. Inquiries 
should be made to the Regisirar, John Innes Horti- 
cultural Institution, Bayfurdbury, Hertford, Herts. 


Tse Heald Green Laboratories of the British 
Rayon Research Association at Wythenshawe, Man- 
chester, will be open to visitors on May 9 and 10. 


Tax Fulmer Research Institute isto hold an open 
day on July 2 to mark the tenth anniversary of the 
opening of its laboratories at Stoke Poges, Buck- 
inghamshire. On that day the laboratories will be 
available for inspection, and some aspects of the work 
of the Institute will be exhibited. 


Tas Cortina~Ulisse European Prize of one million 
lire (about £570), which is awarded annually by the 
magazine Ulisse, is being offered this year for a work 
of popular science on the possible peaceful applica- 
tions of atomic energy. Only original works printed 
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for the first tame in Europe during the past five years 
will-be eligible. Works published in a language other 
than Italian, French, German, English or Spanish 
must be accompanied by a translation into one of 
those languages. Five copies should be sent, before 
May 31, either by the author or by the publisher, to 
the Editor of Ulisse, Sezione Premio Europeo Cortina 
Ulisse, Corso d’Itaha 43, Rome. 


Tue new Division of Inorganic Chemistry of the 
American Chemical Society is seeking more members 
among scientists both in and outside the United 
States who are mterested in inorganic chemistry. 
The membership subscription of 3 dollars a year may 
be sent to Dr. L. B. Asprey, Los Alamos Scientific 
Laboratory, Box 1663, Los Alamos, New Mexico. 
Dr. Asprey will also recerve papers for presentation 
before the Division at the National Meeting of the 
Society to be held during September 8-13, in New 
York. Symposia are being organized on “New 
Industrial Inorganic Chemicals” and “High Tem- 
perature Inorganic Chemistry”. The Division will 
also jointly sponsor a symposium with the Division 
of Physical and Inorganic Chemistry on ‘Tho Metal- 
Carbon Bond”. 


Tae Chemical Society has arranged a meeting in 
Glasgow on “Recent Advances in the Chemistry of 
Terpenoid Compounds” during July 11-12. Further 
details can be obtained from the General Secretary, 
Chemical Society, Burlington House, London, W.1. 


Tue European Molecular Spectroscopy Group will 
be holding a meeting this year at the University of 
Freiburg ım Breisgau, Germany, durmg July 9-13. 
A wide range of topics in molecular spectroscopy will 
be discussed. Information about attendance at the 
meeting and the presentation of papers can be 
obtamed from Prof. R. Mecke, Institute of Physical 
Chemistry, University of Freiburg um Breisgau. 


Tux fifth general assembly of the Società Italiana 
di Geofisica. e Meteorologia is to be held in Genoa 
during April 23-25. Immediately afterwards, on 
April 26, the Centre International de Recherches sur 
la Météorologie de la Méditerranée ıs to hold a meeting 
in the Istituto Geofisico, University of Genoa, in order 
to decide on future research programmes and the 
necessary financial arrangements. Further details 
can be obtamed from the Secretariat, Istituto 
Geofisico, via Balbi 30, Genova. 


THs annual Convention of the British Institution 
of Radio Engineers will be held-in Cambridge during 
June 27—July 1. The third Clerk Maxwell Memorial 
Lecture wil be delivered during the Convention by 
Sux Lawrence Bragg, director of the Davy-Faraday 
Laboratory of the Koyal Institution, who will speak 
on the diffraction of short electro-magnetic waves. 
Further information can be obtamed from the 
General Secretary, British Institution of Radio 
Engineers, 9 Bedford Square, London, W.C.1. 


Tus British Institution of Radio, Engineers has 
arranged a convention on “Electronics mn Auto- 
mation”, to be held in the University of Cambridge 
durmg June 27-July 1. Thirty papers are to be 
presented ın sıx sessions on: office machinery and 
information processnmg; machine tool control; 
chemical and other processes; simulators; auto- 
mation m the electronics industry ; and automatic 
measurement and inspection. Further information 
may be obtained from the Institution’s offices, 
9 Bedford Square, London, W.C.1. 
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CROP ECOLOGY AND PLANT BREEDING FOR DISEASE RESISTANCE’ 


INCE its first meeting in 1951 the conference of 
plant breeders in East Africa has mereased 
greatly in scope and stature. This change is a 
reflexion of its official title: Specialist Committee 
on Agricultural Botany. Although breeders and 
pathologists predominate, attendance at the recent 
meeting included physiologists, ecologists and other 
workers associated with crop research in Kenya, 
Uganda and Tanganyika. Throughout this formative 
period the Committee has been stimulated and guided 
by the chairmanship of Sir Joseph Hutchinson, 
director of the Cotton Research Station, Namulonge, 
who is shortly to take over the Drapers professorship 
in agriculture at Cambridge. This Committee is now 
an established part of mter-territorial: co-ordination 
of agricultural research and, as such, provides a 
valuable forum for discussion and the initiation of 
policy on problems of plant breeding, pathology-and 
crop research. 

On January 22 and 23 the Specialist Committee 
met for the sixth time, the meeting bemg held at the 
headquarters of the East African Agriculture and 
Forestry Research Orgamzation (Muguga, Kenya) at 
the mvitation of the director, Dr. E. W. Russell. 
Some forty people attended, representing the Depart- 
ments of Agriculture of the three territories, the 
Empire Cotton Growing Corporation, the Tan- 
ganyika Agricultural Corporation and the East 
African Agriculture and Forestry Research 
Organization tself. Visitors from certam other 
organizations and from other countries were also 
present. 

The meeting took the form of talks by mdividual 
research workers followed by mformal discussion ; 
the two maim. topics were crop ecology and breedmg 
for disease resistance. In the first of these, Dr. M. A. 
Keay (Makerere College) reviewed the need for direct 
observation to replace preconceptions and mferences 
from gross vegetational studies, as the basis for sound 
plannmg and advice. H. L. Mannmg and H. G. 
Farbrother explamed their study of leaf area expan- 
sion and water losses m cotton. crops, from which 16 
had been possible to phase croppmg to comeide with 
the greatest expectation of satisfactory ramfall. ~ The 
correlation of ramfall with maze yields m western 
Kenya was described by J. Glover; the optimum 
rainfall had been deduced and actual yields could 
now be predicted. In the case of water studies in 


coffee, Dr. H. C. Pereira explained that there were 
special advantages arising from the perennial deep- 
rooting habit of the crop and the high water-storage 
capacity of Hast African coffee soils. In the general 
discussion which followed, the msin conclusion was 
that a greater degree of direct observation was now 
needed in crop ecology, but that it was already a 
great advance to be able to discuss the water balances 
of individual crops, water being the limiting factor 
over most of Hast Africa. 

In discussing breeding for disease resistance, Dr. 
G. M. Wickens used the contribution of plant 
pathology in cotton breeding to illustrate the essential 
need for a research pathologist in breeding projects. 
The particular difficulties recently encountered m 
breedmg for stem rust resistance m wheat in Kenya. 
were then described by H. C. Thorpe, the main 
trouble bemg the lack of fundamental knowledge of . 
the pathogen and the mode of origin of new races. 
Coffee rust and the work of the special rust research 
station at Lisbon were reviewed by’R. W. Rayner. 
The status in East Africa of tropical maize rust was 
described by Dr. H. H. Storey, who showed how 
research and breeding mitiated before the disease 
reached East Africa had provided local maize with 
resistant genes obtained from Central America. The 
role of chemistry in disease control was briefly 
reviewed by Prof. R. L. Wam, of Wye College 
(University of London). Discussion followed, from 
which the most important conclusion reached was 
the need to seek the highest level of disease resistance 
since moderate resistance could apparently be over- 
come more easily. 

Other subjects discussed were the need for increased 
physiological research on coffee, difficulties over 
ratoon stuntmg m sugar cane, policy in work on 
cassava, and the co-operative maize trials m the three 
territories. Between sessions the visitors toured the 
laboratories at Muguga and met other members of the 
staff of the East African Agriculture and Forestry 
Research Organization. The close of the məəting was 
marked by a spacial tribute to ths chairmanship of 
Sır Joseph Hutchinson and his work for agricultural 
research in East Africa, and by the good wishes of 
all those present for his impending move to Cam- 
bridge. The Committee will miss him, but ıt may 
indeed bə said that the Committee has ‘come of age’. 

G. E. DIXON 


THE METEOROLOGICAL OFFICE : 
REPORT FOR 1955-56 


HE appearance of the annual report of the 

Meteorological Office* is a noteworthy event. 
Several mdexes, for example, the circulation of such 
journals as Weather, show that there ıs now a con- 
siderable mformed public ready to take an mterest 
m what three thousand of our citizens do with three 
milion pounds—slightly less than 0-1 per cent of 
Britain’s annual budget—-to provide one of the most 


* Annual Report of the Director of the Meteorological Office for the 
year April 1, 1955, to March 31, 1966. Pp. 60+4 plates. (London. 
H.M. Stationery, Office, 1956.) 3s. 6d. net, 


essential services of a modern State. In sixty pages 
there is abundant food for thought for any who are 
concerned with the relation between the functions of 
@ government and the maintenance of a technical- 
scientific organization. Scientists will ask for evidence 
of that livelmess of mmd and productivity ın orignal 
research which will ensure that such a service 
is not likely to lapse into a care-and-main- 
tenance organization with correspondingly lmuted 
duties and responsibilities. This annual report will 
not disappoint them. . 
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To an increasing extent a modern government 
finds itself the employer of a cadre of scientists over 
an ever-widening field. In the establishmeit of 
officers such as the Master of the Ordnance of Tudor 
times, the Astronomer Royal in 1675, the Director of 
the Geological Survey in 1835, we trace the growing 
needs. This annual report reminds us that in 1955 
the Meteorological Office celebrated the centenary of 
its foundation under the Board of Trade. For long, 
however, there was & tendency to regard the univer- 
sities and scientific societies as the fount of research 
in meteorology, a state of affairs which was dispelled 
at an earlier date in some other sciences.such as 
geology. ‘Lherein the interchange of ideas stemming 


from the researches of the officers of the Survey and- 


the holders of university appointments has for many 
decades proved fruitful. 

In meteorology the same could scarcely be said, 
for far too little attention to the subject was given 
by the universities, and a count of chairs shows that 
even to-day there is much room for improvement. 
Before 1900 the Royal Meteorological Society was 
very largely composed of amateurs with other means 
of livelihood; .and at the same time the Meteor- 
ological Office, with its small staff and extremely 
limited resources, could give but little opportunity 
for research. ‘The more praise should be given to 
that small group who, fifty years ago, were advancing 
the subject. Some of them are still with us, and will 
be among the first to appreciate the wonderful 
opportunities the Office now provides for those who 
choose to study, after the manner of Shaw, the air 
and its ways. : 

‘Lhe development of air transport has emphasized 
the need for knowledge of the vagaries of the tenuous 
yet formidably complex gaseous envelope in which 
we not only live but also move with ever-increasing 
speed ; a speed demanding a corresponding accelera- 


tion of the rate of growth of knowledge, and a rate ` 


of publication which appears now to follow an 
exponential law. 

‘Lhis annual report provides cheering evidence that 

under the present director and his twenty-four sénior 
officers the Meteorological Office is valiantly main- 
taining a remarkable level of activity, not merely in 
the upkeep of essential services—among which we 
can still include the ancestral photographic thermo- 
graph at Kew, in continuous operation smce 1868— 
but also in research. This 1s perhaps the most 
inspirmg note in the report. In spite of the heavy 
and mcessant pressure of the endless routine demands, 
and the occasional ill-informed criticism of those 
whose efforts to forecast the behaviour of a fluid of 
changeable qualities in turbulent motion cannot 
always take account of all the variables, the Office 
is domg much to fulfil some of the functions which 
‘the universities have tended for one reason or another 
to neglect. For it remains an astonishing fact that 
established posts m-meteorology are named in the 
calendar of but five Britigh universities. Even if a 
few ostensible practitioners of other subjects spare a 
little energy for the study of the behaviour of the 
atmosphere, this cannot be énough. Moreover, the 
Meteorological Office has taken on much of the 
burden of research in a way which cannot but provide 
an encouragement to its own personnel ; the stimulus 
to be found in the team-spirit of a lively university 
department of physics. 

To what extent this is a consequence of the times, 
with rts concentration of funds and expensive equip- 
ment under Government control, and how much is 
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due to the inspring example of Sir Graham Sutton 
and the many senior officers who kept the flag flying 
in the lean years between the wars, it would not be 
easy to say. Suffice it to direct attention to the 
remarkable range of activities comprehended among 
the three thousand staff. The clamorous battery of 
teleprinters flooding the observations hour by hour 
into Dunstable ; the electronic computation devices 
now being developed to cope with this staggering 
assemblage of material; and the enormous range of 
the demand for specialized types of forecasts are 
associated with but one branch, even if some still 
think that the Office exists for little else than the 
day-to-day estimate of the behaviour of the next 
depression. There are now twenty-one branches 
(what has happened to M.O.5 2) to deal with other 
problems. The cutting-down of the lag associated 
with the temperature readings transmitted by a 
radio-sonde; the measurement of light-intensity ; 
the chances of easterly squalls on the airfields of 
Nigeria ; the probable catch of water in a Highland 
valley devoid of rain-gauges; an admirable library 
service ; and the generous advice and assistance with 
instrumental equipment for the young leaders of 
enterprising expeditions are but a few of the ways 
in which the advancement of sciencé is stimulated. 
Moreover, commercial firms benefit enormously, and 
very cheaply, from this quiet and unostentatious 
public service: that, too, is a matter deserving of 
thought. Lastly, research is now being promulgated 
within university departments with the aid of grants 
from the Meteorological Office. ` This annual report 
gives a very cheerful impression of the developing 
relationship between the various institutions respons- 
ible for otir national scientific accomplishment ; and 
a subtle and enlivening touch is added in the list of 
papers and articles which the staff of the Office have 
themselves produced. It makes good reading, and 
scientists everywhere will extend their congratu- 
lations. GORDON MANLEY 


_ THE NATIONAL SCIENCE 
FOUNDATION 


SIXTH ANNUAL REPORT 


HE sixth annual report” of the National Science 

Foundation, covermg the year ended June 30, 
1956, in the main follows the pattern of the last two 
reports. The chairman’s foreword is now accom- 
panied by a statement from the director, Dr. A. T. 
Waterman, which, stressmg the grave shortage of 
scientists and engineers and the need for fundamental 
research as well as for better general equipment for 
research, suggests that the most urgent task is to 
create an awareness and understandinmg im the 
citizens of the United States of the fundamental and 
critical nature of these problems. Dr. A. T. Water- 
man’s report is again in two parts, but between his 
review of recent developments affecting the scientific 
community and his survey of the Foundation’s own 
activities during the year, there is a photographic 
sample of those activities. Appendixes again occupy- 
ing almost half the report list the personnel of the 
Board, advisory panels and committees of the 
Foundation, the basic research grants and fellowships 


* National Science Foundation. Sixth Annual Report for the Fiscal 
Year ended June 80, 1956. Pp. xvii+189. (U.S. Government Printing 
Office, Washington 25, D.C.) 76 cents, 
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_awarded during the year, the publications of the 
Foundation and include the financial report. 

During the year the Foundation made 734 grants, 
totalling 9,655,205 dollars, to 258 institutions for the 
support of basic scientific research. Of these, 426 
totalling 5,124,530 dollars were in the biological and 
medical sciences, and 308, totalling 4,530,875 dollars, 
in the mathematical, physical and engineering 
sciences. The average grant supports one or two 
graduate research assistants and frequently a post- 
doctoral research associate, so that during the year 
the Foundation assured opportunities for nearly 
2,000 men and women to continue their scientific 
education in university laboratories. In the regu- 
latory biology programme almost all phases of 
physiology and the more physiological aspects of 
biochemistry were represented. In the molecular 
biology programme grants were mainly in the field of 
protein and enzyme structure, while in genetics and 
developmental biology the emphasis was on trans- 
duction. Inquiries into the neurophysiology of 
learnmg received further support. In chemistry, 
research in the organic and physical fields pre- 
dominated, and in the earth sciences programme, 
geochemistry received major support. In the engin- 
eering sciences programme the emphasis was in the 
fields of mass transfer, mechanics, thermodynamics, 
electrical circuits and electronics, fluid mechanics 
and physical metallurgy. The physics programme 
reflected increased interest in atomic and molecular 
structure. i 

During the year the Foundation submitted to 
Congress its first significant request for funds for the 
improvement of research facilities. It recommended 
provision of Federal funds for construction or pur- 
chase of large-scale facilities and major equipment 
for scientific research, including research centres, and 
during the year allocated 4 million dollars for the 
construction of a radio-telescope in Greenbank, 
West Virginia, and 545,000 dollars to the University 
of Michigan to support continuing studies of sites 
and equipment for an optical astronomical observ- 
atory for the south-west. A grant of 500,000 dollars 
was made towards the construction of a nuclear 
reactor at the Massachusetts Institute of Technology, 
and 4 first series of grants in support of computation 
centres and research in numerical analysis included 
38,000 dollars to the Californian Institute of Tech- 
nology, 30,000 dollars each to the Massachusetts 
Institute of Technology and the University of Wis- 
consin, 20,000 dollars to Oregon State College and 
17,500 dollars to the University of Washington. For 
the support of biological field stations the Foundation 
allocated 750,000 dollars. 

The man-power report is concerned especially with 
the improvement of the teaching of science, and 
during the summer of 1956 the Foundation spon- 
sored twenty-five institutes in universities, colleges 
and research centres which provided some 1,300 
teachers with opportunities to attend specially 
designed courses in science. In 1957 some ninety-five 
such institutes; serving about 4,750 teachers, will be 
held under Foundation auspices. Grants were also 
made to the University of Wisconsm and to Okla- 
homa A. and M. College for a new type of institute 
for high-school teachers of science and mathematics, 
while, as a joint project with the American Association 
for the Advancement of Science, an experimental 
travelling, science lbrary was circulated among 
schools in outlying communities ill-served with 
libraries.' Reassurmg evidence was forthcoming 
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during the year that the downward trend in enrol- 
ment for courses in science and mathematics had 
ceased. 

Forty senior post-doctoral fellowships were granted. 
during the yeer under a new scheme to meet the 
needs of mors advanced and mature scientists. 
Besides these, 80 post-doctoral fellowships for ad- 
vanced study -n the natural sciences and 775 pre- 
doctoral graduate fellowships were awarded for the 
academic year 1956-57. With support from’ the 
Foundation, professional organizations of scientists 
and engineers 20-operated in the establishment and 
maintenance o7 the National Register of Scientific 
and Technical Personnel, which now includes about 
140,000 scientists and engineers, and utilizing these 
data the Clearinghouse of Scientifie Personnel 
Information has established itself as an authoritative 
centre for suck information. 

The Foundation is also concerned to improve 
scientific communication and informatiqn services, 
and in May 1956 supported a meeting to discuss the 
need for fundemental research on the organization 
of information. Meanwhile, 1ts programme in aid of 
scientific publications is designed to carry scientific 
periodicals and reference tools through genuine 
emergency perids and assist publication of scientific 
monographs or reference volumes which could not be 
prmted without help. Besides emergency support for 
the T'ransactiors of the American Metallurgical Society, 
the Foundatior has given assistance during the year 
to Biological £bstracts, to a critical compilation of 


y 


crystal data by the American Crystallographic . 


Association, to the analysis and correlation of visual 
observations of variable stars by the American 
Association of Yariable Star Observers, to a punched 
card catalogue of double-star measures at the Lick 
Observatory aad to the Chemical—Biological Co- 
ordination Center of the National Research Council. 
During‘ the yeaz the Foundation’s Office of Scientific 
Information began to assist in making the 20,000 
odd unclassified scientific reports, issued yearly by 
organizations engaged in Government-sponsored 
research, available to scientists everywhere. In view 
of the success >f the project for the translation of 
the Journal of Hxperumental and Theoretical Physics 
of the U.S.S.R., the Foundation made a further grant 
to enable the American Institute of Physics to begin 
publication of translations of three additional Russian 
periodicals, the Journal of Technical Physics, the 
physics section of the Proceedings of the Academy of 
Sciences of the U.S.S.R. and the Journal of Acoustics, 
while it continu2d to support the work of the Russian 
Scientific Translation Centre of the Library of 
Congress. > 

Alone, or jointly with other bodies, the National 
Science Foundation sponsored during the year 
twenty-nine corferences to examine special areas of 
science, chiefly where adequate support was not 
otherwise available. The subjects included: meta- 
bolhe aspects o? transport across cell membranes ; 
tissue elasticity; nuclear geophysics; recent ad- 
vances m invərtebrate physiology; microneuro- 
physiology of ths synapse ; systematics; application 
of mathematics to engineering ; molecular quantum 
mechanics ; low-temperature research ; geophysics ; 
chemical reactions in urban atmospheres; high- 
energy nuclear physics; cosmic distance scale; 
quantum interaction of the free electron; meta- 
bolism of mucopolysaccharides; spectroscopy’; 
quantitative bidogy; and earthquake engineering ; 
as well as the world symposium on applied solar 
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energy, the fourth internètional congress on physical 
optics, and the second international congress on 
acoustics. - i 

“Recent developments affecting the scientific com- 
munity discussed in the first part of the director’s 
report include -the surveys of the scientific potential 
of the Unitéd States, in which the Foundation’s 
Office of Special Studies has participated; science 
and scientific man-power in the U.8.8.R.; and the 
work of the National Committee for the Development 
of Scientists and Engineers formed by the President 
on April 3, 1956, which has already formed two 
working groups, one to expand the supply of qualified 


“technicians and the other to promote long-term 


improvements in the teaching of science and mathe- 
matics in elementary and secondary schools. Besides 
a note on activities in the International Geophysical 
Year, reference is made to attempts to overcome 
difficulties in recruiting and retaining scientific per- 
sonnel in Government service, and to the action taken 
to implemént the recommendations of the Founda- 
tion’s Specia: Commission for Rubber Research, 
appointed to recommend what future Federal sup- 
port, if any, should be given to research on synthetic 
rubber and the course to be followed with regard to 
the Government laboratories at Akra. An Advisory 
Panel for High Polymer Research was appointed in 
February 1956. 


- 


THE OBSERVATORY OF 
HAUTE-PROVENCE 


HE Observatoire de Haute-Provence, which is 

24 kilometres from the village of Saint-Michel, 
stands in grounds about 100 hectares in area, which 
were acquired at the end of 1937. Building com- 
menced in 1938 and was well advanced when the 
Second World War broke out ; although this and the 
German occupation of France were responsible for 
considerable diminution of the work, it was never 
completely interrupted and since 1947 has been 
normal. The site was chosen because of its low 
cloudiness and it was found that the quality of images 
was practically independent of the height between 
600 and 1,100 metres. Previous tests extending over 
twelve years with an 8l-cm. telescope lent by Mme. 
Dina-Britt, at the Observatory of Paris, and pro- 
visionally installed at Forcalquier, close to the 
selected site, showed that for photographic, photo- 
metric and spectroscopic work this district was 
capable of providing excellent results. An additional 
advantage was found in the facility for transport 
from other parts of France to Saint-Michel. 

The Observatory is under the control of the Centre 
National de la Recherche Scientifique, and in prin- 
ciple it is open to all French astronomers (and 
eventually to other astronomers who are engaged in 
research in astrophysics). It occupies a plateau 
covered for the greater part with stunted oaks at an 
altitude of about 650 metres, and tests showed that 
this is free from local disturbances. Visiting astro- 
nomers, after carrying out research there for a few 
weeks, are free to study the results at leisure in their 
own. establishments, but all photographs, spectro- 
grams and other records remain the property of 
the Observatory, to which they must eventually be 
returned. Thus the Haute-Provence Observatory 
participates m a most efficient manner in the general 


NATURE 


April 13, 19577 vo. 179 


progress of astronomy, contributing to the activity. 
of all the French observatories. The history, 
organization, work and equipment’ of the 
Observatory are described in a booklet* recently 
published by the Centre National de la Recherche 
Scientifique. ` 

The isolation of the Observatory requires that a 
large part of its personnel should live near by, and 
ample arrangements have been made for this as well 
as for those who come to carry out research. This is 
fully described under “Habitations et Installations 
Diverses”, and a plan of the grounds with positions 
of the equipment, workshops, etc., appears on p. 10. 
There are twenty-one excellent plates showing the 
120-cm. telescope, its dome, the dome of the 193-em. 
telescope which will be in use this year, the spectro- 
graph in the electronics room, mounted on the 
120-cm. telescope, and other equipment, as well as 
photographs of M13, the spiral nebula in Coma, 
the central parts of M 31, the Great Nebula in Orion, 
M8 photographed by isolating the red Ha line of 
hydrogen, the nebule NGC 5194 and M 81 and the 
central region of the Milky Way photographed in 
blue hght and also in infra-red. 

The director of the Observatory is Prof. Jean 
Dufay, director of the Lyons Observatory, and the 
assistant director is Prof. M. Fehrenbach, director 
of the Observatory of Marseilles. M. DAVIDSON 


* Observatoire de Hante-Provenco, Pp. 23+21 figures. (Paus. 
Centre National de la Recherche Scientifique, 1956 ) 600 francs. 


VEGETATION AFTER FIRE 


tT responses of herbaceous vegetation to fire 
have been the subject of observations by J. R. 
Sweeney (Univ. Calif. Publ. Bot., 28, No. 4, 143; 
1956). The author points out that, in the chaparral 
regions of Calfornia, fires are frequent, the same areas 
being liable to periodic reburning. A conspicuous 
result ıs the seemingly sudden abundant appearance 
of plants not previously evident-——sometimes described 
as ‘burn’ species, The floristic changes in these areas 
present many problems of interest to the botanist. 
As a result of detailed study of some ten burnt areas, 
which ‘are described and illustrated in this 
memoir, the author has reached the following con- 
clusions. 

The vast majority of plant seedlings occurring on 
burns are from viable seeds present in the soil before 
the occurrence of fire. The dispersal of seeds on to 
burnt areas from plants present on adjacent sites 
does not contribute materially to the herbaceous 
cover. An important factor in the situation is that 
soil acts as an effective insulator against heat 
penetration. Thus the temperatures produced during 
fires at 4 in. and 1 in. levels below the soil surface 
are generally lower than the upper limits of heat 
tolerance of air-dry seeds. The moisture content of 
seeds is correlated with heat tolerance. The marked 
population-changes during the first, second and third 
years on burns are attributable to differences in 
germination behaviour of seeds of different species 
and to the action of fire in stimulating germination 
and providing suitable habitat conditions for growth. 
The striking fluctuations exhibited by species with 
refractory seeds are apparently not due to the effects 
of ash on germination behaviour, inhibiting sub- 
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stances exuded by the plants, or to ‘competition’. 
Plants which characteristically occur on burnt land 
possess genetically predetermined physiological toler- 
ances which pre-adapt them to the fluctuating 
environmental conditions present in chaparral regions 
subject to fire. Indeed, the frequent occurrence of 
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fires is esseritial 
ae in the flora of the chaparral regions. 
of fires to occur within the viability 
periods of the seeds of the component species would 
result in their becoming rare of aiii com- 
pletely. © 
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X-RAY STUDIES OF THE WHEAT PROTEIN COMPLEX =~ ` 


By Dr. W. TRAUB* -w 
Birkbeck College Crystallography Laboratory, University of. London, W.C.| 


AND 
Ya Dr. J. B. HUTCHINSON and Dr: D. 


a, 
>. 
“DANIELS 


Research Association of British a i earch Station, St. Albans 


WEN flour owes its pre-eminence for bread- 

making to its ability to form a dough with a 
degree of elastic extensibility not found in the doughs 
of other cereals. This behaviour is primarily associated 
with the protein, normally isolated from dough as 
gluten, a complex mixture of hydrated proteins con- 

K small amounts of lipids and starch. Though 
gluten has been separated into various crude fractions 
—notably gliadin and glutenin, respectively soluble 
and insoluble in 70 per cent aqueous ethanol—none 
of its protein components has yet been crystallized. 
X-ray studies of wheat protein! have therefore been 

confined to amorphous, or mechanically oriented, 
heterogeneous specimens. In the present investi- 
gation we have re-examined several materials first 
studied by Hess and his collaborators’ and, with one 
noteworthy exception, we have obtained similar 
results. We have, however, considerably extended 
these earlier X-ray studies, with particular reference 
to the bound lipids of flour. 


Intact Grains and Flour 


Sections of the endusperm of wheat, rye, maize, 
groats, rice and barley were photographed on a low- 
focusing camera*. All showed a spacing at 
about 90-100 A., which was replaced by a far more 
* intense and diffuse region of scattering at 95-115 A., 
when the imens were wetted. ‘These spacings 
were also observed in dry and wet specimens of wheat 
starch, flour and dough, but not in gluten, which 
indicates that they are associated with the starch 
fraction, and not, as suggested by Hess‘, primarily 
with the protein. High-angle photographs of starch 
and the enlosperm sections also showed identical 
powder patterns at shorter spacings, providing a 
- further indication that the starches of these cereals 
have common components. However, we have 
observed a 90-100-A. spacing in the lipids extracted 
from flour with petroleum ether, but not in dry 
starch from the extracted flour, suggesting that this 
spacing is largely due to a lipid component of the 
starch fraction. 

Wheat grain also showed a spacing at 47 A., not 
observed in any of the other cereals, but common to 
all the varieties of wheat examined (Fig. 1). This 
line appeared very early in the development of the 
immature wheat grain. Its intensity diminished when 
the grain was BEES to flour, disappeared when the 


* Present aera. of Biochemistry, College of 
Physicians cantare Surgeons, umbia University, New York 32. 


À 


flour or or grain wal’ wetted (Fig. 2), and reappeared r 
weakly ; in dey bread. 


Protein Fractions - 


le photographs of wet and dry gluten, 
wind ‘and gui ae ‘bre paraa wheat 


ES (5) 
Loven og -ray pho’ of: D: ides t era in; (2) Wet 
wheat (3) e ndin ims Aaa stl a Dr. A. hag 
ef, ref. 3) ; nay Lipoid ected from flour nF Sata ; (5) De- 
era ded gluten residue 





the persistence of certain herb- © © 





















ye varieties showed only the | ong diffuse rings in 
the 5-A. and 10-A. regiéns, commonly observ: in 


proteins in a disorganized state. However, denatured 


gluten showed a weakening of the 5-A. ring and the 
appearance of a fairly sharp spacing at 4-65 A., as 

in disoriented ®-keratin‘, A relationship with the 
| keratin-myosin group of fibrous proteins is also sug- 
by the approximately 2 to 1 reversible elas- 
f moist glutenin?. Moist gliadin, however, was 
ic, though very extensible. 

The 47-A. spacing characteristic of wheat grains 
was observed in dry gluten but not in starch, and 
wet gluten showed only a weak spacing at 51 A. 
Oriented specimens of gliadin were: prepared by 

“evaporating an aqueous ethanol solution on water- 
proofed glass slides, to give thin films (about 30u). 
Strips of these films were packed together and photo- 
graphed with the X-ray beam parallel to their surface. 
The photographs showed sharp orientation of the 
plane of the 47-A. spacing parallel to the surface of 
the gliadin films (Fig. 3), but no orientation of the 
diffuse rings at 5 A. and 10 A. was obseryed. 














Lipid Fractions a 


We have obtained strong indications that the 47-A. 
spacing is due to the portion of the flour fat which is 
closely associated with. the protein, the so-called 
‘bound fat’, The free fat (about 1 per cent of the 
», flour), which is extractable with cold petroleum ether, 

showed a broad diffuse ring (40-80 A.) in the low- 
mgle region. as well as the 90-100-A. spacing. Part 
the bound fat (lipid A, about 0-3 per cent of the 
could then be extracted with cold moist 
o; this showed a strong sharp spacing at 
(Fig. 4). However, the extracted flour, which 
gave a good bread, somewhat reduced in volume but 
of excellent texture, still contained about 0-6 per 
cent of more firmly bound fat, and the degraded 
gluten from it (see below) still showed a 47-A. spacing. 
The lipoidal materials extracted by acetone from the 
wholemeals of maize, barley and groats did not show 
the 47-A. spacing, whereas it was observed in the 
acetone extract from rye, a cereal with limited baking 
properties though much inferior to wheat in this 
respect. 

After drying, lipid A (found: P, 0-5 per cent) 
became readily soluble in non-polar solvents and 
sparingly soluble in dry acetone. It was fractionated 
by precipitation from ether solution with acetone, 
followed by chromatography on silicic acid*. Though 
several of the fractions showed the 47-A. spacing, in 
two of them (B and C) it was particularly strong 
and sharp ; they were about 4 per cent and 2 per 
cent respectively of lipid A (found in B: P, 2-9; 
N, 2-1; nC: P, 4-9 per cent). Further investigation 
of these phospholipid fractions and of the more firmly 
bound lipid is continuing: 

Oriented specimens of the two phospholipid frac- 
tions were prepared by ‘pressing and stroking the 
materials between sheets of thin ‘Cellophane’. These, 
together with the fat, were then cut into strips, 
packed together. and photographed with the X-ray 
beam parallel to the surface of the fat layers. In 
both fractions the plane of the 47-A. spacing was 
sharply oriented parallel to the fat layers, and in 
fraction B several similarly oriented higher orders of 
the 47-A. spacing were also observed. 

Degradation of gluten by Clostridium cerofoetidum 
{atx Organism found therein’) left an extremely in- 
soluble residue (yield, about 5 per cent w/w ; found : 
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P, 0-8; N, 2-3; fat by acid hydrolysis, about 50 per 
cent). X-ray photographs of this residue showed 


<an extremely strong, sharp 47-A. spacing (Fig. 5), 


together with several higher orders, and a complete 
replacement of the diffuse 5 A. and 10.A. rings by 
several sharp powder lines. Specimens obtained from 
different wheat varieties showed very similar X-ray 
patterns, though small differences in the high-angle 
region were observed. The X-ray patterns of the 
hydrolysed lipids from this residue, from flour 
(previously defatted with petroleum ether), and 
from the acetone extract A, had several identical 


features. 


Conclusions 


Because of the chemical and structural complexity 


“of cereals, our investigation has been largely ex- 


ploratory and limited to general features rather than 
The relationship with 
the keratin-myosin group of proteins suggests that 
protein fibres of this type are mainly responsible for 
the elasticity of the wheat gluten complex. The low- 
angle X-ray pattern, which distinguishes wheat from 
other cereals and varies greatly with the physical 
condition of the protein complex, is associated with . 


the -bound fat, and in particular with the phospho. | 


lipids. The orientation of the 47-A. spacing in gliadin 
and in the phospholipid fractions suggests that the 
protein fibres are held together by layers of the 
phospholipid, with the fat molecules roughly per- 
pendicular to the protein fibres. In the light of recent 
X-ray studies of other phospholipids’, and the pr 
ponderance among flour lipids of Cis fatty acids, 
these phospholipid layers are probably in the form 
of bimolecular leaflets. 





Though the bound fat constitutes less than 5 per. Ane 
cent of gluten, it has been found in far higher con- 0. 


centrations in some glutenin fractions’, and in the 
type of structure postulated might be expected to 
have a considerable influence on the cohesive and 
water-absorbing properties of the whole gluten com- 
plex. These suggestions concerning the structure of 
wheat protein, with close association between the 
protein and phospholipid components, find support 
in observations elsewhere, among which are the 
effects on baking quality of removing the flour 
lipids", of adding more fatt’, and of modifying the 
lipids by the action of gaseous flour improvers?. 
This work is being supported by a grant from the 
Research Association of British Flour-Millers and 
represents a co-operative X-ray chemical investi- 
gation by workers at Birkbeck College (University of 
London) and the Cereals Research Station, respec- 
tively. We are particularly grateful to Prof. J. D. 
‘Bernal and Dr. T. Moran for their interest and 
encouragement and for many helpful suggestions. 
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HISTOCHEMICAL DEMONSTRATION OF CHOLINESTERASE AND 
5-NUCLEOTIDASE IN NORMAL AND DISEASED 
HUMAN MUSCLE 
By EVELYN B. BECKETT 
AND 


Dr. GEOFFREY H. BOURNE 
Department of Neurology, London Hospital, and Department of Histology, London Hospital Medical College $ 


Y little histochemistry has been carried out 

on skeletal muscle and even less on either 

normal or diseased human muscle. It is of interest, 

therefore, to summarize some of the results which we 

have obtained with two histochemical techniques on 
normal and diseased human muscle. 

Cholinesterase was demonstrated by Gomori’s 
modification? of the method of Koelle and Frieden- 
wald? and specificity was confirmed by the use of 
eserine. Fresh frozen sections were incubated in the 
eee es for perioda of up to $ ly. 

i 5-Nucleotidase was nstrated by the method 

. described by Gomori’, in acetone-fixed material, using 
incubation periods of 16, 20 and 24 hr. Control sections 
were incubated in a medium containing glycerophos- 
phate instead of adenylic acid. 

Material was obtained post-mortem within one 
hour of death, at operation or by biopsy. The last 
method was used for obtaining specimens from 
patients suffering from periodic paralysis, carcino- 
matous neuropathy or Bt a facio-scapulo- 
humeral dystrophy, pseudo-hypertrophic muscular 
dystrophy, familial dystrophy, myopathies or neuro- 
pathies of unknown origin, motor neurone disease 
and polyneuritis or polymyositis. 

Cholinesterase : normal muscle. There have been 
a number of papers describing the localization of 
cholinesterase in motor end-plates in both animal 
and human skeletal muscle*.-*, 

We have noted the presence of several types of chol- 
inesterase-positive structures in normal human muscle, 


(1) Small ‘classical’ end-plates (that is, end-plates 
like those described by Koelle) arranged in straight 
rows across muscle fibres or in groups (Fig. 3). 

(2) ‘Plates’ composed of parallel gutters arranged 
as a cake frill or palisade, the gutters being oriented 
in the same direction as the long axis of the muscle 
fibre (Fig. 4). 

(3) Large cap-shaped areas situated over the ends 
of muscle fibres, with gutters arranged in parallel or 
in somewhat reticular pattern. These endings are, in 
fact, situated at the musculo-tendinous junctions. 

are also found when muscle fibres end in the 
middle of a bundle. The possibility exists that these 
may not be motor end-plates but stretch receptors— 
if this is so, then the presence in them of specific 
cholinesterase becomes of some interest (Fig. 1). 
Similar structures have been observed in skeletal 
muscle of various animals by Couteaux!” and 
Gerebtzoff™. 
Se aS ee of lows well teen 


structures, for example, ily arranged gutter-like 
structures or areas consisting of small islets of gutters 


raha over considerable lengths of muscle fibre 
ve 5). ——— on the latter theme could be 
in some and in others parallel gutters 
could be seen arranged transversely across the muscle 
fibre. Note also in Fig. 5 granules of positive material 
along the edges of the muscle fibres. 

It is of interest that a positive reaction was found 
only in ‘classical’ end-plates when butyryl thiocholine | 
was used. 

We have en several occasions seen more than 
one motor end-plate to a muscle fibre. 

In addition to these cholinesterase-definitive 
structures, we obtained a moderate diffuse positive 
reaction for the enzyme in the substance of the 
muscle fibre with, in some cases, a deeper reaction 
along the sarcolemma. Our belief that this i is due to. 
cholinesterase is based upon a number of reasons, _ 
of which we quote the following. 


Acetyl cholinesterase in p musculo-ten dinous junctions of 

muscle. It is Ge graben the ponire structures may 
tretch recepto) 

eo 2. Acetyl PREM in cst fibres, ore a more 

nse reaction in the more atrophied fibres. This muscle was 
taken from a case of polyaaposttia 
Fig. 3. Esa cholinesterase in a ‘classical’ bl apron situated in 
taken from a case of motor neurone d 

Fig. 4. sno 1 cholinesterase in a ‘cake-frill’ or r alinde, of 

structure in rah normal muscle, It is this tape of 

may be a form of s! 


Fig. 5. Aosty T choleadshiteas AADI ta PELAA eruobiess te 
aà piece of itiacus taken during cup arthroplasty of hip 


Fig. 1. 
normal 








. 6, 5-Nucleotidase in muscle from a case of familial dystrophy, 
enzyme appears to increase as the muscle fibre atrophies 
Fig. 7. 5-Nucleotidase in a muscle fibre from a case motor 
neurone disease. Positive capillaries appear to be embedded in 
and destroying the muscle substance 


Fig. 8. 5-Nucleotidase in muscle taken from a case of {?) poly: 


(1) The depth of colour is not related to the 
number of enzyme positive end-plates on the fibre, 
so that it is not due to diffusion. Even when no end- 
plates are present the fibre may show a strong 
coloration. 


(2) The reaction is inhibited by eserine. 


(3) The reaction occurs only very slightly when 
butyryl thiocholine is used instead of acetyl thio- 
choline as a substrate. 

Cholinesterase in pathological muscle. There appears 
to be no decrease of cholinesterase in any of the 
myopathies or neuropathies examined—if there is 
any change at all, it is in the direction of increased 
activity. Atrophying muscle fibres, in fact, show a 
more intense diffuse reaction for the enzyme in the 
substance of the fibre (Fig. 2). 

Even in muscle undergoing severe degeneration, 
the structure (except in a few cases) and the cholin- 
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esterase activity of motor end-plates persist, the 
motor end-plate being sometimes virtually the only 
structure left. Since parts of muscle which have 
motor end-plates seem to survive longer than other 
parts of the fibre, it is possible that end-plates and/or 
the enzyme present in them exert some protective 
influence. 

5-Nucleotidase. The reaction for this enzyme in 
normal human muscle tissue is slight or absent. 
Where it occurs it seems to be restricted mainly to 
the walls of larger blood vessels and to nerve fibres, 
but is occasionally seen in other connective tissue 
elements, for example, fibroblasts in tendon, and cells 
and fibres of loose connective tissue. It is of interest 
that the enzyme is not found in all of the larger 
blood vessels, but appears to be associated only with 
certain of them. It is not at all clear what determines 
whether or not the enzyme shall be present in a 
particular blood vessel. 

In only one specimen of normal muscle did we 
observe a strong reaction for 5-nucleotidase in con- 
nective tissue, and in this instance there was evidence 
of an inflammatory lymphocytic reaction in this 
region. In about a quarter of our specimens of 
pathological muscle we observed a large increase in 
the amount of 5-nucleotidase present. ‘This was seen 
in six cases of muscular dystrophy of various types, 
where there had been a considerable degree of muscle 
fibre atrophy and a corresponding increase in inter- 
stitial connective tissue, but it was also seen in one 
case of myopathy and one of motor neurone disease 
where there had been no increase in the amount of 
connective tissue present. In other specimens we 
observed a smaller increase in enzyme activity. But 
these changes in enzyme concentration were never in 
any way correlated with clinical diagnosis and a 
large proportion of our muscle samples gave little or 
no reaction, like normal specimens. 

We noticed that atrophied degenerating muscle 
fibres (but not, as a general rule, fibres undergoing 
simple atrophy) gave a strong positive reaction in 
the muscle substance itself (Fig. 6). In addition, we 
frequently observed that capillaries (Fig. 7), cells 
(Fig. 8) and connective tissue fibres which were in- 
vading and destroying muscle fibres also possessed a 
high concentration of 5-nucleotidase. Where connect- 
ive tissue was present in great amounts, all the 
elements in it gave strong enzymic reaction. 

The glycerophosphate control sections were always 
negative, which suggests that in the connective tissue 
of human muscle there is a specitie 5-nucleoti- 
dase. 
5-Nucleotidase dephosphorylates muscle adenylic 
acid and it may well be that increased activisy of 
this enzyme together with the apparent invasion and 
destruction of the muscle fibres by the connective 
tissue elements may be a significant factor 
in the wide range of muscular diseases examined 
by us. 

t Gomori, G., “Microscopic Histochemistry”, p. 211 (Univ. Chicago 
Press, 1952). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
=u for opinions expreseed by their correspondents. 
No notice ia taken of anonymous communications. 


: Generation of Polarized Light in the Crab 
Nebula 


Iv does not appear to have been noted previously 
t the polarized light emitted by the Crab Nebula 
could be generated in'an elementary manner. In 
i collisions. between high-velocity clouds of presum- 
ized matter, polarized light could be generated 
masstrahlung. This ‘radiation would be 
primarily ‘in the collisions between the 
f one cloud and the nuclei of a colliding 





























epending upon the velocity with. which such a 
ollision takes place, the light emitted is either 
olarized primarily parallel or perpendicular to the 
lative velocity of the two clouds. 

Consider the collision of an electron of velocity v, 
da nucleus of charge Z. Classically, if the impact 
ameter is small, the acceleration of the electron 
‘parallel to v and high-frequency radia- 

ted. Thus, near the high-frequency limit 
bremsstrahlung spectrum, the radiation is 
arized with its electric vector parallel to 
' the impact parameter is large, the. electron 
is deviated only slightly, the frequency of the emitted 
“radiation is low and the acceleration and polarization 
of. the emitted radiation is perpendicular to vy. 
ommerfeld! has calculated the degree of polarization 
mtum mechanically, implicitly averaging over 
impact parameters. His results are illustrated in 
ig. 1. The observation direction is perpendicular 
to vo oor limiting frequency vg is given by 
g = $m, 










Minkowski? has estimated the optical radiation of 
e Crab Nebula to be 3-4 x 10% ergs/sec.-cycles/sec. 
t A = 4250 A. or v= 7-06 x 10% cycles/sec. The 
ume of- the amorphous part of the nebula is* 
~ 10" om. and its distance is assumed to be 
00 parsecs. — Therefore, the power radiated per 
rcle/sec. per: unit volume is, roughly, 
Probe: = 3-4 X 1074 erg/sec.cm.?-cyeles/sec. 
a In the collision between a stream of electrons of 
msity n with n- nuclei per unit volume, the power 
adiated has been ‘calculated by Kramers' : 
: . 327? Ze ; 

ar 34/3. or) (n'vo) (n) 

Let n =n and Z =1. A reasonable value for v, 

might. be the. observed* velocity | of expansion of the 
Crab Nebula... This is v, 108 cm/sec... and 

eopreependly i to ve: FT: x 10" or ig 4300 A. For 
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4300 A. the polarisation” would ba" 


7000 A. > 2 > ae 


parallel to va and greater than 75. per cent. 
these assumpsions, 


P, = 3:3 x 10-4 n3 


Since each cloud presumably contains n protons and 
n electrons per unit volume, this result should be. 
multiplied by 2 and compared with Pyops... We then | 

find that nay. Œ 700 cm. and that. the mass. of the 
nebula is about six solar masses. Since on! 



















of the clouds in the nebula woul 
given time, this result. should be enultipli 
unknown factor. This estimate of the mass is 
high; the Crab Nebula is generally believed to Į 
1-5-2 solar masses. However, considering the roug! 
ness of the estimate, the agreoment. must be co 
sidered reasonable. : 

Instead of visualizing the nebula as consisting fs 
high-velocity streams of electrically neutral ionized — 
matter, it might be considered to possess high- 
velocity streams of electrons which. interact with 
essentially stationary nuclei. In this connexion, ` 
observations’ of high-velocity (~ 3 x 10° em.jsec.) 
disturbances in the nebula may be particular] ; 
significant. ENN 

It should be emphasized that this ‘mechanism ; 
requires a flux of electrons with a few electron volts 
of energy rather than the flux of ~ 10" eV. energy — 
electrons and the rather strong magnetic fields ~ 
required by the synchrotron mechanism’. Observa- 
tionally, it should be possible to distinguish between ~ 
the mechanisms, since the polarization of synchrotron: | 
radiation should be independent of frequency, whereas 
the polarization of bremsstrahlung is rather sensitive 
to frequency. 
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Electron-Image Recording by Xerography 


Tue electrophotographic process of xerography}, 
initially described for the recording of optical images, - 
has since received a considerable amount of attention. 
with regard to its application in medical andin- 
dustrial radiography*?*. The mechanism of image 
formation depends, primarily, on photoconductivity © 
produced in a film of a black vitreous form of selenium — 
by the incident radiation. To date, xerography has 
been used satisfactorily for recording images formed 
by visible light, ultra-violet radiation and X-rays. The 
observation, ky Pensak, of induced conductivity in a 
thin film of amorphous selenium during electron 
bombardment* suggested the possible application. of 
xerography to the recording of electron images of the” 
type produced in electron microscopes and electron 
diffraction cameras. During the course of an electron 








diffraction investigation of the structure of evaporated 


selenium films, some preliminary experiments of this 


or kind have been carried out. 


774 





1. Photo-copy of a transmission-type electron diffraction 
from a foil; recording by xerography. Spurious 


are electrical artefacts resulting from the 
a poor quality plate. (x 1) 


Using an accelerating voltage of 50 kV., electron 
diffraction patterns have been recorded on vitreous 
selenium films about 60 microns thick, developed for 
use with X-radiation. With the present experimental 
arrangement, the plate is charged before loading into 
the apparatus and is required to retain the charge 
for a period of about ten minutes while evacuation 
is taking place. The plate is then exposed to the pat- 
tern in the normal manner, and after removal from 
the camera, developed with a powder cloud’. When 

using illumination at oblique incidence, 
the resulting image has a general appearance illus- 
trated by Fig. 1. In this particular case the plate 
was initially charged negatively. Electrons con- 
tributing to the diffraction maxima have discharged 
the plate and the background has been developed 
afterwards with a positively charged powder cloud. 
The diffraction maxima are thus characterized by 
the absence of powder in the resulting image. 

A limited number of experiments has shown that, 
using 50 kV. electrons, the particular selenium plates 
employed require an exposure similar to that used 
with Ilford N.50 photographic emulsions, A dif- 
fraction pattern just visible on the fluorescent screen 
requires an exposure time of about five seconds. From 
the measurement of the ring diameters of a gold 
transmission pattern (Fig. 1), there is no evidence 
of electron refraction in the electric field associated 
with the initial charge on the surface of the plate. 
The dx values calculated from the measured ring 
diameters on a xerograph are in agreement with 
values calculated from a conventional photograph 
to better than + 0-05 per cent, the limit of the 
experimental observations. 

-~ ‘The advantages offered by xerography for various 
types of image recording have been discussed in the 
literature’. ‘The followmg points are of particular 
interest with regard to the possibility of using the 
technique to record electron images : (1) 'The vitreous 
selenium plates are free from out-gassing effects 
at room temperature. (2) Xerographic plates of the 
type developed for radiography can be used for re- 
cording electron images produced in electron optical 
instruments using beam accelerating voltages between 
45 and 55 kV. (the only range so far investigated), 
(3) Such plates require an exposure similar to that 
used with the high-contrast photographic emulsions 
commonly employed in electron microscopy and 
electron diffraction. (4) The use of suitable liquid 
developing techniques makes possible image resolu- 
tion beyond the limits attainable with conventional 
photographic materials*, without sacrificing the plate 
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sensitivity. (5) The high image-contrast and wide 
latitude of exposure that have been demonstrated with 
xero-radiography could be advantageous in the record- 
ing of electron microscope images, which frequently 
exhibit low relative contrast. - 

Thanks are due to Prof. C. J. B. Clews for Iag 
the facilities for carrying out this p 
vestigation and to Dr. L. N. D. Lucas for his helpful 
supervision. I am much indebted to Mr. K. A. 
Metcalfe and Mr. W. G. Norgard for their assistance 
and interest. The work has been supported by a 
Commonwealth Scientific and Industrial Research 
Organization Australian Postgraduate Studentship. 

P. B. SEWELL 
Physics Department, 
University of Western Australia, 
Nedlands. 
Jan, 4. 
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Calculation of Particle-size Distribution from 
Sedimentation Observations 


Tue calculation of the size distribution of the 
particles of a powder in a suspension, from a know- 
ledge of the mass of the material which has crossed 
some horizontal plane at a known distance, A, below - 
the surface of the suspension, is of considerable 
importance, since it is the basis of the evaluation of 
test data obtained on a number of types of instru- 
ment used in powder technology. So far as is known, 
however, none of the previous derivations of the 
required relationship is completely satisfactory ; the 
following proof, however, appears to be rigorous and 
general. 

At the commencement of the test the powder is 
evenly dispersed in the column of fluid above the 
reference plane. As the test progresses, the mass of 
material which has crossed the reference plane is 
determined, at times ¢ measured from the commence- 
ment of the trial, in some way. 

Consider first a suspension of exactly similar 
particles, evenly dispersed initially. Since the 
particles all fall at the same speed, the total mass, 
m, crossing the reference plane increases at a uniform 
rate until a time such that a particle starting at 
the surface will have reached this plane; thereafter 
this mass is, as shown in Fig. 1, constant. 


Mass (m) 


T 
Time after start (t) 
Fig. 1 
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Time after start (f) 
Fig. 2 


Paimas, 


m this Seure it follows that the total mass, M, 
“material in the whole of the column above 
ference plane is given by the value of m for the 
ntal portion of the curve and also by the 
pression : 





— (change of gradient att = 7) x T (1) 
T is the time for a particle to fall the distance 
should be emphasized that T'is distinct from t. 
equation l- may be written : 


hange of gradient: at t = TT) x (tati = T) (2) 


group of particles of uniform density, in 
range of sizes is present, the curve of m 
t t will have the form: shown in Fig. 2. This 
curve has an initially straight portion arising from 
e steady fall of all sizes present through the 
erence plane ; this linear relationship holding until 
max. (the time for the largest particle present 
fall the distance hk). Thereafter the gradient 
ninishes as the particles of progressively smaller 
cease falling through the reference plane. 
After t= Ty min, (the time for the smallest particle 
fall the distance /), all the. particles will have 
ossed the reference plane and the curve is hori- 
mtal; the value of the ordinate then representing 
the total mass of material, above the reference plane, 
the original suspension. ; 
Consider now @ part of the curved portion of this 
apli between ¢ = T and t =T + òT. 
From equation 2 above, and from the additive 
property of gradients, it. follows that, as a first 
approximation, the mass of particles requiring times 
between Zand T +- 37 to fall the distance A is : 
_ (total change of gradient from 
 t=Ttot=T + 87) x (tatt = T) (3) 
ut an error due to the finite value of 87' is involved. 
This error vanishes as 57 tends to zero. 
The change in gradient can be expressed as : 


dm i 

TP’ èT (fort = T) 

bere again the error vanishes in the limit. 
Thus, from equation 3, the mass of particles which 
require times between 7 and T + èT to fall the 
distance his given. by : 








-8T (fort = T} 


IE M gis the mass of particles which fall the distance 
hain times less than 7' it follows that: 


8M (for T to T + D.a- ait 8T (for t = T) 
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at ort = m 
Thus, in tke limit, oe eee 
dm a 
been ; t = © 
(s&s a 7 ae = £ fore ST) (4) 
or SSS 
Mp = fe 
ais o de 
Integration by m gives : r 
om Tram a 
ory Ldt 
be dno am. 
Mr = m d 
or Ae — 
Mr = - 
tom ~ a(n?) 


So far, the particles have, in effect, been rade 
with respect to time. In order to grade with respect — 
to diameter, a relationship between T, the time > 
required for a particle to fall- distance d the o: 
diameter must be introduced, = 

If Stokes’s. law is used for this purpose, hon i 


=k Vi 


“Tah 
glp —o) 

When the scale of time T, for the curves of . 
against T, obtained from equations 5 or 6, is tr 
formed to one of particle diameter by the use 
equation 7, & curve of Mp against D is obi 
Mp being the mass of particles with dia 
greater than. D. 


If this process is applied to the aat of T 








where k = 


against T obtained by the use of equation 4 iti is also es 





necessary to multiply the ordinates by aD. to. give i 
dip 
values of aD" 
From equation 7, 
ar oe 2, 318 8) 
dD - Br 
Thus, from equation 4, — ae 
D, mae A pi dm da (ort = T) (9) 


Thus equations 4, - 6 a 9 may be used in 
practice. Equation 4, which gives a size distribution 
on a time basis, requires a double ‘differentiation, 
but is suitable for numerical computation. Equations. 
5 and 6 give oversize curves. on a@ basis of time. sad. 
require a single differentiation. 

When a knowledge of the actual particle-size: is 
required, the use of equation 9 in conjunction with.. 
equation 7 leads to a sizé-frequency curve in terms © 
of the Stokes’s diameter. 

H. E. Rose 
R. N. LANGMAID: 
Dept. of Mechanical Engineering, P 
King’s College, 
London, W.C.2. 
Dee. 28. 










Shape a of a a Liquid | Interface 
Ix problems involving the determination of mole 


cular areas of adsorbed or spread films at an interface, 
it is frequently necessary to know the liquid-liquid — 


liquid—vapour interfacial area precisely. Unless 
ontaining vessels are used, the curvature: of 
the interface near their walls may produce appreciable 
uncertainty in estimates of the true area, and under 
these conditions it is important to know the extra 

_ interfacial area resulting from. this curvature. 

If we consider the interfacial curvature at a long 
plane vertical boundary in an infinite liquid, one of 
the principal radii of curvature is infinite and the 
problem is essentially two-dimensional. Thus, for 
equilibrium a at the interface we have : 

+ = Te pay 
where T is the interfacial tension, R the principal 
radius of curvature, p, and p, the densities of the 

©. two phases and y the height above the free surface. 

_ The derivation of the equation of the surface is 

_ straightforward and the result, at by Rayleigh’, is 





a) 


æ = — 2a cos $ + a In cot Ê + K | 


| (2) 


a At a vertical “enol with zero contact 
= 0, this determines K. 


; s 
2 > 
2a sin 5 














ter this constant but not the form of the curve. 
E The increase in length of the meniscus due to its 
_ curvature is 


F Ei 
l = f (ds — dvx) 
E a exif) 
o where ds is the elementary length of are. 
ee mi is found to be: 
o L = a(2 — y2) = 0-586a 


Ae The calculation should be also nearly exact for a 
` curved boundary provided its radius of curvature is 
-much greater than a. Thus, for a boundary of length 
-0 p, this gives an increase in area of pl. 

| "The magnitude of the correction can be illustrated 

us by the « case of water in a vessel 10 em. X 10 em., 


From (2), 
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for which the increase in area arising from the 
curvature is 6-4 per cent. For the interface between — 
quids of nearly equal density the increase may be 


“even greater. 


-Some experiments have ben done to verify that : 
equation (2) adequately predicts the form of the — 
interface. Air-liquid interfaces only were used. The 
method employed was slightly to overfill a tank 
about 10 cm. square with liquid so that the free 
surface was above the walls and therefore visible- 
from the side. A piece of glass was dipped vertically 
into the liquid, and the system was then photo- 
graphed from the side so that. the shape of the surface 
adjoining the piece of glass was recorded. The liquids 
used were water, benzene and decane, the values of 
a determined independently being 0-274, 0-184 and 
0-180 cm. respectively. Fig. 1 shows the theoretical 
curve of «/2a against y/2a together with the experi- 
mental points, good agreement being obtained. Heig 

A. G. THOMAS 
British Rubber Producers’ Research Association, 
48, 50 and 52 Tewin Road, 
Welwyn Garden City, 
Herts. 


1 Rayleigh, “Collected Scientific Papers”, 4, 13 (1892). 


X-Ray Measurements on Nettle Fibres 


CELLULOSE is the main constituent of the fibres — 
of the two varieties of nettle, Boehmeria girardinia. 
heterophylla and another Boehmeria frustescens ; their 
Indian names are ‘sishnu’ and ‘pooah’ respectively 
Details of X-ray studies of these fibres and the inter- 
pretations of the fibre diagrams on the basis of the» 
unit cell given by Meyer and Mark! have already 
been reported?®. a 

In the present communication, additional work on 
the dimensions of the intermicellar spaces is described. 

Silver and gold crystallites were deposited within the 
intermicellar spaces of the fibre framework. Silver 
crystallites were dispersed by soaking the fibres in 
3 per cent silver nitrate solution and finally drying 
and treating in 3 per cent hydrazine hydrate solution. 
The same procedures. were repeated for dispersing 
gold crystallites using 3 per cent gold chloride and- 
hydrazine hydrate solutions. X-ray pictures of these 
separately treated fibres of each variety were taken 
in a camera of radius 4-08 em. in cobalt Ka radiation. 
Since the metal crystallites were embedded within 
the intermicellar spaces, the silver and gold lines in 
addition to the fibre diagrams appeared in the X-ray 
pictures, and these lines were photometered. The 
breadths at half-maximum of the peaks, obtained... 
from the photometric curves, were measured, and 
from Scherrer’s formula the particle-sizes..were 
calculated. The. details of the measurements are 
given in Table 1 

These results represent an approach to the average... | 
values of the dimensions of the intermicellar spaces. 
and the significance of these have been discussed by 
Frey-Wyssling*. The dimensions of the intermicellar 
spaces of the nettle fibres can be compared with those 

















Table 1 
poe ; EEEE 
Fibre of different Particle-size calcu- | Particle-size"caleu- i 
varieties lated from gold lines | lated from silver lines |.” 
1, Bishnu 91 A. IA 
2. Pooah gl A. BIA: 
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of: ramie, found to.be 84-85 A. by deposition of 

metals*, and the greater width of the spaces of these 

“fibres can be accounted for by assuming them to be 
more loosely built than ramie. 

= > J thank Prof. B, N. Srivastava for his interest in 

-- this work. 

eae D. M. CHACKRABURTTY 
















Department of General Physics and X-Rays, 
Indian Association for the Cultivation of Science, 
Calcutta 32. 

Jan. 1. 


k, H., and Meyer, K. H., “Celluloschemice”’, 9, 61 (1928). 
raburtty, D. M., Proc. Nat. Inst. Sci., India, 21 A, 175 (1955). 
‘yesli g, A.. Protoplasma, 27, 372 and 563 (1937). 


ack Initiation in Hydrogenated Steel 


HE interaction between hydrogen and steel results 
ous embrittlement phenomena. For example, 
| Jong been known that flakes, or internal hair- 
cracks in alloy steel forgings, are related to the 
ence a of hydrogen retained from the steel-making 
cess, On the other hand, embrittlement of 
lated high-strength steel parts is caused by 
troduced . during pickling or electro- 
asses. A particularly disturbing form of 
n embrittlement is static fatigue, or brittle 
ture at relatively low applied stresses?. 
Tho ‘basic mechanism of these hydrogen-induced 
phenomena is crack initiation and controlled crack 
propagation. The time-dependent growth of flakes in 
wavy steel forgings has been amply demonstrated?. 
> Static- fatigue failure has been shown to result 
from the initiation and slow growth of a crack’. 
The crack initiation process is of particular interest, 
e recent research in this laboratory indicates the 
ence of a true incubation period for crack initia- 
‘his behaviour is indicated by electric resistance 
easurements on hydrogen-charged. specimens under 
tic load. Notched specimens of 4340 steel (0-40 per 
carbon, 1:7 per cent nickel, 0-85 per cent 
ium, 0-25 per cent molybdenum) were charged 
hydrogen, plated with cadmium and. baked to 
‘oduce a uniform distribution of hydrogen. Upon 
ading, an immediate increase in specimen resistance 
was observed, resulting from a decrease in notch area 
used by deformation. The resistance then remained 
tant for some time, and this is taken as the incu- 
on period. A subsequent inerease in resistance 
ted from the decrease in notch area caused by 
initiation and propagation. 
On this basis, incubation periods varying in length 
from a few seconds to as long as 18 hr. have been 
served. ‘The length of the incubation period depends 
imarily upon average hydrogen concentration, and 
essentially independent of the applied stress. 
The existence of the incubation period is compatible 
with either of the two major theories which purport 
explain hydrogen embrittlement. Zappfet sug- 
sted that molecular hydrogen might be precipitated 
ternal ‘voids’ and build up pressure sufficient to 
cause premature fracture. On the other hand, Fetch 
and Stables* apply the Griffith-Orowan theory of 
5 delayed” fracture of glass to the case of hydrogen 
embrittlement. ‘They propose that hydrogen atoms 
-may be adsorbed on the surfaces of internal micro- 
cracks, thereby lowering the critical stress necessary 
7 for extension of the crack. 
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A critical feature of both theories is that hydrogen 
does not cause embrittlement unless localized in a 
small region. “The rate of delivery of hydrogen ‘to — . 
the potentially embrittled region is controlled: by the 
diffusion-rate cf hydrogen in steel. If the average | 
hydrogen concentration is low,- then a substantial 


time interval may be. necessary to build up the... 


hydrogen concentrationat the point of erack initia- 
tion. Thus, the length of the incubation period would 
be controlled by the average concentration of hydro. 
gen, as was observed. : 

Consideration of. the incibation period ] 
any critical discussion of. hydrogen embriti 
For example, one of the unique characterist. 
hydrogen embrittlement is that the fracture. ductili 
decreases with. decreasing strain-rate. Of course, 


‘this fracture ductility is dependent upon. both 
initiation and propagation of a crack; nevertheless, _ 


it is evident that, for a given incubation period, a low 


strain-rate test will be more likely to detect embrittle- _ : 
ment than a high strain-rate test. If the strain-rate is _ 


so high that the specimen fractures in less time than 
the incubation period, then hydrogen embrittlement 
will not be detected. > 


This behaviour must be reflected in the design of a. Ls 


suitable test for detection of hydrogen embrittlement. 


Apparently, a mechanical test will be inadequate if 
the test duration is less than the incubation period. 


Since we have observed incubation periods of sub- 
stantial duraticn, short time tests such as normal 
tensile and bend tests may not be discriminating, 
Thus, under these conditions, the steel may exhibit 
normal ductility but will still be subject to brittle 
delayed fracture. 


We wish to thank the United States Air Force a : a 


permission to publish this communication. 


H. H. Jousebie. oe 


A. R. Trorano. 
Case Institute of Technology, 
Cleveland, Ohio. 
Oct. 30. 
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Preferred Precipitation on Dislocation 
Lines in an Aluminium Alloy 


ELECTRON micrographs of aged specimens of 
aluminium - 4 per cent copper reveal the structures 
associated with the presence of GP1, GP2, 0’ and 6, 
precipitates after various heat treatments'. The 
sequence of formation (with some overlapping) at 
low temperatures is GP1, G@P2 and 0’, whereas at 
high temperatures it is 0° and then 0, the equilibrium 
phase. At some ageing temperatures precipitation 
within the lattice is believed to occur preferentially . 
on edge dislocasions, and Wilsdorf and Kuhlman- 
Wilsdorf? and Thomas and Nutting? have recently 
demonstrated this in electron micrographs. 

We have attempted to trace dislocation lines in 
an unworked erystal of aluminium -4 per cent 
copper by electron microscopical studies of preferred 
precipitation. High-temperature ageing was used, 




















the period of heating being chosen so as to produce 
6’ precipitates, which form on {100} matrix planes, 
only at nuclei on the dislocation lines, not elsewhere 
in the crystal. This is feasible since it is well known 
that nucleation occurs much earlier at sub- boundaries 
than in the bulk of the crystal. s 

A sheet specimen cut from a single crystal of high- 
purity alloy was used. After being heated at 530° C. 
for several hours, it was water-quenched and then 
critically aged for about eight minutes at 250° C. 
Typical photographs of the traces of two kinds of 
dislocations observed in the specimen are shown in 
Figs. 1 and 2. The Burgers vectors of these disloca- 
tions were deduced with the aid of the following 
assumptions: (l) the 0’ phase in general becomes 
nucleated preferentially only at an edge dislocation 
(cf. the strain interaction of solute atoms with dis- 
locations‘); (2) the orientation of the 0’ phase will 
be such as to relieve the principal stress at the dis- 
location; thus, knowing this orientation from the 
photographs, the direction of the Burgers vector can 
be deduced; (3) the plane of the photographs is 

ractically (001) and the precipitates are formed on 
{100} matrix planes. T 

Fig. 1 shows the trace of dislocations similar to 
those observed by Wilsdorf and Kuhlman-Wilsdorf, 
emitted into a slip plane from a single dislocation 
source. The Burgers vector lies along [10T] on the 
(111) plane, and the line of the dislocations is nearly 
parallel to [121]. Only a section of the entire dis- 
location line can, of course, be seen in the photograph. 

Fig. 2 shows the other type of dislocation. ‘1 he 
orientations of the precipitates show that in this case 
the dislocation lines lie along [110] and [110] in the 
(001) matrix plane, and the actual length of the lines, 
0-8-1-2 microns, can be measured from the photo- 
graph. The Burgers vectors lie along [110] and [110] 
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respectively. Thus, this dislocation seems to be 
sessile of the type suggested by Lomer and Cottrell‘, 
direct evidence for which has previously been lacking. 
The photugraph appears to show a part of the dis- 
location network, as indicated by the regularly 
distributed dislocations. 
A more detailed account of the work will be 
published shortly. 
Taro TAKEYAMA 
Siceyasu KODA 
Faculty of Engineering, 
Hokkaido University. 
4 Sileock, J. M., Heal, T. J., and Hardy, H. K., J. Inst. Met., 82, 239 
(1953-54). 
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Solid”, 175-186 (H. H. Wills Physical Laboratory, University . 
of Bristol, 1954). 
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Thermal Conductivity of Soil 


Two assertions recently made by J. Webb! in 
commenting on the thermal conductivity of dry 
soil and in a reply? to D. A. de Vries need further 
clarification. 

The first refers to a statement by A. Gemant* to 
the effect that “. . . the resistivity of dry soil would 
be close to that of air . . .” but omitting the remainder 
of the statement: “... which is contrary to experi- 
ence”. The assumption by Webb that the heat 
flow through an aggregate of solid spherical particles 
separated by air may be taken to be uniform and 
parallel is completely unjustifiable in view of the 
widely differing thermal conductivities of the two 
phases involved. Furthermore, no support for any 
assumption of this nature is to be found in Gemant’s 
work, since he makes no attempt to calculate the 
effective conductivity of such an aggregate from the 
conductivities of the constituent solid and air phases. 
In his first paper*, Gemant shows that the sphere 
model for dry soil, if the air phase is excluded, can 
be reconciled with practical experience by assuming 
chipping at the points of contact of the spheres to 
the extent of 10-* of their radius. Since the soils dis- 
cussed by Gemant contain water, it is clear that the 
conductivity contributed by chipping of this order of 
magnitude, and therefore also that of the air phase 
to which it is equivalent, will be negligible in com- 
parison with the conductivity contributed by the 
moisture. In his first paper, Gemant therefore justi- 
fiably neglects contributions from the air phase, and 
bases his calculations on the conductivity contributed 
by the solid and liquid phases only. 

Webb seems to be unaware that.Gemant’s first 
paper’ has now been entirely superseded by his later 
papers**, in which spheres are replaced by a com- 
bination of cubes and pyramids with water con- 
densed at the apexes. ‘lhe air phase in the soil is 
disregarded and no chipping is assumed. Recognizing 
that the heat flow in the solid constituent is divergent, 
Gemant evaluates its thermal resistance by means of 
an electrical analogue. ‘This model has been found 
to be satisfactory for soils consisting of a mixture of 
sand and clay having a wide range of dry density 
and moisture content, particularly in view of the 
good agreement with Kersten’s experimental results*. 
In a recent paper by K. Mochlinski and myself’, 
Gemant’s theoretical formula has been combined with 
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Kersten’s empirical formula to produce a nomogram 
having practical application to a wide range of soils 
encountered in practice. 
The second statement by Webb on which I wish 
to comment is: ‘There are almost as many values of 
soil conductivity as there have been experimenters in 
the field”. This seems to result from Austin’s state- 
_ ment in 1939. Since then, however, considerable 
-progress has been made in the calculation and 
"measurement of soil conductivity, with the result 
‘that to-day cable engineers and others are able to 
obtain reliable information from a knowledge of soil 
on, titution and by direct measurement. Apart from 
‘the subject already carried out, “and now 
ursued by this Association and others in 
tain, an extensive programme of research 
tence in the United States, and has been 
d by Dr. A. W. Burrell’, 


M. W. MAKOWSKI 
D ectrical Research Association, 
Cleeve Road, 
Leatherhead, Surrey. 
; Feb. 21. 
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s suggested by Mr. M. W. Makowski that I 
sent Dr. Gemant because I omit part of a 
ent, with which T find myself in disagreement. 
full statement is : “If the spheres were to touch 
eometrical point only, the resistivity of dry 
d be close to that of air, which is contrary 
lence”. I still believe this statement to be 
3 and the addition, or the omission, of the 
hrase is of no significance. 
ll, that the actual resistance of a dry soil 
approach to that of air; but in that paper 
not seem to be aware of the important part 
by the air phase in a dry soil, He was forced 
chip his spheres, not because he wished, thereby, 
‘clude the necessity of treating the conductance 
air phase, but because he thought that, if 
res touch only at points, then the resistivity of 
ypothetical soil would approach to that of air. 
gree with Mr. Makowski when he points out 
it is incorrect to assume parallel heat flow in a 
d-air composite; the opening paragraphs of my 
dl communication should make this clear. 
. de Vries* has directed attention to a solution 
d Rayleigh whereby a value for the resistivity 
of dry ‘soil, of the order of the observed value, is 
btained, without modification of the model particle, 
 considéring the. effect of the air phase. 
may, perhaps, be helpful to explain why I 
ed what was known to be a non-rigorous 
roach in- my first communication. Gemant 
ted! a method in which the parallel law is applied 
_ to the incremental thermal resistances, and this was 
- followed by integration between known limits. I 
used a similar method, and was able to show. that 
such a method greatly over-emphasizes the part 
played by the air. 











NATURE 


Gemant knows, as- 


‘The question which I attempted 
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to pose was this: Is one justified, when using an 
approximate method of analysis, in neglecting the 
effect of a phase, simply because the nature of the 
approximation is to exaggerate the part played by 
that phase ? I suggest that such a method is dan- 
gerous, because one is forced to make unlikely 
modifications to relate calculated to observed data. 
Gemant would have been better advised, when 
modifying his soherical model, to take into. greater 
account the ratio of the porosities of an average soil- 
and the hypothetical soil. He appears to have been 


misled by a calculation which he made to find the — 
porosity of the hypothetical soil; since he quotes a 
The correct value is 47-6 pero 
Gemant considered that 43 per cent was 


value of 43 per cent. 
cent. 
sufficiently close to the mean. observed value for an - 
actual soil, for which he quotes a value of 38 per cent. 
It is incorrees to suggest- that I am unaware of 
Gemant’s later work; I have indeed had some 


personal correspondence with Dr. Gemant upon those 


matters. I disagree with those who think it a waste 


of time to discuss the spherical model, because it is’. 


now obsolete. By. studying the initial work of. 
Gemant, one can see the reasons for the later. modi- 


fications, some of which appear to be unnecessary, © ~ 
whereas others, such as the new cubie-pyramidic = 


model, are a severe strain on the credulity of some of 
us. ote i ; 
The interested reader who turns to Gemant’s 
initial paper’ will find. the following statement 
(p. 752): “If tae present. calculations were carried. 
out for oblate ellipsoids, instead of spheres, or, for 
grains bounded partly. by planes, the agreement in 
the low moisture content: range might perhaps: be « 
improved” (1950). Once again the need to. modify 
the spherical modelis related to poor agreement with 
actual soil data n the low-moisture region, where ai 
conductance plays..a large part, which .Gemant: 


entirely neglects: Note also the obvious search for a 
when analysed, yield. 
results which compare favourably with observed = 
Is it really surprising, then, that this new. — 


model particle which: will, 


data. 
particle, composed of a cube with square-based 
pyramids on three sides, does, when analysed, yield 

consistent results ? a 

The. photomicrographs given in Gemant’ 8 later 7 
article’ seem to me to be. insufficient evidence upon 
which: to base tke case for the new particle. 

I have a great respect for Dr. Gemant’s singleness | 
of mind in his pursuit of a model particle ; ; but L 
personally doubt if-any useful purpose is served by 
basing the calcuations of the resistivity of soil upon _ 
an improbable Eypothetical particle, because of the 
manifest. heterogeneity. of soil. 

I agree with Mr. Makowski that recently there has. 
been an increasing tendency for experimenters to 
obtain consistert results, due presumably to im- 
creasing standardization of methods of analysis ; and 
in this connexion I was much interested in his account* 
of the interesting probe method, which would appear 
to be the obvious method for finding soil resistivities 
in the future. 

Jons WEBB 

Electrical Eng-neering Department, 

College of Technology, 
Belfast. 
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Non-Coplanarity of the Nitro Group 
and Rate of Electrophilic Substitution — 
in Nitromesitylene _ 


In 1939, Baddeley! presented a brief survey of 
..xeactions which might be interpreted in terms of 
“steric: inhibition of resonance. Because of the lack 
of ‘quantitative: studies, some of the examples re- 
ported there, such as the diacetylation and the 

“extraordinarily facile’ dinitration of mesitylene, 
could be considered only as suggestive hypotheses. 
Although no further work has appeared in support 
of these hypotheses*, Baddeley’s interpretations of 
the reactions of non-coplanar substituted mesitylenes 
are still being considered as essentially valid in 
several text-books.. This is surprising, because, first, 
in a substituted mesitylene further nuclear substitu- 
tion can only. occur meta to the 2-substituent: already 
present, with no more than a secondary resonance 
effect** ; and because in electrophilic substitutions 
conjugation of electron-withdrawing groups (NO,, 
COMe, ete.) with the ring is not enhanced by 
polarization in the transition state’, 

In an earlier paper® on this series of investigations 
it has been shown that the ease of dinitration of 
durene in a two-phase liquid system cannot be 
correlated with the effect of steric inhibition of 
resonance of the first substituent, although in nitro- 
durene the site of reaction is para to that group, 
that is, at a position expectedly sensitive to inhibition 
of resonance. This suggests that care must be taken 

drawing any conclusion as to the effects of mole- 
cular structure unless the conditions are adjusted to 
avoid heterogeneity. 
= We have devised a technique for studying the 
electronic effects of meta and para substituents 
separately by the examination of substituted poly- 
methylbenzenes. The first reaction studied by us, 
bremination, allowed the determination of a reaction 
constant p = — 8-6, as based on. the halogen 
«substituents, to fit a Hammett-type linear equation. 
On applying the same technique to the nitro-group 
« of nitromesitylene, it was found that the reactivity 
ii kika of this compound relative to that of mesitylene 
is 0:95 x 10-7... Such a value illustrates the very 
‘strong deactivation produced by the introduction of 
=a nitro group in mesitylene toward electrophilic 
_ substitution. Were the site of reaction sensitive to 
- the operation of steric inhibition of resonance by the 
~ meta-nitro group to the extent of yielding a qualita- 
- tive explanation for the ease of dinitration of mesity]- 





. ene, the reactivity predicted from the Hammett 


K equation, should be markedly lower than the observed 
| one. In fact, we find for (&/kg)caic, & value of 7-3 x 1077, 
at is, somewhat higher than for (k/ko)ops,.. In view 
of the strong electronic effect of the nitro group, 
the difference is not serious. . 
Tt should be emphasized that. bromination is a 
more selective reaction than nitration and, on account 
of its high reaction constant, is very sensitive to 
“electronic changes at the reaction centre. The present 
results can then be taken as definite evidence of the 
< absence of any effect of reduced conjugation, due to 
‘non-coplanarity of nitromesitylene, on meta electro- 
philic substitution. _ Finally, it will be noted that 
whereas the molecular pattern of nitromesitylene is 
unsuitable to: illustrate the phenomenon of steric 





inhibition of resonance through chemical reactivity, 


the non-coplanarity of the nitro group in the same 
substance appears to. have. been. established beyond 
doubt i in dipole moment ‘Srvestigations’. 
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The experiments. on rate. of bromination. of nitro- 
mesitylene were carried out by the procedure de- 
scribed. previously‘. Details will be reported shortly 
elsewhere together with the results concerning nitro- 
isodurene and nitrodiirene. 

This work is a continuation of that dontiribed: under 
the title “Substitution in. Polymethylbenzenes”’. 
Part VI: Grassini, Illuminati and Marino, Gazz. 
chim, ital., 86, 1138 (1956). 

Q. ILLUMINATI 
Department of General Chemistry, 
University of Rome. 
Jan. 16. 


1? Baddeley, Nature, 144, 444 (1939). 


* However, some experiments from- this laboratory have been discussed 
by me in Gazz. chim. ttal., 88, 911 (1953). 


* de la Mare and Vernon, J. Chem. Joc., 1764 (1951). 
+ Tiluminati and Marino, J. Amer. Chem. Soe., 78, 4975 (1956). 


‘Ingold, “Séructure and Mechanism in Organic Chemistry”, 247 and 
252 (Bell, London, 1953). 


e atlis and Palmueci Dhuninati, J. Amer. Chem. Soc., 75, 2159 

1953 4 

? Ingham and Hampson, a Chem. Soc., 981 (1939). Hammick, New 
and Williams, Thid” (1934) Brown, de Bruyne and Gross, 
J. Amer. Chem. Soe., 36, 1291 (1934). 


Enhancement of the Biological Activity of 
Sodium Dodecyl Sulphate by Inorganic — 
Cations 


In a preliminary investigation of the effect of ao. 
number of ionic detergents on the aerobic ferment: 
tion of glucose by baker’s yeast}, it was found tha 
sodium dodecyl sulphate (0-002 M) had little e 
on the aerobic output of carbon dioxide by a y 
suspension of yeast in 5 per cent glucose. . Furthe 
experiments indicated. that the sodium dod 
sulphate, even when present in 0:02 M concentra 
only partially inhibited the aerobie production 
carbon dioxide by such suspensions. The relationship | 
between concentration of sodium dodecyl sulphate 
and percentage- inhibition of carbon dioxide pro- 
duction is shown in Fig. 1 for detergent concentra- 
tions up to 0:02. M. It is seen that at no time did 
the degree of inhibition observed exeeed about 40 per 
cent. mon 

These findings did not. seem to accord, well with = 
the results reported earlier by Wills? for the effect 
of sodium dodecyl sulphate on. the aerobic. fer- 
mentation of glucose by brewer's top yeast. Using 
a yeast suspension of about 0-6 per cent in 0-05 Moo 
phosphate buffer, Wills found that 0-001 M sodium __ 
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Fig. 1. Effect of sodium dodecyl sulphate on the aerobie pro. 
Auntion of carbon dioxide by baker's yeast... Yeast oe ee 
i 4. part by et na vol f 5 por cent glucose FO ae 
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‘Effect of sodium dodecyl sulphate on ‘the aerobic pro- 
f carbon dioxide by ‘brewer's top yeast. Yeast sus- 
yn; 2 part by weight in 20 vol. suspension fluid, Curve 
<5 per cent. glucose; curve 2, glucose + 0-002 af sodium 
lodecyl sulphate; curve 3, glucose + 0-004 Af sodium. dodecy! 
4, glucose + 0-002 M sodium dodecyl sulphate + 

0-05 M sodium chloride 
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phate caused virtually complete inhibition 
ermentation, the degree of inhibition 
‘ly sharply with decreasing concentration 
letergent. Somewhat. later, Wills informed me 
of ‘essentially similar results with unbuffered suspen- 
f brewer's yeast. 
ow -appears that the discrepancy between 
sults is probably due to the different sensitivity 
vo strains of yeast to sodium dodecyl sulphate. 
a strain of brewer's top yeast (Guinness, 
n), it has been found that whereas 0-002 M 
m dodecyl sulphate causes a slight increase. in 
rate of carbon dioxide output by a 1/20 suspension 
per cent glucose (curve 2, Fig. 2), 0-004 M sodium 
yl sulphate gives rise to a very marked inhibition 
rbon dioxide production (curve 3, Fig. 2). 
entrations of the detergent in excess of 0-004 M 
ically completely inhibited the production of 
xide by these suspensions. 
iscussing his results with brewer's yeast, Wills? 
uggested that inhibition of yeast metabolism by 
ium dodecyl ‘sulphate will occur only when the 
gent is present in the micellar form. The results 
in Fig. 2 appear to support this hypothesis. 
ical micelle concentration of sodium dodecyl 
is usually considered*+ to be about 0-0065 M, 
is of interest to note that the results shown in 
2 indicate that the inhibitory effects of this com- 
d decrease quite sharply at concentrations less 
-004 M, that is, in a concentration-range which 
eatly removed from the critical micelle con- 
1. It appeared to me that this hypothesis 
se tested in another way. It is known that 
tical micelle concentration of sodium dodecyl 
te is decreased in the presence of inorganic 
is decrease depending only on the concentra- 
the added cation. ‘The effect on the inhibitory 
of the detergent on the carbon dioxide output 
wer's yeast of a number of inorganic salts 
a do not by themselves inhibit yeast meta- 
lism has, therefore, been investigated. Curve 4_ 
f Fig: 2 shows the production of carbon’ dioxide © 













































: a 1/20 suspension of Guinness yeast in a medium _ 
_ containing 5 per cent glucose, 0-002 M sodium dodecyl — 





be able to act; 
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sulphate and 6-05 M sodium chloride. “It is seen 
that there is a marked inhibition of carbon dioxide 
output. A control suspension containing glucose and 
sodium chloride only gave results which did not 
differ significantly from those shown in Fig. 2 (curve 1) 
for yeast susperded in 5 per cent glucose alone. 

In further experiments, which will be published 
in detail elsewhere, it has been found that. the. in- 
hibitory effect ef 0-002 M sodium dodecyl sulphate 
on the production of carbon dioxide by suspensi 
of Guinness yeast containing: various concent 
of sodium chloride can. be related to the total 








centration of sodium ions present in a fashion. that 2 ce 
is strikingly reminiscent of the action of this ion in 


lowering the. critical micelle concentration of the 
detergent. Similar. effects have been obtained with 
other sodium salss (nitrate, sulphate) and with neutral | 


salts of other zations. (lithium, ‘ammonium, mag- SS 
nesium) which are non-toxic to yeast. In the case 
of sodium ions, tae same effect has also been observed, 


in. greater or lesser degree, with a number of other 
anionic detergents... It seems likely, therefore, that — 
with certain strains of yeast, inhibition of metabolism ` 
by anionic detergents will only occur when the latter: 
are present in the system as micellar aggregates. _ 
I wish to thank Messrs. Arthur Guinness, Son and 
Co, (Dublin), Lid., for generous supplies of yeast. 
<W. McD. ARMSTRONG © 
Department of Physiology, 
University College, 
Dubin. 
Jan. 11. 


1 Armstrong, W. MeD., 3rd Int. Congr. Biochem. (abstracts), 95: 


? Wills, E. D., Biochem. J., 57, 109 (1954). ; 
* Moilliet, J. L., and Collie, B., “Surface Activity”, 61 (Band F; N. 
Spon, Ltd., London, 1951): Sees eae 
‘Harkins, W. D., “The Physical Chemistry of Surface Films’, 304. 
(Reinhold, New York, 1952): es CR 
agit L., and Markins, W. D., J. Amer. Chem; Soc., 69; 683 
ij» H 


Effect of Alcohols on the Synthesis of Leci- 
thinase by Bacillus cereus: g 


A NUMBER of strains of Bacillus cereus Fr. and Fr. 
growing in liquid culture synthesize a lecithinase that _ 
appears in the external medium!-*.. While studying- 
the effect of chanzes of culture conditions on lecithin- 
ase synthesis, I ooserved by chance that the presence 
of certain aleohols in the growth medium could 
inhibit formation of lecithinase by the growing cells. 

The inhibitory 2ffects of different concentrations of 
methyl, ethyl, n-propyl and n-butyl alechols—four__ 
of a number tested—are illustrated in Fig. 1. In this . 
series, the ability to prevent the appearance of leci- 
thinase activity mereases with increasing molecular 
weight. Isopropyl alcohol and tertiary butyl alcohol 
behave in a manner similar to n-propyl and n-butyl 
alcohols respectively. 

None of these alcohols, in the concentration-range 
studied, inhibited the activity of a partially purified 
lecithinase ; indsed, 0-5. per cent n-butyl. alcohol 
caused a 20 per cent stimulation of activity, Further- 
more, the inactive culture supernatant, which resulted 
from bacterial grewth in the presence of alcohol, did 
not inhibit the activity of added lecithinase, Lecithin- 
ase produced in tae presence of alcohol, then, would 
and the absence, or lowering, of 
lecithinase activity indicates an inhibition of lecithin- 
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Lecithinase activity in supernatant (ugm. phosphorus) 


0 05 10 15 2-0 
-i Aleoholin coltnre medium (per cent) 


“oo Big. L Eifect of aleohols.on lecithinase synthesis. Culture tubes 
-o eontaining: 20 ml. nutrient broth and alcohols*as shown were 
< inoculated with 0-05. ml, of a 5-hr. culture of B. cereus (Strain 
fF Mu-3055) and incubated, standing, for 14 hr. at 37°C. The 
“bacteria were. centrifuged down and lecithinase activity of the 

“supernatant was determined in the following system: 0-5 ml. 
che rier ; 0-1 ml. 0-25 M borate buffer, pH 7'1; 0-05 ml. 0-14 
caletum chloride; 0:85 ml. water; 0-5 ml. 2-5 per cont lecithin ; 
4)-2 ml. toluene; 0-2 ml, ethyl ether. After 2 hr. incubation in 
a glass-stoppered tube at 27° C., 2-0 ml. 5 per cent trichloroacetic 
‘avid was added and the inerease in acid-soluble phosphorus de- 

termined (refs. 3, 4). 


oo M e methyl alcohol; Æ = ethylaleohol; P = n-propyl alcohol ; 
Se . B = n-butyl alcohol 


Rates of bacterial growth, as well as the final total 
amounts of bacteria (measured both by turbidity and 

by plate counts), were only slightly, or not at all, 

affected by: those concentrations of alcohols shown in 
Fig. 1; 2 per cent n-butyl alcohol completely inhibits 
growth, as does 0-5 per cent n-amyl alcohol. 

: ‘The above. observations were made with bacteria 
- growing in nutrient broth. It was found, in addition, 
“that: bacteria. growing in a medium containing casein 

hydrolysate (Nutritional Biochemicals) as carbon and 
nitrogen source also synthesize lecithinase, and that 

this medium lecithinase synthesis is inhibited by 











ar alcohols. > : 


Most of the lecithinase formed by growing cultures 
of B. cereus is to be found in the external medium. 
Whole bacterial. cultures, that is, bacterial cultures 
containing both cells and external medium, usually 
. have, if any, only slightly more activity than cell-free 
culture supernatants. After growth in the presence 
of alcohols, whole bacterial. cultures are also devoid 
of lecithinase activity. It does not seem, then, that 
"these alcohols act by preventing the passage of formed. 
< lecithinase from within. the cell to the external 
medium. Although relatively high concentrations 
are required to inhibit synthesis of lecithinase, the 
eleohols do not act as general cell poisons or mete- 
“bolic inhibitors, since, in concentrations. that com- 
_ pletely inhibit synthesis of lecithinase, they do not 
> prevent growth. 








~~ carried out to determine the mechanism of the action ; 


Further studies are now. being 
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of alcohol. j ; 
I am indebted to Miss Betty White for careful 
technical assistance. : 

Donn J. KUSHNER 
Forest Insect Laboratory, : flys 
Sault Ste. Marie, 
Ontario. 

Dec. 26. 

1 Chu, H. P., J. Gen, Microbiol., 3, 255 (1949). 

? Heimpel, A. M., Canad. J. Zool., 38, 811 (1955). 

3 Kushner, D, J., and Heimpel, A. M. (in preparation). 
+ Kushner, D. J., J. Baet. Gin the press). 


Formic Acid as a Growth Stimulant for 
Lactobacillus lactis in Autoclaved Milk 


In previous studies! it has been shown that Lacto- . 
bacillus lactis O 37 grows much better in autoclaved ` 
milk than in milk heated only to 80-90° C. Apparently 
this is due to the formation in milk, during heating 
in the autoclave, of a stimulatory substance which 
results from the decomposition of lactose*. 

To investigate the nature of this substance,a. 
‘dialysate’ of autoclaved milk (130° C., 30 min.) was 
prepared by suspending bags of ‘Visking’ cellulose _ 
tubing containing water in autoclaved milk (100 ml. 
of water per 2 1. of milk). After 24 hr. of dialysis in... 
the cold, the liquid inside the bags contained the : 
stimulatory substance in the same concentration asin, 
autoclaved milk. This dialysate was passed, success 
ively through a column of: cation exchange res 
‘Permutite 50’, prepared by the method of Moore and- 
Stein’, and a column of anion: exchange. resin, > 
‘Amberlite IRA 410’, prepared by the method of 
Bryant and Overell*. The column of ‘Permutite: i 
was then eluted with M ammonium hydroxide and. 


the column of “Amberlite IRA 410 with 0-5 MM... 


ammonium carbonate. Only the eluate of ‘Amberlite 
IRA 410° was stimulatory: it contained 50 per cent _ 
of the stimulatory substance of the dialysate. Be 
The ‘Amberlite’ eluate was acidified to pH 2 and 
steam distilled. The distillate contained 50 per cent 
of the stimulatory substance present in the eluate. 
This indicates that at least part of the stimulatory 
substance of autoclaved milk behaves like a volatile 


organic acid, It is well known that acids are formed 


in milk during autoclaving. Formic acid represents 
about 80 per cent of the volatile acids formed and is 
present in autoclaved milk (116°C., 2 hr.) at a con- 
centration of about 15 mgm. per 100 ml. 5. 

A number of substances known. to be present in 
autoclaved milk were examined for their stimulatory 
activity on L. lactis O 37 when added to milk heated to 
90°C. Among these substances, formic acid (added: 
to milk as calcium formate) was found: the most 
effective, whereas other organic acids were inactive. 
Milk heated to 90°C. and containing 15 mgm. per: 
100 ml. calcium formate has the same activity as 
autoclaved milk. 

These results show that the substance in auto-. 
claved milk which stimulates the growth. of L. lactis 
O 37 is most probably. formic acid. © While other 
organic acids have been shown to be stimulatory for 


micro-organisms (acetic acid, lactic acid, pyrūviè _ 
acid), it seems that formic acid has not hitherto _ 


been shown to be a growth stimulant. Tt is possible, — 


however, that formic acid is sometimes responsible” 


for the stimulation which is often observed in culture 


- media autoclaved in the presence of reducing sugars, 
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R which is generally considered to be due 
to heat p Marans. products of these sugars’. 

J. E. AUCLAIR 
PESEN wi A. PORTMANN 
Biation Centrale de Microbiologie 

+ et Recherches Laitiéres, 

Institut National. de la 

` Recherche Agronomique, 

J ouy-en- Josas, France. 

: Jan. 17. 


and Portmann, A., Ann. Tech, Agric. LN R.A., 4,121 
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mmunization against Ascaris lumbricoides 
in the Guinea Pig 


MEROUS attempts have been made in the past 
produce a satisfactory immunity against nematodes 
of extracts and suspensions of living and 
st. The almost universal finding has 
y immunity so produced was much 
hat occasioned by active infection. The 
idence indicates that the use of prepara- 
ons o whole organism, as in the general techniques 
of bacterial vaccination, is inapplicable to helminth 
infections, Furthermore, the excretory and secretory 
roducts of helminths appear to play a vital part in 
ation’, and consequently it would appear 
tively metabolizing helminths are necessary 
in the host before substantial ‘protective’ im- 
unity can be induced. 
sent work with A. lumbricoides has indicated 
‘protective’ immunity comparable to that pro- 
ed by normal infection ean be achieved if the 
ime and route of the migratory phase are altered. 
3 induced by the subcutaneous injection of 
bryonated and infective ova so that a depot of 
eggs is formed ; a minority of these hatch to 
arve that wander locally in the tissues, and 
ew undergo a delayed migration to the lungs. 
mbers of eggs substantially in excess of the lethal 
e by the oral route can be thus administered to 





up of guinea ‘pigs ‘was immunized sub- 
usly with 50,000 infective ova on two occasions 
terval of twenty days. A similar group was 
iven 20,000 infective ova orally at the same time- 
terval. ` Twenty days after the last infection, these 
nea pigs, along with a control group, were 
enged with 100,000 infective ova given orally. 

ntatives from each group were killed daily 
‘om the first day after challenge until the eighth day. 
he numbers of larvæ in the liver and lungs of the 
animals were counted, and the larvæ were measured. 
Fig. 1 indicates that the rate of migration in the 
ized groups was greatly depressed from the 
marked migration which occurred between 
d and the sixth day after infection. Enhanced 
igration ‘was observed in the first few days in the 
_ guinea pigs given ova subcutaneously. Fig. 2 shows 
that little growth occurred in the larvæ in either of 

the immunized: groups. 





‘The number of larve present in both the 


2 immunized groups c on the T was small, and 
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Percentage larva in lungs 
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eee 
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1o g eee Wee Seas ee ce 
Days after infection. 
Fig. 1. Migration f larve derived from a challenge ti infection of. 
100,000 ova per os in control guines pigs and in guinea pigs 


immunized by the oral and subcutaneous administration of 
Ascaris ova 


all showed evidence of marked degeneration. Many 
were covered. with precipitates and cellular masses. 

Subsequent experiments with non-viable ‘vaccines’, 
as distinct from the viable preparations used above, 
have indicated that 


and secretions are. the most potent preparations for. 
stimulating protective immunity. The. extract of 
infective ova was given subcutaneously on three 


occasions and resulted in a 50 per cent depression... 


of migration and a 45 per cent depression of growth ` - 


= CONTROLS 


<------— PER OS 
anroreasaóreiersnsenie SUBCUT. 


Mean length of larvae x 100x 








1 2 3 4 5 8 7 8 
: Days after infection 


; Pig 2. Size of larve derived from a challenge infection of 100, 000 


os in control guinea pigs and in guinea pigs imm ý 
by the oral and subcutaneous administration DE Asaris oya = 





a saline extract of disintegrated 
infective ova and & saline solution of larval excretions 
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28 per cent reduction of migration and a 25 per cent 
reduction of- growth of larve from a challenge 
infection. With both these preparations, some degree 
of enhanced rnigration of larve was noted within the 
first few days of infection with the challenge dose of 
ova. Me 
A further account of these experiments will be 
published elsewhere. 
E. J. L. SOULSBY 
Department of Animal Pathology, 
University of Cambridge. 
Jan, 19. 


Bachman, G. W., and Molina, R. F., Amer. J. Hyg., 18, 266 (1933). 
Hisenbrandt, L. L., and Ackert, J. E., ibid., 32, 1 (1940). Sprent, 
J. F. A., J. Infect. Dis., 84, 11 (1940). 


2 'Talisferro, W. H., Physiol. Rev., 20, 469 (1940). 
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Actinophage as a Mutagenic Factor 


Ir is known that the actinophage destroys only 
those cells that possess specific sensitivity to it. Cells 
which survive form colonies with a changed structure 

vof the surface and acquire a number of new physio- 

logical properties. 

. To investigate the mutagenic ability of the actino- 
. phage, it was necessary to compare two processes of 
“mutation, one induced by. ultra-violet or X-rays and 
_ the other taking place under the action of the 
- aetinophage. The N-6 strain of Actinomyces olivaceus 
was used in all tests. Actinophage was isolated from 
“a culture of Str. griseus (Actinomyces globisporus 
streptomycint as determined by Prof. Kracilnikov) 
and was marked No. 1. The culture undergoes an 
effective lysis caused by the actinophage under the 
conditions of submerged growth. 

The spores of Actinomyces olivaceus were inoculated 
into 250-ml. Erlenmeyer flasks containing 50 ml. of 
< broth consisting of corn steep liquor (1-0 per cent), 

ammonium sulphate (0:5 per cent), calcium carbonate 
(0-5 per cent), ‘Hydrol’ (1-5 per cent), starch (1-0 per 
cent), and were incubated on a shaker at about 
250 r.p.m. at 28° C. 

“After incubation for 24 hr., 0-5 ml. of phage- 
containing filtrate was added to the fermentation 
“flasks. After the next 24 hr. the contents of the flasks 

were. plated on an agar medium in Petri dishes and 
‘were incubated at 28° ©. After seven days incubation 
the dishes were examined and the counts of the 


: changed forms were made. The typical colonies (the 

` normal forms) and the new, changed forms were 

transferred to slants, and final counts of induced 
< mutations were made; 


As a control, the same culture but without any 
phage treatment was plated. The results are pre- 
sented in Table 1. 


‘fable 1. RATE OF MORPHOLOGICAL MUTATIONS OF STRAINS OF 
Act. olivaceus induced by Actinophage 1 
















= 
| z Mutations (per cent) 

Types of colonies i 
i Without any | Under phage | 
I treatment | 


treatment 





Dark grey well-sporulated 
E se ; 
| Yellen Bu ulated) 0 

W 7 3 
| Bright lemon, Aim-like 0 
(Brown (smooth) . o 
on-sporulated 0 
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ofthe larvæ from a PR infection: The popes : : 


tion of larval excretions and secretions was given 
subcutaneously on six occasions and resulted in a 


~ Alongside the above-mentioned experiment, spores 


“of the same strain (Act. olivaceus, N-6) were treated 


with ultra-violet radiation. i = 

Mutations occurring under. the influence of the 
ultra-viclet. rays resembled those occurring after 
phage treatment, but ultra-violet produces a much 
slower rate of mutation. The maximum rate of muta- 7 
tion induced. by ultra-violet radiation within the range 
of 500-4,000 ergs/mm.* was 13-5 per cent. These 
results show that the actinophage is a strong muta- 
genic factor. 

The rate of mutation induced by the phage reaches 
90 per cent and consequently it is many times higher 
than that induced by ultra-violet radiation. 

S. I. ALIKHANIAN 
T. S. ILJINA 
U.S.S.R. Antibiotics Research Institute, 
Moscow. Jan. 31. 
1 Carvaial, E., Mycologia, 45, 2, 209 (1953). 


A Sex Difference in Morphology of 
Neutrophils in the Dog 


A STRUCTURAL difference has been described: 
between the nuclei of neutrophil leucocytes in the . 


male and those in the female in humans? and in... 


rabbits®. 

Recently, during the course of marrow trans- `: 
plantation experiments in irradiated dogs, search ` 
was made for a biological cell marker character- 
istic of the donor which would be identifiable in the 
host. The possibility of a sex difference in dogs’ 
blood analogous to that seen in man was considered 
and investigated. ey 

Blood films were stained by Wright’s method and 
the neutrophils were examined in each of a series of | 
100 preparations, 50 of which were taken from 
dogs and 50 from bitches. At the time of examina- 
tion the sex was not known to the examiner. 

In the blood films from bitches, characteristic 
‘drumsticks’ could be recognized in a proportion of 
the neutrophils (Fig. 1). These had the same appear- 
ance as those seen in humans, each consisting of a 
well-defined, solid, chromatin nodule about 1-5y in 
diameter, joined by a single fine chromatin strand 
to one lobe of the nucleus. They occurred on the 
average once in every twenty-two neutrophils; 
before accepting a blood film as being from female, 
six neutrophils showing these discrete solitary nodules 
had to be found. Occasionally the nucleus of an 
eosinophil would show a sirrilar chromatin mass. 

Most of the neutrophils in blood films from 
dogs showed nothing resembling a true drumstick, 
Occasionally, however, 
nodules caused confusion on superficial examination. 






Fig. 1. A female neutrophil leucocyte showing a characteristi a 
drumstick joined to. the Jobed nucleus by a thina strand of: 
chromatin (Wright’s stain). .( x 1,750) a 















minor lobes and sessile: 
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Small chromatin clubs, often multiple, were fairly 
frequent. At first 500. neutrophils were. examined 
-without finding a typical drumstick before con- 
- eluding the film came from a male. Later, it was 
> found sufficient to examine only 300 neutrophils. 
ct As in humans, drumsticks were rarely found in 

- immature neutrophils. 

In none of these 100 films in which the sex was 
not known to the examiner was there an error in 
detecting the sex. 
>: The findings reported here indicate that an accur- 
ate diagnosis of sex in the dog can be made by a 
study of the morphology of the neutrophils in blood 


















follows that if marrow from a bitch is injected 

an irradiated male, survival and proliferation 

he donor cells in the host will be implied if neutro- 

ils bearing characteristic drumsticks can later be 

ified in the host’s peripheral blood and marrow. 

uch studies are now being carried out and will be 

eported in detail later. 

‘he help and encouragement of Dr. Francis D. 

ore and Dr. H. Meier are gratefully acknowledged. 

K. A. PORTER* 

Department of Surgery, 

ard Medical School, 

Massachusetts. Jan. 24. 

| Postgraduate Medical. Federation Travelling Fellow. 

i Ww, M., and Smith, D. R., Brit. Med. J., ii, 6 (1954). 
Orgy, L., and Sarolta, K., Orv. Hetil., $6, 1096 (1955). 

Riis, P., Dan. med. Bull.; 2, 190 (1955). 

* Tolksdorf, M. Romatowski, H., Saile, M., and Weidemann, H. R., 

Wachr., 10, 1029. (1955). 

+ Tongar, P: J., and Streitmatter, D. E., Amer. J. Clin. Path., 28, 384 


Lüera, T., Blut, 2, 81 (1956). 



























Sex Difference in the Chromatin Structure 
:of. the Peripheral Blood Lymphocytes 


mNce Barr and Bertram! in 1949 described the 
ection of the so-called sex chromatin in inter- 
otic nuclei a large number of investigations has 
been carried out in this field. Davidson and Smith? in 
954 showed the presence of sex-specific nuclear 
pendages in granulocytes of the peripheral blood. 
part from these investigations on granulocytes, the 
detection: of a sex difference in intermitotic cells has 
en. based on the criteria outlined by Barr and his 
co-workers. 
In certain animal species as a whole and in certain 
ated types of tissues, a cellular sex difference 
ld not be detected (for review see ref. 3). This is 
due to the occurrence of multiple chromatin con- 
densations in identical cells from the two sexes. 
‘These condensations seem to mask the presence of a 
ssible sex-specific nuclear condensation. 
The lymphocytes of peripheral blood represent an 
mple of such pachychromatic cells in the human, 
‘which a sex difference cannot be detected by using 
28 common morphological criteria for sexing nuclei. 
is possible, however, that the mere presence of sex 
chromatin and its morphological variations are related 
) the intranuclear protein metabolism and are linked 
hrough ‘this to major changes in the cellular mor- 
phology during a differentiation process. 
_ In aceordance with this hypothesis, the lymphocytic 
- cells from peripheral blood were examined in regard 
-= to the eventual presence of a sex difference after an 

_ initial process of cellular differentiation had taken 

place. The oe used included @ 24-hr, incuba- 
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tion of the ‘buffy coat’ from peripheral blood in a 
homologous pasma coagulum in accordance with the 
principles of Carrel*, This incubation was followed by ` 
fixation and preparation as indicated by Moore and 
Barr’. 

Blood from a total of twenty-three persons was 
examined, eleven females and twelve males. Three 
samples from each person were prepared. In sixteen. 


of the persons examined, one or more.of the final pre- = 
parations showed considerable differentiation of the _ 








incubated lymphocytic cells. This was indicat 
change in cellular size and delineation. The 
morphology was evidently identical with that of the 
macrophages and fibroblasts of connective tissue. 
The chromatin structure in different stages between. 
the lymphocytes of the peripheral blood and. their 
derivatives was studied. It was shown in this way”. 
that the intranuclear differentiation followed a regular 

pattern. 

In lymphoeytic cells from both sexes “the dense 
masses of chromatin were dissolved or split into minor 
pieces, which. were located. peripherally in contact 
with the nucear membrane. In lymphocytic cells 
from males, these chromatin condensations gradually 
diminished in size and ultimately often disappeared : 





almost completely.. If a dissolution into particles of 


almost submisroscopic size did not take place, the 
condensations left were nearly always multiple. In 
lymphocytic cells from females, the changes initially 
ran parallel te those seen in male cells. In the late 
stages, however, a single peripherally located nuclear 
body was often noticed in female lymphocytic cells. 
This nuclear body was morphologically like the 
‘sex chromatin’ in epithelial nuclei and was larger 
than the nuciear condensations in male cells. The 
incidence of this female nuclear body was much lower - 
than that of “sex chromatin’ in epithelial cells. In 
spite of this, = morphological sex difference was vory 
distinct. Based on examinations of the lymphocytic : 
cells, a correct sex diagnosis could thus be established 
in all cases (56 out of 23) in which the incubation 
experiment gave rise to a satisfactory degree of 
cellular. differentiation. 
In samples where the cells formed a single layer 


and in whick all phases of the preparation were i: 


optimal, a central vacuole in the sex-specific chroma- ` 
tin was noticed, in accordance with the finding of 
Prince et al.*. 

The detecticn of a sex difference in the lymphocytic 
cells. from peripheral blood has only theoretical 
interest. The investigation shows that a sex difference. 
under certain conditions can be ‘unmasked’ in cells, in 
which such a detection is impossible when routine 
methods for cellular sexing are applied. This finding 
suggests that changes in cellular activity and pro- 
bably morphoiogy should: be induced, if possible, in 
the theoretical study of sex chromatin in certain 
animal species and. in certain types of tissue. In this 
way a ‘hidden’ sex difference might possibly be 
detected. Probably the criteria for sex diagnosis 
should also be changed. 

Povi Rus 
Medical Department F, 
Copenhagen County Hospital, 
Hellerup, Denmark. Jan. 18. 
1 Barr, M. L. and Bertram, E. G., Nature, 163, 676 (1949). 
? Davidson, W, M.. and Smith, D. R., Brit. Med. J., ii, 6 (1954). 
* Lennox, B., Scot- Med. J., 1, 97 (1950. 
36, 365 (1922). 
* Moore, K.: L., ané Barr, M. L., Lancet, ii, 57 (1955). 


* Prince, R. E, Graham. Margaret A. and Barr, M. L., Anat, Rec., 


122, 153 ( (i953). 
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Prant breeders producing new sorghum varieties here. are fully fertile. 


for use by peasants in relatively under-developed © 


-aroas are faced with the problem that such varieties 
“may quickly. disappear, through crossing with the 
local unimproved: types. 

All the grain sorghums are diploid (2n = 20) and 
an obvious way to avoid contamination would be 
to develop tetraploid strains. Such strains might 
well possess other advantages, such as increased 
grain-size, and greater vigour of the plant as a whole. 

_ So far as I am aware, no attempt has been made to 
develop tetraploid sorghum varieties for general 
cultivation. Chin? reported that the relative sterility 
of polyploid sorghums made them of doubtful 
economic value: he also found that the autotetra- 
ploid strains flowered twenty days later than the 
eorresponding diploids. F 

Very many varieties of Sorghum vulgare exist in 
Africa and Asia; crosses between such varieties are 

., fertile and exhibit varying degrees of hybrid vigour. 
Geographical isolation has probably led to the develop- 

-ment of local races of cultivated sorghums?. It is 
possible that sufficient differentiation of the genomes 
may have taken place for preferential association to 
‘occur when more than two genomes are present, so that 


a degree of alloploidy could be obtained. Figures are 


not yet available for material of very different origins, 
but results from fairly closely related strains suggest 
that there are good prospects of obtaining sufficiently 
fertile tetraploid sorghums to be of practical value. 
¿Ooo Autotetraploids were made from two strains, A 
and B, by doubling with colchicine. Both strains 
are derivatives of first backerosses, selected for the 
earliness and plant type of the recurring parent, 
combined with the grain types of the non-recurring 
parents. 27 UT from the Belgian Congo was the 
recurring parent in both cases: the non-recurring 
parent of A was Wiru from the Lake Victoria area 
of Tanganyika: and that of B was Msumbiji from 
‘the southern coastal belt of Tanganyika, 
‘The general vigour of the autotetraploids is good : 
the straw is shorter and stouter than that of the 
corresponding diploids, but the length of maturity 
is similar. 
The: F, and F, generations from the cross (auto- 
; tetraploid A x autotetraploid B) gave a decidedly 
_. better seed-set than that of the parents (see Table 1). 
‘These are preliminary oe from plants grown 
-Jate in the season {columns 2, 3 and 5) and in the 
greenhouse (columns 1 and 4), but the general com- 


Table i - SRED-SET. AS A PERCENTAGE OF THE TOTAL NUMBER OF 
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parisons should be valid. The diploid in column 5 


is not the identical cross, but all the sorghum diploids 


The distributions and amounts’ of seed set in the F, 
and F, generations from the tetraploid cross Tesemble 
those of the diploid more closely than do those of 
the autotetraploid parents, which suggests a degree 
of alloploidy. If this interpretation is correct, it 
should be possible to work out the relationship of 
sorghum varieties from crosses between their tetra- 
ploids. Even if cytological studies show that some 
other mechanism is involved, there are still prospects 
that the advantages of ‘hybrid sorghum’ may be 
obtained without the complications involved in 
producing hybrid seed. 

The work will be published elsewhere at a more 
advanced stage, but the potentialities of tetraploid 
sorghum seem sufficiently interesting to justify 
presenting these preliminary results. I am indebted 
to the Director of Agriculture, Tanganyika, for 
permission to publish this communication. 

H. DOGGETT 

Department of Agriculture, 

Ukiriguru, 
P.O. Fela, 
Lake Province, 
Tanganyika. 
Dee. 4 


1 Chin, T. C., Amer. J. Bot., 38, 611 (1946). 
2 Laubscher, F. X., Union of S.A. Sei. Bull., No. 242 (1945). 


Relationship between some Coastal Fauna 
and Arthropod-borne Fevers of North 
Queensland 


ForLowrInG on an outbreak of dengue fever in 
Townsville, North Queensland, in the early months of 
1954, O’Connor et. al.1 found that the sera of some 
members of species of flying foxes (genus Pteropus) 
gave positive protection. tests against the dengue 
type 1 (Hawaiian) strain. At the same time sera 
were collected from locally migratory birds, the black 
duck (Anas superciliosa) and grey teal (Querquedula 
gibberifrons), which mainly frequent the inland 
swamps, and also from wading birds (Charadriiformes) 
along the sea shore. These latter are found on the 
mudflats and sandpits, which are often in close 
proximity to the mangrove swamps where the flying 
foxes camp during daylight hours. 

The birds trapped included two locally migratory 
in Australia, the redcapped dotterel (Leucopolius 
alexandrinus ruficapillus) and a silver gull (Larus 
novae-hollandiae). ‘This latter belongs to the. order 
Lariformes and was a young bird captured on foot 
because it was paralysed’ in both legs and one wing. 
The others trapped migrate during the antipodean 
winter to sub-arctie regions in the vicinity of Siberia 
to breed. They belong to the Charadriiformes and 
consisted of rednecked stints (Calidris ruficollis 
minuta), sharptailed sandpipers (C. acuminata) and 
greytailed tattlers (Heteroscelus brevipes). 

This work was prompted by the reports of various 
authors of evidence of infection in birds by some.. 


members of the arthropod-borne viruses such aso = 


Japanese B encephalitis*, and Murray Valley. 


encephalitis®, which are immunologically related. to- a : 


the dengue fever group. =: 
The birds of the seashore were selected “because. By 
dengue is primarily a coastal disease*, and also because F 
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Table 1 
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erator indicates the number of mice dead at the end of the 
minator indicates the number of mice inoculated, Deaths 
448 hr. are discounted. 

teats in which 6 out of 6 mice survived were taken, bed pre- 
ce of the presence of protective antibody ; those in 
r one survived: were as negative, and those in 
survived were looked on aa inconclusive. 


tion of Hamlyn-Harris® that there is 
etween the occurrence of epidemics 
mgue fever in Australia and in the Far East. The 
vidence for the latter was slender, but in view of the 
t that the migrant waders traverse these terri- 
‘ies in their. annual- trans-equatorial movement, 
s thought worth following up. 
sera of these birds were subjected to mouse 
ction tests against the dengue 1 (Hawaian) virus, 
; @ challenge dose, as determined by parallel 
titration, of at least 50 LD50- by intracerebral 
ation of 14-day old white mice. The results are 
t in Table 1 and indicate that the sera of the 
d teal were negative. Of the twenty-four 
om the seashore birds, those of the gull, one 
tterel, four stints, one tattler and one sandpiper 
re positive. 

n attempt to extend these results in December 
| failed because of inability to trap any sea birds. 
lowever, sera from twenty-eight flying foxes were 
llected and subjected to protection tests as before, 
as challenge viruses: dengue 1, dengue II 
Guinea), Murray Valley encephalitis, Japanese B 
halitis and West Nile fever viruses. The results 
orded in Table 2. Three sera were positive with 









































Table 2 
| 
Challenge virus l 
Murray West i 
Dengue | Dengue Valley Jap. B., Nile | 
I u | enceph. enceph. | fever | 
1/0* 6/6 6/6 5/6 
wos 1/6 6/6 6/6 6/6 
i [aids | HR ue | ae | a8 
a > i 
SB | se as 6/6 1/6 1/6 36 | 
6 » » 5/6 0/6 1/6 1/6 
pot oe 4/6 6/6 6/6 6/6 
8 n 1/8 3/6 6/6 6/6 6/6 
9-261 Pt. gouldi : Negative or inconclusive with all viruses 
me Pt. scapulatus: Negative or inconclusive with all viruses 








<> * Numerator indicates the number of mice dead at the end of the 
“oo test; denominator indicates the number of mice inoculated. Deaths 
“fn the first 48 hr. are discounted. Results are read as in Table 1. 
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dengue I, incondusive with the dengue IE and nega- 
tive with the osher three viruses. One serum was 


- positive with the dengue I, inconclusive with the 


dengue I and negative with the other three viruses. 
Four were. positive with the. Murray. encephalitis 
virus; all these were negative or incoriclusive in both 
dengue viruses. One of these was positive with the 


Japanese B viras: and inconclusive with the other _ 
three viruses: another was positive with the Went eee 


Nile and Japanese B viruses and negati e 
dengue strains. 

Mouse protection tests can only bè reg 
being more convenient, rapid and economics 
the more specific neutralization test for a preli 
survey, and are subject to disturbances by non-specific 
results, variations in the challenge dose administered 
with various viruses and. by immunological cross- 
relations. ‘The results are, however, taken as indicat- 
ing that the observations of the older authors con- 
cerning the coastal distribution of dengue fever and 
the probable trans-equatorial relationships, coupled 
with the findings of modern investigators in kindred 
fields, show that investigation by modern virological 
methods of coastal fauna may be fruitful in the study 
of the epidemiobgy of dengue. © 


L. C, Rowan 
(The late) J. L. O'CONNOR es 
Commonwealth Serum Laboratories, ; 
Melbourre, Australia. 


* O'Conner, J. L., Rowan, L. C., and Lawrence, J., Nature, 196, 472 
* Sabin, rs B., Militery Med., 116, 245 (1955). 

* Miles, J. A. B., aaor, D. W:, Med. J: Aust., i; 7 (1953). 

* Castellani, A., and Chalmers, A. J., “Manual of Diseases of Tro) 


Medicine” (Baillére, Tindall and Cox, London, 1919). Oliver, = 
P. H., Trans. 4th Cong, Far Bast Assoc. Trop, Med., $45 (1921). 


* Hamlyn- Harris, R., Ann. Trop. Med. and Parasitol,; 25, 21 (1931). 


A Sea-Anemone from ‘Brackish Water 


Dura. the past. century, a series of brackish. 
lagoons was. established by storm action along the | 
east coast of England at Shinglestreet, near Ipswich. > 
There are eight .agoons of varying sizes, one of which | 
is now dry, aloag the two miles immediately south 
of the River Ors. Although only the most northerly 
opens into the sea, all except the southernmost 
lagoon are tidal to some extent. In this last one a 
small white ses-anemone occurs abundantly in the 
fine bottom mud: more. than a hundred specimens 
were obtained during one visit in November. The 
anemone appears to be Nematostella vectensis, an 
Edwardsid deszribed by Stephenson’ and so far 
recorded only from the Isle of Wight. Among other 
features, it is characterized. by the presence of 
nematosomes—small round bodies packed with 
nematocysts—vhich circulate freely in the ecelenteron 
or rest near the insertion of mesenteries in the body 
wall. They arə seen in the accompanying photo- 
graphs and form an unusual feature of considerable 
interest. Their origin is unknown. 

The nematosemes are roughly spherical and vary 
in diameter fram about lōp to 45y. In different 
specimens they may be abundant or rather scarce : 
it is particularily when they are present in large 
numbers that they seem to circulate continuously. 
This movement. appears to be due to the cilia cover- 
ing the mesenteries rather than to any activity of 
the nematosomes themselves, since inert particles 
accompany these bodies and all follow a fairly regular 

















Fig. 1. Small Nematostella in transmitted light, with a few 


circulating nematosomes indicated by arrow 


route in the ewlenteron. In general, the nematosomes 
pass towards the foot along the free median edge 
of the mesenteries, and return towards the tentacles 
peripherally, between the mesenteries. They may 
also be thrown up into the tentacles (see Fig. 1) ; but 
they are carried only a short distance before return- 
ing, and may thus undergo a rapid juggling motion 
every few seconds. It is possible that nematosomes 
play a part in feeding reactions analogous to that of 
acontia in other sea-anemones, but further observa- 
tions are needed to throw light on their function. 
Salinity measurements obtained so far show that 
Lagoon 0 varies from at least 1-56 to 1-98 per cent 
sodium chloride. In the Isle of Wight, Nematostella 
could withstand variations between 0-85 and 3-77 per 
cent sodium chloride’. There appears to be much 
in common between the two habitats, and it will be 
interesting if Nematostella is found in similar local- 
ities elsewhere in Britain. I should be glad to receive 





100m 


Fig. 2. Transverse section of column, with nematosomes near 
mesentery base indicated by arrow 
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any further information concerning the occurrence 
of this species. 

I wish to thank the Wardens of Flatford Mill Field 
Centre for providing facilities to visit Shinglestreet, 
and Mr. P. Lockwood for some salinity measurements. 

ELAINE A. ROBSON 

Department of Zoology, 

Downing Street, 
Cambridge. 


1 Stephenson, T. A., “British Sea Anemones, IT” (Ray Society, 1935). 


Ecological Separation of Species in Coelopa 
(Diptera, Insecta) 


THE taxonomic relations of the genus Coelopa have 
hitherto not been very clear; besides C. pilipes—a 
species well characterized—C. parvula, C. frigida and 
C. eximia were differentiated. It was not clear whether 
or not these forms really represented well-defined 
species. Generally each of them was considered a 
species, but Hennig! makes all three varieties of one 
species (C. frigida), as no clear structural differences 
are found. By rearing experiments I was able? 
to prove that these forms are only modifications 
of one species and can be obtained by feeding the 
larve with large or small quantities of food respec- 
tively. These results seemed to clear up the taxo- 
nomic relations of Coelopa. 

New difficulties arose in further rearing experi- 
ments with Coelopa frigida from the Baltie (Kieler 
Förde). The populations from the Baltic and from 
the North Sea (Heligoland) differ in the following 
ecological and biological points. The larve of the 
Heligoland population live in banks of seaweed on 
the seashore; they need for food brown algae (for 
example, Fucus) and animal protein (dead fish or 
crabs). For copulation, the adult flies need a rela- 
tively large container {at least 20 cm. x20 em, x 
30 cm.), otherwise no eggs, or unfertilized eggs, are 
laid. 

The larve of the Kiel population also live in banks 
of seaweed as well; they need for food algae (red, 
green, or brown; probably even Zostera, Angio- 
spermae, will suffice), but no animal protein. For 
copulation only small containers are needed (dia- 
meter 20 cm., height 5 cm.). 

Attempts were made to cross specimens of the 
two populations, but without success, “Therefore it 
seemed obvious that these populations represent two 
different species. But I was unable to find structural 
differences which would allow differentiation without 
rearing. 

Modern definitions of species would permit the use 
of different names for these ‘species’. But since 
there are no structural differences, I prefer not to do 
this. I prefer only to direct attention to those most 
interesting forms, which seem to have no structural, 
but solely ecological and biological differences. The 
experiments are being continued. 

I wish to thank Dr. K. Strenzke, of Wilhelms- 
haven, for a careful examination of the structure of 
specimens of the two populations. 

HERMANN REMMERT 
Zoologisches Institut 
der Universitit, 
Kiel. 
Jan, 12. 
1 Hennig, W., pe aero in Lindner, “Die Fliegen der palaearktischen 
Region”, 52 (Stuttgart, 1937). 
* Remmert, H., Kiel. Meeresforsch., 11, 244 (1955). 
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Preservation of Nitrosomonas 


Tr is well known that the isolation of Nitrosomonas 
in pure culture is rather difficult; another problem 
is ‘how the pure cultures can be successfully pre- 
served, Nitrosomonas seems to be more frail than 
most other bacteria when in pure culture, and 
unfortunately the majority of strains isolated during 
past years have been lost. 

There is not much information in the literature 
regarding the means by which cultures of Nitro- 
somonas have been preserved, but it seems probable 
that most workers have kept their isolates simply 
by regularly transferring material into fresh liquid 
media, the composition of which has not: deviated 
essentially from the original ammonium medium of 
Winvugradsky. Kingma Boltjes, however, who made 
a comprehensive study of nitrification in the *thirties', 
kept his isolates of both Nitrosomonas and Nitro- 
bacter on agar.slants with ammonium sulphate and 
sodium nitrite respectively, and enriched with 0-5 per 
cent ‘Nährstoff Heyden’ (this preparation is no longer 
available). As the bacteria became accustomed to 
laboratory conditions, this method of preservation 
worked satisfactorily uf subcultures were made every 
three to four months (personal communication). 
Unfortunately, Kingma Boltjes lost all his cultures 
of nitrifying bacteria during the Second World War. 
Of more recent isolations, all subcultures of the strain 
of Nitrosomonas europaea isolated by Jensen in 1949? 
have died in spite of approximately monthly sub- 
culturing in liquid mineral medium during three 
years. Even the strain of N. europaea isolated by 
Meiklejohn? in 1949 has been lost. Three subcultures 
of this strain were alive as late as in 1952 (although m 
the meantime contaminated with other bacteria). At 
this time the cultures were partly freeze-dried, partly 
inoculated into sterilized soil and kept av 4°C.; 
after having been left in this state for eighteen 
months, all the cultures were dead (personal com- 
munication). 

In this Laboratory an experiment was initiated 
more than two years ago in order to compare dif. 


ferent methods of preservation of Nitrosomonas., 


The methods were: 


(1) Monthly transfers in a liquid medium (5 ml. in, 


test-tubes) of the following composition : 


(NH ),50, 0-4 per cent (w/v) 
KH,PO, 0 025 per cent (w/v) 
MgSO,.7H,O 0 0125 per cent (w/v 
Natl 0 0125 per cent (w/v 
FeSO ,..7H,0 0 0025 per cent why 
MnSOQ,.4H,0 0-0025 per cent (w/v. 
Caco, c. 0-05 gm. per 6 ml. of medium 
Tap water 


pH in autoclaved medium 8-0. Size of inoculum one 
drop 0-03-0-05 ml. of a one-month old culture. Incu- 
bation at 25~28° C. 

(2) Preservation under a layer of sterile paraffin oil. 
The same medium was used. After inoculation the 
cultures were covered with 5 ml. of sterilized oil with- 
out previous incubation. Storage at room tempera- 
ture. 

(8) Preservation in sterile soil. A sample of garden 
soil was slightly moistened with the medium described 
above, dried in.the air, and 10-gm. portions distri- 
buted in Freudenreich flasks. The media were 
autoclaved at 120° for 90 min. and finally inoculated 
with 0:5 ml. of an actively nitrifying culture. Storage 
at room temperature. 

(4) Freeze-drying of six-weeks old cultures. The 
ampoules were stored at 0° C. (The freeze-drying was 
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NITRITE PRODUCTION BY Nitrosomonas AFTER STORAGE, 
FOR VARIOUS TIMES IN DIFFERENT MEDIA È 





Pure culture Mixed culture 
Preservation medium 





Nitrification was not continued in subculture; 

* after 11 months. 

t after 13 months. x * 
kindly carried out by Dr. Alice Reyn, State Serum 
Institute, Copenhagen.) i 

Two strams of Nitrosomonas have been used for 
these experiments: (a) a pure culture of N. europaea 
(Lees strain), and (b) a natural mixed culture of 
Nitrosomonas sp. and three heterotrophic micro- 
organisms, namely, Hyphomicrobium vulgare and two, 
species of Pseudomonas*. ia S 

At intervals msterial from the stock cultures was 
transferred to fresh liquid medium, and nitrite pro- 
duction in the latter determined after about two 
weeks of incubaton. If no nitrite was detectable 
at this time, incubation was continued up to five 
weeks. Cultures giving no nitrite reaction with Griess 
reagent at the end of the incubation period were 
regarded as dead. The results are given in Table 1. ~~ 

The two strains of Nitrosomonas showed almost, 
the same reactior. to the four methods of preserva- 
tion. Freeze-drying proved to be of little value, as 
subcultures failed to show any nitrification after 
only one month of storage. Probably the bacteria 
died during the actual freezing process. Likewise 
sterile soil gave disappointing results. Substances’ 
toxic to Nitrosomonas are apparently produced when | 
soil is autoclaved, as unsterilized air-dried soil is 
Imowni‘ to retain its nitrifying capacity for several 
years. Preservation by monthly transfers and storage 
under oil gave essentially the same results. Hence it 
seems that Nitrosomonas might be preserved under 
paraffin oil. This method has the advantage that the 
risk of contamination is small compared with the 
method of regular transfers. Although promising, 
the paraffin ol method is by no means perfect. It is 
possible that the number of cells initially present was 
too small, as the cultures were covered with the oil 
immediately ‘after inoculation without allowing 
further growth after the oxygen dissolved in the 
media had been consumed. Experiments with the 
paraffin oil preservation method are being continued. 

The factors controlling ageing and death of 
bacteria under otherwise non-toxic conditions are 
little understood. The frequently observed_sudden 
death of Nitrosomonas in liquid media is usually not 
caused by exhaustion of substrate or oxygen. It has 
been suspected shat accumulation of nitrite might 
have killed the bacteria; but Nifrosomonas.is known 
to tolerate consicerable quantities of nitrite although 
this is toxic to many organisms. A possible explanation 
might be that lethal mutations occur or that a phage 
interferes. 2 = 
K. GUNDERSEN 

State Laboratory for Soil 
and Crop Research, 
Lyngby, Denmark. Jan. 9. 
1 Kingma Boltjes, T. Y., Arch. Mikrobiol., 6, 79 (1935). 
* Jensen, H. L., Tidsskr. Planteavl., 54, 62 (1960), 


3 Meiklejohn, J., J. Gen. Mvcrobiol., 4, 185 (1960). 
t Gundersen, K., Plan? and Soil, 7, 26 (1955). 
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Systemic Effect of Dieldrin on the ‘Body 
Louse’ of Poultry 


Systemic administration of parasiticides has been 
the subject of sporadic research for several decades 
but has only recently gamed prominence in vetermary 
thought. Successful results have been reported with 
Cimes lecticularis'#, O. hemipterus®, Aedes aegypti, 
Ornithodorus moubatat, Boophilus microplus*, Hypo- 
derma lineatum*, H. bovist and Haemotobia irritans®:1. 
All the foregoing insects suck blood, or come in close 
contact with the host’s tissues or fluids. This com- 
munication describes experiments showing a powerful 
systemic effect against the biting louse of poultry, 
Eomenacanthus straminous, which has no such close 
contact with the host’s tissues. 

Dieldrin was administered orally, subcutaneously 
or percutaneously (at the base of the neck) at doses 
of 25, 20, 15, 10 and 5 mgm./kgm. body-weight as a 
20 per cent w/v solution (‘Dielfly 20’, Wilham Cooper 
and Nephews). Groups of four birds received the 
largest dose (25 mgm./kgm.) and groups of five birds 
the smaller doses; the control group comprised 
fifteen birds. All birds m the experiment were 
randomly distributed among & population of 480 
birds in battery cages. The degree of mfestation by 
lice was classified visually and given a numerical 
grading according to the density of the population 
around the vent, which appeared to be the only 
important site affected. All birds were classified the 
day before administration of insecticide, and at 
intervals thereafter. The figures shown m Table 1 
are averages of the scores allotted to individual birds 
m each group. 

It can be seen from Table 1 that dieldrin had a 
powerful systemic effect upon the lice by all routes 
of administration, but the percutaneous route 
appeared to be the most effective. Most birds were 
carrying a heavy burden of eggs when treated. Lice 
hatched from these eggs and were rapidly killed. 
Treated birds were also continuously exposed to 
infection from those m neighbouring cages, but as 
shown in Table 1 they remained practically free from 
infestation. These facts show that dieldrin had a 
considerable residual effect. 

It seems that oral treatment of infected birds by 
mixing dieldrm, or some other systemically active 
insecticide, with the food may constitute a simpler 
and more economic method of treatment than the 


Table 1. ACTION OF DIELDRIN ON NATURAL INFESTATIONS OF CHICKS 
With Homenacanthus stramineus 
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0 3-3 2-8 3-6 36 4-0 

1 0-0 00 0-2 1-4 2:0 

3 0-0 0-0 0-0 10 0-8 

7 0-0 00 0-0 10 0'8 

38 0:0 0-2 0-0 0:8 12 

0 3-8 32 3-8 3-8 3-8 

1 03 0-0 0-6 1-2 0-8 

Percutaneous 3 0:0 0-0 a0 0-0 0-2 
7 0-0 0-0 oo 0-0 0-0 

38 0-0 0-0 0-0 0-0 0-8 

9 3-8 3-8 3-4 36 30 

1 16 2-8 2-4 2-4 1:8 

Subcutaneous 3 0-0 0-2 0-2 14 10 
7 00 00 90 10 0-8 

38 00 0-0 00 0-4 as 











The average score of the control group varied between 2-2 and 3-2 
throughout the experiment. 

The degree of infestation was classified as follows: 1, very light; 
2, light; 8, light medium; 4, medium; 5, heavy. 
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current methods of dusting or spraying. The oral 
method of administration is now bemg investigated 
under various systems of management. If it does not - 
prove satisfactory, the percutaneous method will be 
further examined, as it would be more efficient than 
present methods of treatment. 

I wish to acknowledge the assistance and co- 
operation of Mr. G. McBride and Prof. J. Francis in 
this work. Acknowledgment is also due to the Rural 
Credit Development Fund of the Commonwealth 
Bank of Australia, which has supphed the facilities 
for this work. 


P. J. MoCosxur 


Department of Animal Husbandry, 
University of Queensland, 
Brisbane, Queensland. 

Jan. ll. 


1 de Meillon, B., Nature, 158 839 (1946). 


2 Inndquist, A. W., Knipling, E. F., Jones, H. A., and Madden, A. H., 
J. Econ. Ent., 87, 128 (1944). 

3 Norris, K. R., Aust. Vet. J., 32, 177 (1958). i 

t McGregor, W. S , Radcliff, R. D., Clahorn, H. V., and Bushland, 
ER. C., Agne Chemicals, 10, No. 1, 34 (Jan. 1955). 

"Belial B., Porter, D. A., and Herlich, H., Vet. Med., 49, 405 


* Bruce, W. G., J. Econ. Ent., 32, 704 (1939). 
1 Knipling, E. F., J. Econ. Ent., 31, $15 (1938). 


Long-distance Migration of Salmon 


DETAILS have recently been received of the recapture 
of a salmon, tagged in Scotland, on the south-west 
coast of Greenland. This fish was one of a number im- 
pounded at Loch na Croic, Blackwater River, Conon 
District, Ross-shire, during the autumn of 1955, to 
provide eggs for the hatchery operated by the North 
of Scotland Hydro-Electric Board at Contin. After 
stripping, it was tagged and released on November 23, 
1955. It was recaptured in Eqaluq Fjord, south of 
Sukkertoppen, Greenland (64° 564’ N., 52° 02’ W.), 
on October 15, 1956. 

This recapture is of particular interest for two 
reasons. First, the distance travelled between tagging 
site and recapture site (about 1,730 miles) is one of 
the longest on record; and, secondly, the site of 
recapture may well be an important hint about 
the sea migrations of salmon from Scottish rivers. 
Virtually nothing is known about salmon between 
the time they leave the rivers as smolts and the time 
when they reappear, one or more years later, as 
adult fish. The results of tagging experiments con- 
ducted on the Scottish coasts suggest, however, that 
the feeding ground for the salmon from Scottish 
rivers may lie to the west or north-west of Scotland!. 
The present recapture is the first direct evidence 
supporting this suggestion. 

We are much indebted to Dr. Jergen Nielsen, of 
the Ministeriet for Grønland, for sending details of 
this recapture. 


W. J. M. Menzrns 


46 Ashley Gardens, 
Aberdeen. 


W. M. SHEARER 


Brown Trout Research Laboratory, 
Faskally House, 
Pitlochry, Perthshire. 


1 Menzies, W. J. M., “The Stock of Salmon. Its Migrations, Preserva- 
tion and Improvement”, 90 (London, 1949). 
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FORTHCOMING EVENTS 


Monday, April 15 


INSTITUTION OF ELHOTRIOAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 p.m.—Duiscussion on "The Future of Plastics in Power 
Cables”, opened by Mr. C. C. Barnes. 


Soorety OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at i4 Bel- 
grave Square, London, S.W 1), at 5 80 p.m.—Annual General Meeting, 
5.50 p.m.—Mr. P. Winteringham: “Comparative Biochemical Aspects 
of Insecticidal Action”. 


Monday, April 15—Wednesday, April 17, 


Soorpty FoR GENERAL MIOROBIOLOGY (at the Royal Institution, 
Albemarle Street, London, W.1)—Twenty-fourth General Meeting. 


Monday, April 15 


m,—Dr. André Lwoff (Pasteur Institute, Paris): 


At 6 p. “The 
Notion of Virus” (Third Marjory 


tephenson Memorial Lecture). 


Tuesday, April 16 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Discussion on “The Measurement of Currents in High-Voltage Circuits 
without Orthodox Current Transformers”, opened by Mr. M. Kaufmann 
and Dr. A. J. King. 


RoYvab AERONAUTICAL SOOIETY (at 4 Hamilton Place, Londons 
W.1), at 7 p.m.—-Mr. J. J. Foody and Mr. R. A. Paul: “Simulation 


Techniques in Aeronautics”. 


Tuesday, April 1!6—Wednesday, April 17 


BRITISH OCCUPATIONAL HYGIENE Soowry (at Canterbury Hall, 
Cartwright Gardens, London, W.C.1)—Conference on “Instruments 
used in Industral Hygiene’. 


Wednesday, April I7 


ROYAL MRTEOROLOGIOAL SOCIETY (at 49 Cromwell Road, London, 
8.W.7), at 5 pm annial General Meeting. Dr. R. C. Sutcliffe 
aR y “An Outlook on Meteorology and the Society” (Presidential 

08s). 


ROYAL SOCIETY oF MEDIOINE, COMPARATIVE MEDIOINE SEOTON ' 


gt 1 Wimpole Street, London, W.1), at 5 p.m,—Dıscussion on “Arti- 
cial Insemination”. Opening Speakers : . L. E. Rowson, Dr. T. 
Mann, Dr. Margaret Jackson and Mr. Reynold H. Boyd. 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, London, W.C.1), at 5.15 p.m.— 
Discussion on “The Use of Electronic Data Processing Equipment”. 
Opening Speakers: Mr. J. H. H. Merriman; Mr. D. T. Caminer; 
Mr. Evans; and Dr. H. Durant. 


ROYAL Mioroscorican Sootery (at Tavistock House South, 
Tavistock Square, London, W.C.1), at 5.30 pm.—Dr, D. McLean: 
“Modern Metallagraphy and some of its Results”. 


SOCIETY oy CHEMICAL INDUSTRY, MIOROBIOLOGY Group (at 14 
Belgrave Square, London, $.W.1), at 6 p.m.-—-Annual General Meeting. 
6.15 p.m.—Prof. G. Pontecorvo, F.R.S.: “Apphcations of Genetics 
in Industrial Microbiology”. 


Thursday, April 18 
LINNEAN Soolmty oF LONDON (at Burlington House, Piccadilly, 


London, W.1), at 3 p.m.—-Symposium on “Weedkillers’, opened by 
Prof. R. L. Wam, Dr. J. Stubbs, Mr. G. O. Lace, Miss Olive Balme 
and Mr. J. D. Fryer. 


APPOINTMENTS VACANT 


APPLIOATIONS are Invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT Puysicist (with a good honours degree ın physics) 
IN TAS PayYsIos DEPARTMENT of the Sheffield National Centre for 
Radıotherapy—The Secretary, Sheffield Regional Hospital Board, 
“Broom Cross”, Tree Root Walk, Sheffield 10 (April 20). 

LEOTURER (graduate, preferably with tmdustrial experience in 
metallurgy and teaching experience) IN METALLURGY—The Principal, 
Herefordshire Technical College, Hereford (April 20). 

ASSISTANT IN BIOCHEMISTRY to assist in the teaching of biochem- 
istry to medical and science students and to engage in research under 
the direction of Prof. J. N. Davidson—The Secretary of University 
Court, The University, Glasgow (April 22). 

CHAR oF Puysics in the University College, Ghana—The Secre- 
tary, Inter-University Council for Higher Education Overseas, 29 
Woburn Square, London, W.C.1 (April 23). 

ASSISTANT LECTURER (medically qualified or non-medically qualified) 
IN Histo.ogy in the Department of Physiology and Histology— 
The Registrar, The University, Liverpool (April 27). 

DEMONSTRATOR (with a good honours degree) IN THE DEPARTMENT 
OF ENGINEERING SorENcE—The Professor of Engmeermg Science, 
The University, 19 Parks Road, Oxford (April 27). 

DEMONSTRATORS 2 IN Paysics—The Registrar, University College 
of North Staffordshire, Keele, Staffs (April 30). 

PLANT PHYSIOLOGIST (with research experience) IN THE BOTANY 
DEPARTMENT to work on the physiology of growth and nutrition of 


field crops—The Secretary, Rothamsted Experimental Station, 
Harpenden, Herts (April 30). 
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SENIOR LECTURER and a LECTURER (Grade I) or (Grade II) IN 
CHEMISTRY at Univers.ty College, Ibadan, Nigeria—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (April 30). . i 

STATISTICIAN (with a good honours degres in mathematics or science 
and experience in stat.stical techniques as applied to agriculture or 
biology) with the Agricultural Research Council’s Unit of Statistics 
(University of Aberd3en)—The Secretary, Sue ae earch 
Council], Cunard Building, 15 Regent Street, Lo on, 8, W.1 (April 30). 

TURNER AND NEW2LL RESEARCH FELLOWS IN ENGINSERING, 
INORGANIC CHEMISTRY PHYSICS and allied subjects; and IMPHRIAL 
CHEMICAL INDUSTRIES RESHAROH FELLOWS IN CHEMISTRY, PHYSICS 
and allied subjects, for example, PHARMACOLOGY, ENGINEERING and 
MEPALLURGY—The Registrar, The University, Manchester {April 30). 

SENIOR LECTURER o> LECTURER IN ZOOLOGY at the University of 
Khartoum—The Secretary, Inter-University Council for Higher 
Education Overseas, 26 Woburn Square, London, W.0.1 (May 3). 

ASSISTANT IN AGRICULTURAL CHEMISTRY—The Secretary of Univer- 
sity Court, The Unive-sity, Glasgow (May 4). 

LEADER (with a university honours degree ın science or agricultural 
science or equivalent qualifications, together with extensive research 
experience, preferably in tropical environments) of a research team 
in tropical agriculture at Kimberley Research Station in northern 
Western Australa (G.S.I.R.0.)—Chief Scientific Lisison Officer, 
Australian Scientific Lason Office, Africa House, Kingsway, London, 
W.C.2, quoting Appointment No. 572/12 (May 4). 

LECTURER IN CIVIL DR MECHANIOAL ENGINEERING—The Registrar, 
University College ot South Wales and Monmouthshire, thays 
Park, Cardif (May 4). 

LEOTURER IN VETEEINARY PATHOLOGY AND BACTERIOLOGY at the 
University of Sydney, Australia—-The Secretary, Association of 
Universities of the Bri-ish Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia, May 4). 

LECTURER (with a good honours degree) IN ZooLoGy at the Nigerian 
College of Arts, Science and Technology—The Advisory Committee 
on Colontal Colleges, i Woburn Square, London, W.C.1 (May 6). 

PROFESSOR OF TEXTILE TECHNOLOGY—The Registrar, The Man- 
chester College of Science and Technology, Manchester 1 (May 6). 

RESHAROH FELLOW (with research experience in animal virology 
or in biochemistry) IN THE DEPARTMENT OF MICROBIOLOGY, John 
Curtin School of Medical Research, Australian National University, 
to work in either biological or biochemical aspects of animal virology 
—The Secrotary, Asscclation of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, May 6). 

LEOTURER IN CROF PRODUCTION to teach the principles of crop 
and grassland production; and a LECTURER IN ANIMAL PRODUCTION 
to teach primarily the principles and practice of meat and wool pro- 
duction—The Registrar, Wye College (University of London), near 
Ashford, Kent (May 15). , 

LECTURERS IN THE DEPARTMENT OF ENGINEERING, University of 
Malaya, Singapore—The Secretary, Inter-University Council for 
ot ae Overseas, 29 Woburn Square, London, W.C.1 

ay 16). 

PLANT PATHOLOGIST (with a good honours degree in botany, with 
specialist knowledge and preferably research experience of plant 

athology) at the Regional Research Centre, Imperial College of 

'ropi Agriculture. Trinidad, B,W.I.—The Secretary, Imperial 
Goliege, or Topical Agriculture, 40 Norfolk Street, Strand, London, 

-C.2 (May 15). 

LIBRARIAN (preferanly science graduate)—The Secretary, National 
Vegetable Research Station, Wellesbourne, Warwick (May 29). 

EOTURER (preferably with experience in fluld mechanics) IN THB 
DEPARTMENT OF MECHANICAL ENGINEERING, University of Cape 
Town—The Secretary Association of Universities of the British 
inn 86 Jordon Square, London, W.C.1 (Cape Town, 

y 31). 

PROFESSOR OF MATHEMATICS at the University of Otago, Dunedin, 
New Zealand—The Secretary, Association of Universities of the 
British Commonwealth, 86 Gordon Square, London, W.C.1 (New 
Zealand, May 31), 

SENIOR LECTURER Dr LuoTURER IN ZooLoGy at the University of 
Queensland, Australi—The Secretary, Association of Universities of 
the British Commonwealth, 86 Gordon Square, London, W.C.1 
(Australia, May 31). 

ASSISTANT LEOTUEER IN PutuosopHy—-The Registrar, Trinity 
College, Dublin (Juns 8). 

NORTH THAMES Gis BOARD FELLOWSHIP IN GASEOUS FUELS AND 
GED Eegistrar, Imperial College, London, S.W.7 

uly 1). 

AGRONOMIST (with a good honours degree and preferably some 
practical training) at GANBIA Rioz FARM, to undertake experiments 
in the cultivation of irrigated mce and of alternative crops suitable 
for dry season cultiv.tion under irrigation—The Director of Recruit- 
ment, Colonial Office. London, S.W 1, quoting BCD.63/12/08 

ASSISTANT BIOOHE:IIST (preferably with an honours degree) in a 
rapidly expanding Jepartment with university connexions—The 
Medical Superintendent, Maryfield Hospital, Dundee. ' 

DIRECTOR OF THE AGRIOULTURAL AND HORTIOULTURAL RESBAROH 
STATION, Long Ashzon, Bristol—The Registrar, The University, 

ristol 8. 

GRADUATE MASTHE TO TEACH MaTHEMATICS up to advanced level— 
The Director of Studies, Pangbourne Nautical College, Pangbourne. 

LECTURER IN PEYTROLOGY-MINERALOGY; and a LECTURER IN 
STRUCTURE-EooNOMID GEOLOGY—The Dean, College of Arts and 
Science, Baghdad, Iraq. 

LECTURER or ASSISTANT LECTURER IN PHYSICAL OR INORGANIO 
CHEMISTRY at Makerere College (The University College of East 
Africa)—The Secretary, Inter-University Council for Higher Educa- 
tron Overseas, 29 Wcburn Square, London, W.C.1. 

LECTURER (with an honours degree in chemistry and postgraduate 
experience of academe or industrial research) IN PHYSICAL CHEMISTRY 
—The Secretary, Sir John Cass College, Jewry Street, London, &.0.3. 

PHYSIOIST or ELECTRICAL ENGINEER (with a first- or second-class 
honours degree or equivalent in physies or electrical engineering, 
and some electronics experience) with the Ministry of Supply at the 
R.A.E., Aberporth, Cardiganshire, to work in a section doing research 
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and development on- pen instrumentation—The Ministry of 
Labour and National. Servico, „Technical and Scientific Register (K), 
26 King Street, London, $.W.1, quoting A.92/7A. 

‘PHYSICIST or ENGINEER (with postgraduato poled in the field 

of of poriicle accelerators. or vacuum and high frequency experienco) 

European ‘Organization for Karr esearch, Geneva, 
yim ane i for work on’ the gesigu n and development - of bunching 
and focusing devices for a Proton Linear Accelerator—The Ministry 
of Labour and National Service (E9), Almack House, King Street, 
London, 8.W.1. quoting A.12/SW. 1CERN]9. 

PHYsios TECHNIOIAN for the construction of experimental equip- 
ment and general duties in connexion with X-ray treatment and radio- 
active [otopi Tho House Governor, Charing - Cross Hospital, 

mdon 

QUALIFIED. TECHNICIAN (male or " female) IN THR PATHOLOGICAL 

. LABORATORY -—The Secretary, Wembley Hospital, Wembley, Middle- 
86X. 

RESEARCH “BELLOW (with some research experience) for work in the 
fleld of carbohydrate metabolism in plants—The Secretary, Research 
Institute of Plant Physiology. Imperial College, London, 8.W.7. 

SENIOR ERIMENTAL OFFICER (with H.S.C. (science) or equiva- 
lent) to assist in the planning and execution of overseas trials of 
atomic weapons; co-ordination of technical requirements of scientific 
and Service teams with a wide range of Interests and participation in 
the trials—The Recruitment Officer, Atomic Weapons Research 
Establishment, Aldermaston, Berks, quoting Ref. No. eee 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


National Inatitute of Agricultural Botany. Farmers’ Leaflet No. 2 
(Bevined January, 1957): Varieties of Spring Wiens and Sprin Spring 
rleys—Recommended Lists for 1957. Pot Farmers’ 
No. 8 (Revised Januery, 187 Varieties of Winter rarman a pono 


mended Lists for 1 Farmers’ Leafiet No. 13 (January, 


1957): Varieties of Spring Oats—Recommended Lists for 1957. 
Pp. 2. (Cambridge : ational Institute of Agricultural Botany, 


122 

University of Birmingham, Report of the Vice-Chancellor and 

Principal for the calendar year 1956. Pp. 28. University Research 

Committee. gonty seventh Annual Report eee 1955-1956). 
Pp. 11 +96. (Birmingham The University, 1957.) 

Reinforcement yy Call's : : a New Approach to Retnforcement th 

Concrete Roads. Pp. 8. (Sheffield: McCall and Co. (Sheffield), Ita.. 


ie Registrar General’s Decennial Supplement, m land and Wales, 
Tah Tife a Tables, Pp. 37. (London : H.M. $ tionery Office, 
3. net. 
Civil Engineering t- a Creative Career. Pp. 4. (London: Institution 
of Civil Engineers, 1957.) (152 
Atomic Power. By the Technical Editor of the International Year 
Book. Pp. 8. (Extract from the 1957 edition of The International 
Fear Book: and Statesmen’s Who's Who.) (London: Burke’s Peorago, 


7 

Department of Scientific and Industrial ae ie National 
Physical Laboratory. Mathematical Tables, Vol. 1: The Use and 
Construction of Mathematical Tanie L. Fox, Pp. iv +80. 
(London; H.M. Stationery Office, 1956.) 17s. 6d. net. [152 
Proceedings of the Third Tolernatiynl Gonference oid eee 
Microscopy, * London 1954. Edited by R. 05 + 
187 7 platea: (London: Royal Microscopical Borla 1088)" es Ti 
Dean Forest and Wye Valley. Edited L. Edin. Second 
edition. (National Forest Park se) i ee vii +08. (London : 
H.M. Stationery Office, 1956.) 5s. net. 152 
Forestry Commission. Bulletin No, 27: Utilisation of Hazel 
Coppice. Pp, Sc a plates, (London: H.M. Stationery Office, 
1956.) 102. net. {i 52 
Aero Research Technical Notes. Bulletin No. 169 (January, 1957) : 
Plywood and Duramel Production: Factory Methods of F. Hills and: 
Sons Limited. Pp, 6 - (Duxford: Aero Research Limuted, 1957.) [152 
Building Research Station Digest No. 6 (revised January, 1957) : 
The Avoidance of Cracking in Masonry Construction of Concrete or 
Sand -Lime Bricks. Pp. 4. (London: THA Stationery Office, 1a 


Planning. von Aes » Ne 407 (18 February, 195' Agriculture and 
Coe Bp. 29-44 » (London: Political and Peona Planning, 
2. 


.London Sehool of Hygiene and Tropical Medicine. Report on the 
work of the School for the year 1056-1956. Pp. 147. (London: 
London School of Hygiene and Tropical Medicine, 1967.) {18 

The Engineer Buyers Guide, 1957.. Pp. 856. (London : The Engineer, 
1957) 7s. 6d. [182 

Northampton Polytechnic, London. Prizes and Certificates, Session 
1955-56. Pp 28, (London: Northampton Polytechnic, 1957. ) [182 

Spectal Report from the Committee of Public Accounts : Treasury 
Minute and Abstract of gbproncetcn Accounts—Session 1956-57. 
Pp. 20. (London: H.M. Stationery omeo, 1957.) 1s. net, [182 

Ministry of Education Pamphlet No. 31: Health Education—a 
Handbook of Suggestions for the consideration of Teachers and 


Others concerned in the Health and Education of Children and ene 
People. Pp. vili--183. (London: H.M. Stationery Office, 1 9563 


4s. net. 


Other Countries 


United States Department of Commerce: Weather Bureau. Tech- 
- nical Paper No. 15: Maximum Station Precipitation fori, 2. 3, 6, 12, 
and 24 Hours, Part 19: Tennessee. Pp. ii ete 20 § 

a 
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70 cents. (Washington, D.C.: Government 
Printing Office, 1958. gto 


42, 
Annual Report of the National Museum, Bloemfontein, for the a 
ended 31st March, 1956. Pp. 16. (Bloemfontein: National Museum, 


1958.) [42 
Food end Agriculture Organization o! of the United Nations. Picture 
Sheet No. 6: Project in 2 (Rome: Food and Agri- 
culture Organization of the United Natione, 1958.) 42 
Federation of Malaya. Report on the Federal Forest Administration 
for the year 1955. By D. S. P. Noakes. Pp. ii+938+6 plates. (Kuala 
Lumpur: Goverumect Printer, 1956.) 2 alayan dollars; 48. 8d, [42 
Institut Royal Météorologique de Belgique. Publications, Sério A, 
No.3: Comparaison Regionale des Radiosondes, Bruxelles, 4~XI-64-—- 
19-XI-54. Tome 2 A: Données relatives aux observations simul- 
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THE INDEPENDENT RESEARCH INSTITUTION 


HE report of Dr. C. P. Haskins, president of the 

Carnegie Institution of Washington for the year 
1955-56*, the fifty-fourth year in the life of the 
Institution, comments on the slight change during 
half a century in the structure and basic orientation of 
the Institution ; although when the Institution was 
founded, the idea, let alone the practice, of scientific 
investigation in the United States was almost un- 
known, except as an mtegral but subsidiary part of 
university work, and an editorial in Scrence during 
1903 expressed grave doubts as to the function or 
future of an organization devoted to such an idea. 
The industrial laboratory in 1ts modern form did not 
appear in the United States for another five years 
and, despite a few emment men of science of inter- 
national repute m American universities, ın the world 
scene American science had a mmor place of relatively 
insignificant magnitude. 

The plan of operation for the Carnegie Institution of 
Washington, devised and executed in 1904, embodied 
three decisions which decided 1ts whole character: to 
direct its activities to mvestigations as distinct from 
teaching, except meidentally ; to make the Institu- 
tion primarily a working, rather than a grant-making, 
body; and to organize its work m departments 
geographically dispersed and placed with ready 
access to a number of leading universities. Dr. 
Haskins, who is the fifth president, succeeded Dr. 
Vannevar Bush m January 1956, and his first presi- 
dential address states that he believes, despite the 
radical changes in the American scientific scene, that 
this conception of the Institution has stood the test 
of half a century and is as relevant to-day. The 
Institution has been able to play an important part 
im technological change im times of national emer- 
gency ; and to-day, when not only the techniques of 
seeking new knowledge are bemg developed but also 
systematic means are bemg devised for formulatmg 
the new questions by which new knowledge shall be 
sought and found, the Institution continues to pursue 
its arms of research towards the same goals and m 
essentially the same manner as ıt has throughout its 
working hfe. 

Believing that the goals selected and established 
for the Institution fifty years ago, and even the 
manner of achieving them, are as relevant as ever to 
leadership ın the present scene, Dr. Haskins devotes 

- much of his first report to an examination of these 
aus. The Institution’s dedication to the ideal of 
uncommitted scientific investigation, and to the 
scholarly search for scientific truth wherever ıt may 
lie, without primary consideration of its use in any 
practical sphere, has, he points out, not only had 
practical consequences in American technology, but 
also corollaries of real importance to-day. It implies, 
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a ( Washington, D.C.. 


Carnegie Institution of Washington, 


for example, dedication to investigations of the 
highest quality, end, among its objectives, the mam- 
tenance of stancards of research It also implies 
flexibility, a willingness to ignore the boundaries of 
established fields and a readmess to explore the rich 
borderline areas between,them, a readiness to ignore 
conventional linntations and follow truth wherever 
it may lead; amd, above all, a resolution to foster 
and pay tribute so that kind of mspuiration and sense 
of fitness in creasive thinking, to the ideal of balance 
and proportion, which in other fields has sometimes 
been called ‘a sense of style’. 

Notmg the evidence obtamed by D. J. Price 
(Discovery, 17, 240; 1956) of. the essentially ex- 
ponential trend in the rate of increase of scientific 
effort when measured by various criteria, Dr. 
Haskins sees no reason for believing that the 
present doubling of the magnitude of scientific effort 
two or three times m a generation will change from 
exponential to Lnear in the immediate future. More- 
over, as Price pomts out, this rate of growth is 
appreciably greater than that for many non-scientific 
and non-techn>logical activities; but when an 


‘attempt is mace to measure the rate of increase m 


scientific activity of the highest quality, the rate was 
found to be considerably lower than that for research 
as a whole. Price estimated that it took about three 
times as long so double, and Dr. Haskins believes 
that the discrepancy ıs even greater m the United 
States, partly because of the American tendency, 
especially since the Second World War, to label as 
research much technological effort which is m fact 
engineering development. 

Accordingly, the field of uncommitted research, 
with which the Carnegie Institution of Washington is 
primarily concerned, ıs both very much smaller, and 
its rate of growth is slower, than the scientific effort 
as a whole, and m consequence ‘the Institution 
remains a larger factor in this field than in the wider 
one. Moreover, m science as in all other fields of 
creative endea7our, the relatively small proportion of 
effort of the h.ghest quality has a significance, both 
in its own field and in society as a whole, far beyond 
its absolute magnitude ; and Dr. Haskins points out 
that accordingly the dedication of the Institution to 
standards of the highest quality connotes both 
responsibilities of leadership for the present and the 
future, as well as the vulnerability which is 
attached to the maintenance of its contemporary 
integrity. 

Dr. Haskins pomts out a second implication. This 
is concerned with scientific speciahzation and its 
consequences. In a very real sense, he observes, 
specialization is the lfe-blood of scientific mvestiga- 
tion Without it the investigator is scarcely m a posi- 
tion to grasp 4s opportunities and to achieve the truly 
significant meghts ; and it is only to those who have 
achieved maszery of their subject that the full satis- 
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faction and job of creativity belong. Likewise, to 
the specialist in the company of his fellows belong 
those other rarest of working rewards: encourage- 
ment, reinforcement, solidarity. and the powerful 
spirit of a truly understanding working fraternity. 

Nevertheless, unchecked specialization itself can 
foster alienation and divergence, so that divergent 
specialties may differ as much in langiidge, in mode 
of approach, in basic orientation and’ in’ systems of 
values, not only about their own subject but also 
about the world in general, as two different cultures. 
Once these differences are firmly established, strong 
barriers arise to the crossing of boundaries and to a 
dangerous degree the specialist sacrifices his flexibility. 
Thus is maintained and emphasized that bane of our 
times which follows so naturally from the accretion 
of knowledge but which is the antithesis of true 
wisdom—excessive fragmentation. 

Dr. Haskins believes that the Carnegie Institution. 
of Washington, by virtue of its tradition and structure, 
is particularly well placed for supplymg the leader- 
ship which is needed to combat this peril. Special- 
ization can never be avoided; it is a keynote of 
scientific expansion and of our technological evil- 
ization. But the ideal can be emphasized of the 
individual whose capacity, training, judgment and 
orientation are those of one trained to take a broad 
or general view, without loss of the discipline or 
competence of the specialist. It has always been a. 
fundamental part of the Institution’s policy that the 
subject areas in which it works should be chosen 
with great flexibility, that the rubrics of the depart- 
ments should not be taken rigidly to restrict their 
subject-matter, that investigations of areas con- 
sidered by competent men to be of great inherent 
interest should be furthered whether they fall within 
conventionally recognized boundaries of scientific 
disciplines or between them, that every encourage- 
ment should be given to the taking of long intellectual 
risks by those equipped to do so. It has also always 
been its policy to evaluate the work of its staff in 
terms only of the native and collective judgment of 
their peers and never by those conventional standards 
which too often tend to solidify the boundaries of 
specialisms and break down understanding between 
them. 

In thus arriving at this justification of the goals 
and methods of the Carnegie Institution of Washing- 
ton m the context of to-day, Dr. Haskins in his first 
report shows clearly how closely he follows in the 
footsteps of his immediate predecessor, Dr. Vannevar 
Bush. Moreover, this vindication of the functions of 
the Institution—to stimulate scientific research of 
the highest calibre, to conceive and open new areas 
of research, which can later be taken up by others, 
to provide advice and guidance in scientific matters 
at the most effective levels of national policy, but, 
above all, to enrich the national resources of research 
personnel and the conception of research standards- 
and their goals—-has an even wider mterest. It is 
not simply that we encounter the same emphasis 
upon individual capacity and the encouragement of 
men with creative ideas that we are accustomed to 
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find in the reports of the Rockefeller Foundation or 
the Nuffield Foundation also, or that, as in Dr. Bush’s 
valedictory report, the growing importance of philo- 
sophy and of quality ıs stressed. Rather we are re- 
minded that the independent research institution has 
a continuing part to play in fostering creative scientific 
work, and that we may look to 1t for a decisive con- 
tribution in solving some of the major problems in 
the organization of scientific research and in cor- 
recting dangers which threaten research and higher 
education alike. 

The parallel in thought between Dr. Haskins’s 
report and Prof. A. Betz’s recent Ludwig Prandtl 
Memorial Lecture at Gottingen on February 4 is 
strikmg, and both alike are in keeping with the con- 
ception, quoted by Prof. Betz, to which W. v. 
Harnack gave expression in 1925 when handing over 
the new Institute for Fluid Dynamics on behalf of 
the Kaiser-Wilhelm Society for the Promotion of 
Science. The Carnegie Institution of Washington, 
the Rockefeller Foundation, the Nuffield Foundation 
—these and the other independent research institu- 
tions—have proved their value in the world of science 
because they have recognized that their task is to 
select the research scientist, and they have done so 
with care. When they have found him, they have 
provided him with as much money and as ample 
resources as possible, and left him to spend, the 
money and apply the means as he judges best, 
without mterference. 

Not without qualhfication, however, should it be 
said that this is the end of their task. The dangers to 
which Dr. Haskms and Prof. Betz alike direct abten- . 
tion show that the mdependent research institution 
cannot be expected to continue to fulfil its fime- 
tion and mamtain its standards if no regard is paid 
to the effect of specialization and no attempt is made 
to check its evils, or to deal with the falling level of 
intelligence, the deterioration in standards of teaching 
or the effects of efforts to increase greatly the numbers 
of graduates in science and technology. The inde- 
pendent research mstitution can only continue to 
render its vital contribution in the world of to-day 
if the nature of that contribution is clearly and widely 
understood, and if care is taken to see that material 
resources are maintained unimpaired and—=still more ` 
important—that the educational system provides a 
continuous stream of well-trained, keen and creative 
minds from among whom tho institution may select 
workers of the quality it needs. Such an educational 
system will also provide the research institutions of 
industry, of government and of the universities with 
the investigators, the administrators and the techno- 
logists they require. Here again the needs of teaching 
and of research cannot be divorced. The fundamental 
problems are those of quality and of vision, of safe- 
guarding the values which foster ability to think 
independently and along scientific lines and to 
co-operate imaginatively and with understanding. 
All these qualities must be fostered in order to 
prevent the development of the barriers and frag- 
mentation which are among the gravest menaces to 
scientific progress and to civilization itself. 
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"SEVEN ANTIBIOTICS 


Erythromycin - — ` 
By Wallace E. Herrell. (Antibiotics Monographs, 
No. 1.) Pp.-viii+56. 3 dollars. 


Tetracycline i 
By Harry F. Dowlmg. (Antibiotics Monographs, 
No. 3.) Pp. 64. 3 dollars. 


Aureomycin (Chlortetracycline) 
By Mark H. Lepper. (Antibiotics Monographs, 
No. 7.) Pp. 156. 4 dollars. A 


Terramycin (Oxytetracycline) 

By Prof. Merle M. Musselman, with the collaboration 
of Dr. H. L. Davis and H. W. McFadden, Jr. (Anti- 
biotics Monographs, No. 6.) Pp. 144. 4 dollars. 


Polymyxin, Neomycin, Bacitracin : 
By Prof. Ernest Jawetz. (Antibiotics Monographs, 
No. 5.) Pp. 96. 4 dollars. l 


(New York: Medical Encyclopedia, Ine. ; London: 
{Interscience Publishers, Ltd., 1955-56.) 


UMEROUS antibiotics are now available to 

medical practitioners, but useful mformation 
concerning the physical and chemical properties, 
pharmacological and clinical effects of some of these 
drugs has been slower to spread than have the various 
trade names, some elegant if uninformative and 
others deplorable, with which they have been en- 
dowed by enthusiastic manufacturers. The series of 
Antibiotic Monographs is designed, in the words of 
the -editors, Drs. Henry Welch and Felix Marti- 
Ibáñez, “to show the application of the principal 
antibiotics in clinical medicine as well as in other 


. allied fields where these drugs continue to extend 


their usefulness”. The books melude chapters on 
the physical, chemical, microbiological and clinical 
aspects of the antibiotics, and selected bibliographies 
covering @ wide range of publications. The titles of 
articles listed in the bibliographies are given in 
full. 

The monograph on “Erythromycin”, which ap- 
peared m 1955, was the first of the series, and the 
bibliography contains seventy-seven references, ex- 
tending to late 1954. Some useful basic information 
is given on the properties and range of action of 
erythromyem, but the reports of clmical experiences 
with the drug are often necessarily based on small 
numbers of cases. There is a description of the 
effectiveness of erythromycin in a wide range of 
infections, in many of which (as is-made clear by Dr. 
Herrell) it is not the drug of choice. For some of 
these infections, as for example those due to hemo- 
lytic streptococci, pneumococci or gonococci, erythro- 
mycm ıs rarely necessary, but might be valuable 
when a patient is sensitive to penicillin. 

In the foreword, the editors state that erythro- 
mycin “is of singular importance because of its 
effectiveness against the staphylococci”, and this 
view would meet with general agreement. Probably 
many bacteriologists would at the present time hke 
to see the case for reserving erythromycin for the 
treatment of staphylococcal infections resistant to 
penicillin more strongly stressed than it is in this 
book. The problem of development of resistance to 
erythromycin should be more fully discussed, par- 
ticularly in relation to the dangers, especially in 
hospital practice, arising from the possible continuing 


~ increase of cross-infection with staphylococci resistant 
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to erythromycin. Further complications have recently 
arisen as a result of the introduction of new anti- 
bioties, for example oleandomycin, which show cross- 
resistance with erythromycin. More material is now. 


_available on the use of erythromycin in combination 


with other antibiotics. Several pages are devoted to 
the assay of erythromycin in body fluids, but more 
space might be given to sensitivity testing of organ- 
isms and the‘yelaticnship of in vitro and in vivo sensi- 
tivity. In short, while. the book was a sound and 
careful assessment of erythromycin at the time of its 
publication, it would benefit from extension in the 
light of more recent experiences. There is a table of . 
contents but no detailed index. 

The tetracyclines are widely used ‘broad-spectrum’ 
antibiotics ; tetracycline was the last of the three to 
be itroduced, chbrtetracycline the first and oxy- 
tetracycline the second. The monograph on ““Tetra- 
cycline”, however, was issued before those on its 
analogues, and consequently draws on the earlier 
work with this drug for its information. In spite of 
this, Dr. Dowling has included sufficient basic 
information on activity, blood levels and clinical use 
to make the book of real value to clinical bacterio- . 
logists and clinicians. A detailed index ıs included. 
Tetracychne will probably continue to displace its 
analogues for the treatment of many infections 
because it has less tendency to produce intestinal 
disturbances, and it 1s to be expected that a more 
complete account of its use will appear later. Dr. 
Dowling remarks that 1t would be surprising if some 
cases of staphylococcal enteritis did not occur fol- 
lowing tetracycline therapy, and a few cases have 
been reported since the book was written. 

Dr. Lepper’s monograph on “Aureomycin’”’ (chlor- 
tetracycline) will be of considerable use to clinicians 
and bacteriologists who have to handle this drug. As 
is pomted out, mach of what is commonly believed 
to be true for the entire group of tetracyclmes was 
established “‘first, best and often only”, for chlor- 
tetracycline. In the foreword to the book the editors 
remark: ‘“While with the early antibiotics the list of 
indications was based only on infecting organisms 
that were susceptible, chlortetracycline introduced 
the concept of the treatment of diseases or groups of 
diseases—brucellosis, spirochetal, pneumonial and 
rickettsial diseases, etc. This meant that often the 
clinician could acmimster this antibiotic even before 
identifying the ceusal organism, basing therapy on 
clinical syndromes ‘rather than on bacteriologic 
identification. This was a new philosophic concept 
of great historical interest’. 

The precise atzitude of the editors to this par- 
ticular “philosophie concept” is not clear, but Dr. 
Lepper in his chapter on “Principles of Chlortetra- 
cycline Therapy” writes: “The rather broad spec- 
trum had been’ used by some to reduce the amount 
of diagnostic study reqmred before therapy was 
started. With tke passage of time, however, it has 
become apparens that the mutial optimism that 
chlortetracyclme or any other of the broad-spectrum 
antibiotics would relegate bacterial diagnosis to a 
minor role has not been borne out. The reason for 
this is that the range of activity has not been great 
enough nor the results uniformly successful with 
standard doses in all types of infections. For this 
reason ıt 18 still most important that precise clinical 
and bacteriologie diagnosis be made before therapy 
be undertaken”. This seems excellent general advice, 
even if it is not possible to follow it rigidly in every 
case. 
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The physical, chemical and microbiological prop- 
erties of chlortetracyclne are well described. In- 
stability of chlortetracycline in laboratory media, has 
led to conflicting reports of its effectiveness against 
various organisms, and there is an excellent dis- 
cussion of the difficulties arising from ‘this in the 
interpretation of laboratory sensitivity tests, and in 
. comparisons of the activities of chlortetracycline and 
other antibiotics. There is a good account of the 
problem of microbial resistance and of the important 
subject of superinfection with resistant organisms, 
including the sometimes fatal staphylococcal enteritis 
and Candida infections. The use of chlortetracycline 
in combination with other antibiotics is described, 
and the difficult subject of antagonistic and synergic 
effects is usefully discussed. The conclusion that the 
mechanism of antagonism has not been satisfactorily 
elucidated remains true. -Numerous reports on the 
toxicity of chlortetracycline are critically reviewed, 
and several chapters are, devoted to the use of the 
drug in specific groups of diseases. The bibliography 
contains 769 references, including some 1955 pub- 
lications. There is a good detailed index and the 
. book can be confidently recommended as a reasoned 
critical appraisal of chlortetracycline. 

Jn a brief foreword to Dr. Musselman’s monograph 
on “Terramycin” (oxytetracycline) the editors write : 
“The.advent of Terramycin. comcided with the defin- 
itive incorporation of the term ‘broad-spectrum’ to 
designate the wide range of action of this and the 
other two already existing major antibiotics, thus 
enriching the semantics of antibiotics”. The subject 
of ‘antibiotic semantics’ would appear to offer 
pleasing opportunities for armchair bacteriologists. 
The book follows thé general plan of the series, a 
description of physical, chemical, microbiological and 
pharmacological properties being followed by chapters 
on the use of oxytetracycline in various diseases. 
There’ is an account of some early experiences with 
the combined use of oxytetracycline and adreno- 
corticoids, both locally and systemically. It is 
perhaps not unfair to say that Dr. Musselman is a 
little less critical in his approach than Dr. Lepper, 
and he seems to have had rather less trouble with 
gastrointestinal symptoms in patients receiving oxy- 
tetracycline than have some other authors. He states 
that in his experience “relatively few troublesome 
gastrointestinal symptoms occur with oxytetra- 


cycline therapy” and that “‘the side effects may have’ 


been over-emphasized and the relative freedom from 
side reactions not fully appreciated”. A fairly good 
index is included, but it could be improved by some 
extension and more cross-references. The biblio- 
graphy covers twenty-seven pages (extending to the 
end of 1955), and the book will serve clinicians and 
bacteriologists as a useful source of information on 
oxytetracycline. 

The tetracyclines have many features in common, 
and their ranges of activity are closely similar. 
Perhaps when rather more experience has been 
gained a single book could be issued dealing with all 
three, making clear any advantages one might have 
over another for particular purposes. 

Dr. Jawetz’s monograph on “Polymyxm, Neo- 
mycin and Bacitracin” is of particular interest, smce 
it deals with three antibiotics with limited clinical 
applications, but which can be life-saving m certain 
circumstances. Few clinicians will have had much 
experience of systemic admmistration of these anti- 
bioties, complicated as it is by rather high toxicity. 
These drugs are sometimes termed ‘minor anti- 
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biotics’, and commenting on this the editors write : 
“But are there really any ‘minor’ antibiotics ? This 
is a purely academic question, since from a practical 
point of view there are no ‘minor’ drugs so long as 


. they serve a clinically needed therapeutic function”. 


One is tempted to suggest a subject of ‘antibiotic 
democratics’ to take its place beside philosophy and 
semantics. 

As Dr. Jawetz points out, these drugs have acquired 
increased usefulness in the control of certain infections 
resistant to the ‘common’ antibiotics. The book is 


` divided into three sections, each devoted to one 


antibiotic, and each arranged according to the general 
plan described earlier. Precise instructions are given 
for the administration of the drugs and the toxic 
symptoms are well described and discussed. As 
would be expected from Dr. Jawetz, there is adequate 
space devoted to the problems of resistance, synergism 
and antagonism. The statement on p. 38 that the 
nature of the neomycin- and streptomycin-antagonist 
produced by Pseudomonas pyocyanea “is uncertain” 
is surprising, for by 1954 the antagonism had been 
shown to be due to certain alkyl-substituted quinoline- 
N-oxides. It is true, however, that the possible role 
of these antagonists in microbial resistance rémains 
uncertain. Dr. Jawetz’s book will undoubtedly be of 
use for a long time to come and can be recommended 
as & valuable source-of information. The biblo- 
graphy of 205 references extends to the ‘middle of 
1955. Pog 
To British buyers these books are not cheap. It 
is to be hoped that publishers will one day issue 
books of this kind in ‘really cheap editions, since the 
material in them is what 1s of importance and`an 
appreciable amount of it may need revision at fairly 
frequent intervals. Elegant binding might be sacri- 
ficed to low price. In the antibiotic field, synonyms 
are becoming an increasing curse, and later editions 
might attempt to keep us up to date with these, 

F. L. JACKSON 


t 


GAS CHROMATOGRAPHY 


Vapour Phase Chromatography 

Proceedings of the Symposium sponsored by the 

Hydrocarbon Research Group of the Institute of 

Petroleum held at the Institution of Electrical 

Engineers, London, on 30th May—ist June, 1956: 

Edited by D. H. Desty and C. L. A. Harbourn. Pp. 

xv+436. (London: Butterworths, Scientific Pub-_ 
lications ; New York: Academic Press, Inc., 1957.)* 
70s.; 12 dollars. ` 


N this volume there are collected thirty-six recent 
papers on various aspects of gas chromatography, 
contributed by leadmg workers in the field. To the 
three or four hundred scientists from all over the 
world who attended the symposium at which the 
papers were presented, the book will need no other 
recommendation than to mention that it contains an 
edited account of all the discussions which took place 
during the symposium, and also the report of the 
special committee on nomenclature and presentation 
of data which was formed at the time; thé recom- 
mendations of this commuttee should be read care- 
fully by all chemists who are making use of gas 
chromatography. It is only a.minor criticism, but 
it is nevertheless unfortunate that the title of the 
volume (“Vapour Phase Chromatography”) has not 
been. chosen in accordance with the recommendations 
of this commuttee (see Nature, 179, 241; 1957). 


as 
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For those who were not present at the symposium, 
it should be pointed out that this is neither a text- 
book nor a review; it is essentially a volume for 
the specialist in gas chromatography, and as such it 
is outstanding in the variety of material included 
and the points of view presented. The first four 
papers are mainly theoretical; they include a funda- 
mental thermodynamic treatment of gas chromato- 
graphy, and a discussion of the factors affecting the 
efficiency of chromatographic columns, the results of 
which will be found to be of immediate practical 
value. The several methods now available for the 
detection of substances in a flowing gas stream are 
dealt with in considerable detail. The thermal con- 
ductivity cell, which at present is probably the most 
popular detector in gas chromatography, has been 
found to have a number of drawbacks, which in 
certain circumstances may render ıb useless; -the 
Martin gas density balance, the Scott flame detector, 
and the beta-ray ionization chamber are described m 
a series of four papers, and the results which have 
been obtained with these instruments are critically 
discussed. 

Some recent applications of gas chromatography 
form the subjects of the last fifteen papers in the 
collection. They melude examples of the use of gas 
chromatographic columns at temperatures up to 


. 300° C.; and as Martin points out in the first paper, 


the development of columns capable of -working 
effectively at extremely high temperatures is likely 
to lead to an interesting new field of application of 
gas chromatography in the separation of inorganic 
compounds. The separation of the isotopes of hydro- 
gen by gas chromatography, usmg a packing of 
palladium supported on asbestos, is also described. 
The editors are to be congratulated on having 
produced this volume so soon after the original 
symposium. There are very few errors m the text; 
unfortunately there are some mis-spelt names: 
Keulemans is incorrectly spelt on p. 33, Ray on 
p. 145 and Haslam on p. 163. ‘Unbiasing’ appears 
for ‘unbalancing’, also on p. 163. These are only 
very minor criticisms, however, of a book of major 
importance in the field of gas chromatography. 
i A N. H. Ray 


RANDOM PROCESSES IN 
‘AUTOMATIC CONTROL ~ 


Random Processes in Automatic Control 
By Dr. J. Halcombe Laning and Dr. Richard H. 
Battin. (McGraw-Hul Series in Control Systems 
Engineering.) Pp. ix+434. (London: McGraw- 
Hill Publishing Company, Ltd., 1956.) 75s. 


Cee interest has been aroused by 
recent work on the design of control systems to 
give minimum mean square error in response to input 
signals the correlation functions of which are known. 
This, together with work on the design of optimum 
filters, forms an interesting extension of circuit theory 
and operational methods, Published work has tended to 
be concentrated on the manipulation of the operators 
to the exclusion of an adequate discussion of statistical 
considerations involved ın the assessment of correla- 
tion functions. The authors of this book have sought 
to redress the balance and their contribution is both 
timely and welcome. They have done much more 
than make a considered statement of accepted know- 
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ledge as it beare on the subject of statistical assessment 
of signals whieh in itself would have met a need. 
The authors are clearly deeply and practically con- 
cerned with thair subject and have contributed very 
materially to the application of their art. Much of 
their material is published here for the first time, 
and of this a proportion is original to themselves. 
From the poms of view of the expert this makes the ` 
book a remarkably refreshing and interesting one, 
although a serious effort has been made to meet the 
needs of those less well informed. 

In an introcuctory chapter on basic concepts of 
probability theory the authors establish their notation 
and follow this by an excellent and detailed statistical 
description of random processes. They exemplify 
this by æ discussion of shot effect and Gaussian 
processes. Only after this thorough treatment 
occupying the first half of the book do we meet the 
effect of systems on random processes, and here the 
authors give a ghmpse of their particular interest in 
non-stationary problems. The, now classical, least- 
squares method of smoothing and prediction for 
stationary random processes receives @ chapter m 
which description exceeds rigour with happy results. 
The concluding chapter deals with the very interesting 
problem of optimum operators with finite data. 
Throughout the book one is intrigued by the ready 
appeal to analogue computors as devices for perform- 
ing mathematical operations in conjunction with 
simulated syste-ns. 

In summary, this book has:an analytical and 
mathematical bent, is founded firmly on an adequate 
statistical description of random processes and 
considers their application to automatic control in a 
manner of greai interest to the expert but in terms 
fawly readily fcllowed by the informed student. 

Jd. H. Wesroorr 


ELECTRON MICROSCOPY 


Proceedings of the Third International Conference 

on Electron Microscopy, London, 1954 ' 
Edited by R. Ross. Pp. xvi+705+187 plates. 
(London: Royal Microscopical Society, 1956.) 90s, 


i languages employed for these Proceedings, 
as for the Conference, are English (used for 
three-quarters of the communications and all the 
synopses), Fren2h and German. 

Sixty-five of the contributions deal with the theory 
or practice of electron microscopy or the development 
of electron mieroscopes, and ancillary apparatus. 
These, and in particular the three introductory 
surveys, cover she subject admirably. The use, for 
microscopy, of field emission, X-rays and particulate 
radiation other than electronic, is adequately dealt 
with in one of the surveys and twelve other com- 
munications. Tuscussions of applications of electron 
microscopy, espacially in biology and metallography 
complete the Proceedings. ' 

The editor has taken advantage of the apparently 
unavoidable delay m producing this record of the 
1954 Conference by allowing contributions to be 
brought up to date, particularly in respect of the 
important lists of references, some of which mention 
papers published in 1956. Consequently, the publica- 
tion not only provides an account of developments in 
microscopy m the four years immediately preceding 
the Conference; but also gives a good indication of 
progress -in the subsequent two years. nd 
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The most impressive records of this conference are 
the attainment of a resolution of 20 A. for normal 
working of certain microscopes, and of 10 A. under 
especially favourable conditions; quite astonishing 
improvement in microtomy of embedded biological 
material, enabling specialsts in this work to produce, 
as @ matter of routine, sections of thickness of the 


` order of 200 A.; and a most useful extension and 


general improvement of the replica technique. 
The immediate effect of all this on research in many 
fields ıs well illustrated in the eighty-one communica- 


tion’ relating to applications. Detail of molecular 


dimensions was observed in many biological speci- 
mens, including cell walls (for example, of a species 
of Spirillum) ; lamelle of nerve myeln sheaths ; and 
organic crystals, for exemple, ferritin, in which a 
section of the lattice was clearly visible. Virus 
particles were photographed at the site of interaction 
with the host cell (for example, Herpes simplea on 
choricallantoic membrans); and particles of polio- 
myelitis virus of the Lansing strain, from the central 
nervous system, were identified and photographed. 
Cilia from ciliated epithelia, from Lamellibranchia, 
Amphibia and Mammalia, were found to contain 
eleven fibrils, always in the same arrangement of two 
inner and nine outer. Collagen was a popular object 
of study, and the interesting phenomenon of the 
reconstitution of this material from solution re- 
ceived special attention. Good use was made of 
tissue culture; particularly for the production of 
specimens for electron microscopy in biophysical 
research. 

Emission and ion mucroscopy gave improved 
resolution, which showed, for the first time, an orderly 
array of atoms of the emitting point. More orthodox 
metallography was represented by contributions show- 
ing steady, though less spectacular, progress, in some 
of which good use was made of a combination of 
microscopy and electron diffraction. 

Much of the apparatus and many of the techniques 
described in this publication represent such an 
advanced stage of development as to render this 
account of them of considerable permanent value to 
all interested in the study of fine structure. The book 
is well produced, with excellent illustrations, and is 
likely to remam for some years the best compendium 
of information on non-optical microscopy. 

H. I. Marraews 


THE TEETH OF AUSTRALOPITHECUS 


The Dentition of the Australopithecinae 

By J. T. Robinson. (Transvaal Museum Memoir, 
No. 9.) Pp. vi+180. (Pretoria: Transvaal Museum, 
1956.) n.p. : 


HERE is a certain inevitability in the trend of 

the discussions which follow the discovery of 
fossil relics of early man and his precursors, an 
inevitability which seems to stem from the fact that 
in their early stage the discussions so often take place 
between those who have made an mtimate study of 
the fossil material itself but do not have at hand 
adequate material for detailed comparisons, and 
those who may have ready access to comparative 
material but have not studied (and perhaps have 
never even seen} the original fossil specumens. It is 
little wonder, then, that conflicts of opinion easily 
arise, and rather profitless controversies ensue. 
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Fortunately it is also inevitable that, sooner or later, 
the significance of the discovery is put into per- 
spective by much more detailed and comprehensive, * 
studies. In the case of the Australopithecinae of 
South Africa—those early Pleistocene creatures so 
ape-like in the general proportion of the brain-case 
and jaws and yet approximating so closely to man in 
a number of morphological characters of the skull, 
teeth and post-cranial skeleton—the need for such 
studies has for some time been evident enough. The 
publication of a monograph on the dentition is for 
this reason alone particularly welcome, but it is also 
of unusual importance because of the accepted 
reliability of comparative odontology for the assess- 
ment of taxonomic relationships. The author, Dr. 
J. T. Robinson, of the Transvaal Museum, Pretoria, 
is well qualified to carry out this work, for he has 
himself been responsible for excavating much of the 
fossil material, and also, by extended visits to museum 
collections m Europe and America, he has acquired 
@ very considerable experience of the comparative 
odontology of apes, both recent and extinct. 

This monograph is essentially a systematic and 
sober descriptive account of the australopithecine 
dentition based on the study of more than five 
hundred teeth. Many of the latter are perfectly 
preserved and still in position in upper and lower 
jews, and they include numerous examples of the 
deciduous as well as the permanent dentition. The 
text is illustrated by almost two hundred photo- 
graphs and drawings which are unusually excellent 
in their clarity. The author is not concerned to raise 
controversial issues; he gives æ dispassionate 
appraisal of the dental evidence for determining the 
taxonomic position of the Australopithecinae ; but, 
in the main, he is content. to allow the evidence to 
speak for itself. He points out that in the shape, 
relative size and nature of wear of the canine teeth, 
the consistent absence of a diastema, the bicuspid 
character of, the first lower premolar, the multicuspid 
character of the first deciduous molar, and the shape 
of the dental arcade, the dentition conforms to the 
hominid rather than the pongid pattern, and he 
concludes, therefore, that as between the Pongidae 
and the Hominidae the Australopithecinae are to be 
assigned (at any rate on the evidence of the dentition) 
to the latter. He also notes that this conclusion is in 
conformity with the evidence of other parts of the 
skeleton, and particularly the pelvis (of which there 
have now been discovered four specimens). Dr. 
Robinson permits himself only a brief discussion at . 
the end of his monograph on the significance of the 
South African fossils for hominid phylogeny, and 
while he makes ıb clear that they are hominids in the 
taxonomic sense, he regards it as unlikely that the 
groups whose remains have so far been found bear a 
direct ancestral relationship to Homo. Certain specu- 
lations are also advanced regarding the affinities of 
the Hominidae and the Pongidae. Not all these 
are likely to find general acceptance; indeed, the 
present writer would be prepared to question the 
logicality of some of the arguments presented. But 
they are, of course, no more than provisional inter- 
pretations, and they no doubt require serious con- 
sideration. It is to be hoped that this monograph 
heralds the appearance of a series of simular studies 
by the same author, for such & sequence of contribu- 
tions would be of outstanding importance for what is, 
after all, the main problem of palwo-anthropology, 
the phylogenetic relationships of man. 

W. E. Le Gros CLARK 
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Lines of the Chemical Elements in Astronomical 
» Spectra ‘ i 
By Paul W. Merrill. (Papers of the Mount Wilson 
Observatory, Vol. 9.) Pp. vii+167. (Washington, 
D.C.: Carnegie Institution of Washington, 1956.) 
Cloth, 2 dollars; Paper, 1.60 dollars. 


HE basic data of astronomical spectroscopy lie 

in the millions of objective-prism spectra and 
the hundreds of thousands of slit spectra that have 
been recorded on photographic plates in the past 
three-quarters of a century. Only a small part of 
this information has ever been extracted, let alone 
published ; nevertheless, the amount that has 
appeared is so great that the task of locating a 
specific item is a formidable one, even for astro- 
physicists. For workers in related fields, unfamiliar 
with the literature, it may appear well-nigh imposs- 
ible. Excellent summaries exist in the form- of 
wave-length tables, photographic atlases, multiplet 
tables and collections of photometric tracings, but 
there ~is room for plenty more. This compilation 
breaks new ground by providing, element by element, 
summarized information about the occurrence of 
various atoms, ions and molecules in cosmic sources. 


The arrangement is in order of atomic number, and ` 


the information relates only to the occurrence and 
behaviour of lines and bands and to quantities 
derived therefrom, not to physical theories concerned 
in the derivation. Generous references are given 
under each element to an extensive bibliography. 


_ This can contain, of course, references to only the 


most important papers in the field; it is classified, 
understandably enough from the compiler’s point 
of view, but rather oddly from the user’s, according 
to periodical. The work concludes with a collection 
of partial Grotrian diagrams which exhibit, for most 
of the lighter elements, the lower term structure and 
the trazisitions responsible for the chief astronomical 
lines. A. HUNTER 


Der Vierdimensionale Raum 

Von Prof. Roland W. Weitzenbéck. (Sammlung 
“Wissenschaft und Kultur’, Band 10.) Pp. 224. 
(Basel und Stuttgart: Birkhiiuser Verlag, 1956.) 
19.55 francs; 19.55 D.M. 


‘HIS brilliant essay by a distinguished mathe- 

matician would be of much assistance to the 
intelligent layman wishing to understand what is 
meant by the ‘fourth dimension’- Much of the 
meaning depends on the context in which the phrase 
is used. -Thus the first eighty pages describe the 
development of the geometer’s idea of a space; the 
text is lucid and devoid of undue technicalities, and 
the diagrams are ilummating. The next section deals 
with time as a fourth co-ordinate, and ranges from 
Dunne and Wells to the space-time universe of 
Mmkowski and Einstein. From. there, a natural 
transition is to the appearance of a fourth dimension 
in other fields of study, from physics and chemistry 
to mysticism and spiritualism. The lest section 
records polydimensional notions in fiction; here, of 
course, pride of place goes to Abbott’s classic “‘Flat- 
land”, while Wells is strongly represented by many 
of his short stories. The net 1s widely cast, and fine 
enough, to have picked up Wodehouse, Ellery Queen 
and Van Dine. The combination of sound instruction 
with entertainment makes the volume admirably 
suited to the series of which it is a part; unlike most 
mathematical works, it is as good for dippmg into 
as for-continuous reading. T. A. A. BROADBENT 
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Nuclear Explos ons and Their Effects 

Pp. x+184. (Delhi: Publications Division, Ministry 
of Information and Broadeasting, 1956.) Paper 
bound, Rs. 3.8; 7s. 6d.; 1 dollar. Cloth bound, 
Rs. 6; 128. 6d.; 2 dollars. 


AX publie discussion on policies concerning 
atomic weapons has always been hampered by 
the scarcity of information about their effects. Much 
of that informasion exists but is kept secret by the 
miltary authorities, and the occasional reports from 
official quarters have often been suspected of under- 
stating the dangers so as to allay the fears of the 
public. Most people thought that this state of 
affairs was bound to persist until the military 
authorities deciled to release their observations of 
the effects of test explosions. 

The book before us shows that this is not neces- 
sarily so; it contains information drawn from 
published sources only and yet gives a very adequate 
picture of the position. It puts, as it were, the cards 
on the table ; from published accounts—the sources 
being quoted—<t proceeds to work out the various 
forms of hazarcé (blast, beat and radiation) in front 
of the reader, with the help of very simple mathe- 
matics. The book reads well ; physical and biological 
concepts—including the basic ideas of genetics—are 
explained in simple language as they come to be 
required. ‘ 

This is a valuable and dispassionate account of a 
supremely important subject, suitable for anybody 
who wants to inform himself. O. R. Frisca 


Textbook of Theoretical Botany 

By Dr. R. C. McLean and Dr. W. R. Ivimey-Cook. 
Vol. 2. Pp. xıv+1071-2201. (London and New 
York: Longmams, Green and Co., Ltd., 1956.) 90s. 
net. 


LTHOUGE Dr. Ivimey-Cook died in 1952,, he 

left a considerable amount of material intended 

for the text-book on which he was collaborating with 

Prof. McLean, and the senior author has, con- 

sequently, decided to retain his late colleague’s name, 
as joint author, in all four volumes. 

The second volume of the “Textbook” is concerned 
with fioral morphology and biology, fruits and seeds, 
and a systematic treatment of the angiosperms. It 
includes a section on plant classification. 

Opinions will differ as to what a book, intended to 
bridge the gap Letween the elementary text-book and 
the specialist treatise, should include. To me, it 


-seems that a sreatment of the topics mentioned, 


running into 1,100 pages, is too much for a book 
intended primarily for university students. It is also 
felt that controversial topics are sometimes discussed 
in too much cetail, notwithstanding the authors’ 
desire to keep discussion on such topics to a mmimum. 
Moreover, the student may well complain at the 
numerous scientific terms, some of which are now so 
little used that they may almost be regarded as 
obsolete. The present volume, nevertheless, presents 
a clear picture of the subjects which it covers, and 
clarity is often enhanced by the wealth of illustrations. 
A number of the flower photographs are rather fiat 
and would probably have been improved had they 
been taken from a somewhat different angle; but 
the illustrations, as a whole, are of high quality. 

A book in English covering floral biology and 
morphology has long been wanted, and Prof. MoLean 
is to be congratulated on filling this gap in botanical 
literature. F. W. JANE 
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ROLE OF METALS IN ENZYMES WITH SPECIAL REFERENCE TO` 
FLAVOPROTEINS*. 


By Dr. D. J. D. NICHOLAS 


Agricultural Research Council Unit of Plant Nutrition (Micronutrients), Long Ashton Research Station, 
University of Bristol 


URING the past five years notable “advances 
; have been made in’ identifying a range of 
flavoprotein and pyridine nucleotide enzymes that 


contain metals. In some enzymes the function of, 


the metal has been determined. In this summary 
the following topics will be discussed: some prop- 
erties of metallo-flavoprotems, the role of metals in 
nitrate assimilation, denitrification, nitrification, 
nitrogen fixation and in regulating alternative path- 
ways ‘in electron transfer and finally some other 
metal-dependent enzymes. 


Some Properties of Metallo-Flavoproteins 


The place of metallo-flavoproteins in the overall 
scheme of electron transfer in cells is illustrated 
diagrammatically as follows : : 


. SUBSTRATE 
A B C 


| 
Pyridine 
nucleotide 


4 
FLAVOPROTEINS 


METALS 
| ' 
- 4 , 
Other acceptors «<-> Cytochrome ——» O` 


for example, nitrate 
nitrite 


In scheme A, the substrate is a reduced di- or 
tri-phosphopyridine nucleotide and the acceptor is 
cytochrome c or another oxidant. In scheme B. there 
are no nucleotides and the electrons are accepted 
from the substrate by cytochrome e or other 
hem compounds. Enzymes in’ pathway C are the 
true oxidases linking the substrate directly with 
oxygen. -The majority of the flavoproteins in scheme 
A or B contain metals but those in C’do not. The 
flavoprotein enzymes oxidize a wide variety of sub- 
strates, hence their importance m metabolism. 

In scheme A there is probably a direct transfer of 
hydrogen between the substrate and the pyridine 
nucleotide, which is stereospecific for both donor and 
acceptor, as was first demonstrated by Vennesland 
and Westheimer for yeast alcohol dehydrogenase and 
diphosphopyridine nucleotide!. Pullman et al. showed 
that the hydrogen is transferred to the pare position. 
of the nicotinamide moiety of the diphosphopyridine 
nucleotide by alcohol dehydrogenase!. $ 
- Flavm mononucleotide and flavin adenme dmucleo- 
tide (redox potential E, at pH 7, — 0-180 volt) are 
the flavin constituents of enzymes, and they can be 
reduced by materials havmg E, values of — 0-1 volt 

*Substance of four public lectures given at the Biochemistry 
Departinent of the University College ndon, on January 21,28, 


ruary 4 and 11. These lectures wil be published by the Athlone 
Press, University of London, in due course. 


or less and are oxidized by other substances with 
redox potentials above this value. Riboflavin itself 
mediates electron transfer ; for example, the vitamin 
links the flavin adenine dinucleotide bound to pyruvic 
dehydrogenase with that bound to lactic dehydro- 
genase and in lactic oxidase between its bound flavin 
and oxygen. 

The apoenzyme exerts a profound effect on the | 
potentials of pyridine nucleotide and flavoprotem 
enzymes and often lowers the activation energy, thus 
increasing the reaction rates of enzymes and de- 
creasing the loss of leucoflavin by autoxidation. The 
substrates and coenzymes are bound to the protein 
in @ highly specific way to allow for maximum inter- 
action and, in flavoproteins, —SH binding sites are 
important in this respect. The apoenzyme may also 
stabilize semiquinone type radicals should they 
be formed, thus enhancing reaction with electron 
acceptors. Flavoproteins also mediate a two-electron 
transfer to one-electron acceptors, for example, cyto- 
chrome c, in a way which has not been fully elucidated. 

Although a range of flavoproteins will promote the 
oxidation of reduced pyridine nucleotides, they differ 
markedly in their capacity to react with electron 
acceptors. The acceptor pattern, however, may be 
less varied than that shown in Table 1 when hitherto 
unidentified natural carriers are found. A range of 
flavoprotein enzymes thus far known to contain 
metals is listed in Table 2. 

The metal is a constituent of these enzymes as the 
ratio of metal to flavin usually remains constant 
during purification, and the metal either accumulates 
in the purified enzyme or else its addition to the 
purified preparation activates it. With some enzymes, 
for example, nitrate reductase, 1t is possible to remove 
the metal by dialysis and reactivate the apoenzyme 
specifically by returning it. The diverse roles of 
metals in the enzymes include: (æ) binding the 
apoenzyme to flavin, as the first and second transition 
groups of the metals readily form chelates with 
flavins; in blood plasma siderophillin binds flavin 
more readily in the presence of iron and copper ; 
(6) linking the substrate to both hydrogen and 
electron acceptors and binding them in close prox- 
imity; (c) forming a bridge for tight electronic 
interaction between. reduced flavin and the acceptor ; 


Table 1. REACTION OF FLAVOPROTEINS WITH DIFFERENT ACOBPTORS 























Cyto- 
chrome | Dyes | Iron | Oxy- | NO; 
c gen 
TPNH cytochrome e 
reductase from liver + + + = = 
Diaphorase from pig heart — + + — — 
DPNH oxidase from | 
Clostridium kluyveri + + + + = 
Nitrate reductase from 
Neurospora and green 
plants -+(słow)] + + - + 
Xanthine oxidase (milk) 
aldehyde oxidase from 
pig liver + + + + + 
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Table 2. METALS IN FLAVOPROTEINS 
es Enzyme Metal 
Butyryl CoA dehydro- | Copper 
genase a 
DPNH cyt. ¢ reductase Iron Mahler and Elowe 
Fumaric hydrogenase Harrison 
Succinic dehydrogenase Singer and Kearney 
Nitrato reductase (E. Sato and Egami 
mydrogenaso (A. vine- Nicholas 
Lactic oxidase (yeast) Boeri, Cutolo, 
Luzzati, Tosi 
DPNH oxidase complex} Iron Mackier and Green 
Nitrite reductase (N. and 
crassa) copper | Nicholas and Medina 
Hyponitrite reductase 
(N. crassa) Nicholas and Medina 
Nitrite reductase 
(Pseudomonas stutzeri) Chung and Najjar 
Nitric oxide reductase 
(Pseudomonas stutzeri) Chung and Najjar 
Tron 
Xanthine oxidase (milk) -and Avis, Bray and Bergal| 1955 
lyb- Totter et al. 
Xanthine oxidase (bird danum 
liver 
Xanthine oxidase Kielley 
(mammalian liver) 
Xanthine oxidase Whitely and Ordal 
(bacteria) 
Aldehyde oxidase Mahler, Green et al. 
Hydrogenase (C. pas- Molyb- | Shug et æl. 
teurianum) denum 
Nitrate Teductase (N. Nicholas, Nason and 
a888) McElroy 
Nitrate reductase (£. Nicholas and Nason 


Nicholas and Nason 





colt 
Nitrate reductase (green 
plants) : d 
Hydroxylamine reduct- | Man- 


ase (N. crassa ganese 
Hydroganase (H. ruħ- 


Nicholas and Medina 
Packer and Vishniac 


{d) changing the oxidation-reduction potential of the 
system; (e) stabilizing free radicals of the flavin 
should they be formed; (f) valency changes, for 
example, both diaphorase and cytochrome c reductase 
oxidize reduced diphosphopyridine nucleotide and 
reduce Fe*+, and during nitrate reductase action a 
one-electron change involvmg Mo'+ and Mo*+ occurs. 
Paper chromatographic methods have now been 
developed to separate the following valency states of 
individual metals for use in enzyme studies: Mot, 
Moët and Most ; V5+, VAt and V°+ ; Cott and Co?+ ; 
Cutt and Cu?+; Fe?+ and Fet; Mn?+, Mn*+ and 
Mn?+, 


Metallo-Enzymes in, Nitrate Assimilation 


The assimilation of nitrate nitrogen in plants 
involves the reduction of nitrate to ammonia, result- 
ing in a reduction change of the nitrogen atom from 
+ to — 3; a net change of 8 electrons. A number 
of enzymes found in some bacteria, fungi and green 
plants catalyse the reduction of nitrate to ammonia 
via nitrite and hydroxylamine. The recent identi- 
fication of hyponitrite reductase m Neurospora sup- 
ports the view that in plants the aliphatic reductive 
sequence from NO, to NH; proceeds by way of 
two-electron steps. Most of the enzymes in nitrate 
assimilation are flavoproteins containing metals. 

Aliphatic sequence. ‘The importance of molybdenum 
in the reduction of nitrate was established with the 

_ finding that nitrate accumulated and free amino- 
acids were depleted in tissues of fungi and green 
plants deficient in molybdenum. These effects, how- 
ever, are not specific for molybdenum, as a deficiency 

* of manganese may also result in a similar phenomenon. 
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A flavoprotein enzyme has been isolated from some 
bacteria, fungi and green plants which catalyses the 
reduction of nitrate to nitrite. Either reduced di- or 
tri-phosphopyrijtine nucleotide serves as electron 
donor and flav adenine dinucleotide is the native 
flavin?, Molybcenum is the metal constituent which 
undergoes valency change from Moët to Moët during 
enzyme action. This is, as yet, the only demon- 
stration of a valency change in a metal associated 
with a flavoprotein. Mot which reduces NO,— non- 
enzymically is tiself readily oxidized to Mo'+ in the 
presence of Mc*+, Feo% or Cu®t+; so that Mo*+ is 
unlikely to mediate the reduction of nitrate in cells. 
Moŝt is only stéble in strong ethanol and it dismutes 
readily in the presence of æ trace of water to give 
Mo5+ and Moff; thus a two-electron change from 
Mo*+ to Mott is ruled out’. 

The enzymic sequence of electron transfer in 
nitrate reductass is probably : 


TPNH. 
or + FAD > Moét-5+ -> NO,— 
DPN 


The enzyme s=tivity is reduced by —SH inhibitors, 
especially betwen the nucleotide and flavin. A 
phosphate requirement for the enzyme between the 
metal and nitrare does not involve a phosphorylation 
because uncoupling reagents do not inhibit the 
enzyme. Arsenate, tellurate, selenaste or silicate can 
replace phosphete‘, presumably because they also 
form complexes with molybdates and have similar 
atomic radii to phosphate, being within the range 
2-4-2-8A. In & study of the non-enzymic reduction 
of nitrate by Me*+ it was found that Mo*+ appeared 
simultaneously with the disappearance of Mo*+. The 
oxidation of Mc*+ would therefore seem to proceed 
without the formation of an intermediate. The direct 
transfer of two electrons to nitrate suggests a rupture 
of the N—O bond. a 

Nitrate reducsion in Æ. coli is also mediated by an 
enzyme containing a cytochrome b type pigment’. 
The enzyme is partially inhibited by 2-heptyl-4- 


-> NO,— 


_ hydroxyquinolir:e N-oxide, indicating the presence of 


hem iron, and m the double-beam spectrophotometér 
there is an cxidation of cytochrome b during 
the enzymatic reduction of nitrate. It is feasible 
that both the iron and the molybdo-flavoprotein 
systems exist for nitrate reduction in organisms, 
although at the present time evidence for the latter 
system is more zomplete. 

A nitrite reductase enzyme was first demonstrated 
in cell-free extracts of bacteria by some Japanese 
workers’, who showed that NO,~ was reduced to 
ammonia when buco methylene blue was the electron 
donor. It is unfortunate that much of this work is 
based on the use of dyes, as the natural carriers have 
not been identified. 

A nitrite reductase from Neurospora and soybean 
leaves was shown to utilize 3 moles of reduced 
triphosphopyrid-ne nucleotide or reduced diphospho- 
pyridine nucleotide for each mole of nitrite reduced 
to ammonia**, The enzyme is æ flavoprotein con- 
taining flavin adenine dinucleotide in the prosthetic 
group, and is inhibited by metal chelates. The soy- 
bean enzyme wes stimulated by manganese, based on 
the oxidation o= reduced diphosphopyridine nucleo- 
tide, but this effct could occur at any of the enzymic 
steps between NO, disappearance and ammonia 
production. Using an improved assay method for 
the enzyme, it has been found that copper and 
iron are require for the nitrite reductase and that 


+ 
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hyponitrite is the product of this reduction®. Un- 
coupling reagents as well as p-chloromercuribenzoate 
ininbit the enzyme. . 

Hyponitrite reductase recently identified in Neuro- 
spora-is & flavoprotein requiring copper and iron for 
maximal activity, and forming hydroxylamine. The 
enzyme requires reduced diphosphopyridime nucleo- 
tide as the electron donor and appears to be distmet 
from nitrite reductase’. 

A hydroxylamine reductase was first identified m 
bacteria by Japanese workers’ with the aid of 
artificial carriers. Afterwards, the enzyme found in 


Neurospora and in green plants was shown to be a. 


flavoprotein depressed by metal mhibitors, but the 
metal present. was not identified? Recent work m 
this laboratory has shown that the enzyme is 
dependent on manganese. Klausmeyer and Bard 
have found an ammonia dehydrogenase in Bacillus 
subtilis- which reversibly catalyses the formation of 
ammonia from hydroxylamine’. The aliphatic route 
may be summarized as follows : - 








TPNH or DPNH zy 
Flavin mars 
Fe Fe 
Metal Mo Cu Cu Mn 
Oxidation 4 l + 4 
stateof N +5 +3 +1 -1 —3 


Reduction nitrate + nitrite + hyponitrite —» hydroxylamine —— ammonia 


sequence 
Phosphorylation — P P a 


An. organo-reductive pathway in plents was sug- 
gested by de Haba and later by Silver and McElroy’, 
who showed that mutants of Neurospora unable to 
grow on nitrate or nitrite contained enzymes that 
reduced nitrite and hydroxylamine to ammonia. 
They also found some mutants that grew normally 
on ammonia as the sole nitrogen source réquired an 
exogenous supply of pyridoxine to grow on nitrite or 
nitrate. They suggested that pyridoxine phosphate 

~eombines with hydroxylamine to form pyridoxamine 
phosphate, which is then ‘transaminated via a keto 
acid to form amino-acids. : 

Zucker and Nason identified a metal- and flavin- 
dependent m-dinitrobenzene reductase in Neurospora, 
but this may only be a detoxication mechanism as 
the incorporation of m-nitroaniline into protein was 

` not shown’, 


Enzymes in Denitrification, Nitrification and 
Nitrogen Fixation in Micro-organisms 


Denitrification. The reduction of nitrate to nitrite 
is probably sumilar to the assimilatory step discussed 
previously. Nitric oxide has been detected in mixed 
denitrifying cultures. Cell-free extracts from Pseudo- 
monas stutzeri are capable of reducing NO,~ to nitric 
oxide and nitrogen. Nitrite and nitric-oxide 
reductases are flavoproteins requiring reduced di- or 
tri-phosphopyridine nucleotides and are activated by 
copper and iron’, The inhibition of the two reductases 
by salicylaldoxime was partially reversed by iron or 
copper only, but this, however, is not unequivocal 
evidence of a requirement for the two metals because 
the reactivation may be due solely to the removal of 
the chelate from the enzyme by copper and iron, 
which have @ greater affinity for it than do other 
metals. Nitrous oxide sometimes produced during 
denitrification is unlikely to be an obligatory inter- 
mediate because cells of Pseudomonas denitrificans 
adapted to NO,~ showed a lag period in utilizing 
nitrous oxide, and azide and dinitrophenol inhibited 
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utilization of nitrous oxide but had no effect on ` 
conversion of nitrite to nitrogen gas*!°, 

Nitrification. This term refers to the oxidation of 
ammonium ion or other nitrogenous compounds to 
nitrate or nitrite by autotrophic organisms usually 
present in soils. Nitrosomonas, which oxidizes 
ammonia to nitrite, and Nitrobacter, which oxidizes 
NO,— > NO,-, are usually Gram-negative organisms. 
Because of the difficulty in growing adequate amounts 
of cells in pure culture for enzyme studies the bulk 
of the work has been done with enriched populations 
of bacteria produced in soil systems. The soil per- 
fusion technique of Lees and Quastel* has been . 
particularly useful and these studies have shown that 


. the following oxidations are mediated by. Nitro- 


8OMONAS : 


(a) (b) 
NH, ——> NHOH —-> NO, 


Thioures inhibits step (a) and hydrazme sulphate 
step (b). On the basis of the thiourea inhibition it is 
suggested that copper is a constituent of the enzyme 
that mediates step (a), but this evidence alone is, 
however, inconclusive, The intermediates postulated 
between. hydroxylamine and-nitrite include nitroxyl, 
dihydroxyammonia, nitramide and hyponitrite. 
Hyponitrite, the most stable of the intermediates 
mentioned, was ruled out because washed cells of 
Nitrosomonas failed to utilize it®. Pyruvic oximes are 
also oxidized to nitrite by nitrifiers and chelating 
agents~inhibit this transformation. .Nitrobacter con- 
verts nitrite to nitrate and in this system the oxida- 
tion of a cytochrome has been observed in whole 
cells but no work has been reported with cell-free 
extracts®, ~~ BA eye te . 

Nitrogen fication. The ability to fix atmospheric 
nitrogen appears to be restricted to micro-organisms, 
including the root nodule bacteria in association with 
their plant symbionts'*. Among the free-living 
nitrogen-fixers are photosynthetic algae (Anabaena) 
and bacteria (Rhodosporillvum). Heterotrophic 
bacteria (Clostridia, which have complex nutritional 
requirements) also fix nitrogen. 

The identification of intermediates in the fixation 
of nitrogen is essentially based on the pioneer work 
of Virtanen at Helsinki and Burns and Wilson at 
Wisconsin". Using nitrogen and ammonia labelled 
with nitrogen-15, the latter group found that glutamic 
acid invariably contained the highest atom per cent 
excess of the stable isotope, followed by aspartic acid 
and then alanme. From this they inferred that 
ammonia was an obligatory intermediate in- the 
reduction of nitrogen. This may not be critical 
evidence, since nitrogen and ammonia could be con- 
verted to a common intermediate which may be the 
true precursor of the amino group; for example, 
hydroxylamine could enter the oxime pathway dis- 
cussed under nitrate assimilation. Oximes have been 
detected as excretory products of Azotobacter and 
inoculated legumes by Virtanen”. 

A number of investigators have reported that the 
molybdenum required for nitrogen-lixation can be 
partially replaced by vanadium. In our’experments 
iron and molybdenum are important for nitrogen-fixa- 
tion and m some strains vanadium. and in others tung- 
sten can partially replace molybdenum in this process. 

The enzyme hydrogenase reversibly activates 
hydrogen and it is suggested that the enzyme is 
coupled with nitrogen fixation. This concept is not 


‘compatible with. the observations that: (æ) the 
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enzyme-1s present in Æ. coli, which requires combined 
nitrogen for growth; (b) in our experiments in which 
Mo't, Mo't, Moët, Ver, Vit, V+ respectively were 
supplied to “Azotobacter, hydrogenase activity m the 
-vanadium series was comparable with that in the 
molybdenum group, but nitrogen fixation was much 
reduced when vanadium was substituted for ‘molyb- 
denum. : 

Shug et al. have, shown that hydrogenase from 
Clostridium pasteurianum is a molybdo-flavoprotein 
and that the molybdenum is required for the reduc- 
tion of cytochrome ¢*2. -In our experiments, however, 
with both Azotobacter and Clostridia, iron deficiency 
hed a fer greater effect in reducing hydrogenase 
activity then did a shortage of molybdenum. 
Deficiency of molybdenum resulted in depleted 
nitrogen fixation, but hydrogenase activity was not 
markedly reduced ; iron deficiency, however, depleted 
both systems. Thus hydrogenase action is not neces- 
sarily coupled with nitrogen fixation. A fixation of 
nitrogen by cell-free extracts of Clostridiwm has been 
shown by @ difference spectrum for hydrogen, and 
nitrogen showed two peaks at 405 my and 425 my, 
which indicates a reduction in chemisorbed nitrogen. 
The differences, however, are extremely small and it 
is unfortunate that the spectrum was not carried 
beyond 500 mp. Winfield’s model for hydrogenase 
and nitrogenase (which has not been characterized) 
presupposed. the two systems to be interdependent, 
a point still in doubt!?. 


Some other Metal-dependent Enzymes 


In this section the followmg metallo-flavoprotein 
enzymes are discussed briefly : xanthine and aldehyde 
oxidases, acyl coenzyme A dehydrogenases, cyto- 
chrome c reductases, reduced diphosphopyridine 
nucleotide oxidase, and enzymes dependent on zine, 
including pyridine nucleotide dehydrogenases of 
alcohol, glutamic, glucose-6-P and glyceraldehyde-P ; 
and carboxypeptidase and hexokinase. 

Xanthine oxidase will oxidize about 42 purines, 31 
aldehydes, xanthopterin and reduced diphospho- 
pyridine nucleotide using dyes, quinones, oxygen, 
nitrate and cytochrome c, or ferricyanide as acceptors. 
Maximal rates are usually associated with dyes and 
oxygen. Flavin adenine dinucleotide, the native 
flavin, was resolved by chemical and enzymic analysis. 
The X.O. factor required for the elaboration of the 
enzyme in rats proved to be molybdenum, which was 
later found in the enzyme. Iron was also shown to 
be a dietary factor for the formation of the mtestinal 
enzyme in the rat and latér non-hem iron was found 
in the enzyme. The ratio of the components in the 
enzyme is 8 iron atoms/1 molybdenum atom/2 mole- 
cules of flavin adenine dinucleotide, but the crystal- 
line preparation of Avis et al. has a higher content of 
molybdenum, and the molybdenum value 1s probably 
nearer 2, as the metal is lost during purification). 
The crystalline enzyme contains xanthine oxidase 
and a closely related but inactive form of the enzyme 
which has all the necessary co-factors. Although the 

. electrophoretic pattern, solubility analysis and ultra- 
centrifuge data indicate that the crystalline form is 
physiochemically a single component, the results of 
enzymic tests, however, showed that ‘active’ and 
@ closely related ‘inactive’ flavoprotein were present 
in the component’. 

Aldehyde oxidase is specifie for aliphatic or aromatic 
aldehydes‘ and has the same pattern of acceptors as 
for xanthine oxidase. The enzyme contains molyb- 
denum, which can be removed by dialysis. The metal 
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links flavin to cytochrome c. Hem iron of a oyto- 
chrome b' type, similar to that in lactic oxidase of 
yeast, is also present. The hem is reduced before 


- flavin adenine d-nucleotide, as the Soret band 405 my. 


precedes the flawin reduction- at 450 muy.. The" iron 
porphyrin/molybdenum/flavin ratio is 1:1: 2.< 

Acyl coenzyme-dehydrogenases catalyse the ob 
dehydrogenatior of saturated acyl derivatives of 
coenzyme A, probably at the « and B carbon atoms. 
Flavin adenine dinucleotide and copper are present 
in the butyryl coenzyme’A dehydrogenase: 6-8 
moles of flavin adenine dinucleotide/12-16 atoms of 
copper/mole enzyme. Dialysis of the enzyme against 
cyanide removea copper, but this has no effect on 
The metal is, ini: 
portant when cytochrome c or ferricyanide is used as 
an acceptor, bus not for oxygen and dyes. Recent 
work has shown that the electron transferring flavo- 
protein is the immediate electron acceptor for the 
three acyl dehydrogenases, which operate on co- 
enzyme A derivatives of fatty acids of various chain: 
lengths C,—C, (butyryl coenzyme A dehydrogenase) 
copper-flavoprotzin ; C,—C,, iron-flavoprotein ; Ce > 
Cs flavoprotem (the metal has not yet been re- 
solved)#4, 

Reduced diphesphopyridine nucleotide cytochrome é 
reductase and related enzymes. Cytochrome c reductase 
from heart muse» reacts with dyes, quinones and cyto- 
chrome c, but ıs usually specific. for either reduced di- 
or tri-phosphopyridine nucleotide!*. Flavin adenme 
dinucleotide. has been tentatively identified in the 
enzyme. Non-hem won is present in the ratio of one 
atom of iron tò four molecules of flavin adenine 
dinucleotide. Tae metal can be removed by dialysis 
against quinolice and is partially reactivated by 
returning iron to the dialysed preparation. When 
iron is removed, zytochrome c is not reduced. Mahler 
and Elowe have suggested that a diaphorase is a 
degraded cytochrome ¢ reductase because the addition 
of ferric iron will enable a diaphorase system tó 
reduce cytochrome c. The removal of iron from 
cytochrome ¢ reductase results in a loss in its capacity 
to reduce cytocarome c but the ability to reduce 
dyes is maintaired. 

That Straube. diaphorase is unlikely to be a 
degraded cytockrome c reductase from which iron 
has been removed and that the two enzymes are 
distinct are basel on recent work of Kaplan et al.14, 
who showed thas (a) the. rates of reaction of several 
analogues of recuced diphosphopyridme nucleotide, 
including 3-acetzl pyridine, differ markedly in the 
two enzymes; (b) the addition of ferric iron to 
diaphorase produces an artificial eytochrome c 
reductase, but the reduction by this system is quite 
slow compared w-th the reductase ; (c) in the presence 
of citrate, ferrous iron will reduce cytochrome c non- 
enzymucally, but the enzymic reduction is faster and 
is thus unlikely so involve the chemical reduction of 
cytochrome by ferrous iron. Mahler and Elowe have 
shown that diaphorase and cytochrome c reductase 
have different spectral characteristics}*, 

The significance of cytochrome c‘ reductases in 
metabolism, however, is in doubt as extracts from 
bacteria not containmg cytochrome, for example, 
Clostridia, catalyse the reduction of the cytochrome c 
by reduced pyricine nucleotides at a faster rate than 
those from animal tissues. Thus it is likely that the 
isolated cytochreme c reductases may not be the 
enzymes which reduce cytochrome in living 
cells and that cther natural carriers romain to be 
identified. 
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Reduced diphosphopyridine nucleotide oxidase is a 
particulate enzyme complex isolated by Green and 
Mackler!? from beef mitochondria associated with the 
electron transport particle’ which will mediate the 
following reaction : 


' DPNH + Ht + 40, > DPN+ + H,O 


The complete system, which is antimycin-sensitive 
and ‘will not reduce ferricytochrome c by reduced 
diphosphopyridine nucleotide nor oxidize ferfo- 
cytochrome c by oxygen, was originally claimed not 
to contain cytochrome c, but this is now in doubt. 
Treatment of the electron transport particle by 
trypsin and deoxycholate removes the capacity of 
reduced diphosphopyridine nucleotide to react with 
oxygen, but it will then catalyse cytochrome c 
reactions. The degraded electron transport particle 


contains flavin, cytochrome b type hem, cytochrome- 


oxidase hem, copper and non-hem iron. 

Metals regulating alternative pathways of electron 
transfer. When Pseudomonas fluorescens is grown 
under low oxygen tension, large amounts of cyto- 
chrome, catalase and cytochrome peroxidase are 
produced, but flavoprotein systems, including dia- 
phorase and nitrate and nitrite reductases, are 
depleted. At high oxygen tension, however, the 
reverse is true,. namely, low production of iron 
enzymes and a substantial increase in the flavo- 
protems. The molybdenum requirement of the cells 
is greater and that for iron less at high oxygen 
tension. Thus the termmal electron transfer system 
is dependent on molybdenum in vigorously aerated 
cells, whereas an iron system predominates when 
oxygen is minimalt, In a riboflavin-requiring mutant 
of Neurospora, when the vitamm is- deficient the 
production of iron.enzymes and the iron requirement 
is greater, whereas flavoproteins and the molybdenum 
content of cells are less than when it is grown at 
optimal riboflavin levels. Nitrate is the terminal 
acceptor at optimal vitamin status, whereas oxygen 
serves when riboflavin is deficient). 
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Metallo-dehydrogenases and other enzymes. Zinc has 
been. identified as a constituent of alcohol, glutamic 
and lactic dehydrogenases based on inhibitor studies 
and emission spectrochemical analysis of the crystal- 
line enzymes. . Using the same criteria, glucose 
6-phosphate and glycerophosphate and malic de- 
hydrogenases were also shown to contain zme, but 
copper and iron were also present in some of these 
enzymes in substantial amounts. The suggestion 
that all pyridine nucleotide-linked dehydrogenases 
are metatlo-enzymes'® lacks direct experimental 
proof, ` 
_Other enzymes dependent on zine include 
carboxypeptidase from pancreas!® and hexokinase 
from Neurospora. Urcase has been* shown to 
contain copper}, 
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RELATIONS BETWEEN THE SUN AND THE IONOSPHERE 


GEOPHYSICAL discussion held at the Royal 

TÀ Astronomical Society on February 22 was 
devoted to “The Relations between the Sun and the 
Ionosphere”. It was divided into two parts. 

In the first part, Dr. M. A. Ellison, Dr. H. Elliot, 
Mr. C. D. Watkins, Mr. C. M. Minnis and Dr. K. 
‘Weekes read short papers on “The Great Solar Flare 
of 1956 February 23”. On February 23, 1956, 
observers in Japan saw a flare of magnitude 3+, 20° 
from the west limb of the Sun, which started at 
0331 V.T., and reached a maximum, as judged by its 
line-width, at 0342 + 2 u.r. It occurred in a com- 
plicated spot group which had been changing and 
developing as it moved across the solar disk. The 
flare was bright enough to be seen in white light and 
was followed by @ large surge prominence. 

The flare was accompanied by & great increase of 
cosmic rays over both the light and dark sides of 
the Earth. In Englend the total cosmic ray flux at 
ground-level reached a maximum, equal to twice its 
normal value, at 0350 u.r. There was even a sig- 
nificant increase at the equator. 


Radio observations made on the sunlit side of the 
Earth showed that there the ionosphere was dis- 
turbed by the flare in the usual way. A marked 
increase of absorption was recorded at Singapore 
(1° N., 104° E.) and @ ‘radio fade out’ was reported 
on commercial radio links. Extra-terrestrial noise 
recorded at Ahmedabad (23° N., 13° E.) was strongly 
absorbed at 0330 u.r. Magnetic ‘crochets’ were 
observed at Singapore and Kodaikanal. The phase 
of waves of frequency 16 kc./s. received from Station 
GBR (England) at Wellington (41° S., 175° B.) 
showed a sudden change starting at 0335 u.r. and 
reaching its maximum at 0415 v.7. 

All these radio phenomena are of a type familiar 
on the sunlit side of the Earth during a sudden 
ionosphere disturbance. After the flare the critical 
frequencies of the E- and #'2-layers were found to be 
greater than usual. This phenomenon had previously 
been noticed only for the most intense flares. 

The unique feature of this flare was that it pro- 
duced marked effects in the ionosphere on the dark 
side of the Earth. No previous flare has ever been 
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known to do this. The effect on the dark ionosphere 
was most clearly evident in the following ways: 
(a) Long and very long waves, traversing oblique 
paths, were strongly absorbed. For example, the 
strength of atmospherics, received on frequencies 
greater than 10 ke./s. in high and temperate latitudes, 
decreased suddenly near 0345 u.t. and remained 
small until at least local sunset on February 23. The 
decrease seemed to be smaller at low latitudes, and 
the strength of atmospherics received at Rabat 
(34° N., 6-8° W.) was unaltered. Waves from distant 
commercial transmitters in the frequency range 
70-240 ke./s. were suddenly and strongly absorbed 
at 0345 u.r. in temperate latitudes. (6) The absorp- 
tion. of short waves reflected vertically started to 
increase near 0345 v.r. and the increase was greater 
at higher latitudes. The increased absorption lasted 
longer at higher latitudes and near the auroral zone 
it lasted for 50 hr. or more. (c) The height of reflexion 
of very long waves (16 ke./s.) received from Station 
GBR at Cambridge (52° N., 0° E.), after nearly 
vertical reflexion, decreased suddenly by about 
8 km. at 0345 v.t., reached a mmimum (about 
80 km.) at 0405 v.r., and then increased until 
0600 u.r. The amplitude of these waves was not 
altered. 

These phenomena on the dark side of the Earth 
seem. to indicate that the ionization at heights near 
80 or 90 km. was suddenly increased, at about 
0345 vu.r., and that the increase was greater, and 
persisted longer, at higher latitudes. The absence of 
extra absorption of the 16 ke./s. waves received at 
Cambridge, and the limited decrease in the height of 
thew reflexion, seem to show that there was little 
increase of ionization below 80 km. at those latitudes. 


The ionospheric effect was so sudden that it was , 


possible to state with accuracy that it started at 
0345 + 1 v.r. This tıme was 3 min. after the peak 
intensity of the flare and 14 min. after its start. If 
it is supposed that the effect on the ionosphere was 
produced by a stream of particles which left the Sun 
either at the start of the flare, or at 1ts peak, then ıb 
would have to travel with a mean velocity of either 
0-37 c or 0:73 c (where c is the velocity of hght). The 
cosmic ray effect was observed at the same time as 
the ionospheric effect, and there are difficulties in 
explaining how cosmic rays which could be detected 
at the ground near the equator could have had such 
a small velocity. One suggestion was that they did 
not travel straight from the Sun but had been 
reflected to the Earth from somewhere else. 

The radio observations indicate that a second 
rather slower increase of ionization occurred near 
0530 u.r. and was probably more intense at higher 
latitudes. 

The behaviour of the D-region at sunrise on 
February 23 was different from normal. - This differ- 
ence was evident in the variations of amplitude and 
phase of waves of low and very low frequency, and 
in the absorption of high-frequency waves observed 
at vertical incidence. In particular, sunrise effects 
were noticeable earlier than usual, when the solar 
zenith angle had a value of about 98°. It seems 
probable that the D-region had been altered by the 
effects of the flare in some way which allowed the 
first light from the Sun to produce ionization. Per- 
haps a large number of negative ions had been 
formed, from which the electrons were removed by 
the first light incident at sunrise. 

Explanations of the phenomena on the dark side 
of the Earth meet with the difficulty that, if incident 
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charged particles are presumed to have sufficient 
energy to reach lew latitudes in spite of the deviating 
effect of the Earth’s magnetic field, then they would 
have so much energy that they would produce their 
maximum ionization low down in the atmosphere, 
whereas the radio observations show that this was 
produced in the D-region. Dr. Elliot suggested that 
the primary particles in the stream might be single 
ionized helium atoms, with an energy of a few BeV. 
which would be sufficient to carry them to these 
latitudes, and thst when they entered the atmosphere 
an electron, was. removed, and travelled with the 
same velocity. Because of its smaller mass this 
electron would have an energy of only a few hundred 
keV. and would ke absorbed near the D-region, where 
it would produce most of its ionization. 

An. ionosphere storm was observed on February 25 
with a ‘sudden commencement’ at 0310 v.t. It 
seems likely thas this was the result of the flare of 
February 23, but, smce there was so much visible 
activity on the Sun during the days immediately 
before and after the flare, the two cannot be unequi- 
vocably related. The ionosphere storm was of the 
usual type and was not abnormal. 

In the second part of the discussion Prof. C. W. 
Allen, Mr. G. M Brown, Mr. ©. M. Minnis and Mr. 
M. Ryle contrikuted short papers on “The Solar 
Cycle Variation of the Sun’s Ionizing Radiation”. 
This radiation, which determines the density of 
ionization in the 1onosphere, is supposed to consist 
of a ‘background which may vary smoothly over the 
solar cycle, together with a ‘slowly varying’ com- 
ponent which comes from the local active centres 
associated with euch phenomena as sunspots, facule, 
and emission of she coronal green line. The problem 
is to separate these two components by considering 
the way in whick the ionization varies. An analogous 
problem presents itself in radio astronomy where the 
decimetre wave radiation is observed, and in that 
case it has been possible to separate out a back- 
ground and a sbwly varying component. 

One method cf separating the two components is 
to plot, at one phase of the solar cycle, measures of 
the radiation against simultaneous measures of solar 
activity. Extrapolation of the resulting curve to zero 
activity gives ths magnitude of the background com- 
ponent at that shase of the cycle. Although there 
are difficulties x. applying this method, ıb has given 
valuable results for radio astronomy. 

The best index of the intensity of the ionizing 
radiation seems to be the H-layer character figure S 
given by S = (f#)‘/cos x at places where it has been 
shown. that cosz & (f#)*. This relation is known to 
be fairly accurane for the seasonal variation of noon 
observations made in England. Mr. Brown, working 
with Dr. W. J. G. Beynon, has investigated how S 
varied with the sunspot number R. From a study of 
the amplitude o7 27-day periodicities m. S and R, and 
also of the solar cycle increase in the average value 
of S, they have estimated that the background 
variation increeses by about 100 per cent as R 
increases from 0 to 150, and the slowly varying 
component when R = 150 is about one-quarter of 
the total ionizirg radiation. 

These changes of the background and the slowly 
varying compoments of the ionizing radiation are 
roughly the same as the corresponding changes 
observed in the solar radio noise measure on & wave- 
length of 10 cm. It has also been shown that the day- 
to-day variations of the radio noise follow quite 
closely those of the #-region character figure. 
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During the eclipse of June 30, 1954, the Sun was 
unusually inactive, and it'was possible to deduce the 
distribution of sources of ionizing radiation across it. 
It was found that there was an intensification near 
the east and west limbs, and a weakening near the poles. 
The results coincided closely with the distribution of 
decimetre radio noise radiation over the solar disk. 

The #-layer character figure and the intensity of the 
10-cm. wave-length noise radiation appear to be closely 
related as regards their variation from day to day, 
their variation with the solar cycle, and their varia- 
tion. over the solar disk. It cannot yet, however, be 
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concluded that both types of radiation have a 
common origin. Recent estimates of how the tem- 
perature varies with height in the solar atmosphere 
suggest that the chromosphere and lower corona, 
which are responsible for most of the decimetre wave 
emission, would not make as important a contribution . 
to the ionizing radiation as would the Lyman con- 
tinuum from photospheric levels. A comparison of 
the ionospheric curves with those of solar noise 
emission on 3, 10 and 20 cm. wave-lengths might en- 
able the height of emission of the ionizing radiation 
to be established. 


OBITUARIES 


Sir Percival Hartley, C.B.E., F.R.S. 


Sm Psrorvat Harriny, formerly director of the 
Department of Biological Standards at the National 
Institute for Medical Research, London, died in 
London on February 16 at the age of seventy-five. 

He was born on May 28, 1881, at Calverly in 
Yorkshire and was educated at the University of 
Leeds, where he graduated B.Sc. in 1905. With a 
Grocer’s Company Research Scholarship he went to 
the Lister Institute of Preventive Medicine, London. 
In 1909 he obtained a D.Sc. m the University of 
London and joined the staff of the Imperial Bac- 
teriological Laboratory at Muktesar in India. In’ 
1913 he returned to the Lister Institute. © 

During the First World War he served as a captain 
in the R.A.M.C., and in 1917 was awarded the 
Military Cross. On demobilization he spent two 
years at the Wellcome Research Laboratones. It 
was during this time that he began the study of 
diphtheria prophylactics with which his name will 
always be associated. ` 

In 1922 he joined the staff of the National Institute 
for Medical Research, where he became the director 
of the new Department of Biological Standards, -an 
appointment he held until he retired in 1946. During 
this time, Percival Hartley, more than any other 
man, was responsible for the introduction of the 
International Biological Standards. He educated 
world opinion as to their need. He provided not only 
the mmmunological standards but also, frequently, 
methods of standardization.as well. 

There is no doubt that the years he spent at the 
National Institute for Medical Research were both 
the happiest and most productive of his life. His 
work on the prevention of diphtheria is well known, 
but it is seldom appreciated that the regulations 
which he formulated to be used in Great Britain 
guaranteed the purity, safety and potency of 
immunological reagents in general and diphtheria 
prophylactics in particular. 

It was remarkable that with all his administrative 
responsibilities and obligations he managed to find 
time for research. Among the many subjects he 
studied were the role of non-specific factors on anti- 
body production, the nature of anaphylaxis, the care 
and maintenance of laboratory. animals, the standard- 
ization and quality of media. Hartley’s broth is 
world known. 

During this time he received many honours. In 
1927 he-was awarded the Wiliam Julius Mickle 
Fellowship of the University of London. In 1936 he 
was appointed a Commander of the British Empire ; 
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in 1937 he was elected to the Fellowship of the Royal 
Society ; in 1944 he was knighted. When. he retired 
m 1946 he laid down his heavy routine duties, but & 
new phase in his career developed. He held a series 
of appointments. During 1946-48 he was Wands- 
worth Fellow of the London School of Hygiene and 
Tropical Medicine. During 1948-49 he was at the 
Sir William Dunn School of Pathology in Oxford. 
During 1949-53 he returned to the Lister Institute. 
He was a member of the British Pharmacopoia 
Commission from 1933 until 1948, and he served 
on the Medical Research Council during 1949-53. 
Throughout this time he continued his research—in 
particular, the effect of purification of antitoxin on 
its ability to cross the placental barrier. 

Hartley taught students and steff alike. His 
teaching was simple and practical. He spoke with 
authority, as one who had spent a life-time in the 
laboratory and had grown up with the great men 
and great events of the world of science. An enthusiast 
himself, by example he made his students enthusiastic. 

In 1948 his old University of Leeds conferred on 
him the honorary degree of D.Sc. In his oration he 
talked of the history of diphtheria prophylactics and 
treatment. I remember the care with which he 
prepared his lecture; each lantern slide produced a 
flood of recollection. Much of the story was from his 
own experience. 

This précis of the successful career of a brilliant 
man, of his achievements and of the honours he 
received, gives no indication of his courtesy, his 
charm, the tremendous whole-hearted warmth with 
which he greeted his friends; his selflessness, his 
modesty and his kindness to his juniors. A sensitive 
man, who hesitated to protest unless in defence of 
his scientific beliefs or high principles, he was capable 
of a fine flow of invective when faced with stubborn 
inefficiency that would not yield to gentler measures. 
But even then he could not maintain his anger and 
sought the earliest opportunity to make amends. 


He married Miss Olga Parnell in 1920. Lady 
Hartley died in 1950. He is survived by two 
daughters of the marriage. D. A. Lona 


Mr. A. G. Davis 


ARTHUR Geora@r Davis, who died at his London 
home on March 1 at the age of sixty-four, had long 
played an invaluable and pecuhar part in the progress 
of geology in south-east England. He was primarily 
an enthusiastic and highly successful collector of 
fossils whose zeal did not wane with the passing 
years. Many a fruitful temporary section would have 
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remained neglected but for his efforts, and some of 
the more permanent exposures yielded rich harvests 
as the result of his periodic visits. Among localities 
especially associated with his name are the Isle of 
Sheppey, Abbey Wood, Kent (where he collaborated 
. with Mr. F. J. Epps), and Swanscombe, Kent. 

Davis, however, did much more than collect. He 
studied and described many of the fossils, particularly 
the smaller ones such as Polyzoa and Foraminifera, 
which he obtained, and applied this work to general 
problems of correlation. Important among his 
palzontdélogical papers are those on Lutetian Polyzoa 
(1934), the Foraminifera and correlation of the 
Bracklesham Beds (1937, in collaboration with A. 
Wrigley), and an Eocene Rhabdopleura of his own 
collecting (1949, in collaboration with H. D. Thomas). 
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During the last few years of his life he took up the 
study of Pleistocene and Holocene non-maruie 
Mollusca. “He also collected and had an extensive 
knowledge of early geological books and maps. 
Davis was for many years an amateur, but in 1935 
was appointed to the paleontological staff of the 
Anglo-Iranian Oil Co., Ltd., and on his retirement in 
1954 was attacked to the Forammifera Section of the 
Zoology Department of the British Museum (Natural _ 
History). He worked there and then attended a 
meeting of the Royal Society on the day before his 
death. He received in 1928 the Foulerton Award of 
the Geologists’ Association and in 1943 the Murchison 
Award of the Gaological Society of London. He was 
president of the Conchological Society during eee 
s L. R. Cox 


NEWS and VIEWS 


Chemistry in the University of Exeter: / 
Prof. H. T. S. Britton 


In September, Prof. H. T. S. Britton will retire 
from the chair of chemistry in the University of 
Exeter. He was appointed lecturer in chemistry in 
the University College of the South West in 1928 and 
became professor in 1935. For the past five years he 
has been director of the Washington Smger Labor- 
atories. A lively and vigorous personality, Prof. 
Britton has always taken an active part in the 
academic affairs of the College, not infrequently 
finding himself in conflict with the views of his 
colleagues. Under his guidance many students have 
taken external degrees of the University of London, 
including a substantial number of higher degrees. 
Impatient of the delay in obtaining university status 
for the College, but working constantly towards that 
end, he has had the satisfaction of seeing his hopes 
realized during his tenure of office (see Nature, 176, 
899; 1955). Before he retires the first Exeter degrees 
will have been conferred on some of his students. 

Prof. Britton’s research mterests have been centred 
on the physico-chemical investigation of reactions in 
solution, mainly by measurements of the potentials 
of electrolytic cells incorporating hydrogen, glass and 
metal electrodes, but including also electrical con- 
ductance, diffusion and dialysis, phase rule studies, 
polarmetry and a number of subsidiary techniques. 
His book, “Hydrogen Ions”, now in its fourth edition, 
is an indispensable standby in every laboratory 
concerned with the physico-chemical behaviour of 
solutions of electrolytes. The numerous original 
papers which he and his research students have 
published have played an important part in the 
development of the chemustry of ionic solutions from 
a largely descriptive to a quantitative science. 

Prof. Britton will be succeeded by Prof. H. N. 
Rydon, since 1952 professor of chemistry and 
director of the Applied Chemistry Laboratories in 
the Manchester College of Science and Technology 
(see Nature, 170, 142; 1952). 


Royal Geographical Society: Medals and Awards, 
1957 


H.M. THE QUEEN has approved the award of the 
Royal Medals of the Royal Geographical Society as 
follows: Patron’s Medal: Prof. Ardito Desio, 
director of the Geological Instrtute, University of 
Milan, leader of the successful Italian expedition to 


K.2 (28,250 ft., in 1954, for Himalayan exploration 
and research ; Younder’s Medal: Sir George Binney, 
for services to Arctic exploration. 

The Council of the Society has made the following 
awards: Victoria Medal: Prof. S. W. Wooldndge, 
King’s College, London, for services to geographical 
studies, and fcr contributions to the geology, geo- 
morphology, snd historical geography of South- 
Eastern England; Murchison Grant: Dr. G. ©. L. 
Bertram, Fellow of St. John’s College, Cambridge, 
for services to polar research; Back Grant: Dr. 
R. J. Harrison Dhurch, London School of Economics, 
for contributims to the economic geography of 
Africa; Cuthbert Peek Grant: Kenneth Blaiklock, 
leader of the advance party, Trans-Antarctic Ex- 
pedition, 1956-57; Gall Memorial: Dr. J. ©. 
Beaglehole, Victoria University College, Wellington, 
for contributions to the biography of Captain James 
Cook; Mrs. Fatrick Ness Award: J. B. Heaney, 
leader of the Gough Island Scientific Survey, 1956. 


Overseas Co-2peration- by the Department of 
Scientific and Industrial Research 


In reply to questions in the House of Commons 
regarding work carried out on a repayment basis for 
overseas countries by the Department of Scientific 
and Industrial Research, the Parliamentary Secretary 
to the Mimstry of Works, as representing the Lord 
President of the Council, said that work was only 
undertaken for overseas territories when it was likely 
to be of some interest-to the United Kingdom. Most 
of the work involved testmg of materials or machines, 
but some long-range research for the Colonies was 
carried out at the Building Research Station, the 
Road Research Laboratory and the Pest Infestation 
Laboratory. There was close and constant inter- 
change of mformation between the Department and 
research bodies in the United States and Canada, 
facilitated by tae United Kingdom Scientific Mission 
in Washington, and so far there had been collaboration. 
on the, measurement of radio atmospheric noise, 
standardization in radiology, standardization of 
screw threads, and testmg the fire resistance of pre- 
stressed concrete beams. Giving further details of 
the five projecss on aspects of building practice in 
which the Department was collaborating with the 
Office of European Economie Co-operation, Mr. H. 
Nicholls said that no definite conclusions had yet 
been reached bat it was expected that'reports would 
be published ix due course. g 
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The National ScientifichLending Library 


REPLYING to a question in the House of Commons 
on April 2, the Parliamentary Secretary to the 
Ministry of Works, as represénting the Lord President 
of the Council, said that.the Department of Scientific 
and Industrial Research had now formed a unit to 
implement the National Scientific Lending Library 
project and this unit would move into temporary 
accommodation in London early in April. The col- 
lection of foreign scientific and technological literature 
had commenced, and it was hoped that full lendmg 
library facilities would develop at a later stage. 
Erection of a suitable building for the National 
Reference Library of Science was under consideration 
in connexion with a project for building a new 
Patent Office. 


Sherrington Centenary 


THE centenary of the birth-of Sir Charles Scott 
Sherrington, a founder and main architect of the 
physiology of the nervous system, is celebrated this 
year. ‘lhe Royal Society of Medicine, wishing to 
pay tribute to his life and work, proposes to raise a 
fund towards a Sherrington Lecture, for the further- 
ance of knowledge on the nervous system, to be 
delivered from time to time m the Society’s rooms in 
London. Many will wish to contribute: both those 
who were his friends, pupils and colleagues, and those, 
more numerous, who, as patients, doctors and 
scientists, have benefited indirectly from his work. 
Donations should be made payable to the Secretary, 
Royal Society of Medicine, I Wimpole Street, London, 
W.1, and cheques crossed ‘Sherrington Memorial’. 
The appeal issued by the Royal Society of Medicine 
bears the signatures of: Sir Russell Brain (president 
of the Royal College of Physicians); Sir Lindor 
Brown (foreign secretary of the Physiological Society) ; 
Prof. J. Fulton (Stirling professor of the history of 
medicine, Yale University); Mr. W. R. Henderson 
(president of the Society of British Neurological 
Surgeons); Sir Cyril Hinshelwood (president of the 
Royal Society); Prof. E. G. T. Lıddell (Waynflete 
professor of physiology, University of Oxford); Mr. 
D. W. C. Northfield (president of the Section of 
Neurology, Royal Society of Medicine) ; Sir Clement 
Price Thomas (president of the Royal Society of 
Medicine); Sir Charles Symonds (president of the 
Asscciation of British Neurologists); Sir Francs 
Walshe (chairman of the Sherrington Memorial 
Committee, Royal Society of Medicine). 


Indian Journal of Mycological Research 


Tus first issue of the Indian Journal of Mycological 
” Research—the official organ of the Mycological 
Society of India—has just appearéd (obtainable from 
the Department of Botany, University College of 
Science, Calcutta) under the editorship of Dr. 5. N. 
Banerjee. In a foreword, the president of the Society, 
Prof. S. R. Bose, makes a pomt of emphasizing the 
popular ignorance of the fungi in India and expresses 
hope that this state of affairs may be remedied by 
the work of his Society. The reader will note, perhaps 
with some surprise but with understanding, that the 
first three papers in this initial volume consist of 
work carried out in Great Britam under distmguished 
exponents in the field’ of plant pathology. However, - 
this is after all not so very strange, smce science is 
international and since India is such a large and 
varied territory that problems of plant pathology in 
Europe have their counterpart m very similar prob- 
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lems in India. Thus, in the present issue, we may 
note that a disease of Norway spruce in Scotland is 
matched by a contribution on fungal diseases of 
conifers in the Himalaya; while a paper on the 
effects of age and storage conditions on the suscep- 
tibility of certain vegetables to attack by tissue- . 
rotting’ fungi will find its application just as much 
in some of the provinces of India as in Western 
Europe. The Journal is well produced, with abundant 
line and photographic illustrations of good quality. 
Mycologists and pathologists in Britain will no doubt 
follow the progress of the new Journal with sympa- 
thetic interest. ' 


Orientation of Churches 


From an account given by a captain in the Parlia- 
mentary Army in the seventeenth century, it would 
appear that when a church was to be erected the 
builders carefully noted the exact point where the 
Sun rose on the morning of the feast of the church’s 
patron seint and then orientated the building 
accordingly. Again, Wordsworth in 1823 says that 
the deviations of the axes of church buildings from a 
true east—west line were due to the fact that they 
pointed to the sunrise on the day of their patronal 
festivals. More recently, this explanation was ` 
rejected by C. J. P. Cave and others. But now fresh 
investigations seem to confirm the old tradition. 
The Rev. Hugh Benson, in an article in the Antiquaries 
Journal for July—October 1956, points out that a 
number of readings made by Cave did not take 
account of the fact that nowadays the true horizon 
is frequently concealed by buildings or other obstruc- 
tions, and it is necessary to wait for the Sun to 
appear above them. Now, especially in winter, as 
soon as the Sun has risen above the horizon it appears 
to move southwards in its journey across the heavens, 
and so, should there have been any appreciable 
interval between its actual rismg above the horizon 
and its appearance to the watcher, the east-west 
axis of the building would be several degrees out of 
the true. A great many of the churches in Oxford- 
shire have been re-examined, and a large proportion 
are in fact correctly aligned. In the absence of any 
tradition of precise measurement in the Middle Ages, 
it is not to be expected that every case should con- 
form perfectly, but the fact that so many churches 
are exactly orientated is significant. The acceptance 
of the Julian calendar introduced æ further com- 
plication. The occurrence of crooked naves may be 
largely explained by the fact that any rebuilding of 
the chancel would involve @ reorientation of the 
east-west axis owing to the changed position of the 
sunrise according to the new calendar. But all 
crooked naves cannot be thus interpreted. What 
about the odd orientation of the nave and west tower 
of St. Benét’s Church, Cambridge ? 

Benson’s article is a very good corrective of the 
assertions made by Cave, Eeles and others, and it 
would seem certain that in a large number of cases 
the orientation of churches did have a connexion with 
the sunrise on the day of their patronal festivals. 


Pacific Science Board: Report for 1955 


Aone the operations during 1955 which are noted 
in the ninth annual report of the Pacific Science 
Board (pp. 58. Washington, D.C.: National Academy 
of Sciences—-National Research Council, 1956) is the 
co-ordinated investigation of Micronesian anthropo- 
logy, for which the posts of district anthropologist 
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for the Trust Territory of the Pacific Islands are being 

‘continued. The major part of the field-work on the 
atoll programme has been completed, and H. J. 
Wiens is now working on an interpretative study of 
man and Nature in coral atolls. The volume, “Island 
Bibliographies”, by M. H. Sachet and F. R. Fosberg, 
‘was published as Publication No. 335 of the National 
Academy of Sciences—National Research Council, 
and eleven numbers of the Atoll Research Bulletin 
were issued during the year. The Invertebrate Con- 
sultants Committee for the Pacific held its annual 
meeting in Honolulu on March 9-10, when the col- 
lection was authorized of sufficient numbers of the 
carnivorous snails on the island of Agiguan to permit 
experimental releases in several areas of the Trust 
Territory and on Guam for control of the giant 
African snail, Achatina fulica. Support was continued 
for the control of the Palau beetle, four further 
volumes in the “Insects of Micronesia Series” were 
pubhshed, and, in addition to other research on the 
rhinoceros beetle, a three-year research survey is 
being made into rhinoceros beetle diseases. Five 
further reports were issued under the programme of 
scientific investigations in the Ryukyu Islands, and 
the final report on the study of the cultural changes 
in Okinowa since 1945 was also distributed. Bio- 
logical investigations include the initiation of æ three- 
year biological and ecological study of Pacific island 
rats at Panape in the Eastern Caroline Islands, and 
more than two thousand species of marine and fresh- 
water fishes and marine invertebrates were collected 
at 280 stations in the Palau Islands. ‘Through its 
Conservation Committee for Micronesia the Board is 
concerned with the preservation of endangered 
species, the establishment of parks and reserves and 
the control of the introduction of exotic species. 
Plans are being. made for four conservation reserves 
representative of Guam soils, plants and wild-life, 
and studies were made of the wild-life situation m 
Malaya and Burma. 


University of Leeds Brotherton Library 


THE annual report of the librarian on the Brother- 
ton Library at the University of Leeds (pp. 11. 
Leeds: University Library, 1956) for 1955-56 
records a total holding of 567,121 volumes-at June 
30, 1956, of which 398,854 were in the Brotherton 
Library, 42,350 in the Brotherton Collection, 32,793 
in the Medical Library, 36,540 in the Agricultural 
Library, 6,466 in the Textile Library, 13,390 in that 
of the Institution of Education and 24,554 in the 
twenty-nine Departmental Libraries. Loans to 
readers totalled 97,170 and inter-library loans 4,437. 
Owe to financial stringency, the Library Committee 
assumed financial responsibility and central adminis- 
tration for ordering books for the Library of the 
Department of Adult Education and of Extra-mural 
Studies from the beginning of the quinquennium, the 
actual management of the Library remaining with 
the Department. This arrangement has now been 
termmated, and it 1s hoped that an assistant librarian. 
will before long be appointed. 


Yale Medical Library 


THe annual report of the Yale Medical Library for 
the academic year 1955-56 (pp. 34. New Haven, 
Conn.: Yale Medical Library, 1956) comments on 
developments in electronic and other types of memory 
units for handlmg and storing information, of which 
1t is hoped the Library will be able to take advantage 
in the next few years. Results of a study on moder- 
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ately used periodicals designed to show whether it 
would be adventageous to contmue binding or to 
shelve them in compact storage boxes were in- 
conclusive, and binding is being continued. The 
recorded circulation increased by 37 per cent over 
the previous year, and 1t appears that new circulation 
procedures hav2 contributed to a net gam of 36 per 
cent in availability. The total number of volumes at 
the end of the year was 289,091, compared with 
282,141 in the previous year. 


The National Museum, Bloemfontein 


Tue annual report of the National Museum at 
Bloemfontein fcr the year ended March 31, 1956 (pp. 
16. Bloemfontem: National Museum, 1956), urges 
the need for an extension of two wings to the present 
building for purposes of additional exhibition and 
storage space as well as the provision of laboratories. 
The establishmant of a Committee of Heads of State 
Aided Institutions has proved a most important and 
constructive event, brmging the Museum into close 
contact with the Department of Education, Arts and 
Science. New displays include a historic printing 
press and dioramas of wildebeest and other Free 
State antelopes. The new lecture theatre has 
been used to great advantage, and plaster casts of 
dinosaur tracks from Basutoland form an important 
acquisition. 


Kumasi College of Technology, Ghana 


THe Kumasi: College of Technology came into legal 
being on Octaber 6, 1951. It has now published 
an attractive Calendar setting out particulars of its 
courses, fees, facilities for student activities, as well 
as the names aad appointments of its academic staff. 
It is pleasing to see Africans serving as deputies to 
British people in some departments and equally 
pleasing to see British people servmg as deputies to 
Africans in otkers. Among the courses offered are 
four-year rural-subjects courses in the Department 
of Agriculture, the facilities including a thirty-acre 
arable farm and a market garden of three acres. The 
Department of Commerce offers courses in account- 
ancy, secretaryship and administration and estate 
management. Sesides degree courses in engmeering, 
the College offers a course m surveying. Other 
Departments include those of Pharmacy, Science and 
General Studies, and Teacher Traming, the latter 
including coursss in physical education, housecraft, 
arts and crafts, and music. Copies of the Calendar 
may be obtained from the London Office, 29 Tavistock 
Square, London, W.C.1. 


Research at the University of Birmingham 


Tax twenty-ceventh annual report of the Research 
Committee of the University of Birmingham (pp. 97. 
Birmingham: The University, 1957) gives a general 
survey of research completed and in progress during 
the academic year 1955-56, with lists of publications 
and of theses approved for higher degreas, classified 
according to their departments of origin. Since the 
beginning of the session 1955-56 the allocation of 
research grants to individual members of staff has 
been carried out by the faculties, to which block 
allocations have been made for that purpose. The 
Committee has continued to make mdividual prants 
from the Field Research and Expeditions Fund 
to members əf the Departments of Geology, 
Ancient History and Archzxology, and Extra-Mural 
Studies. - 
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Training in Industry 


Brrors the Second World War the amount of 
systematic training in British industry to_fit indus- 
trial workers for their jobs was so small that it could 
be said to be almost non-existent. Smce the War 
more and more firms have come to realize that 
traditional rule-of-thumb methods are costly, waste- 
ful and inefficient and have done much to put their 
houses m order. To help all who are mterested 
the Institute of Personnel Management 1s publishing 
& series of broadsheets which will cover various 
aspects of education m industry. The first of these, 
by E. Tegla Davies, education officer of Cadbury 
Bros., Ltd:, provides an introduction to the scope 
and general principles of industrial training. The 
broadsheet describes the duties of an industrial 
education officer as well as the forms and techniques 
of industrial training. There is also a very useful 
bibliography. Other broadsheets in the series will 
deal with the training of unskilled or semi-skilled 
operatives, apprentices, clerical workers, supervisors 
and management. Further information can be 
obtained from the Institute of Personnel Management, 
Management House, Hill Street, London, W.1. 


Field Studies in Scotland 


Tue Scottish Field Studies Association has arranged 
another mteresting series of courses for 1957. Most 
of these will be held at the Garth Field Studies Centre 
in Perthshire, where the Association is able to share 
a magnificently situated youth hostel. Colin Murdoch, 
well known in Scotland for his broadcasts on natural 
history, will lead courses on ormthology and general 
field studies, and Dr. Joy Tivy will mtroduce begin- 
ners to geographical field studies. Other courses at 
Garth will be concerned with grasses, sedges and 
rushes; plant ecology ; and mosses and liverworts. 
A longer course in nature study for teachers will be 
held at Dalguise House, Dunkeld, Perthshire, and 
will be led by Dr. John Smyth. Opportunities for 
geologists are provided at Lamlash, Isle of Arran, 
different courses being conducted by John Ashford 
and Dr. Norman Holgate. Further information can 
be obtained from 3 Woodend Drive, Glasgow, W.3. 


Forest Research—Products and Pathology 


Tue report of the Forest Products Research 
Board for 1955 (Department of Scientific and Indus- 
trial Research. Pp. vii+69+8 plates. London: 
H.M. Stationery Office, 1956) says that during the 
year there was little change m the general direction 
of the work of that laboratory, many inquiries bemg 
received and the volume of advisory and short-term 
work showing no decrease. The work for the Forestry 
Commission on the testing and evaluation of home- 
grown species has increased, but the report states 
that since the plantations are still immature the tests, 
though of interest, will continue for some years to be 
in their exploratory stages. The major commitments of 
testing and assessing new Colonial timbers and the 
important question of timber identification have 
engaged all sections, mvolving the co-operation of 
the forest botanist and the wood anatomist. 
Important work-m this connexion has been carried 
out with dipterocarp timber from south-east Asa 
and a research bulletin has been publshed on 
Meranti, Seraya and alhed timbers from the region. 


Two industrial surveys have been undertaken, one 


in connexion with the woods used for musical 
instruments and the other on the railway wagon 
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and coachbuilding trade. Seasonmg and testing of 
timber structures and research into plywood bending 
have continued. A special report has also been 
issued on laminated timber construction. 

The first Bulletm on Forest Pathology in New 
Zealand (New Zealand Forest Service. Pp. vi+62+ 
12 plates. Wellmgton: Government Printer, 1955) 
by J. J. de Gryse deals with the economic importance 
of insects and disease ın the forests of the Dominion. 
There are two types of forests in New Zealand, the 
indigenous forests of sub-tropic and sub-antarctic 
The 
study of both types and their relations and bearing 
on each other, which led to the present research, was 


due to the appearance of two insects: a Sirex which’ 


had been known in New Zealand for 25 years, during 
which 1t had been harmless until about 1948, when 
it increased m numbers and commenced an attack 
lasting three years, only to be followed by a plague 
of looper caterpillars in 1951-52. The attacks of 
these two during this period on the exotic pine were 
very heavy and threatened an area of 10,000 acres 
of valuable forest. 


Meteorology in the International Geophysical Year 


THE World Meteorological Organization has pub- 
lished a general survey of the meteorological pro- 
gramme for the International Geophysical Year. 
This booklet (pp. vii+112. Geneva: World Meteor- 
ological Organization, 1956. 10 francs) gives a full 
statement of the ams of the meteorological plan and 
a history of its development in collaboration between. 
the Comité Spécial pour Année Gédphysique Inter- 
nationale and the World Meteorological Organıza- 
tion. A very full commentary on“ thé réasons for 
every aspect of the plan is given with rémarks'on the 
urgent work still to be done if technical needs are to 
be met. The organization appears to be most com- 
plete for the Antarctic, where there will be some 
eighteen stations in operation, transmitting ther 
observations to -the Weather Control at Little 
America on the Ross ice shelf. An important part of 
the book deals with the collection and distribution of 
the observations. The observations will be entered 
on special forms, illustrated in the book, and sent to 
the Meteorological Data Centre in the World Meteor- 
ological Organization Secretariat, where they will 
be reproduced on microcards for sale at cost price. 


Thunderstorms and Sporadic E-layer lonization 


THE occurrence of reflecting layers in an erratic 
manner, that is, not in accordance with the normal 
diurnal variation m the ionosphere, has been known 
for many years. C. T. R. Wilson suggested thirty 
years ago that these layers might be produced by 
thunderstorms, erther by the shooting upwards of 
electrons from the thundercloud or by electric dis- 
charges m the ionosphere released in. the very thin 
air by the electric field of the storm. Since then 
some evidence has been for Wilson’s hypothesis and 
some, mainly statistical, against 1t. Now an account 
has appeared, by R. G. Rastagi (Indian J. Meteor. 
Geophys., 8, 43 ; 1957), of six isolated.thunderstorms 
at Ahmedabad, India, over which a sporadic Æ 
reflectmg layer formed m the ionosphere. ‘The 
records of sporadic Æ reflexions are given in detail. 
‘lhe sporadic H-layer formed at heights of 100- 
140 km. within half an hour of the onset of the storm. 
The storms were all outside the monsoon season. 
Storms during the monsoon period are at a lower 
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level than these isolated storms and do not produce 
a sporadic #-layer. The evidence seems definite, but 
it is not stated if sporadic H-reflexion ever occurs at 
Ahmedabad without the presence of thunder. 


Electron Transport in Metals and Solids 


THe complete proceedings of the mternational 
conference on “Electron Transport in Metals and 
Solids”, which was held in Ottawa at the National 
Research Council Laboratories durmg September 
10-14, 1956, have now been published as a supple- 
mentary number of the Canadian Journal of Physics 
(34, No. 12A; Dec.'1956). A summarized report’ 
appeared in Nature (178, 1216; 1956). Of the fifty- 
seven members invited to attend, seventeen were 
from Canada, seventeen from the United States, 
seven from Great Britam, and the remainder from 
eleven other countries, mcludmg India, -Japan and 
Russia. Prof. N. F. Mott (Cambridge) was the 
charman and Dr. T. H. K. Barron (National Research 
Council, Ottawa) acted as reporter for the discussions 
following the twenty-three papers which were pre- 
sented to the conference. The rapidity of publication 
of the proceedings is commendable and enhances the 
value of the conference 3s well as bringing much 
valuable information while it ıs still current fo the 
notice of physicists in general. It 13 a pity, however, 
that abstracts could not have, been meluded for all 
the papers mstead of for’ only a few. The mam 
interest of the conference was on the theoretical side 
and on the correlation between theory and the 
experimental data, but manyypomts of value to the 
experimentalist or applied physicist were also touched 
upon or arose in the discussion. ` 


Mathematical Tables ` ; 


Tue Mathematics Division’ of the National Physical 
Laboratory, in the twelve years of its existence, has 
done much general computing, but has not neglected 
the wider duty of checking existing mathematical 
tables and constructing new tables. Publication of 
new tables in periodicals ıs not always convenient, 
either to readers or to editors ; thé splendid series of 
British Association Mathematical Tables, now suc- 
ceeded by the Royal Society’s Tables, deal mainly 
with fundamental tables of fairly widé application, 
and there is a strong case for rapid publication,- ın a 
somewhat more austere format, of a series of tables 
of the type constructed by the Mathematics Division 
ın response to some particular need. The first volume 
(National Physical Laboratory. Mathematical Tables. 
Vol. 1: The Use and Construction of Mathematical 
Tables. By Dr. L. Fox.’ Pp. iv+60.- (London: 
H.M. Stationery Office, 1956.) 17s. 6d. net) has now 
appeared: it is an introduction to the whole series, 
and deals with the use of tables, the theory and 
formule of interpolation, and the general methods 
which may be used m the construction of mathe- 
matical tables. It thus forms a necessary prelimmary 
to the full understandmg of the succeeding volumes, 
while by itself ıt ıs an excellent concise essay on 
computing processes. The second and third volumes 
of the new series will contain tables of the Everett 
mterpolation coefficients, and.exponential mtegrals. 


aU By 


Sperm Whales . 

Tum Discovery Committee was set up to investigate 
biological and oceanographical: problems concerned 
with whales and whaling, and the early reports 
reflect this clearly. Since the reports, however, 
became the official publication of the National 
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Institute of Cceanography, mention of whales and 
whaling has become rare. Robert Clarke has devoted 
a recent report (“Discovery Report’, 28, pp. 237- 
298. Cambridze: At the University Press, 1956) to 
an account of the sperm whales of the Azores in all 
aspects of thei- biology and bionomics. To the whale- 
man no doukt the bionomics are of over-riding 
interest, but to the more general reader the deserip- 
tions of schocling of the whales, their migrations, 
food, breedmg and life-cycle are fascinating. . The 
whalers of the Azores still make their kill from open 
boats by hand harpoons, and Dr. Clarke has described 
the industry in an earlier report (“Discovery Report”, 
26, pp. 281-354; 1954). His knowledge of sperm 
whales and op2n-boat whaling proved of value to the 
general public and the film industry when he served 
as scientific advisor for the film “Moby. Dick”. 


Systematics of the Fishes of the Family Carapidae 


THe Carapidae, or fierasfers, are a family of fish 
which are of exceptional interest to zoologists as the 
only family cf vertebrates which live as internal 
parasites. In a recent paper (Bull. Brit. Mus. (Nat. 
Hist.), Zool., 4, No. 6, 245; 1956), D. C. Arnold has 
made a long-overdue systematic revision of this 
little-known g-oup. He introduces the paper with an 
account of the life-history of the best-known species, 
Carapus acus. In this species the larva which hatches 
from the plarktonie egg is called the vexilliifer and 
carries dorsalty the vexillum or banner as long as 
itself. After a period of planktonic life, the vexillum 
degenerates, the larva descends to the sea-bed and, 
entering throagh the anus of a holothurian, meta- 
morphoses to 2 second larval stage, the tenuis. Once 
entered into a holothurian, it must remam there 
feedmg on tke tissues of the host until a second 
metamorphoss into the juvenile; if a tenwg is 
removed fror its host it will live for a few days in 
sea water, but is incapable of re-entering into a 
holothurian and will eventually die. The juvenile, 
on the contrazy, will immediately seek to enter any 
holothurian offered to it, as will the adult: Mr. 
Arnold briefly discusses his investigations into the 
stimulus which provokes this reaction, which’ havé 
shown that «= combination of visual, tactile and 
chemical stimuli is concerned. The juvenile énters 
through the snus of a holothurian head first, while 
the adult enters tail first by a corkscrew motion. 
The fish probsbly remains there feeding on its host’s 
gonads until tne holuthurian eviscerates. The adult, 
but not the juvenile, is apparently capable of feeding. 
while outside the host. Most species of the family, 
which consists, according to Mr. Arnold’s revision, 
of three genera, seem to be parasitic and to live very 
similar lives, Dut the adults of Hchiodon drummondi 
are probably free-living. Mr. Arnold emphasizes the 
strong neotenic tendency which ıs evident in the 
evolution of the group and his systematic revision 
goes far to clazifying a most difficult group. 


International Congress of Mathematicians, 1958 


At the mv-tation of the City and Univermty of 
Edmburgh and the Royal Society of London, the 
International Congress of Mathematicians will meet 
m Edinburgh durmg August 14-21, 1958. There 
will be eight sections, devoted to: logic and founda- 
tions; algebra and theory of numbers; analysis ; 
topology; geometry; probability and statistics ; 
applied matrematics, mathematical physics and 
numerical analysis; and history and education. 
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Those who wish to receive further formation about 
the Congress are requested to communicate with the 
secretary, Mr. F. Smithies, Mathematical Institute, 
16 Chambers Street, Edinburgh 1, as soon as 
possible, preferably in English, French, German, or 
Russian. More detailed information and form of 
application for membership of the Congress will be 
issued later. < - 


University of Birmingham 

Tue following appointments in the University of 
Birmingham are announced: Dr. V. G. Welsby, to 
be lecturer in electrical engineering from June 1; 
and E. N. Corlett, to be Tube Investments Fellow im 
the Department of Engineering Production. The 
title of reader m soil mechanics and foundation 
engineering has been conferred on Dr. J. Kolbus- 

zewski, lecturer in civil engineering. : 
‘ Approval has been given for the establishment of a 
graduate course in information engineering to be 
given in the Department of Electrical Engmeering 
beginning in October 1957. The course will be of 
twelve months duration and will lead to the degree 
of M.Sc. by examination. Candidates for admission 
to the course will normally be expected to hold 
an honours degree in electrical engineering or in 
physics. : 


University of London: Appointments 


Tus following appointments in the University of 
London have been announced: Dr. J. M. Alexander, 
of the Enghsh Electric Co., Ltd., tó the University 
readership in plasticity ; Dr. Jeffrey Edelman, to the 
University readership m plant physiology ; and Dr. 
Helen K. Porter, principal scientific officer in the 
Institute of Plant Physiology, to the University 
readership m enzymology; all being tenable at the 
Imperial College of Science and Technology; Mr. 
E. J. Le Fevre, senior principal scientific officer and 
head of the Heat Division of the Mechanical Engin- 
eering Laboratory at East’ Kilbride, to the University 
readership in mechanical engineering tenable at 
Queen Mary College. 


The Royal Society of Tasmania: Officers 


Tux following were recently elected to office in the 
Royal Society of Tasmania: Vice-Presidents, Dr. 
W. L. Crowther and Mr. J. W. C. Wyett; Council, 
Mr. Justice Crisp, Mr. R. M. H. Garvie, Prof. T. 
Hytten, Mr. C. Bisdee, Dr. D. Martm and Dr. W, V. 
Teniswood ; Hon. Secretary, Dr. W. Bryden; Hon. 
Treasurer, Mr. G. E. Hale. 


Announcements 


BRIGADIER L. F. pE V. Carry, director of Military 
Survey, War Offce, has been appointed director 
general of the Ordnance Survey in succession to 
Major-General J. C. T. Wilis, who is reting. 
Brigadier Carey will be granted the temporary rank 
of major-general on assuming this appointment on 
June 1L. j 

A symeosrum on the “Ongmm of Life”, organized 
under the auspices of the International Union of 
Biochemistry, will be held in Moscow durmg August 
19-24, followed by @ visit to Leningrad. Further 
details can be obtained from the Secretary of the 
Organizing Committee, Prof. G. A. Deborin, Institute 
of Biochemistry, Academy of Sciences of the U.S.S.R., 
B. Kaluzskaya 33, Moscow, B.71, U.S.S.R. 
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A symposium on “Solvent Effects and Reaction 
Mechanism’” is being arranged by the Chemistry 
Department of Queen Mary College, University of 
London, with the support of the Chemical Society. 
It will be held in the Queen’s Building, Queen Mary 
College, during July 8-9. Further details can be 
obtained from the General Secretary, Chemical 
Society, Burlington House, London, W.1. 


A SUMMER School in programme design for auto- 
matic digital computing machines will be held in the 
University Mathematical Laboratory at Cambridge 
during September 16-27. A detailed syllabus and 
form of application for admission may be obtained 
from G. F. Hickson, secretary of the Board of Extra- 
Mural Studies, Stuart House, Cambridge, to whom 
the completed application form should be returned 
not later than June 15. 


Aw International Symposium on ‘Physical Prob- 
lems of Colour Television” will be held in Paris at the 
Conservatoire des Arts et Métiers, during July 2—6. 
The Symposium, which is sponsored by the Inter- 
national Union of Pure and Applied Physics, jointly 
with the Société Française de Physique, the Société 
Frangaise des Radioélectriciens and the Société Fran- 
çaise des Ingénieurs et Techniciens du Vide, will 
provide an opportunity for discussing, inter alia, 
human vision, mage analysis and restitution; assess- ° 
ment of picture quality and coding procedures for 
transmission of colour signals. Inquires should be 
addressed to the Symposium Secretary, Conservatoire 
National des Arts et Métiers, 292 rue Saint-Martin, 
Paris 3. BR ot 


A RESIDENTIAL conference on “Recent Advances in 
Gelatin and Glue Research” is to be held at the 
University of Cambridge during July 1-5, under the 
auspices of the British Gelatine and Glue Research 
Association. The subjects under discussion include 
the structure, properties and origin of animal con- 
nective tissue ; the conversion of collagen to gelatin ; 
the chemical composition of gelatin; the chemical 
and physical properties of gelatin and the relation of 
gelatin properties to the uses of commercial gelatines 
and glues. About thirty scientific papers will be read 
and later published as a collected volume. Attendance 
is by invitation from the Conference sub-com- 
mittee of the Association. Further information 
can be obtained from the Conference Secretary, 
Dr. George Stamsby, The British Gelatine and 
Glue Research Association, 2a Dalmeny Avenue, 
London, N.7. ` ; 


Tue University of Sheffield, Department of Glass 
Technology, is to hold a summer school on “Recent 
Developments in .the Physics and Chemistry of 
Glasses” during July 21-27. It 1s proposed to have 
four sets of formal lectures on the following topics : 
“The Thermodynamics of Glasses”, by Dr. R. O. 
Davies (Queen Mary College, London); ‘Defects in 
Glass Structure”, by Dr. J. M. Stevels (Eindhoven, 
Holland); “The Flow of Glasses”, by Prof. R. W. 
Douglas (University of Sheffield); and “The Structure 
of Glasses” (lecturer to be announced). The lectures 
will be addressed primarily to graduates employed in 
the glass industry ; physicists and chemists interested 
in the glassy state should also find them valuable. 
The fee for the course will be £15 inclusive of the 
charges for board and accommodation. Applications 
should be made to Prof. R. W. Douglas, Department 
of Glass Technology, ‘‘Elmfield”, Northumberland 
Road, Sheffield 10. 
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THE MOUNTAIN GORILLA AND ITS HABITAT IN THE BIRUNGA 
VOLCANOES 


HE mountain gorilla was first described scien- 

tufically by Matschie in 1903, from @ specimen 
collected two years previously on the southern 
slopes of Mount Sabinio by a German, Captain 
von Beringe. It was named ‘Gorilla gorilla beringei 
after its discoverer, to distinguish it from Gorilla 
gorilla gorilla, the West African forest race. An 
account of the mountam gorilla has been given by 
John Blower (Oryx, 3, No. 6; November 1956). 

There is no marked difference in size between the 
mountain and forest gorillas; where there are 
differences these are due mainly to environmental 
influences. The chief distinguishing characteristic of 
the mountain race is the well-developed crest or 
‘helmet’ of hair on the top of the head ; it occurs in 
both sexes, but is more pronounced in the male. An 
adult male gorilla is about 6 ft. in height when fully 
erect and weighs some 400 lb. In 1ts natural habitat 
it is usually seen ın a crouched or semi-erect position 
and impresses more by the immense bulk of the 
animal’s body and by the girth of the chest and 
neck than by its height. The chest measurement of 
an adult male is in the region of 70 in. The head, 
body and limbs are covered with coarse black hair 
except for the central part of the face from the eyes 
to the mouth, which is naked ; so, too, are the ears, 
the inside of the hands and the soles of the feet. 
The females are considerably smaller and probably 
do not exceed 4 ft. 6 ın. m height. 

The largest concentration of mountain gorillas is 
to the north-east of Lake Kivu in the Birunga 
voleanoes, which lie mainly in Belgian territory, but 
extend mto Uganda. It is improbable that there can 
be more than a total of 1,000-1,500 mountain gorillas 
in existence to-day. This gorilla is found only at 
high altitudes in very mountainous country—6,000 ft. 
and above in Kayonza, 8,000 ft. and above in 
Birunga. 

Traces of gorillas are found at all elevations from 
about 9,000 ft. to the summits of the mountains, but 
they appear to favour the Hypericwm woodland zone 
or ‘rugeshi’. They make forays into the bamboo 
zone in search of bamboo shoots, and to a lesser 
extent into the sub-alpine and alpine zones, but their 
beds are rarely found elsewhere than in the Hypericum 
woodland and this must be regarded as the true 
gorilla habitat. Gorillas are usually found in troops 
of 5-15, though several troops will sometimes join 
together to form a much larger group. Every troop 
seoms to be made up of several family groups, each 
of an adult male with one or two females and im- 
mature animals, one of the males being dominant 
and recognized as leader of the troop. The low pro- 
portion of young animals is most noticeable and 
seems to indicate a very low breeding-rate. A high 
infant-mortality due to the depredations of leopards 
and to chest complaints may be a contributory factor. 

Hach troop has its own quite limited territory, in 
which it remains for weeks or months at a time and 
from which it is reluctant to move even when dis- 
turbed by human activity. Troops change their 
territory at different times of the year, and there are 
undoubtedly considerable seasonal movements in 
both the Birunga and Kayonza habitats. These 


movements are mainly influenced by food require- 
ments. 

Gorillas are ertirely diurnal and spend most of the 
day feeding, when the troop keeps fairly close 
together and movement is slow. They make little 
noise apart from an occasional low staccato bark. 
Gorilas are entirely vegetarian, their food generally 
consisting of some part of the stem of a plant rather 
than the leaves. ers 

Compared with most other animals, gorillas are 
easy to approach, and their senses of hearing and 
scent are not particularly keen. Like other primates, 
they seem to re-y mainly on sight to warn them of 
danger. The alarm ery is loud and high-pitched, a 
mixture betweer. bark and roar. This is a signal for 
the immediate retreat of the females and young, 
while the adult -nales remain as a rearguard. 

Aggressiveness is very rare. There are very few 
records of deliberate attacks on human bemgs by 
gorillas, though there have been. a number of reports 
of demonstrations by old males. Gorillas will, how- 
ever, attack if wounded or cornered or if their young 
are threatened; then they are most formidable 
opponents. On the whole, however, the ferocity of 
gorillas has been greatly exaggerated, and, unless 
molested or provoked, they are normally most docile 
and harmless creatures. 

They climb trees where necessary to obtain food 
or in order to ecnstruct beds, but their normal habit 
is terrestrial rather than arboreal. Beds are made by 
pulling down surrounding woody vegetation and 
forming it into a roughly circular or oval pad about 
12 in. thick, 2-3 ft. in diameter, and slightly hollowed 
in the centre. Besides beds, gorillas sometimes make 
temporary resting places in the bamboo forest by 
bending over the feathery tops of a number of bam- 
boos, thereby forming a springy and comfortable 
platform 6-8 ft. above ground-level, apparently for 
use during the cay. All the beds are heavily fouled 
with excrement. Gorillas appear to construct fresh 
beds at frequent intervals and probably every day. 

Little is known concerning the reproduction of 
gorillas; but the composition of the typical troop 
suggests a form of limited polygamy. The period of 
gestation is not known, but is probably not less than 
ten months. 

There are few data on the rate of growth and 
development; but Pitman has recorded that a 
young mountaix gorilla in captivity weighed 9 lb. 
two months afte: birth, and he suggests that puberty 
is reached at about 12-14 years of age. Nothing is 
known concerning the longevity of gorillas; but it 
would seem doubtful if they can have an expectation 
of life of more than about forty years. 

The mountair gorilla is a very rare animal the 
continued survival of which is by no means assured 
unless more effective steps are taken for its preserva- 
tion than is bemz done at present. The danger to the 
gorilla is indirect, through destruction of its habitat. 
This 1s particularly true in Uganda, where cultivation 
on the lower slopes of the Birunga volcanoes has 
already reduced the original gorilla habitat by hajf. 
Mining activities and new roads are likely soon to 
become a threat to the gorilla in the Kayonza for 
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THE ROCKEFELLER FOUNDATION 
ANNUAL REPORT, 1955 ~ 


HE annual report of the Rockefeller Foundation ' 


for 1955* includes a brief general review by ‘the 
president, Dean Rusk, together with the more detailed 
reports of the treasurer and of the directors for 
Medical Education and Public Health, Biological and 
Medical Research, Agriculture, the Social Sciences 
and the Humanities. ‘Lhe president discusses the 
-questions which arise out of the concern to make the 
best use of charitable funds, and the way in which 
the sifting process, by which the ideas, the tech- 
niques, the men and the institutions which offer, the 
most promising opportunities are.discovered, leads to 
great emphasis bemg placed upon individual capacity 
and the encouragement of men with creative ideas. 
The men who have been responsible for the Founda- 
tion, he points out, have been strongly influenced by 
the society and times in which they have lived and 
by the prevailmg ideas of nineteenth- and twentieth- 
century - America, but the Foundation also reflects 
the proposition that men with different notions about 
ultimate issues can agree upon a wide range of 
practical action. : . 

The national commitments of the Foundation have 
been enlarged by the mstruction in its charter to 
consider ‘mankind throughout the world”, and Dr. 
Rusk suggests that the manifold activities of the 
United Nations and its specialized agencies point to 
a broad and growing consensus about ends. To say 
that the Rockefeller Foundation has worked toward 
aims which are widely shared throughout the world 
does not mean that it turns only to those which can 
be expressed as a least common denominator, nor 
only to those safely anchored in the status quo. The 
promotion of well-being calls for changes in the 
direction of preferred ends, and the freedom to use 
money in ways which multiply its value by creating 
other assets that reinforce. financial support is itself 
as important an asset to the endowed foundation as 
money. : : 

Of the 19,152,353 dollars appropriated during the 
year, agriculture received 3,411,950 dollars, biological 
and medical research 2,601,860 dollars, the humanities 
3,550,330 dollars, medical education and public 
health 3,597,470 dollars, and the social sciences 
3,332,155 dollars, and the appropriations included 
931,080 dollars for 176 fellowship awards in 44 
foreign countries. . 

In medical education, the programmes supported 
by the Foundation are based on the concept that 
the academic structure of medical education will 
differ appreciably among existmg cultures and 
national patterns. In general, the objectives have 
been to encourage the development of taculties with 
strong scientific orientation and a devotion to the 
responsibilities of teaching; and to extend the 
scientific method into clinical training, with emphasis , 
on the integration of clinical disciplines. 

Regrouping of the Foundation’s interests in agri- 
culture, public health and related biological sciences 
has resulted m the consolidation of research activities 
m medicine, biology and biochemistry. The Founda- 
tion’s operatmg programme for the investigation of 
virus diseases has thus been brought into close asso- 
ciation with rts programme in microbiology and the 


* The Rockefeller Foundation. Annual Report, 1955. 49 West 49th 
Street, New York. Pp. xvii+350. 
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biochemistry of macromolecules. The current pro- 
gramme is devoted almost exclusively to a study of 
insect-borne virus diseases affecting man, and for 
this purpose appropriations ın 1955 totalled 786,800 
dollars." The great aid to classification of infecting 
agents given by the recently developed hæm- 
agglutmation techniques is emphasized m the réport 
and the results of a protection test survey with the 
Semliki virus suggest that infection with a new 
related Group A virus, the Mayaro virus, is wide- 
spread in tropical America. Evidence that Chikun- 
gunya virus, 4 new virus of the same group, was the 


> cause of an extensive epidemic in the Makonde region 


of southern Tanganyika has also thrown doubt on 
past diagnoses of dengue. Two new Group B viruses 
were discovered in Africa during-the year, and while 
14 is apparent that the arthropod-borne viruses are 
primarily the agents of infection in wild animals, 
evidence is accumulating that birds also play an 
important part as natural vectors. 

‘The Foundation’s programme for the biological 
study of behaviour ıs chiefly concerned with the 
patterning of the flow of information from the 
environment to the organism, its processing withm 
the organism and the control of the responses 
ultimately elicited, while its grants in agriculture 
are chiefly for fundamental research of potential 
long-range significance to production. The Founda- 
tion appropriated 1,284,250 dollars m support of its 
three Latin American programmes in 1956: the 
Mexican programme, with corn, beans, rice, vege- 
tables and forage crops; the Columbia agncultural 
programme, which includes a central and four sub- 
stations for high-altitude research; and a Chilean 
programme, established in ‘May 1955. An appro- 
priation of 250,000 dollars was made in support of 
the solar energy research programme of the University 
of Wisconsin and the Stanford Research Institute 
during the next four years. Grants of 60,000 dollars 
for two'years to the University of California and. 
33,000 dollars ‘for three years to the University of 
Maryland were made im support of algal studies, as 
well as-one of 30,000 dollars over three- years to the 
Laboratory of Algal Physiology, University of Texas. 


DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH, 
HYDERABAD 


REPORT FOR 1955 


HE annual report for 1955 of the Central 
Laboratories for Scientific and Industrial 
Research, Hyderabad*, records a significant mcrease 
in the activities of the liaison sections concerned with 
operational research, chemical engineering, workshop 
technology, liaison and information. The oils section 
developed. a standardized method of preparing ester— 
gum varnishes with dehydrated castor oul which gave 
samples generally superior to commercial products. 
Catechin was found to be meffective as an anti- 
oxidant for coconut oil, and further work was done 
on the storage of cotton-seed and cotton-seed oul, 
while a modified method of refinmg cotton-seed oil 
was found to give greater reduction of red colour 
and 20-per cent lower losses. Prospecting for fuller’s 
* Central Laboratories for Scientific and Industrial Research, 


Hyderabad. Annual Report, 1955. Pp. xil+80. (Hyderabad-Deecsn : 
Central Laboratories for Scientific and Industrial Research, 1956.) 
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earth indicated the availability of a hundred thousand 
tons of earth in local deposits. : 

In further investigations of the insecticidal prop- 
erties of indigenous oils by the Entomology Section, 
Pongamia glebra oil was shown to be toxic to house- 
flies when applied topically, while other studies were 
concerned with the effect of A. squamosa (Sitaphal) 
seed oul and Pongamia glebra (Karanja) seed oil on 
house-fly maggots and with the development of 
DDT-resistant house-flies from non-resistant labor- 
atory stock. The Fuel Section has largely completed 
its work on briquetting non-caking Hyderabad coal 
slacks with lime-tar as binder and is studymg the 
carbonization of the briquettes to give a smokeless fuel. 
Pilot-plant tests of low-temperature carbonization of 
non-caking Indian coals were carried out by the 
Chemical Engmeering Section, while the Fuel Section 
continued its work on the recovery of motor spirit 
from the circulation gas from the Lurgi-Spuelgas 
plant, and on the tar acids from low-temperature tar, 
as well as its rapid survey of the coalfields of Hyder- 
abad State and its study of the washability of 
Hyderabad coal. 

The Heavy Chemicals and Fertilizers Section con- 
cluded work on iron pyrites and suggested a method 


for production of sulphur from hydrogen sulphide and ° 


sulphur dioxide from this source. Other work was 
concerned with the production of sulphur dioxide 
from gypsum and of hydrogen sulphide from calcium 
and magnesium sulphates, of active carbon from 
Coalsite and with the prevention of caking of 
ammonium nitrate and urea fertilizer. The Ceramic 
Section has obtained satisfactory leadless transparent 
glazes from Kundara, and Pachegaon clays with 
quartz and felspar from Hydernagar, and also 
promising results in the preparation of enamels 
made opaque with titanium. 

In the Organic Chemistry, Pharmaceuticals and 
Drugs Section, low-grade palmarosa oil from local 
dealers has been rectified by stéam distillation to 
give an oil containing 90 per cent of geraniol. The 
rectification of ginger-grass oil and its uses are also 
being investigated, and a new colour test has been 
devised for distinguishing between these oils. The 
synthesis of the analgesic ‘Metopon’ was undertaken 
on. a larger scale and that of vanitrope from eugenol 
was completed. The Biochemistry Section expected 
to begin its pilot-plant trials of citric acid fermenta- 
tion early in 1956, but in the production of itaconic 
acid from cane sugar, of the strains of Aspergillus 
terreus examined, only NREL 265 and NRRL 1960 
were useful. Other work was concerned with the 
mechanism of formation of itaconie acid, with the 
formation of «-ketoglutarate in solutions of A. terreus 
culture, the oxidation of glucose and gluconic acid to 
2-ketogluconic acid by Pseudomonas fluorescens, and 
the formation of a-ketoglutarate in Pseudomonas cul- 
tures and the effect of inhibitors on the formation of 
2-ketogluconate. 

Besides the production of more than 11,000 lb. of 
paper, the Fibre and Paper Section examined twenty- 
six samples of cotton linters for ash- and moisture- 
content and found that a stationary digester is 
unsuitable for the purification of linters by nitration. 
X-ray studies were made on Indien clays, and spectro- 
photometric studies of strong acids in mixed solvents 
in the Physical Chemistry and Instrumentation 
Section indicated association between the solvent 
molecules. The Chemical Engineering Section con- 
tinued ıt work on the solubility of vegetable oils in 
ethyl alcohol. 


‘ 
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THE AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


REPORT FOR 1955-56 


T is apparent from the fourth annual report of the 
Australian Atomic Energy Commission for 1955~ 
56* that while world developments in atomic energy 
have been going forward with gathermg momentum 
during the year under review, corresponding progress 
over a widening field has taken place in Australia. 
After some serious initial difficulties, production of 
uranium oxide from Rum, Jungle was brought up to 
the designed rate, and with the approval of the 


. Commonwealth Government a major contract was 


concluded for she supply by private enterprise of 
uranium from Mary Kathleen ın Queensland to the 
United Kingdam Atomic Energy Authority. <A 
maximum reward of £25,000 was paid to Mr. C. 
Walton for his discovery of the Mary Kathleen 
deposit. Only once previously has this maximum 
reward been paid—to Mr. J. White, who found the 
Rum Jungle deposit. 

The Mary Ksthleen deposit is being developed by 
Mary Kathleen Uranium, Ltd., in which the Rio 
Tinto Company, Ltd., is æ major shareholder. 
Exploration work hes confirmed the existence of a 
large body of oze which lends itself particularly well 
to mining by open-cut methods, and some ten 
million pounds will be required for the development 
of the mine, the erectiori of a treatment plant and 
township, and for the provision of roads, water 
supply, ete. Production of uranium oxide is expected 
to begin in 1959. 

Early in 1955 the Commission sent to Harwell a 
small team of scientists and engineers headed by 
Mr. C. N. Watson-Munro and Dr. G. C. J. Walton, 
the Commissior’s chief scientist and chief engineer, 
respectively, to study the design and expected per- 
formance of DIDO, and a decision was soon reached 
to construct a reactor of this type, HIFAR, at the 
Commission’s research laboratories at Lucas Heights, « 
about twenty miles south-west of Sydney. Con- 
struction began on October 24, 1955, by Head 
Wrightson Prozesses, Ltd., and the reactor was 
scheduled to be completed m 1957. However, 
financial and labour difficulties have held up the 
construction of the main laboratory buildings, and 
without these kuildmgs ıt will not be practicable to 
operate the reaztor at full power, nor adequately to 
develop the research programme. 

Details are given m the report of the various 
scholarships, pastgraduate research studentships and 
research contracts awarded by the Commission during 
the year. Australian universities are also considering 
the establishment of postgraduate and other courses 
in nuclear science and technology, and the Commission 
has offered to assist both in planning the courses and 
in providing soecialist lecturers.” Sections of the 
report are devosed to developments m atomic energy 
in countries outside Australia, and in mternational 
relations. A bilateral agreement was concluded with 
the. United States for co-operation in the field of the 
peaceful uses oF atomic energy, and close collabora- 
tion with the United Kmgdom has continued. An 
Australian delegation attended the 1955 Geneva 
International’ Conference on the Peaceful Uses of 


* Commonwealth of Australia; Australian Atomic Energy Com- 
mission. Fourth Annoual Report for the year ended 30th June, 1956. 
Pp. 62. (Sydney: Government Printer, 1956.) ' 
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Atomic Energy and five papers were presented to the 
conference. 

The library of the Commission now contains the 
largest and most comprehensive collection in Aus- 
tralia of material concerning atomic energy, and 
includes a technical library comprising some 6,500 
publications, reports and abstracts, with about 
55,000 index cards, which was presented by the 
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United States Atomic Energy Commission. A revised 
edition of the pamphlet “Prospecting and Mining 
for Uranium in Australia’ is being prepared for 
publication and a new booklet entitled “Radio- 
isotopes in Industry and Research”, describing 
the industrial uses of radioactive isotopes, is to be 
distributed to those engaged in industry, agriculture 
and mining. 


METABOLIC BEHAVIOUR, OF ISOLATED LIVER AND 
' KIDNEY CELLS 


By H. KALANT* and Pror. F. G. YOUNG, F.R.S. 
Department of Biochemistry, University of Cambridge 


ECENT notes by Longmuir and ap Reest, and 
Laws and Stickland?, `have described some 
observations of the metabolic behaviour of isolated 
liver cells. Longmuir and ap Rees? stated that cells 
obtained by their method showed a Qo, in succinate 
comparable with that found with liver slices. Laws 
and Stickland* tested a number of methods for pre- 
paring, isolated liver cells, and found that all liver- 
cell suspensions, regardless of the method of pre- 
paration, showed a Qo, in succimate that was 2-5-4-5 
times that of comparable liver slices, and 4—6 times 
that found by Longmuir, and ap Rees! for sus- 
pensions of isolated liver cells. They also commented. 
on the absence of endogenous respiration of the cell 
suspensions, and on the failure of glucose, pyruvate, 
citrate, blood serum and other substances to stimulate 
the respiration of these isolated cells. 

We have studied some morphological and metabolic 
characteristics of suspensions of isolated rat liver 
cells, prepared as described by Anderson? with the 
following minor differences :. (1) perfusion via both 


the aorta and the inferior vena cava was not found to - 


be necessary. Adequate perfusion could be obtained 
via the vena cava alone, provided that the vessel 
was ligatured immediately above the diaphragm 
and around the stem of the perfusion cannula. If the 
lower ligature was placed around the vena cava 
below the point of entry of the renal veins, the 
kidneys could be perfused at the same time as the 
liver. If the perfused kidneys are handled in the 
same way as the liver, suspensions of isolated renal 
epithelial cells can be obtained ; (2) centrifugation at 
50g for 2-4 min., as recommended by Longmuir and 
ap Rees}, was found to give better separation of liver 
cells from red blood cells, and less packing of the, 
liver cells, than did centrifugation at 110g. 

The morphological integrity of the isolated cells 
was demonstrated by a variety of methods, including 
phase-contrast microscopy, staining of smears fixed 
by instantaneous freeze-substitution, and electron 
microscopy. For the last procedure, samples of cell 
suspension were pipetted into ten volumes of Palede’s* 
isotonic buffered osmie acid, and fixed for 30 mm., 
then dehydrated and embedded in methacrylate for 
ultra-thin sectioning. Examination in this way has 
revealed nuclear structure, cell membranes and mito- 


* Graduate Medical Research Fellow, National Research Council of 
Canada. Present address : Defence Research Medical Laboratories, 
Downsview, Ontario, Canada. 


: of succinate than did liver slices (Table 1). 


chondrial fine structure, comparable with those 
observed by Faweett’ and by Coman’ with intact 
liver tissue. 

The respiration of these cell suspensions was 
studied in the Warburg apparatus, with and without 
added substrate. Approximately 100 mgm. of fresh 
weight of tissue was suspended in 2-0 ml. of Krebs— 
Ringer solution, buffered with either phosphate or 
bicarbonate buffer according to the gas phase em- 
ployed, and incubated. When succinate was added 
as @ substrate, @ concentration of 0-033 M was 
employed. These conditions are very similar to those 
which Laws and Stickland? found necessary for 
maximal respiration in the presence of succinate. 
Under these conditions we also have found an almost 
complete absence of endogenous respiration with both. 
liver- and kidney-cell suspensions. The addition of 
glucose, pyruvate, homologous blood serum, hot-water 
extract of liver, or purified rat serum albumin and 
y-globulin, failed to stimulate respiration by the 
liver cells. Both liver- and kidney-cell suspensions 
showed a much greater response to the addition 
With an 
assumption of 1 mgm. of nitrogen per 9-4 mgm. 
dry weight of liver tissue, our observed oxygen 
uptake of 274-390 yl./mgm. nitrogenfhr. by liver- 
cell suspensions in succinate corresponds to a Qoz 
(succ.) of — 29 to — 41. Liver slices studied under 
the same conditions showed an uptake equivalent to 


-& Qo, (suce.) of — 12. That is, the isolated cells 


Table 1. ENDOGENOUS RESPIRATION AND THE EFFEOT OF SUC- 
OINATEH ON RESPIRATION OBSERVED IN VARIOUS TISSUE PREPARATIONS 





Oxygen uptake (ul./mgm. N/hr.) by tissue 
preparation 


In presence of added 
succinate 


No added 


Prepara- | No. of 
substrate 


tion 





Liver 
slices 
Liver cells, 
isolated 
Kidney 
cells, 
isolated 
Mouse 
ascites 
tumour 
cells 
Mouse 
ascites 
tumour 
cells, 
citrate- 
treated 


~—60 (—48 to —70) 
0(+8 to —5) 


—110 (—105 to ~116) 
—330 (—274 fo —890) 


—4 (6 te ~8) —374 (—358 to —392) 


—90 (—82 to —104) | —140 (—136 to —147) 





—90 (—87 to —92) | —140 (—137 to —142) 
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$ Table 2, INITIAL AND FINAL GLYCOGEN CONTENT OF INCUBATED 
; Rat LIVER SUSPENSIONS sa 











; puration of poot Glycogen (mgm. ma of pee 
=t incubation | samples cell suspension per cen 
{o (min.} Initial Final 
80 4 23°8 18-4 23 
. 60 3 18-9 76 80 
120 4 5:70 1-50 74 
4 | 3-06 0-65 79 














wed a respiratory rate 2-4-3-5 times as high as 
that of the slices. This agrees well with the findings 
of Laws and Stickland?. 
However, our results differ from those of the latter 
thors in several respects. They state that the only 
abolic processes remaining in the cells are those 
ecinoxidase and fumarase. We have repeatedly 
served a fall in glycogen content during the course 
of an experiment (Table 2) in disagreement with 
their observations, although evidence of glucose 
release by the cell suspensions was inconstant and 
unconvincing. Insulin and glucagon: were without 
effect on either process. — Liver-cell suspensions 
Showed a small but measurable anaerobic glycolysis, 
Indicated by a carbon dioxide release of 15 yl./ 
mpm. nitrogen/hr. This can be compared with the 
lue of 70 yl.jmgm. nitrogen/hr. observed with liver 
ces under similar conditions. Addition of fructose 
‘O11 M) produced a 60 per cent increase in the rate 
of carbon dioxide release by liver slices anaerobically 








< OO3M succinate added — 





0: 30 60 
Minutes 


Fig. 1. Oxygen uptakes by various preparations of rat liver, 
> imeubated in Krebs-Ringer phosphate solution, pH 7-4, under 
oxygen. atmosphere... O=- > ©. Cell: suspensions prepared by 

- Anderson's method (ref. 3) at == @ Slice from liver perfused _ 
-with citrate (highest individual value). @-.—.-@ Slices: from 
perfused ‘and re-caleified Hyer. @——-@ Slices from intact liver. 
sion m: i gi 


O= :~. <O Gell suspensions from perfused and re-caleitied Iver 


90 120 












but did not affect carbon dioxide release by cell sus- 
pensions. Finally, the addition of succinate to liver-cell 


Suspensions resulted in a substantial release of carbon 
‘dioxide aerobically, in addition to the striking oxygen 


uptake mentioned above... The respiratory quotient 
in the presence of succinate was 0-6-0-7. These 
findings are not: in agreement with the statement by 
Laws and Stickland* mentioned above. The reason 
for the differences between. their findings and ours is 
not apparent. — ; : 

One possible reason for the disturbance of meta- 
bolism in isolated liver and kidney cells is suggested 
by the following observations. Restoration of calcium 
to the cell suspensions before incubation produced no 
demonstrable efect on either respiration or morpho- 
logy. Perfusion: of the liver with a whole balanced 
saline solution did not affect the respiration of slices _ 
afterwards cut from the tissue, but perfusion of 
the liver with a calcium-chelating agent such as - 
citrate caused the same type of alteration in respira- 
tion of slices cut. afterwards as in that. of cell sus- 
pensions prepared from similarly perfused” livers. 
Restoration of calcium to the liver by perfusion, after 
perfusion with the chelating agent, caused both 
slices and cell suspensions to show respiratory behav- - 
iour intermediate between that of intact slices and that 
of the usual cel! suspensions (Fig. 1). ‘These findings 
indicate that the abnormalities of respiration observed _ 
in the cell suspensions were not due to calcium lack © 
per se, but to some other change caused by decalei- 
fication, which could. in part be prevented by 
restoration of calcium before the liver was sliced or 
broken up into free cells. ies 

Samples of mouse ascites tumour cells in the fr 


cell form were suspended in citrate-containing medium < 
and subjected to the treatment employed in the — re 
preparation of liver-cell suspensions. The respiration > 
of these treated cells was found to be similar to that 


of uncitrated aszites tumour cells. In both instances ~ 
endogenous respiration accounted for 90 ul. oxygen/. 
mgm. nitrogen/hr., while in the presence of succinate 


oxygen uptake was 140 ul.jmgm. nitrogen/hr. The 


finding that the respiration in these tumour cells is un- D 
influenced by a large change in the concentration of- 
calcium in the medium is compatible with the report of 
Coman: that cancer tissue possesses a low calcium: 
binding capacity, this diminution being related to an 
alteration in the composition of the cell surface’, 
Our observations suggest that the functional 
integrity of the normal cell is dependent upon some 
material present at the cell surface which binds. 
calcium, and which does not: act normally when the 
calcium is removed. In view of the widespread 
oecurrence of mucopolysaccharides in the extra- 
cellular coatings of plant, animal and bacterial cells, 
the possibility that a substance of this sort may be 
involved in the calcium-binding material in the 
normal cell with which we are concerned is clear. 
We are indebted to Dr. George Rogers, of the 
Department of Anatomy, and Dr. M. Mendelsohn, of . 
the Department. of Radiotherapeutics, University of 
Cambridge, for the morphological “examinations of 
the cells, and to Dr. A. J. Kenny, of the Department 
of Biochemistry, for testing the response of isolated 
liver cells to glucagon. 


1 Longmuir, I. S., andap Rees, W., Nature, 177, 997 (1956). 


`. ® Laws, J. O., and Stiskland, L. H., Nature, 178; 309- (1956). 


* Anderson, N. G., Seænce, 117, 627 (1953). 


-4 Palade, G. E., J. Ezp. Med., 100, 641 (1954). 
t Fawcett, D. W., J. Nat. Cancer Inst., 15, 1475 (1955). 
o- tComan, D. R., Cancer Res, 14, 519 (1954). Eai 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Response of Oral Tissues to Grafts 
of Ethylenediamine-treated 
Heterogeneous Bone 


Previous work has shown that ‘anorganic’ 
(ethylenediamine-extracted) bone can serve as a 
successful foundation for new osseous growth in long- 
bone defects of the dog'*. The objective of this 
present study using nine rhesus (Macaca mulatta) 
monkeys was to determine if the response of the 
oral tissues to osseous ‘anorganic’ heterografts was 
similar to that of the host tissue of the long bones. 
Eleven mandibular and five maxillary heterogeneous 
grafts were inserted into two types of osseous defects : 
(a) an ‘exodontiec’ or alveolectomy defect produced 
by the extraction of the permanent molar and bi- 
cuspid teeth ; (b) a deep ‘cystic’ type of bone cavity 
produced by the removal of unerupted molar and 
cuspid teeth. 

‘Anorganic’ cortical beef bone of various particle 
sizes (16-40 mesh) was implanted into these defects 
and the mucoperiosteum was closed. Control defects 
produced by the removal of the same teeth of the 
opposite side were merely allowed to fill with a 
hematoma beneath the sutured mucoperiosteal tissue. 
At autopsy, specimens were obtained of grafts varying 
from six to fifty-nine days after operation. 

Histological sections were prepared of all specimens 
to determine: (1) the presence or absence of foreign- 
body reaction; (2) the degree of reactive bone 
formation by which the graft particles are ‘sealed’ or 
‘anchored’ to the host bone; (3) the degree of 
revascularization, perivascular resorption and peri- 
vascular new bone formation involving the macro- 
canalicular systems of the graft particles. 

Clinically, there was uneventful healing of the graft 
sites with no evidence of foreign-body reaction. All 
the animals tolerated the procedure well, and there 


-was no discernible difference in the rate of healing 


and general clinical appearance between the control 
and the graft sites during the entire post-operative 
course. 





Fig. 1. A histological (hematoxylin and cosin) section of a graft 


taken thirteen da; 


after operation and emmy anit reactive new 
bone formation 


oe a 1) of pe host onang from the seis ane the 
surround an ‘anorganic’ graft particle (3), 
produce Senehoring’ of the graft to the host tissue. (x 80) 
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Microscopic examination of specimens utilizing the 
microradiographic techniquet and examination of 
decalcified sections using routine histological methods 
demonstrate mineral bonding through reactive bone 
formation ‘anchoring’ the ‘anorganic’ cortical part- 
icles to the host bone. Osteoblastic formation is 
present six days after operation. Revascularization 
of the macrocanalicular systems of the graft particles 
can be seen two weeks subsequent to surgery. Re- 
active new bone formation is clearly demonstrated as 
early as thirteen days post-operatively (Fig. 1). At 
42 days, reactive-appositional bone-growth re- 
modelling the graft material is revealed. There was 
no evidence of foreign-body reaction, and the general 
histological findings are similar to those previously 
reported in which ‘anorganic’ grafts were placed in 
tibial defects-*. 

It would appear from this work that the material 
used could conceivably have wide application to 
various oral surgical procedures. 

On the basis of this pilot study using a total of 
sixteen in nine animals, it can be concluded 
that there is biological host acceptance of hetero- 
geneous ‘anorganic’ bone when placed in mandibular 
and maxillary osseous defects of the oral cavity. 

The opinions or assertions in this communication 
are the private ones of the writers and are not to be 
construed as official or reflecting the views of the 
U.S. Navy Department or the Naval Service at large. 

Frep L. Loser 
Pui J. BOYNE 
Naval Medical Research Institute, 
National Naval Medical Center, 
Bethesda, Maryland. Jan. 18. 


1 Losee, Fred L., and Hurley, Lloyd, A., Nature, 177, 1032 (1956). 

* Hurley, Lloyd A., and Losee, F. L., Fed. Proc., 15, 519 (1956). 

* Losee, Fred L., and Hurley, Jopi A., U. ar Naval Medical Research 
Institute Progress aes NM 004006. 


* Istock, J. T., Miller, C. ee T. er Naval Medical 
Research Institute enor NM 004006.09. 


Preparation of Actin without Extraction 
of Myosin 


Ir is generally accepted that actin can be prepared 
only by removing some of the myosin from the fresh 
muscle mince. Dubuisson was the first to show 
that actin can be extracted from acetone-dried 
muscle powder with 1 M potassium chloride’, This 
G-actin, however, has lost its most characteristic 
property, namely, the ability to polymerize. 

We have been able to show that the preparation 
of actin without previous extraction of myosin 
depends on two conditions: (1) the removal of 
alkaline earth metals from the muscle residue ; 
(2) the proper extraction of the acetone-dried muscle 
powder. It has been shown that the elimination of 
alkaline earth metals can be carried out with 0-4 per 
cent sodium bicarbonate and the best solution for 
the extraction of actin is 0-3 M potassium iodide 
(pH 7-0) containing 5 x 10* M adenosine tri- 
phosphate? (see Table 1). 

In our experiments the fresh muscle minee was 
treated as follows: (1) it was dried with acetone 
directly ; and in the preparations (2)-(5) before dry- 
ing it was stirred at room temperature with 8 2x 10 vol. 
of the following solutions for 15 min.; (2) 0-01 M 
magnesium chloride + 0-4 per cent nina bicarb- 
onate ; (3) 0-01 M calcium chloride + 0-1 per cent 
sodium bicarbonate; (4) 0-01 M ethylenediamine 
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Table 1. DENATURING EFFECT OF ALKALINE EARTE METALS ON 
ACTIN DURING THE PROCESS OF PREPARATION 





































g Actomyosin | uM alkaline | mM si 
Treatment of the formed as | earth metal line earth 
freshly minced muscle pèr cent of | per gm. dried, metal/1,000 
control muscle | gm. fresh 
| | muscle 
“| (1) Direct treatment Í 
poo with acetone 50 66-5 i 14-0 
co Washing: i | 
@) MgCl, + NaHCO, 52 135 | B6 | 
| @) > CaCl, + NaHCO, 40 166-0 19-9 
: B EDTA + NaHCO, 96 6: 07 
Gy NaHCO, 95 23-4 2:8 
|(6) Control (actin) 100 24-2 23 

















etraacetate (pH 7-0) + 0-4 per cent sodium bicarb- 
onate; (5) 0-4 per cent sodium bicarbonate. The 
muscle residues were then washed with 15 vol. of 
distilled water for 15 min. before treatment with 
tone. In the control experiment (6), actin was 
pared in the usual way, that is, by the previous 
‘traction of myosin®. ` 
oTo measure the actomyosin-forming power of 
“actin? the dried muscle powders were extracted with 
15 vol. of the potassium iodide + adenosine tri- 
phosphate solution mentioned above and dialysed 
against 2 x 100 vol. 0-1 M potassium chloride and 
0:001 M magnesium sulphate (pH 7-0) for 48 hr. 
at 0°. C. 
‘The rate of formation of actomyosin was com- 
ed as a percentage with that of the control prep- 
ation extracted with distilled water and dialysed 
in the same manner. (In the case of preparation (1) 
80 per cent of the extracted proteins, in (2)-(6) all 
proteins were considered as actin‘.) For the 
analysis. of alkaline earth ions the dried muscle 
owders were extracted with 10 vol. of.5 per cent 
trichloracetic acid and 2-4 ml. of the solution was 
rated with 0-01 M ethylenediamine tetraacetate. 
is can be seen from Table 1, half the total actin-—— 
repared without extraction of myosin—is inactivated 
he muscle residue contains alkaline earth metals 
, 2 and 3); on the other hand, no denaturation 
id if the magnesium and calcium ions are 
soved by. washing with ethylenediamine tetra- 
tate or sodium bicarbonate (exp. 4 and 5). lt 
96 shown that under the present experimental 
ditions: myosin does not dissolve at all, All the 
racteristic properties of actin prepared without 
xtracting the myosin are in full accordance with 
se of the actin prepared in the usual manner*. We 
© able to get actin in good yield from natural acto- 
osin and glycerinated myofibrils by the same 
EMG oe oo 
f the actin can be extracted also with distilled 
jer from acetone-dried muscle powders if the 
alkaline earth ions were previously dissolved. If 
muscle was dried directly with acetone, however, or 
washed with magnesium or calcium chloride before 

































‘able 2. EXTRACTABGITY OF ACTIN. WITH POTASSIUM IODIDE AND 
DISMLLED WATER -FROM DRIED MUSCLE POWDERS CONTAINING 
oon : ALKALINE EARTH METALS 










Pissolved proteins Pelymerizing 
Treatment of the (mgm./ml.) ability in ex- 
freshly minced musele Pot. Distilled | tracts in dis- 
: iodide water tilied water 
J) Direct treatment 
with acetone 16-6 11-6 — 
(2) Sec. HCO 6 1-2 
z +NaHCO; a 2 z 
{3) CaCl +NaHCo, 5-9 10 ~- 
4) EDTA -+NaH0O; S 50 + 
5). “NaHCO, 9-5 5-6 + 
6). Control (actin) AB 3-5 + 
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drying, actin could not be extracted at all (see 
Table 2). | j 

The preparations are identical with those of Table 1. 
Dried muscle powders were extracted for 1 hr. at 
room temperature either with 10 vol. of 0:3 M 
potassium iodide solution containing adenosine tri- 
phosphate, or with 10 vol. distilled water (20 vel. in 
the control experiment). Polymerizing ability was. 
determined by viscometer in aqueous extracts after 
adding 0-1 vol. of 1 M potassium chloride + 0-01 M 
magnesium sulphate solutions. In the case of prep- 
arations 1, 2 and 3, no rise in viscosity could be 
found; using Dubuisson’s electrophoretic method? 
for preparation 1, the extracted protein proved to 
be of myogen crigin, In experiment 5, on the other 
hand, adenosire triphosphate disappeared during 
polymerization® and the derived F-actin was well able 
to bind myosin, as in the control experiment 6 *. 

From the results in Table 2, it appears that actin 
cannot be extracted with distilled water if the dried 
muscle contairs alkaline earth metals (see exp. 
1, 2 and 3 in Table 1)... On the other hand, actin 
can be extracted from the preparations 1, 2 and 3 
with potassium iodide (actomyosin formation in the 
extracts with potassium iodide is demonstrated in 
Table 1 as well). Actin can, however, be partly 
dissolved with distilled water from preparations 4 
and 5, as easily as in the control experiment 6. 
From this it can be concluded that in the acetone- 
dried muscle >owder actin is bound to myosin 
through alkaline earth metals. This bonding is 
naturally resistant to water, but it can be split by 
salt solutions containing univalent ions (potassium 
chloride and iczlide). 

By this new method of actin preparation, we, 
examined the ‘form’ of actin present in. freshly. 
minced muscle. From muscle or from natural acto- 
myosin washed with ‘Salyrgan’, F-actin can be- 
isolated, which gives a perfect actomyosin ; but it — 
contains only half. the total SH groups’. This 
means that actin exists in freshly minced muscle in a 
fibrous form. a 

It is believed that preparation of actin without 
previous extraction of myosin presents @ new: 
approach in she morphological investigation’ of 
muscle structure, and in the chemical investigation 
of structural proteins of muscles in relation to its 
functions. 

This work was carried out with the assistance of 
G. Köteles and E. Nagy and is to be published in 
detail in Acta Physiol. Acad. Set. Hung. 

We are greatly indebted to Prof. V. Sz. Hermann 
for her interest and encouragement in connexion with 


this work. 
M. Bárány* 
K. BÁRÁNY* . 
$ F. GUBA 
Institute of Biochemistry, Medical University of 
Budapest and Institute for Measurement and Instru- 
mentation of the Hungarian Academy of Sciences, 
Dept. Lab. for Electron Microscopy, 
Budapest. Jan. H. 


* Present address: Department of Biophysics, Weizmann Institute 
of Science, Rehovot, Israel. : 
1 Dubuisson, M., Experientia, 8, 269 (1950). 

* Szent-Györgyi, A. G., Arch. Biochem. Biophys., 31, 97 (1951). 

3 Bárány, M., Biró, N. A., Molnár, J., and Straub, F. B., Acta Physiol. 
Acad. Sei. Huxg., 5, 369 (1954). 

+ Bárány, M., Bárány, K., Guba, F., Köteles, G., and Nagy, E., Acta 
Physiol. Acad. Sci. Hung. (in the press). 

5 Straub, F. B., anid Feuer, G., Biochim. Biophys. Acta, 4, 455 (1950). 

* Bárány; M., Biochim. Biophys. Acta, 19, 560 (1956). 
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Action of Reserpine on Isolated Intestinal 
Muscle 


CERTAIN intermediates of the tricarboxylie acid 
cycle antagonize the reserpine inhibition of con- 
tractions induced by drugs of isolated guinea pig 
ileum! (Table 1). We have observed that the most 
effective reserpine antagonists were those added as 
the free acids. These reduced the reaction of the 
bath-fluid to about pH 5. When the reaction was 
reduced to similar levels by the addition of small 
volumes of 0-2 N hydrochloric acid, antagonism to 
reserpine was also seen. This was less marked, how- 
ever, than that following addition of the most 
effective metabolites, which included a-ketoglutaric 
acid (1 mgm. per ml.) and cis-aconitic acid anhydride 
(1 mgm. per ml.). At a bath pH of 7-4, no antagonism 
to reserpine was seen. 

Hydrochloric acid produced a similar degree of 
antagonism to reserpine as did 1 mgm. per ml. of 
DL-leucine, which was tested along with other amino- 
acids and intermediates of fat metabolism (Table 1). 
It was concluded that these compounds are effective 
by virtue only of their ability to increase the hydrogen 
ion concentration of the bath fluid. Sodium pyruvate 
(1 mgm. per ml.) and sodium fumarate (1 mgm. per 
mi.), previously found to be inactive, were rendered 
active by reduction of the bath pH to 5 with hydro- 
chlorie acid. Furchgott and Wales? have suggested, 
on the basis of experiments on isolated rabbit 
intestinal muscle, that succinate, «-ketoglutarate and 
fumarate are more effective at lower bath pH values 
as sources of energy for the activity of this tissue. 

Using Locke’s solution, isolated rabbit duodenum 
showed? a reduction of tone and depression of spon- 
taneous activity following addition of 10 ugm. per 
mi. of reserpine, which reduced the bath pH from 
7-4 to 6-9. When the pH change of the bath-fluid 
which follows addition of reserpine (dissolved in 
ascorbic acid/sodium ascorbate mixture) is prevented 
by the use of Krebs—Henseleit solution‘, a stimulant 
action precedes the reduction in tone and rhythmic 
activity (Fig. 1). This effect is prevented by the 
prior addition to the bath of 1 pgm. per ml. of 
atropine sulphate or 1 ugm. per ml. of hexameth- 
onium bromide but not by 2 ugm. per ml, of 2-brom 
D-lysergic acid diethylamide (BOL 148). These 
observations on rabbit gut support the findings of 
Plummer and his colleagues on dog gut in situ’. 


iTable 1, ACTIVITY OF COMPOUNDS TESTED FOR ANTAGONISM TO THE 
ACTION OF RESERPINE ON GUINEA Pic ILEUM 


Effect 


Intermediates of Alone With hydrechloric acid 


(a) Fat metabolism 
3-Hydroxybutyric acid 
Sodium propionate 

(b) Protein metabolism 
L-Glutamic acid 


4 
-+ 


DL-a-Alanine 
DL-Leucine 

(c) Carbohydrate metabolism 
Glucose-1-phosphate 
Fructose-1,6-diphosphate 
Glucose-6-phosphate 
3-Phosphoglyceric acid 
Sodium pyruvate 
Sodium succinate 
Sodium fumarate 
Citric acid 
cis-Aconitic acid anhydride 
tsoCitric acid 
a-Ketoglutaric acid 
Malic acid 
Maleic acid 
Oxaloacetic acid 


coo +9°° oo 


++ + 
pee SL a St 
+ 


+t+4+ 
++4+ 


O represents no activity 
+ xepresents activity equal to that of hydrochloric acid 
+ + represents activity greater than that of hydrochloric acid 
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I 
R+A 
Fig. 1. Isolated rabbit duodenum suspended in 5 ml. Krebs- 


Henseleit solution. At R, 10 gm. per ml. reserpine added ; 
at R + A, 1 pgm, pe ml, atropine sulphate added 5 sec. before 
10 agm, per ml, reserpine 


We wish to thank Dr. C. D. Falconer, of Ciba 
Laboratories, Ltd., for generous supplies of reserpine. 
C. N. Gris 
J. J. Lewis 
Dept. of Materia Medica and Therapeutics, 
University, 
Glasgow, W.2. 
Jan. 18. 
* Gillis, C. N., and Lewis, J. J., Nature, 178, 859 (1956). 
lar R. F., and Wales, M. R., Amer. J. Physiol., 169, 326 
* Gillis, C. N., and Lewis, J. J., J. Pharm. Pharmacol., 8, 606 (1956). 
“Krebs, H. A., and Henseleit, K., Z. physiol. Chem., 210, 33 (1932). 


* Plummer, A. J., Barret, W. E., and Rutledge, R., Amer. J. Dig. 
Dis., 22, 337 (1955). 


Slow Freezing of Carp Muscle and 
Inosinic Acid Formation 


Ir has been noticed that when fresh muscles are 
frozen at very low temperature, for example, by 
sudden immersion in liquid propane or in liquid 
nitrogen, there is no significant change found in the 
amounts of adenosine triphosphate or creatine 
phosphate’. We have observed? the changes which 
take place in fresh muscle of carp during storage in 
an ice chest at — 8°C. Under these conditions, the 
material was frozen slowly and it was found that the 
amounts of adenosine triphosphate and creatine 
phosphate decrease very rapidly, and those of com- 
pounds such as inosine monophosphate increase 
greatly. In the present work, an attempt has been 
made to observe the formation of inosine mono- 
phosphate during the course of slow freezing of carp 
muscle. 

Experiments were carried out on dorsal muscle of 
carp. 1 gm. of fresh muscle was solidified by freezing 
by storage at — 8°C. for 5 hr. The frozen muscle 
was homogenized with 20 ml. of 4 per cent perchloric 
acid solution at low temperature and the perchloric 
acid extract was filtered and separated by ion- 
exchange chromatography. 

The degree of separation and optical densities of 
separated nucleotides are shown in Fig. 1. For each 
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2 Exchanger : ‘Amberlite IRA 400, 1-0. cm.? x 12 cm. 
o Buting solution: (I) 


i 1-0 ml/min 
'Sorbed material ; 


the fractions optical densities at 250 my and 260 my 
were measured, and their ratios were calculated. As 
com d with fresh and frozen muscles, it was 
bserved that the substance which indicates the 
ighest value of this ratio is eluted mainly in fraction 
, its value being almost 1-5. From these results it 
may be considered that the compound eluted in 
raction D will be inosine monophosphate. A quantity 
he compound eluted in fraction D was accumu- 
d and after having been neutralized to pH 7-0 
sodium hydroxide it was evaporated to a small 
olume under reduced pressure (below 45° C.). When 
condensed eluate was passed through a ‘Norite’ 
umn’, the compound was absorbed completely. 
ter washing the ‘Norite column with distilled 
water several times, the material was treated with 
50 per cent of an alcoholic solution containing 0-01 M 
noni. The ammoniacal alcohol solution was 
evaporated to dryness under reduced pressure 
d the residue, which should be inosine mono- 
sphate, was dissolved in water. 
To ascertain whether the compound thus obtained 
was actually inosine monophosphate, the following 
procedures were followed. The ultra-violet absorption 
pectra of the compound were measured by spectro- 
photometer and absorption maxima were found at 
253 my (pH 11-2, in sodium hydroxide), 251 my (in 
N hydrochloric acid), 249 mp (pH 6-0, in water), 
249 mp (pH 2-0, in hydrochloric acid). These agreed 
xactly with those of authentic inosine monophos- 
ate (prepared by Sigma Chemical Co.). The com- 
pound was also identified as inosine monophosphate 
y paper chromatography by means of several sol- 
“vents. The Rp values found were 0-31 (69 per cent 
_om-butyric acid and 0°85 per cent sodium hydroxide)‘, 
-0:84 (water, pH 10)', as the compound of fraction D, 
0-62 (water, pH 10)*, 0-38 (butanol/acetic acid/water, 





a “4:12 1), 0-30 (butanol: saturated with -water)*, as- 


the base from the hydrolysis of the compound. These 
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Fig. 1. Separation of nucleotides in fresh and frozen sauecion, 
es 

I) passed: solution; (IF) 0°01 ammonium chloride; 

(II) 6-003 N hydrochloric acid; (IV) 0-02 N sodium chloride in o-o1N 

hydrochloric acid ; (VY 0-2. sodium chloride in 0-01 N hydrochloric acid ; 


perchloric acid extract of carp muscle (1-0 gm.), 
Solid line, fresh muscle ; dotted line, frozen muscle 
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Vv | Re values ‘are approximately equal 


to those of inosine monophosphate 
and hypoxanthine (prepared by | 
Bayer). respectively. 

Furthermore, for the quantita- 
tive analysis of its components, 
inosinic acid was determined’ by. 
absorption at 250.my, ribose by.” 
the..oreinol procedure’, and phos- 
phate by the method of Fiske and 
Subbarow®. From. these analyses 
the molar ratio found was inosinic |” 
-acid/pentose/phosphoric acid, 1:00: 
0:99-0:97. o a a 


summarized above it may be con- 
cluded that when carp: muscle is 
frozen slowly under» mild condi- 
tions (— 8°C.), the amounts cof 
adenosine triphosphate and- creatine 
phosphate decrease very rapidly and 
inosine «monophosphate is formed 
in considerable amounts. ‘The theo- 
retical aspects of the relationship 

between the disappearance of adeno- 
sine triphosphate or creatine phos- 


2,000 


300 mesh. 


of mild freezing have not been 
clarified; but it seems interesting 
that the deamination process takes 
place very rapidly under the con- 
ditions menticned above. 
TSUNEYUKI Sarro 

*Ken-ronr ARAL 
Fisheries Chemistry Department, . 

Faculty of Fisheries, 

Hokkaido University, 

Ha.xodate, 
Japan. 
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T Deutsch, A., and Nilsson, R., Acta Chem. Scand., 7, 1288 (1958). 
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Reticulocytic Crisis in the Newborn Rat 
after X-irradiation 


Tue reticulcytes of the adult mammal disappear: 
from the circulating blood within 48 hr. following 
irradiation at- threshold lethal-level. An increase of 
the number of reticulocytes has. been observed 
between the thirteenth and eighteenth day after 
irradiation of the goat and pig', but the existence 
of a reticulocvtic crisis immediately after irradiation 
has not beer mentioned*. 

We have seen an intense reticulocytic crisis in the 
new-born rat five minutes after an irradiation lasting 
7 min. Our apparatus is a ‘Stabilipan’ Siemens, 
200 kV., 16 m.amp., copper 0:5 mm., 100 r/min. 
The animals are exposed to total body radiation. of 
700 r. measured with the absolute Siemens dosimeter. 
Blood was taken by cardiac puncture under ether 
anesthesia’; one animal was killed for each analysis. 
Reticulocytes were coloured by incubation for 15 min. 


From. the various experiments. — 


phate and the formation of inosine 
monophosphate under the condition = 





822 





















- April 20, 1957 va o 


































Table 1. VARIATIONS IN PERCENTAGE oF Renovocrres IN PRRIPHERAL Bio i or Youxa BATS AFTER Deon 
Age of Time after | Reticulo- | Time after | Reticulo- | -Reticulo- 

animalsin. | Radiation | irradiation ceytes:.- Radiation | irradiation cytes = oytes 

ioe days dose ter (per cent) dose ~ (BE) {per cent} {per cent} 
8 s None- 115 11-5 
45 700.r, 22-8 27-4 
E ae 4 30-8 27-2 
a 6 83-8 33-1 

ee None 8-4-0-4 84-04 
ee) 700 T. 9-4 10-5 
k 4 11-4 219 
l i : 18-1 211 
is 9-0 
SE 27 
ee SES 8-3 














with brilliant cresyl blue and examined with an 
ordinary microscope (indirect method). 

The normal proportion of reticulocytes in new-born 
rats of our colony is 12-5-19-5 per cent. Immediately 
after irradiation of rats aged 8, 9 or 14 days the 
` proportion of reticulocytes rises to 50-60 per cent 
> or even more (Fig. 1). In rats aged 21 days, this 
phenomenon begins later (30 min. after irradiation) 


» and reaches a maximum at 2 hr. Rats aged 30 days 


behave like 21-day old rats, but the maximal reticulo- 
eyte count is smaller (30 per cent). 

In rats aged 45 days, the reticulocytic crisis is 
maximal at about the sixth hour and is more intense 
if the X-ray. dose is increased from 700 to 850 and 
1,000 r. (Table 1). The same applies to rats aged 60 
days, but the relative number of reticulocytes is 
` smaller. In rats 90 days old, no increase in reticulo- 
“eyte count is seen even after 1,000 r.; on the con- 
trary; one observes’ a decrease of the number of 

reticulocytes 3-6 hr. after irradiation. 

The interpretation of this reticulocytic crisis in 
new-born and very young rats after irradiation is 
at present not clear. The total number of red cells 
is not increased, even when the proportion of reticulo- 
cytes reaches 50 per cent. The suprarenal cortex of 
new-born rats (8 or 9 days old) does not react to 

- X-irradiation ; when the rat reaches 15 days, the 
first. rapid reversible reaction of the suprarenal cortex 
is manifest, but the secondary reaction (appearing 


at 48 hr. and lasting until death) is not seen before 


-the age of 35 days’. There does not seem to be any 
. correlation ‘between the behaviour of the suprarenal 
; cortet and: the reticulocytic erisis in new-born rats 
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dt t4 days 
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Percentage of reticulocytes 


Time after irradiation 








n ; Retioulooytie crisis in new-born ale of yarious age after 700r. of X-rays 







after irradiation. Our experiments, which are being 
continued, suggest that this remarkable reticulocytie 
crisis is one of the peculiar reactions of the hemato 
poietic system of the new-born rat which, so far, : 
have been little studied*. 





S. Hasoukovió 


Ls. Srodi6 
Boris Kidritch Tnatitute for Nuclear Sciences, 
Belgrade. 
Jan, 15, 
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¢ utterworth, London, 1955). 
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Effect of N,-Sulphanilyl-N,-n-Butylurea on 
the Rat Thyroid 


Some sulphonamide derivatives have been found | 
to have antidiabetic effects, and these drugs have 
recently been brought into use in the treatment of 
diabetes’, Sulphonamides are also known to possess 
goitrogenic properties’. There is some evidence for 
the goitrogenic effect of the new antidiabetic drug, 
N,-sulphanily!-N,-n-butylurea*. In the present com- 
munication the effect of this substance on the rat 
thyroid is described, using histochemically demon- 
strable succinic dehydrogenase activity of the thyroid , 
gland as an indicator of its activity. 5 

Ten male rats of the Sprague-Dawley strain, : 
weighing about 250 gm. each, received ` 
N: -sulphanilyl -N,-n-butylurea (‘Alen- o 
tin’, Orion Oy, or ‘Nadisan’, Boehringer) 
by mouth in a daily dose of 0-5 gua. 
kgm. of body-weight over a period of 
thirty days. Ten of their litter-mates 
served as untreated controls. After 
the experimental period, the rats were 
killed by decapitation, and the thy- 
roids were immediately removed and 
weighed. Sections of one thyroid 
were stained with Mallory’s azan method 
for histological control. Another thy- 
roid was frozen and, simultaneously 
with the corresponding control speci- o 
men, sectioned. with a freezing micro- 
tome at 30u. The sections were di 
directly from the cooled knife for 
60 min. into their respective incubation 
vials at a constant temperature’ of 
37°C. ‘The incubation mixture was > 
prepared according to Seligman and 
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Fig. 1 (above). Succinic hes Gok aa activity in the thyroid of a 
co 


ntrol rat. (x 150) 
Fig. 2 (below). Suecinic drogenase activity in the thyroid 
z of a rat treated with * tin’ for 30 pra (x 150) ig 


Rutenburg', using neotetrazolium as an indicator of 
succinic dehydrogenase. 

The thyroids of the rats treated with ‘Alentin’ 
were large and rich in blood, The mean weight of 
the oids of the treated rats was 81 + 2-6 mgm., 
and showed a highly significant difference from that 
of the controls, 26 + 1-8 mgm. Histological exam- 
ination revealed that the percentage of epithelium 
was distinctly higher and that of colloid lower in 
the ‘Alentin’-treated rats than in the controls. 
The thyroid sections of the control rats treated 
for the demonstration of succinic dehydrogenase 
_ showed a weak, reddish staining (Fig. 1). By con- 
| trast, the thyroids of all the ‘Alentin’-treated animals 

an intense staining (Fig. 2). The epithelial 
= cells had heavy deposits of small, purplish formazan 
= crystals, indicating an intense succinic dehydro- 
~ genase activity. 
4 The weak enzymatic activity in the thyroid 
= of the control rats is in agreement with earlier 
p observations’, The marked rise in the succinic 

_ dehydrogenase activity of the thyroid after treatment 

with ‘Alentin’ is obviously connected with the 
= goitrogenic property of this substance. The mode 
of the antithyroid action of thiourea derivatives is 
= not completely understood. According to the current 
i concept, these compounds prevent the enzymatic 
| 


oxidation of iodide, so that iodination of tyrosine 
cannot occur, thus inhibiting the completion of the 
synthesis of thyroid hormone’, They cause a lack 
of thyroid hormone, which stimulates the anterior 
pituitary to produce an excess of thyrotrophic 
hormone. Recently, when discussing the pituitary 
regulation of thyroid gland activity, D’Angelo’ stated 
_ that the reactions which ensue between the thyro- 
trophic hormone and the thyroid at a cellular level 
are completely unknown. Succinic dehydrogenase is 
an essential link in the tricarboxylic acid cycle of 
Krebs, the common pathway for the terminal meta- 
bolism of carbohydrates, fats and proteins, and it 
occurs in mitochondria. The present observation on 
the rise in the enzymatic activity after treatment 
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with ‘Alentin’ indicates that the rise is @ response 
of the epithelial cells of the thyroid to thyrotrophie 
stimulation of this type at the cellular level. 
This work was supported by a grant from the 
Sigrid Jusélius Foundation. 
A. N. Kuusisto 
VILJO ANTILA 
ANTTI TELKKÄ 
Research Laberatories, 
Orion Cy, 
Helsinki, 
Jan, 2+. 
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Effect of Lithium lons on the Penetration 
of Phosphate into Xenopus Embryos 


By means of the isotope phosphorus-32, it can be 
shown that embryos of Xenopus laevis, in normal 
culture conditions, take up very small quantities of 
orthophosphate 

Blastula of this species were incubated for three 
hours in a medium containing lithium chloride at a 
concentration o? 0-141 M, together with calcium and 
potassium chlorides at the concentration present in 
one-third strength Holtfreter solution, and radio- 
active phosphate (‘carrier-free’) at a concentration of 
5uc. per ml. Jontrols were incubated in one-third 

Holtfeter solution containing the same 
concentration cf phosphorus-32. The embryos were 
then washed free of medium, and the amount of 
radioactive phosphorus taken up was measured; in 
six experiments the mean value for embryos treated 
with lithium chloride was eleven times that for the 
controls. 

This effect is not, however, specific for lithium ions. 
Groups of embryos were incubated in similar con- 
ditions in meda in which the lithium chloride was 
replaced by 0-141 M sodium chloride. They took 
up even more phosphate than those treated with 
lithium; they absorbed thirty-six times as much 
phosphorus-32 as the controls, 

The effects o? sodium and lithium ions at the gas- 
trula stage are similar but less marked. In six 
experiments, the mean uptake of phosphorus-32 by 
gastrule treated with lithium ions was four times that 
of the controls, whereas the uptake from 0-141 M 
sodium chloride was fifteen times that of the controls. 

The morpho.ogical effects of lithium were more 
severe when it was applied at the blastula stage than 
during gastrulation. The abnormalities obtained 
were similar to those described by Backstrom’. The 
0-141 M sodium chloride had little or no effect on 
the embryos at either stage, in spite of the remarkable 
effect on phosphate penetration. 

It seemed possible that the extra phosphate taken 
up in the presence of lithium or sodium chloride 
might be merely adsorbed at the surface of the 
embryos, and aot enter into their phosphate meta- 
bolism. Some of the radioactive embryos were there- 
fore extracted with cold 10 per cent trichloracetic 
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from the extracts and filtered off for estimation 
of its contained. phosphorus-32. 
< In both lithium- and sodium-treated: embry oa ab 


» -blastula and gastrula stages, only about 40 per cent. 
of the phosphorus-32 was still present as inorganic — 


phosphate at the end of the three-hour incubation 
period. In the control blastule the proportion of 
inorganic phosphate was about the same, but in the 
control. gastrule rather more of the phosphorus-32 
was bound: organically. 
~The phosphorus-32 remaining in the embryos after 
~ two extractions with trichloracetic acid was measured. 
This fraction probably consisted mainly of radio- 
“phosphorus incorporated into nucleoprotein, since 
i phospholipids and phosphoproteins are not built up 
>o rapidly in early amphibian development?. In control 
- blastules and gastrule, 14-2 and 31-7 per cent 
respectively of the total phosphorus-32 taken up 
“remained in the residue, but the values for those 
treated with sodium chloride were 2-5 and 4-2 per 
‘cent and for those treated with lithium chloride 
1-3 and 2-6 per cent respectively. 
-"Phese results “suggest some deficiency in the 
nucleoprotein synthesis or in metabolite transport in 
| the embryos treated with lithium chloride compared 
with those treated with sodium chloride. This con- 
` clusion is consistent with work recently published 
_ showing interference of lithium with the phosphate 
metabolism i in both Amphibia? and sea-urchins'. 
. Further. details of this work will be published 
‘elsewhere. 
DOREEN THOMASON 
Royal Free Hospital School of Medicine, 
Hunter Street, 
London, W.C.1. 
k Jan. 19. 
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1 Kutsky, P. B., J. Erp. Zool., 115, 429 (1950). 
*Lallier, R., Arch. Biol. (Paris), 66, 223 (1955). 
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Uroporphyrin from Turacin : a Simplified 
Method 


© Turacin, the uroporphyrin copper complex from 
the flight feathers of Musophagidae, contains uro- 
porphyrin I according to Fischer and Hilgert; but 
Rimington®* found coproporphyrin IJE on decarb- 


~oxylation. Watson and Bergt, however, could not 


confirm Rimington’s findings. 

As the technique of preparation of uroporphyrin 
from turacin is complicated?*, the following simplified 
procedure may be of interest. The red parts of the 
feathers are treated with a measured amount of 
concentrated sulphuric acid sufficient to wet them 
thoroughly.: An hour later sufficient absolute meth- 
anol to produce a mixture containing 5 per cent v/v 
sulphuric acid is added cautiously. After thorough 
mixing and standing overnight, the mixture is 
neutralized with saturated aqueous sodium acetate, 
and chloroform and water are added to extract the 
ester. The chloroform solution is washed. The phase 
separations are remarkably clear and rapid. 

Then follow chromatographic separation and 
purification as described by Nicholas and Rimington’, 
whose findings were contirmed with the exception 
that no non-porphyrin material occurred. The uro- 
porphyrin (turaco A) ester melted at 260° and after 

reerystallization at 265°. Lutidine chromatography‘ 
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showed an S-earboxyl porphyrin and decarboxylation? . . 
gave coproporphyrin crystallizing in fine needles. , 
radiating from a centre which softened. at 120° and 
melted at 140°. The uroporphyrin ester crystallized 
much more slowly and less completely from chloro- 
form-methanol than uroporphyrin I. ester. The 
red parts of the turaco feathers contained abou 
5 per cent porphyrin and are thus the richest kno 
natural source of porphyrin ; and, by this simplifi 
method, also the most easy to bandle. 

Part of the turaco uro ester was sent to Rimington’ 
in London, who carried out decarboxylation. of. 
370 pgm, (3 hr. with 1 per cent hydrochloric acid at 
180-183°), transferred the coproporphyrin to ether. 
evaporated and esterified and found a yield © 
141-8 ugm. (51 per cent of theory). The este 
crystallized from chloroform in rosettes of prisms 
with melting point 146-48°, solidifying on cooling. 
and remelting at 172~74°. Lutidine chromatography 
showed a very strong spot of coproporphyrin_ ITT, 
no coproporphyrin I and a fairly strong spot. o 
tricarboxyl porphyrin. Lutidine chromatography o 
the uroporphyrin itself showed 8-carboxyl porphyrin © 
(two spots as usual) and a very faint spot of 7-carb- 
oxyporphyrin. Dioxan chromatography of the ester. 
showed uroporphyrin IIT with some tailing. a 

Thus, it seems established that the uroporphyrin © 
of turacin is really utoporphyrin. ITI. 

This work was supported by a grant from the 
Science Fund of the Danish State. ee Zoo 
supplied the turaco feathers. Prof. K. A. Jensen, o: 
the Chemical Laboratory of the University of Cope 
hagen, carried out the decarboxylation. Mrs. M. Rubin 
has given valuable technical assistance. My special 
thanks are due to Prof. C. Rimington, University 
College Hospital, London, for valuable advice an 
interest in the work. 
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Zone Electrophoresis of Mammalian 
Sera in Starch Gels 


Saarurest has described the electrophoresis ofo- 
human serum proteins in starch gels. This procedure 
gives a better resolution of serum proteins than that. 
obtained on paper or in agar gels. The resolution of 
the serum proteins of cow, pig, horse and dog has 
been investigated by this method, and it has been 
found that the pattern obtained is a characteristic of 3 
the species. : cee 

The procedure and apparatus employed are similar 
to those of Smithies. The electrophoresis is carried ow 
in boric buffer at 7 V.jem. for 16 hr., the voltag 
drop being measured between two points 10 ër. 
apart in the gel. The rear edge of the albumin zone 
moves 7-9 em. in this time. If the concentrations of 
the buffer and bridge solution and the potential are. 
kept constant, the magnitude of the movement is. 
largely governed by the concentration of starch: in 
the gel and the degree of hydrolysis of the starch ; 
these two factors are varied to allow for batch 
differences in the starch. 
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q Albumin trailing edge 


pidiascope projections of cow, dog, pig and horse serum 
whwards) after starch gel electrophoresis. Resolution in 

in band is not shawn (see Fig. 2). Arrow indicates 
direction of separation of prote bands 



























examples of the electrophoretic. patterns 
d are shown in Fig. 1. These diagrams were 
pared by projecting an epidiascope image of the 
stained starch gel on to paper and marking the zones ; 
agrams do not reflect intensity of staining 
ly the position and width of the protein 
nly the anodic sides of the gels are shown ; 
no resolution is apparent on the cathodic 
other than a diffuse y-globulin band. 
fig. 1 shows that the main points of difference are 
number of pre-albumin bands, the total number 
and position of the post-albumin bands and the 
sence or absence of a ‘discrete’ protein band in 
ig and some dogs. This latter band stains 
intensely, is thinner and sharper than the other 
ands, and is wavy rather than straight. 
Under. certain electrophoretic conditions, parti- 
ularly with higher voltage gradients (15-40 V./cm.) 
d constant. current, the post-albumin zones are 
well resolved, but the albumin zone shows 
. into three or four bands in the animals 
camined (Fig. 2). These bands appear to be super- 
posed on the ian zone and. it seems likely 
they are part of the «-globulin complex which 
s at the same rate as albumin, rather than an 
on of albumin, resolution. With these higher 
voltage gradients it is necessary to cool the gel during 
electrophoresis, by supporting it in a 1-5 cm. diameter 
ibe within a water jacket. 
increasing the time.of hydrolysis of the starch, 
alternatively using more acid for a given time, it 
e to prepare hydrolysed starches which gel 
factorily at. 25 per cent. w/v. These starches 


usually have an a improved resolving power for the 
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“Wig. 2 
zone (albumin stippled). The. post-albumin bands are not shown. 
Arrows indicate direction of separation of protein bands 


Diagana illustration of protein T in albumin 
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post-albumin bands, but the pre-albumin zones may 
be lost. It is diffcult to compare different gels directly 
‘because the bands do not usually coincide, but it has 
been found that the position of the post-albumin 
bands ‘relative to the albumin trailing edge (Ram 
value) is reasonably constant irrespective of distance 
of migration. The improved resolution of the post- 
albumin bands from pig sera with more concentrated 
gels is shown in Table 1. The slowest moving group. 
of proteins, and the ‘diserete’ protein band, if present, 
are more variahe in position. 


Table f 
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_ distance moved by protein band ze 
cistance moved by: albumin trailing edge 


_ * Rab value = 
With the bess resolution obtained to date in. pigs, 
it is possible to recognize two pre-alowmnin bands, an 
albumin band with four superimposed bands, thirteen. 
immediate post-albumin bands, three slow-moving 
protein bands, a ‘discrete’ protein band of variable 
position and a diffuse y-globulin band. The charac- 
terization of these. protein bands in terms of the 
conventional classification of serum proteins will be 
the subject. of a-further communication. 
G. Č. ASHTON 
Farm Livestock Research Station, 
Animal Health Trust, 
Lilystone Hall, 
Stock, Essex. 
-dan i. | 
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Bundles of Primary Wool Follicles in Sheep 


Hardy and Lyne! have shown that bundles of 
secondary (S) wool follicles are formed by branching 
in the merino foetus. The same method of bundle 
formation is also known to occur in karakul sheep*. 
Bundles of § fellicles, with common openings at the 
skin surface, were found in the adults of many breeds 
of sheep examined by Spéttel and Tänzer?, the num- 
ber of bundles and the number of follicles per bundle 


‘Increasing progressively from the primitive mouffion 
to the fine-wooled merino. 
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A paS Diagram of a bundle of four fully dex 
follicles in an adult merino shee 

drawn from reconstruction o: em 
are shown on the right 


- Recent detail ical studies of skin samples 
from the mid-lateral region of the trunks of four 
medium-woolled merino rams (age 20-21 months), 
two inbred merino ewes (age seven years) and one 
corriedale ewe (age more than seven years) have 
revealed the presence of a few bundles of primary 
(P) wool follicles in all the sheep examined, except 
one ram. The bundles, apparently not previously 
described in sheep, consist of two to six P follicles 
with a common neck and opening at the skin surface. 
A typical bundle of four P follicles is shown in Fig. 1, 
A normal sudoriferous gland and arrector pili muscle 
are associated with each of these bundles. The 
follicles are usually separate at the level of the junc- 
tion of the sebaceous glands, although occasionally 
they may still be contained within a common outer 
root-sheath. In one bundle examined, three of six 
P follicles are still united by a common outer root- 
sheath at the level of the attachment of the arrector 
pili muscle. In most of the bundles examined, this 
muscle is attached to only one of the follicles of the 
bundle. This follicle is termed the original P follicle 
(PO) and the other follicles in the bundle are called 
the derived P follicles (PD). In one bundle of two 
P follicles, the arrector pili muscle is attached to 
connective tissue joining both follicles. Both these 
may be PO follicles, or one may be a PO and the 
other a PD. For convenience in the present study, 
only one PO per bundle is recognized. 

The method of formation of the bundles of P 
follicles is unknown, but it seems reasonable to sup- 
pose that they develop by branching in a manner 
similar to that described for S follicles’. Recent 
studies on hair growth in the bandicoot (Perameles 
nasuta) revealed that follicles with and without 
sudoriferous glands can form bundles by branching 
(unpublished work). Further studies are in progress, 
in order to determine the frequency and method of 
formation of bundles of P follicles in merino sheep. 

The discovery of bundles of P follicles is relevant 
to some of the recent and current investigations. In 
the. quantitative studies of Burns‘, Carter’, Carter 
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and Hardy‘, Fraser’, Schinckel*, Short’, and others, 
counts have been made of the follicles at the level 

of the sebaceous glands. At this level, bundles of Í 
P follicles, if present, are not usually recognized. 
Also, in these studies, only one P follicle was allotted | 
to each arrector pili muscle plus sudoriferous gland ; 

all others were classified as S follicles. The con- — 
stancy of the number of P follicles at different ages a 
for a given individual’ refers only to the PO follicles. 
The present findings reveal that some of the so-called 
S follicles may be PD follicles, and, consequently, — 
some of the published observations on the numbers j 
and ratios of follicle types must be re-interpreted. 
The ratios S/P and (S + PD)/PO are only equal 
when PD = 0. Table 1 shows the observations on 
the follicles of adjacent groups, taken at random, — 
in the four merino rams, one of which has an 
(S + PD)/PO ratio approximately 33 per cent 
greater than the true S/P ratio. 


Table 1. OANEETAPIONA ON THE gree meg Tyres oF Woo. 


CLES IN THE FOUR MERINO RAMS 
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Thanks are due to Miss M. J. Heideman and Miss _ 
A. J. Bathgate for technical assistance. 
A. G. Lyne © 
Division of Animal Health and Production, 
Commonwealth Scientific and 
Industrial Research Organization, 
McMaster Animal Health Laboratory, 
Sydney. 
Dee. 11. 
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Effect of Dichlorophenoxyacetic Acid on 
the ama and Phototropic Responses 
of the Oat Coleoptile q 
Our interest in 2,4-dichlorophenoxyacetie acid 
(2,4-D) is in its influence on growth inhibition as a 
‘weed killer’, rather than its role directly in growth 
promotion or stimulation at the more physiological 
concentrations. Also, it should be pointed out that 
at high concentrations 2,4-D does not inhibit the 
growth of the coleoptiles of whole, intact Avena 
seedling’, such as is the case for coleoptile sections*. 
Recently, while conducting experiments with 
etiolated Avena coleoptiles in relation to the effect 
of 2,4-D and other chemical factors on auxin 
destruction’, there was occasion to use white light 
as an inhibiting influence on coleoptile growth. 
The observation was made on plants which were 
exposed non-uniformly to the light. The untreated 
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Fig. 1. 5-day old Avena seedlings after spraying with 2,4-D at 
1,000 p.p.m. and exposed to light for approximately 12 hr. 


plants responded positively to the light, whereas the 
plants treated with 1,000 p.p.m. of 2,4-D (sprayed on) 
showed very little or no response (Fig. 1). The results 
are quite striking and distinct. 

In order to obtain more control and exacting 
conditions, Avena seedlings were grown in the 
classical Went Avena holders and exposed to a 
measured quantity of light, both white and blue. 
Geotropie experiments were conducted in red light. 

Experiments were carried out in blue light since 
this region of the spectrum is recognized as 
the actinic area of the visible spectrum for 
phototropism'. Blue light of approximately 
10 ft.-candles caused about 90° bending of the 
upper-half of the coleoptile, whereas controls 
responded slightly negatively or not at all 
after 5 hr. of continuous exposure. 

A set of plants was exposed to white 
light (60-W. incandescent bulb) at 20-10 ft.- 
candles for 5 hr. The results are shown 
in Fig. 2. Controls and once-decapitated 
plants responded normally. Whole cole- 
optiles ‘painted’ with 2,4-D were generally 
non-responsive. At 1,000 p.p.m., epinasty 
of coleoptiles may occur and individual 
plants may bend in any direction. (In 
later experiments the use of lower con- 
centrations has resulted in less epinasty, 
but essentially the same 100 per cent lack of 
response to unilateral light at the energy-levels 
used. Concentrations of 100 p.p.m. prevent 
phototropic response, but 10 p.p.m. gives clear 
bending, although not so much as controls.) 
In their original experiments on phototropism 
the Darwins and Boysen-Jensen demonstrated 
clearly that the coleoptile tip controls the 
response of the lower section to light. In the present 
experiments, in place of shading or inserting mica 
on the tip, it was ‘painted’ with 2,4-D, resulting in 
a lack of response to phototropic stimulus. On the 
other hand, when only the lower coleoptiles were 
‘painted’ with 2,4-D the bending occurred demon- 
strably (Fig. 2). 

In the less-known response of geotropism similar 
results obtained, that is, lack of response to the 
influence (gravity). Plants were placed in Avena 
holders and allowed to grow to the normal size of 
20-30 mm. They were treated or not treated and the 
holders turned 90° so that the plants were horizontal. 
They were observed at 5 and 18 hr. The results are 
obyious (Fig. 2). Both the control and treated plants 
(upper two rows) grew generally straight, except for 
occasional distortion of the treated plants due to the 
high concentration of 2,4-D. Control plants turned 
horizontally 90° (normal) had almost assumed a 
normal vertical growth in 5 hr.; in 18 hr. this had 
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WAN ie TRUTAT 
47D 
aa niit- 


NATURE 827 


been attained. Once-decapitated plants, although 
showing little or no response at 5 hr., had generally 
recovered at 18 hr. Treated plants, however, re- 
mained for the most part in the same position they 
were placed in st the beginning of the experiment. 
It is interesting that roots of plants which had been 
exposed only mcamentarily to 1,000 p.p.m. and then 
placed (unwashed) back into the tray showed very 
definite responses similar to the plants which had 
their coleoptiles treated. 

The manifestation of these responses of Avena 
coleoptile to 2,4-D seems quite obviously to be related 
to the (normaly mechanism of tropism in plants. 
From the previous results in this laboratory', it 
would appear that phototropism is the result of the 
auxin destruction theory (Galston), rather than the 
alternative theories of unequal redistribution and 
transport (Went and Boysen-Jensen) or auxin syn- 
thesis (van Overbeek), The same reasoning may or 
may not hold for the response to gravity. This aspect 
needs much more consideration both for the normal 
response and the influence of such factors as the 
above on geotrcpism. 

Further experiments are under way using 2,4-D 
analogues (2,4,5T, 2,4,6-T and 2,6-D) as well as 
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Phototropic response, White light (20-10 ft. candles). 
Planes 108 hr. old. 5 hr. exposure 


2.4.0 Treated 
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Fig. 2. Phototropic and geotropic response of Avena coleoptiles 
grown in Went Avena holders and subjected to the respective 
stimuli (light and gravity) 


< their reported antiauxin ana logues (2,6- ) 
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Anthracnose Fungi of Olives 


Gowrer' has referred recently in a communication 
ois is subject to my observations? on Gloeosporium 
-elivarum Alm. I am afraid, however, that he did 
not interpret correctly my description in Italian of 
the bundles of long, sinuous and flexible hyphæ 
which can be seen sometimes at the periphery of the 
acervulus. .In my paper I pointed out that these 
hyphe are not sete, and in a later paper? I carefully 
followed their formation and tried to interpret their 
origin, which I believe is connected with the mech- 
anism of eruption of the stromata, especially if 
certain environmental conditions prevail. 
o Foschit extended my observations. He kept 
-populations with these peculiar outwardly developing 
iy phe within the genus Glocosporium S. et S., but 
on account of their morphology and their cultural 
characters he segregated them from G. olivarum 
snd referred them to an old species by Petri, G. olivae 
Petri (=Cylindrosporium olivae Petri). I may add 
that: (a) after cultural and inoculation tests with 
two isolates of G. olivarum and one isolate of G. 
fructigenum Berk. from apple, I concluded? that these 
isolates of G. olivarum were referable to G. fructigenum 
Berk. ; (b) it seems undesirable to establish a classi- 
“fieation of these very variable organisms on the 
findings by Struble and Keitts, which are intended 
to elucidate genetical phenomena and do not seem 
to be immediately useful for classification purposes, 
especially in the light of recent views* on sexual 
behaviour in the genus Glomerella. 
ANTONIO CICCARONE 
Istituto di Patologia vegetale, 
-o Vie Valdisavoia 1, 
‘Catania, Italy. 
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A New Group of Compounds with Diamond- 
type (Chalcopyrite) Structure 


Ir is now possible to confirm the existence, 
previously predicted', of a new group of compounds 
with chalcopyrite structure, and of general formula 
AUBIVXY,, where All is zine or cadmium, BIV is 
silicon, germanium or tin, and XY is arsenic or phos- 
phorus. The new TL-IV—V, compounds can be 


derived formally from II—V zine blende compounds _ 


Growth, National _ 


ct aa Sei { 
; i Chaisopyrite Unidentified Incomplete reaction 
: structure constitution*® of constituents 
ZnSids, | ZnsnaP, | CaSiP, 
ZoGeP, | CdSnP, | Cd8i. 
CdGeP, | Zn8isb, 
ZnGeas, | CdSiSb, 
| CdGe As, | ZnSiBi. 
i Zasnas, i i CdSiBi, 
! Cd3nAs, | | ZnGeSb; 
| CaGeSb, | 
| | ZnGeBi, | 
t H | Zn3aSb, 
i | | CdSnSb, 
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Table 1 



























* Not single phase 


by substituting for every two atoms of the group TT: 
element one atom from each of groups If and IV. 
(for example, GaAs -> AnGeAs,)}. i 
Preliminary results of the investigation are sum- 
marized in Table 1, and refer largely to preparations: 
carried out in sealed evacuated silica tubes, heated 
at 1,000-1,100° C. (with an external argon pressure: 
of up to 35 lb./in.? to compensate for the high vapour. 
pressure of some constituents), Seven compounds 
with a chalcopyrite structure have so far been found, 
as in the first column. It is, of course, possible that 


related HI—V zinc blende compounds. In view of. 
the low melting point of InSb, this may account for 


analogues. 
mereury or lead also may not form, though their» 
preparation has not so far been 
Analogues containing beryllium or magnesium may, 
however, exist. 

The new compounds are semiconductors much 
resembling the 1—III—V1, series'®, Specimens suit- 
able for electrical measurements have not been 
obtained, but optical measurements have given th: 
energy gaps shown in Table 2. These values confirm 
the expectation that the energy gap for @ given, .. 
11—IV-—V, compound is determined largely by the — 
IV-—V bonds, the weaker of the two types in theo 
structure. On this view, the energy gap is (a) lower 
than that for the related TI-—V compound (that is, o 
AlAs for ZnSiAs,, GaP for CdGeP%) ; (b) higher than — 
that for the related Group IV element (interpolation 
may be necessary ; CdGeP, is thus related to the = 
‘element’ GeSi). We suggest that bond-strength. 
increases along the sequence IV—IV, IV—V, Im- 
owing to increasing bond ionicity, and that energy 
gap follows suit*. (The influence of the II—V bond 
is probably relatively small and in any event is com- 

















Table 2 
| Compound | Energy gap (eV.) | 
| CaGeP, | : | 
3 ZnGeP, 2-0-2 :4* | 
ZnSiAs. 2 
ZnGeaAs, > 6-6* 


| 
, gnSnP, | 
CdSnP, | 


+ The absorption edge obtained was not sharply defined. 
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plicated in this structure by ionic II—IV interaction.) 
* Though this approach neglects a number of important 
factors, it can give a useful indication of energy gap 
in cases in which it has not been measured. 

The new group of chalcopyrite compounds allow 
an extension of the Grimm—Sommerfeld rule’, Lattice 
constants are in agreement with covalent radii; 
thus ZnGeAs, has an ‘a’ repeat distance (5-67 A.) 
almost identical with those of GaAs and Ge (5-64 
and 5-66 A.). K 

Compositions CdSnP, and ZnSnP, gave relatively 
complex X-ray diffraction patterns. Both materials 
are semiconductors with energy gaps greater than 
l eV. 

I am indebted to Mr. J. A. Fryer and Mr. I. G. 
Austin for optical measurements of gap-width, and 
to Dr. E. G. Steward, who was responsible for X-ray 
measurements. 

C. H. L. GOODMAN 
Research Laboratories, 
The General Electric Co., Ltd., 
Wembley, Middlesex. 
Jan. 24, 
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Para-Localization Energy (Free-Electron 

Molecular-Orbital Method) and Polaro- 

graphic Half-Wave Potentials of some 
Polynuclear Hydrocarbons 


POLYNUCLEAR aromatic hydrocarbons in 75 per 
cent dioxane solution which contams 0-175 M tetra- 
butyl ammonium iodide are reducible in the dropping 
mercury electrode. As shown by the corresponding 
polarograms, it 1s a two-electron addition step process, 
and it is similar to the reduction of these compounds 
by alkali metals or their amalgams and alcohol’, a 
fact which can be easily explamed. 

Basu and Bhattacharva*® suggested that, just as 
in chemical reduction, m the polarographic one the 
addition of two hydrogen atoms takes place in the 
pare-positions. In this way, a relationship was 
established between para-localization energies, P(—6), 
and the polarographic half-wave potentials, —H,).. 
Plotting P(—ß), calculated by Brown‘ using the 
molecular-orbital method, versus —£1;,, determined 
by Wawzonek and Laitinen! for a number of poly- 
nuclear hydrocarbons, a good straight line was 
obtained’, 

However, certain objections can be raised. Actu- 
ally, the value given by these authors to P(—8) m 
the positions 1:4 of naphthalene is not 4-00, as has 
been stated, but 3-684. Wuth the latter value the 
curve does not give a straight line. On the other 
hand, by plottmg P’(-y) (corrected for overlap) 
against —H,,., @ good straight lne is obtaimed. 

The para-localization energies for the hydrocarbons 
studied by Basu and Bhattacharva® have been 
calculated by us using the free-electron molecular- 
orbital method’; and we find that they differ from 
those calculated by Basu’ m those compounds m 
which one of the residual molecules 1s ethylene. In 
fact, in our calculation of the x-electron energy of 
ethylene, we have supposed that the free-electron 
path termmates one bond-length beyond each end, 
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Table 1 
Compouncs Positions P =E: 

Naphthalene 1:4 2a — 0:173 K 2 50 
Anthracene 8:10 2a — 0 354K | 1°94 
Phenanthrene 1:4 2a — 0 153K | 2-46 
1:2-Benzanthracene 5:10 2a — 0:330 K 2 03 
1;2,5:6-Dibenzanthracene | 6:10 2a ~ 0-308 K | 2-07 
Diphenyl 1:4 |2a — 0092K | 2-70 





obtaining for this energy 0-222 h?/8ml*, where L is the 
bond-length of this molecule. Table 1 summarizes 
the values of P calculated, and —H,;,. The symbol 
K stands for h?/8ml? ~ 440 keal./mol. Plotting P 
against —E js} @ good straight line is obtained. 

It will be observed that our calculated P-values 
are m the right sequence compared with the P’(—y) 
values of Browr: and the experimental values for the 
addition of maleic anhydride*. From our values ıt 
can be inferred that the para-localization energy 
must be less than 2« — 0-300 K, approximately, for 
the addition of maleic anhydride to take place. Our 
results also differ on this point from those obtained 
by Basu®, who found that there ıs addition only 
when the para-localzation energy 1s less than that 
of the energy (2«) of two isolated electrons. If we had 
calculated the ethylene energy supposing the box to` 
extend only one half bond-length at each end, then 
the calculated para-localization energies, though 
differmg numer:cally from Basu’s®, would have led 
us to expect add:tion only when they were less than 2a. -` 

© J. I. FEBNANDEZ-ALONSO 
Rosario Domrco 
Laboratory of Physical Chemistry, 
University of Valencia. 
1 Wawzonek and Laismen, J. Amer. Ohem. Soc., 64, 2365 (1942). 
2 Clar, E., ‘“Aromctische Kohlenwasserstoffe’ (Springer-Verlag, 
Berlin, 1941). i 
3 Basu and Bhattacharva, J. Chem. Phys., 25, 596 (1956). 
‘Brown, J. Chem. Scc., 691 (1950). 
*Ruedenberg and Scherr, J. Chem. Phys., 21, 1565 (1963). 
ê Basu, J. Chem. Phws., 28, 1548 (1955). 


Radioactive Contamination of Foodstuffs 
from Fall-out as a Source of Error in 
some Animal Experiments 


Tue gastro-intestinal absorption of many sub- 
stances may be determined by fecal measurements 
following oral ingestion of æ test dose containing a 
radioisotope. Durmg the course of experiments of 
this type to determine the absorption of vitamin B,, 
m rats, it was noticed that residual radioactivity 
appeared in the excreta of contro] animals which had 
not been given the radioactive test dose. This radio- 
activity, which was first noticed m July 1956, has 
recently increased to an extent which makes it 
impossible to contmue the experiments as originally 
designed. 

The radioactivity was shown to result from a 
minute degree of contamination in the feeding stuffs 
and appeared as an ‘excess’ in the excreta collected 
for assay. The 2rror was mereased by the residual 
food inevitably mixed with the excreta in this type 
of experiment. 

Table 1 gives the results of measurements of the 
activity of samples of rat cubes and some other 
common constituents of animal and human diet. All 
the measurements were made with a scintillation 
counter contaming a sodium iodide crystal of 2 in. 
diameter and 1 m. long, a re-entrant container and 
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Table 1 
Sample Counting-rate - 
a (c. per min )* 
1. 130 gm. Rat cubes (3 je 2 + 6; H 
2, 250gm. Mik # o 6843-5 
b} 8343-6 
(c) 6:3 + 3-4 
8 120 gm. Dried crushed peas Ns SS $ + zs 
24 
4. 200 gm. Sugar 22441 
5. 200 gm 49442 
6. 120 on Cut cabbage 110 0 4: 8-4 
elivery fa 
+ = 8 87-5 + 3-8 
(c) 181-5 84 
7 220 gm. Carrot 80 + 3-0 
8 110 gm. Caunfowsr 2894586 
9. 250 gm. Salt 2244-9 
10. 250 gm. Semolina ; 21449 
11. 250 gm. Tap water h pr +t BT 
23- 
(c) 7643-5 
(&) 0-0 + 3:3 
Background (mean) 287:0 + O-4 


lead shielding at least 34 in. thick. The background 
counting-rate used was that of the counter with 
250 ml. glass-distilled water in the container, although 
there was no significant difference between the mean 
of these measurements and ‘those with no’, container 
in the apparatus. 

The sample of cabbage which gave the highest 
result was examined in more detail. The only natural 
contaminant was likely to be potassium-40 and the 
_ sample tested was analysed and found to contain 
5-7 mgm. potassium per gm. cabbage: this is within 
the normal range. 
to the total in the cabbage sample when dissolved 
in 250 ml. distilled water gave æ counting-rate of 
7-8 + 0-2 c. per min., which is only a few per cent 
of the mean counting-rate from the cabbage. 

It was not possible to establish the activity of the 
contaminants beyond all doubt, but a y-active com- 
ponent was demonstrated by re-meaguring sample 6c 
with a lead filter of thickness 0-57 gm. per em.? which, 
with the inherent filtration of the container and 
crystal housing, was sufficient to exclude all B-rays 
up to an energy of 1:8 MeV. Only a few per cent of 
the residual y-activity could be accounted for by 
bremsstrahlung from strontium-90 or by the very 
low activity yttrrum-90 which may have been 
present. These results strongly suggest the presence 
of cxsium-137; and if correct correspond to approx- 
imately 4 upc. per gm. cabbage. The ‘maximum 
permissible total body burden’ for cesium-137 is 
98 uo. 4, 

It is significant that the foods showing least 
activity were those such as sugar which were probably 
not recently prepared. 

Though it is well known that nuclear weapon tests 
have caused a slight degree of contamination over 
wide areas of land, the extent to which this may 
interfere with carefully planned biological experi- 
ments, where the practical level of measurement is 
well below human tolerance-levels, does not appear 
to have been fully appreciated. 

I would like to thank Dr. A. L. Latner and R. J. 
Merrills, of the Departmént of Biochemistry, Royal 
Victoria Infirmary, Newcastle upon Tyne, for 
analysing the potassium content of the cabbage, and 
Dr. F. T. Farmer for his encouragement and for 
permission to publish this communication. 

C. G. Crayton 

Radiotherapy Department, 

Royal Victoria Infirmary, 

Newcastle upon Tyne. 
Feb. 19. 
1 Brt. J. Radiol., Supp. 6 (1955). 
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z Malvalic Acid and its Structure 


Soms of the properties of a biologically active 
C,, fatty acid isolated from Malva verticillata and 
M. parvifiora have been reported’. The name 
‘malvale’ acid is now proposed for this acid, which 
was previously referred to as ‘“Halphen acid” because 
it gave rise to the Halphen colour test. 

The Halphen test is also given by sterculie acid, 
for which Nunn? proposed structure (I) and Verma, 
Nath and Aggarwal? proposed structure (II). . 


CH,—(CH;);—C=C—(CH,),COOH 
QZ 
CH, 
CBs ACH a0 OH AO CE ACH, COOH 
CH, (1) 


We have examined the infra-red spectra of mal- 
valic, dihydromalvalic, sterculic, dihydrosterculic and 
lactobacillic acids and their methyl esters, and con- 
clude that structure (I) for sterculic acid is more in 
accord with the data than is structure (II), and that 
malvalic acid has the general structure (ITI),-similar 
to sterculic acid (I). 


CH,—(CH,),—C=C—(CH,) COOH 
Xa 


(IIT) 


s -+y = 13 

Verma et al.4 found æ band at 1,008 cm.-! in the 
infra-red spectra of sterculic acid and attributed it 
to the cyclopropane ring. They also reported bands 
at the double-bond frequencies of 1,643 cm.-! and 
690 cm.-! and deduced structure (II). Faure and 
Smith‘, however, found that freshly prepared sterculic 
acid showed no absorption in the double-bond regions 
and they assigned the band at 1,008 om.“, together 
with a weak band at 1,870 cm.~}, to vibrations of the 
cyclopropene ring. In agreement with Faure and 
Smith’, we have found sterculic acid to give bands 
at 1,008 cm.-? and 1,872 cm., Malvalic acid gave 
a band at 1,008 cm.-!, as previously reported!, and 
also a weak band at 1,870 cm.. 
was found in either acid in the usual double-bond 
regions. = 


Following hydrogenation with a palladium catalyst, i 


dihydrosterculic and dihydromalvalic acids were 
isolated and purified. The spectre of these compounds 
showed that the band at 1,870 cm.- had disappeared, 
whereas the 1,008 cm.~? band had moved to 1,021 em.-! 
in both cases, in contrast to the results of Verma 


et al.4, who found no band-shift on hydrogenation. of* 


sterculic acid. We therefore favour structure (I) for 


sterculic acid and consider that malvalic acid has 


the same general structure (ITI). 

Further evidence was .sought from the high- 
frequency region of the spectra. Herzberg* states 
that in cyclopropane the carbon—hydrogen vibrational 
bands are at 3,103 cm.~? and 3,024 em.-1. Wiberley 
and Bunce’, using a spectrometer equipped with a 
lithium fluoride prism, found bands at 3,096 cm.-} 
and 3,012 em.-! in some cyclopropyl derivatives and 
ascribed. these bands.to the stretching frequencies 
of the ring CH, group. Slabey*®, usmg a sodium 
chloride prism, detected shoulders at 3,096 em.-! and 
3,012 cm. in some cyclopropane derivatives. Cole®, 
investigatmg æ number of steroid and terpenoid 
compounds containing a cyclopropane ring, found a 


z 


{ 


No absorption | 


i 
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band at 3,040-3,058 em.-! which he assigned to the 
ring CH, group. 

The spectra of the compounds mentioned above 
were recorded up to 4,000 em.-! using a spectrometer 
equipped with a calcrum fluoride prism. Methyl 
dihydrosterculate showed bands at 3,056 cm.-! and 
2,988 cm.-! and methyl dihydromalvalate at 3,057 
cm.~? and 2,990 cm.-! ; likewise, methyl lactobacillate, 
which also contains a cyclopropane ring!*, showed 
bands at 3,058 cm.-! and 2,988 em.-1. These bands 
were also observed in the spectra of the acids them- 
selves. An acid with structure (I) or (II) on hydro- 
genation with a palladium catelyst would give a 
compound with a cyclopropane rmg and no other 
centre of unsaturation. The absorption at 3,056— 
3,058 cm. and 2,988-2,990 cm.-} in dihydrosterculic 
and dihydromalvalic acids and also lactobacillic 
acid is therefore attributed to the stretching fre- 
quencies of carbon-hydrogen groups contained in the 
cyclopropane ring. 

Neither sterculic nor malvalic acids, nor their 
methyl esters, however, showed any absorption in 
this region. If structure (II) for sterculic acid were 
correct, absorptions should be found in the region 
above 3,000 cm.-! corresponding to the carbon— 
hydrogen stretching vibrations of the cyclopropane 
ring and also of the =CH group. On the other hand, 
if the structures (I) and (III) are correct for sterculic 
and malvalic acids respectively, it is not clear why 
the CH, group m the cyclopropene ring does not show 
absorption analogous to that shown by the cyclo- 
propane ring. 

We wish to acknowledge gifts of sterculic acid 
from Mr. P. K. Faure and lactobacillic acid from 
Dr. K. Hofmann. i 

J. J. MAOFARLANE 
F. S. SHENSTONE 
J. R. VIOKERY 


Division of Food Preservation, 
Commonwealth Scientific and 
Industrial Research Organization, 
Homebush, New South Wales. 
Jan, 31. 


1 Shenstone, F. S., and Vickery, J. R., Nature, 177, 94 (1956). 
*Nunn, J. R., J. Chem. Soc., 318 (1952). 


S v P., Nath, Bhola, and Aggarwal, J. S., Nature, 175, 84 


í Verma, J, P., Gupta, Sharda Das, Nath, Bhola, and Aggarwal, 
J. 5., J. Ind. Chem. Soc , 88, 111 (1956). 
* Faure, P. K., and Smith, J. O., J. Chem. Soc., 1818 (1958). 


$ Herzberg, G., “Infra Red and Raman Spectra”, 852 (D. Van Nostrand 
Co., Ine., Princeton, 1947). 

? Wiberley, S. E., and Bunce, S. C., Anal. Chem., 24, 623 (1952). 

£ Slabey, V. A., J. Amer. Chem. Soc., 76, 3604 (1954). 

? Oole, A. R. H., J. Chem. Soc., 8807 (1864), 


1° Hofmann, K., Lucas, R.A., and Sax, S. M., J. Amer. Chem. Soc., 
72, 4828 (1950). 7 


Power Loss by Polar Molecules in an 
a.c. Field 


Ix is well known that below the range of the optical 
frequencies the power loss in a dielectric is only a 
property of the polar molecules, and this loss in 
an a.c. field is basically due to the rotation of the 
dipoles and their subsequent relaxation. In the most 
familiar Debye type of loss, it is shown that the 
molecules show a transition between two equilibrium 
positions (in actual practice different dipoles have 
different equilibrium positions) separated by a 
potential barrier, and this equilibrium in a constant 
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field is attamed exponentially with time, whereas, 
m the so-called resonance loss indicated by Fréhlich?, 
it is assumed that the equilibrium is not only 
approached exponentially with time ; but also super- 
imposed on tkis is the fact that the equilibrium 
position is attained through oscillations. Mathe- 
matically, in the Debye case the decay function Fp 
assumes the form: 


Fp œ exp (— tir) (1) 


where tis time and r the relaxation time. The decay 
function Fz m the resonance case is: 


Fr o exp (— tjr) eos (ot + p) (2) 


where ©,/2r is now the frequency of oscillation and 
9 & constant. The frequency of maximum absorption 
at any temperature would lie near the value of ljr m 
the Debye case and near ©,/27 in the resonance case. 

Now the Debye and the resonance cases of the 
decay of polarization are similar to the critically 
damped and tae under-damped conditions in an 
ordinary damped free-vibration problem. Hence the 
decay of polarization may also be extended to the 
remaiming condision, namely, the over-damped state. 
Thus in this cese it can be easily shown that the 
decay function °F) should assume the form: 


F = CO, exp (— mt) + 0O, exp (— mf) (3) 


where m, and 1 are two real but unequal constants 
and C, and C, sre two other constants. This shows 
that the polarization/time curve will be the sum of 
two decreasing exponential curves with relaxation 
times of l/m, aad 1/m, The decay of polarization 
here, though of similar type to that m the Debye 
case, will be mach slower. In view of the above, 
the following observations in connexion with the 


_over-damped case may be useful. First, the over- 


damped decay keing too sluggish, the relaxation or 
the relaxation time may not be so dependent on 
temperature as a Debye type of decay would be. 
Secondly, not many substances, except perhaps the 
solids consisting of large molecules, would show this 
peculiar type of decay. Lastly, the behaviour of the 
‘electrets’ may perhaps be likened to solids exhibiting 
enormous damping; it may be assumed that what- 
ever polarization is given to such & substance in the 
liquid state (when damping is less) it is almost 
‘locked in’ when the substance ıs solidified. 

I thank Prof. D. S. Kothari, Scientific Adviser, 
Mimstry of Defnce, India, for facilities for this 
investigation. 

H. P. BHATTAOHARYYA 


Defence Scione Organization, 
Now Delhi. 


1 Debye, P., “Polar Mciecules” (Dover Publications, New York, 1928). 
2 Fröhlich, H., “Theory of Dielectrics” (Oxford, 1949). 


Decay Theory of Immediate Memory 


Two main tyres of theory have classically been 
suggested to account for the fact that, without 
adequate rehearsal, memory for perceived material 
appears to be extremely short. They have relied 
on the interfering effect of other material interpolated 
between percepticn and recall, or on interference dur- 
ing recall, or they have relied on the decay of the 
memory with passage of time. Although most 
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workers to-day would agree that both postulates are 
necessary to account for failures of immediate recall, 
it has proved difficult to examine either m isolation. 
In the course of a study relevant to the memory 
requirements for using telephone dials, an experiment 
was carried out which would seem to provide un- 
ambiguous support for the decay theory of recall. 

Thirty subjects listened to 8-digit numbers which 
had been recorded on tape at rates exther of 30 or 
90 digits per minute. Immediately at the end of each 
number, & timing device was started which clicked 
loudly at one of two rates, again either 30 or 90 per 
minute. Subjects wrote down the 8-digit number 
they had just heard, one digit at a time, in step with 
the timer. In the condition with both presentation 
and recall at the slow rate, for any given digit in the 
series, the interval between presentation and recall 
i three times longer than when both rates were 

ast. 

The proportion of numbers correctly recalled was 
significantly greater with the shorter delay (0-41, 
0:32). Furthermore, without exception, individual 
digits in the same serial position were correctly 
recalled more frequently at the fast rate. Trebling 
the interval between presentation and reeall approx- 
imately doubled the number of digits forgotten. 

Since 1t seems that the longer one is restrained from 
recalling, the greater is the likelihood of forgetting, 
1t might be expected that recall at a free rate would be 
superior to recall at any constrained rate. The above 
method, without the timing device, was used to test 
this. The proportions of wrong numbers at paced 
recall rates of 30 or 90 digits per minute and under a 
condition of free recall were, respectively, 0-65, 0-59 
and 0:38. It is difficult to explain these results other 
than in terms of decay theory. 


i _R. CONRAD 
Medical Research Comel 7 
Applied Psychology Research Unit, 
Cambridge. 
Jan. 25. 
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Discovery of Ammonoids of the Upper 
Devonian Wocklumeria Zone in North 
Cornwall 


Recentriy, Dr. R.-Goldring! has been able to make 
a direct correlation of the lower part of the Pilton 
Beds of North Devon with the Wocklumeria Zone of 
the Sauerland, Germany. This correlation is based 
on the trilobites which oceur both with the brachio- 
pod faunas of the Pilton Beds and the ammoncid 
faunas of the Sauerland. Thus the German faunal 
horizon was precisely identified in England for the 
first time. 

Evidence for the presence of the Wocklumeria Zone 
south of the Culm has hitherto been lacking: it has 
now been identified in the Launceston district. 

On July 18, 1956, one of us (M. R. H.), searchmg 
the collections in the Penzance Museum, discovered 
a smgle specimen of Wocklumeria sphaeroides (R. 
Richter) which is identical with those figured from 
the upper Wocklumeria Stufe of Germany by Schinde- 
wolf? (pl. 1, Fig. 14, pl. 2, Fig. 1). The specimen 
(Collection No. 238) is labelled ‘“Yeo(or Yea)lmbridge”’. 
This is very probably the locality given as Yeolm- 
bridge, two miles north of Launceston, which was 


well known to the early collectors. This specimen was 
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exhibited at the“annual reunion of the Geologists’ 
Association in London on November 3, 1956. 

In late July 1956, the second writer (E. B. S), 
working independently, discovered a locality in the 
Launceston area which has yielded a well-preserved 
ammonoid fauna including the genera Clymenia, 
Kalloclymenia, Kosmoclymenia, Wocklumeria, Epi- 
wocklumeria, Patrawocklumeria, Sporadoceras and 
Imitoceras. This is a typical Wocklumeria Zone 
fauna. A full description of the locality and its fossils 
is being prepared (by E. B. S.}). 

These discoveries mean’ that the supposed hiatus 
in the Upper Devonian to Lower Carboniferous 
succession of Cornwall has been greatly reduced, and 
that representatives of all the major German Upper 
Devonian ammonoid zones have been now ‘identified 
m England. 

M. R. House 

Department of Geology, 

Science Laboratories, 
University of Durham, 
South Road, 
Durham. 


E. B. SELWOOD 
Department of Geology, 
University, Bristol 8. 


1 Goldring, R., Senckendergiana, 36, 27 (1955). 
3 Schindewolf, O. H., Abh. preuss. geol. Landesanst., 


N.H., 178, 1 
(1837). X 


Graphical Methods in Enzyme Chemistry 


`~ In 1932, Dr. Kurt Stern published a German 
translation of my book ‘“Enzymes’’!, with numerous 
additions to the English text. On pp. 119-120, I 
described some graphical methods, stating that they 
were due to my friend Dr. Barnett Woolf. Michaclis’s 

Va 
s +K 
the substrate’ concentration at any moment, v the © 
velocity with which the substrate is being destroyed, 
V the velocity when the enzyme 1s saturated, and 
K the Michaelis constant. Woolf pointed out that 
linear graphs are obtained when v is plotted against 
va-l, v-1 against x}, or vw against x, the first plot 
being most convenient unless inhibition 1s being 
studied. But competitive inhibition gives a pencil 
of lines through the point (0,V-"), while non-com- 
petitive inhibition gives a pencil through the point 
(— K-1,0), when v! is plotted against x-1. 

These methods were afterwards rediscovered by 
others, the first of these rediscoveries being by Line- 
weaver and Burk®. Dr. Woolf was undergoing @ 
serious illness as the result of an accident, and never 
published the results which he had shown me in 
draft form. Recently, Hofstee? has credited me with 
the invention of these methods without mentioning 
Woolf’s name. Squabbles as to priority are un- 
dignified ; but if anyone is to be credited with these 
methods, the credit belongs entirely to Woolf, and 
not to myself, unless indeed he and I had overlooked 
still earlier work. 


, where v is . 





J.B. S. HALDANE 
University College, 
Gower Street, 

London; W.C.1. 
1 Haldane, J. B. S., and Stern, K., “Allgemeine Chemie der Enzyme” 

(Stoinkopf, Leipzig and Berlin, 1932). 
2 Lineweaver, H., and Burk, D., J. Amer. Chem. Soc., 58, 658 (1934). 
2 Hofstee, B. H. J., Enzymologia, 17, 273 (1956). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Wednesday, April 24 s 


ROYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
$.W.7), at 5 p.m.——Mr. T. L Wadley. “Tellurometer System of 
Distance Measurement”. 


INSTETUTION OF ELECTRICAL ENGINEERS, SUPPLY SEOTION (at 
Savoy Place, London, W.C.2), at 5.30 p.m. —Monsieur S. S. Rokotyan : 
“Transmission of Electrical Power at 400 kV. in the Soviet Union”. 


BRITISH INSTITUTION OF RADIO ENGINEERS (in the Lecture Theatre 
of the London School of Hygiene and Tropical Medicine, Keppel 
Street, Gower Street, London, W.C.1), at 680 pm—Dr A. A. 
Shepherd. “The Properties of Semi-conductor Devices”. 


INSTITUTE OF FUEL (at the Institution of Civil Engineers, Great 
George Street, London, S.W.1), at 7 p.m.—Mr. J. R. Rylands— 
Presidential Address.* 


SOCIETY oF INSTRUMENT TECHNOLOGY (at Manson House, Portland 
Place, London, W.1), at 7 p.m.—Mr. W. K. Taylor. ‘Measurement 
Control Circuits in the Human Operator”. 


POLAROGRAPHIO SOOIETY (at the School of Pharmacy, 17 Blooms- 
bury Square, London, W.C.1), at 7.30 pm.—Dr. W. -R. Baker 
“Further Experiences with a Manual Polarogiaph”; Mr. G. Russell - 


“Polarography of Ninhydrin”’; Mr. R. Coulson: ‘Polarographic. 
Experiences in Metallurgy”. 
Thursday, April 25 > 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society of London, Burlington House, Piccadilly, London, W.1), at 
5 p.m,-—-Mr. E M. El Shazly, Mir. J. S. Webb and Mr. D. Williams: 
“Trace Elements on Sphalerite, Galena and Associated Minerals from 
the British Isles’; Mr. B. J. P. Lyon and Mr. B. Scott: “‘Strati- 
graphical and Structural Ore Controls on the Slitt Vein at Heights 
Mine, Weardale, Co. Durham”, 


LONDON | MATHEMATICAL SOCIETY (at the Royal Astronomical 
Soclety, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
Dr. G. &. H. Reuter: “Denumerable Markov Processes”. 


Soorery OF CHEMIOAL INDUSTRY, PLASTICS AND POLYMER GROUP 
at 14 Belgrave Square, London, $ W.1 , at 6.30 p m—Dr. W. G. 
arb. “High Softening Polymers based on Styrene”. 


Friday, April 26 


INSTITUTION OF CHEMICAL ENGINEERS, GRADUATES AND STUDENTS 
SECTION (at the Cora Hotel, Upper Woburn Place, London, W.C.1), at 
eee on “The Impact of Atomic Energy on Chemical 

meineering”, 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensmgton Gore, London, 8.W.7), at 5.15 erie arr R. G. 
Swallow, R-N., and Mr. A. L P. Milwright: “Methods of Obtainmg 
a Ship’s Aspect and Speed by Radar”. 


INSTITUTION O¥ MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, S.W.1), at 6 p.m.—Annual General Meeting. 


BRITISH PSYCHOLOGICAL SOCIETY, INDUSTRIAL SECTION (in the 
Department of Psychology, Birkbeck College, Malet Street, London, 
W.C.1), at 6.30 p.m.—Mr. D. M. Sidney: “The National Coal Board 
Staff College”. 


Saturday, April 27 


BRITISH ‘PSYCHOLOGIOAL SOOIETY, SOCIAL PSYCHOLOGY SECTION 
(at Birkbeck College, Malet Street, London, W.C.1), at 11.30 a.m.— 
Conference on “The Teaching of Social Psychology”. 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or 
before the dates mentioned . 

LEOTURER (graduate ın physics or chemistry, and preferably with 
research experience) IN APPLIED SCIRNOE IN THE DEPARTMENT OF 
PRINTING AND PHOTOGRAPHIC TECHNOLOGY—The Registrar, The 
Manchester College of Science and Technology, Manchester 1 (Apr) 26). 

LECTURER (preferably with a knowledge of mathematical statistics) 
IN MATHEMATICS——-The Registrar, Queen Mary College (University of 
London), Mile End Road, London, B.1 (April 27). 

LECTURER and a RESHAROH ASSISTANT IN THEORETIOAL PHYSIOS— 
The Registrar, King’s College, Newcastle-upon-Tyne (April 27). 

RESEAROH ASSISTANTS IN THE CHEMISTRY DEPARTMENT, for work 
on the physical and chemical properties of solid carbon—The Registrar, 
King’s College, Newcastle-upon-Tyne (April 27). 

ASSISTANT LECTURER (with special reference to organic chemistry) 
IN CHEMISTRY ; and an ASSISTANT LECTURER (with special reference 
to physical and imorganic chemistry) IN CHEMISTRY— The Secretary, 
Birbeck Conese (Univeisity of London), Malet Street, London, 

©. pri s 

BALLIstics OFFICER (civilian) (with a number of years practical 
and theoretical experience in a related position and education to 
university standard ın physies, mathematics or statistics) at the 
Weapons Testing Establishment, Department of National Defence, 
Canada-——Canadian Army Liaison Establishment, 66 Ennismore 
Gardens, London, S W.7 (April 30). 
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LECTURER (with an honours degree in civil or mechanical engineer- 
ing, and practical andlor research experience) IN ENGINEBRING— 
The Secretary, The University, Aberdeen (April 30). 

ASSISTANT LECTURER or LECTURER IN PuysIos—The Registrar, 
The University, Leeds 2 (May 1). 

LEOTURER (preferably with a major interest in heat transfer and 
a knowledge of some aspect of nuclear engineering) IN ENGINEERING 
(MECHANICAL)—Th Registrar, The University, Manchester 13 (May 1) 

LECTURER (with good academic qualifications and practical ex- 
perience in any section of the electrical engineering industry) IN 
ia ENGINERRING—The Registrar, The University, Leeds 2 

y 1). 

UNIVERSITY DEMONSTRATOR (with an honours degree in pure science 
with organic chemistry and biochemistry as principal subjects) IN 
ANIMAL Nureition—The Secretary, School of Agriculture, The 
University, Cambridge (May 1) 

RESEARCH ASSISTANT (with a first- or second-class honours degree 
in chemistry, and wanting to work for a higher degree) IN THE CHEM- 
ISTRY DEPARTMENT, for work of a physico-organic nature—The 
Principal, Derby snd District College of Technology, Normanton 
Road, Derby (May 3). 

ASSISTANT IN PARASITOLOGY IN THE DEPARTMENT OF ZOOLOGY— 
The Secretary, The University, Edinburgh (May 4). 

ASSISTANTS (2) IX THE DEPARTMENT OF ZooLOGY—The Secretary, 
The University, Edinburgh (May 4). 

LECTURER IN ZPPLIED MATHEMATICS—The Registrar, 
College, Newcastle-apon-Tyne (May 4). 

LECTURER (with = degree in engineering or A.M.I Mech E , together 
with at least two years postgraduate industrial experience, and prefer- 
ably some teaching experience) TO THACH MROHANIOAL ENGINEERING 
at the Government Technical Institute, Kaduna, Northern Nigeria— 
The Director of Recruitment, Colonial Office, London, 8.W.1, quoting: 
BCD.114/408/06 (May 4). 

RESEARCH SOHOLARS IN ARTS, SOIENCE, and the SOCIAL SoreNcEsS— 
The Registrar, The University, Leicester (May 7). i 

LECTURER {with teaching experience and research experience in 
veterinary bacteriology or virology) IN AGRICULTURAL AND DAIRY 
BACTERIOLOGY—The Secretary, The University, Aberdeen (May 13). 

LECTURER (preferably with a keen interest in field botany) IN 
Botany—The Professor of Botany, Imperial College, Prince Consort 
Road, London, S.W.7 (May 15). 

LEOTURER (with special qualifications ın mineralogy and a working 
knowledge of X-ray techniques) in GroLogy—The Registrar, The 
University, Bristol (May 15). 

CHEMICAL INSPECTOR (university graduate ın chemical technology 
or chemical engineering and Corporate member of the Institute of 
Chemistry or the Institute of Chemical Engineers) IN THE DEPARTMENT 
o¥ HEALTH, Wellington, New Zealand, to ensure that all the require- 
ments of Air Pollution Legislation are being observed and duties will 
include visits to all zegistered chemical industry and process works to 
inspect processes, examine records and make such tests as are necessary 
to determine the ccncentration of noxious constituents in discharge 
e High Commissioner for New Zealand, 416 Strand, London, 


King’s 


gases—Th 
W C.2, mentioning tus paper and quoting Ref. No 16/195/89 (May 18). 

JUNIOR RESEARCH FELLOW (with, or expect to possess in the near 
future, a good firss degree) IN COMBUSTION CHEMISTRY, for work 
on gaseous combustion reactions—Joint Clerk to the University 
Court, Queen’s College, Dundee (May 18). 

SENIOR RESEARCH FELLOW (completed, or completing at least 
three years of research) IN COMBUSTION CHEMISTRY, for work on 

eous combustion reactions—Joint Clerk to the University Court, 

ueen’s College, Dundee (May 18). 

PLANT BREEDER «ND GENETICIST (with some research experience) 
IN THE PLANT BREEDING SEOTION of the Department of Agronomy, 
Waite Agricultural Research Institute, to Investigate factors affecting 
quality and yield in barley and their mode of inheritance—The 
Registrar, University of Adelaide, Adelaide, South Austraha (May 31). 

ASSISTANT LEOTTRER IN CHEROSTRY—The Registrar, Trinity 
College, Dublin (June 8). 

PROFESSOR OF ZOGLOGY at the University of Melbourne, Australia— 


_ The Secretary, Asscriation of Universities of the British Common- 


wealth, 86 Gordon Square, London, W.C.1 (Australia, June 30). 
ASSISTANTS (2) (with a good honours degree) IN CHEMISTRY ; and 
an ASSISTANT (with a good honours degree) IN MaTHEMATICS—The * 
Clerk to the Goverrors, South-East Essex Technical College, Long- 

bridge Road, Dagerham, Essex. if 
ASSOCIATE PROFESSOR or PROFESSOR OF APPLIED MATHEMATICS— 
Prof. I. R. Pounder, University of Toronto, Toronto, Canada. 
DEPUTY AREA CHIEF SCIENTIST (with an honours degree or 
equivalent in chemistry or physics, and preferably some experience 
m the coal mining industry) of the Warwickshire Area of the West 


- Midlands Divisional Joal Board, with location at the Area Laboratory 


—Area Staff Manager, West Midlands Coal Board, Lindley Lodge, 
Higham-on-the-Hill, Nuneaton, Warwickshire. 

INFRA-RED SPECTROSCOPIST to apply the technique of problems of 
organic chemistry and biology—The Secretary, Chester Beatty. 
Research Institute, Fylham Road, London, 8.W.7, quoting “EMER”. 

LECTURER IN PHYSICAL CHEMISTRY, and a LECTURER IN APPLIED 
CHEMISTRY—The Puoncipal, Nottingham and District Technical 
College, Shakespeare Stieet, Nottingham, 

‘LECTURER (with a zood degree and preferably industrial experience) 
IN METALLURGY—The Secretary, Royal College of Science and Tech- 
nology, Glasgow. 

LECTURER (with an honours degree in mathematics) IN THE DEPART- 
MENT OF MATHEMATICS, College of Technology and Commerce, Cardiff, 
to assist m the teaching of mathematics for the Diploma in Tech- 
nology and Higher National Diploma 12 Building and Engineering— 
The Director of Edccation, City Hall, Cardiff. 

MATHEMATICIANS, AERODYNAMIOISTS, and AHRO-ENGINEERS (with, 
or obtaining a first- or second-class honours degree in mathematics 
or engineermg, or equivalent) at a Ministry of Supply Experimental 
Establishment, for cuties which include research and investigation 
into problems of aircraft performance, stability and control; applica- 
tion of mathematical techniques to problems relating to aerodynamics, 
structure, navigation, armament, ete., assessment ın connexion with 
performance estimation of new types of aircraft—The Mimstry of 
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‘Labour and National Service Tecoma and Scientific Register (K), 
26 King Street, London, S. quoting A.421/6A. 

MECHANIOAL or ELECTRICAL na or Pxuysiocist (with a first- 
or second-class honours degree or equivalent in mechanical/electrical 
engineering or physics) at the Royal Aircraft Establishment, Farn- 
borough, Hants, fo work on the design and development of precision 
test equipment for gyroscopes and accelerometers including develop- 
ment of precision centrifuge—The Ministry of Labour and National 
Service, Technical and. penta Register (K), 26 King Street, London, 
S. pe 1, quoting C0.168/7A. 

SEARCH ow (or “other research appointment) IN ELECTRICAL 
hermes to join a small group engaged in basic research into 
probleme of electrical machinery and allied apparatus—The Registrar, 
The University, Bristol-8. 

SorentirIo OFFICER (honours graduate in bacteriology or in bio- 
chemistry with bacteriological experience), for work on taxonomy 
of classification of the Lactobacil with special reference to milk 
and dairy products—The Secretary, National mee for Research 
in Dairying, Shinfleld, hs cane ae quoting Ref. 5 

SENIOR LEOHNICIAN (preferably Fellow or n adiate of the Animal 
Technicians Association) to take charge of Animal Houses at Forester- 
Inli—The Secretary, Marischal College, The University, Aberdeen. 

SLEEPING SIOKNESS CONTROL OFFICER (preferably single, with a 
good genera] education and agricultural traini aing or & knowledge of 
surveying, mapping, entomology or botany) in the Medical Depart- 
ment, Northern Nigeria Government—The Crown Agents, 4 Millbank, 
London, §.W.1, quoting M.3A 43728/NF. 

TEOENICIAN (with @ sound SIRA of chemistry, and preferably 

experi ence in biochemical techniques) for a research unt—The 
Administrator, Department of Bioc 
Parks Road, Oxford. . 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Mental Health Research Fund. Annual Report 1956 and Balance 
Sheet as at 80th September, 1956, with Income and Expenditure 
oe or the the year x that date, Pp. 12. (London: Mental Health 

ear 

Departmani of Scientific and Industrial Research. Forest Products 
Research Bulletin No. 39: The Strength Pro or of Plywood. 
Part3 : The Influence of the Adhesive. Bw E E $ 
plates. -oncon HM Sta tat 

Colontal Office. 
Survey of the Sennat es of East o Williams 
ae plates. (London: H.M. Stationery Office, 1966.) 158. a. 


Carnegie Trust for the Universities of Scotland. Fifty-fifth ‘acral 
Report for the year ese submitted by the Executive Committee 
o the tees on 18th February 1957. Pp. iv+78. Seana’ h: 
Carnegie Trust for the Universities of Scotland ell (228 
e Cotton Growing Corporation. Pr 


eri- 
ment a re Season 1955-56. Northern Nig 


aa epoti from 


25. (London: 


Empire Cotton Growing Corporation, 195 222 
Iodine Health Hints. Pp. 16. (pando: Be an Todine Edacstlonal 
Bureau, 1957.) 222 


Colonial Office, Colonial Research 1955-1956 : Reports of the 
Committee for Colonial Agricultural, 
Research ; Colonial Economic Research 
ttee; Colonial Fisheries Advisory, Committee; Colonial 
Medical Research Committee; Colonial Pesticides Research Commit- 
tee; Colonial Products Council; Colonial Road Research Committee ; 
Colonial Social Science Research Council; roio ne Iy and Trypanoso- 
miasis Committee; Director, Anti-Lo Research Centre, and 
Research Matters not covered by the above Reports of the Specialist 
Advisory Bodies. . 812 (Cmnd. 52). (London: H.M. Stati onery, 
Office, Toir. 10s, net. 222. 

National Smoke Abatement Bocloty. Erocesdings of the 28rd Annual 
Conference, South port, October, 1 Pp. 100. (London: Notonal 
Smoke Abatement Society, har Toe. Ba, 

British Journal of Radiology, Supplement No. 7: The R 
of Body Radioactivity—Papers read at a Conference held at Leeds 
on ao 16-17, 1956. Edited by ©. B. Allsopp. Pp. vi+180. (London: 
British Institute of Radiology, 1957.) 258. 222 

EH Studies Council. Annual peport, 1955-1956. Pp. 68 +8 plates. 
(London: Field Studies Council, [222 

Royal Tnatitute of Chemis try. "Some of the Council for the year 
ended 30 September, 1956. Pp. 26. (London: Royal Institute of 
Chemistry, 1956.) p= 

Britain’s Economic Problems and Policies. Pp. v+34. (London: 
Federation of British Industries, 1957.) 32. 222 

hilosophical Transactions of the Ro: Society of London, poate 


21e. 


cottiah Home Sepa. 
Research Series, No. 15: Eighth Annual Report of the Supervisory 
. Committee for Brown Trout Research, 4195571034, Pp. 12. (Edinburgh : 
H.M. Stationery Office ene 8s. net. [222 
National Coal Board Medical Service. Medical Research Memoran- 
dum No. 1: Reactions of Mines-Rescue Personnel to Work in Hot 
Environments——-Report on experiments carried out by A. R. Lind, 
J. S. Weiner, R. F. Hellion, R. M. Jones ana D: €. Frazer. Pp. oe 
(London: National Coal Board, 1957.)° 1 
Library Association Pamphlet No. 16: The Lote aggre oe gauaren e 
Books. By Charles H, Morris. 1418. 88. 6d. (28. L.A. 
Herter Statistica of Public (Rate 338. say h eat m irer 
Britain and Northern Telno. 1955-58. Pp. 33. (London: Library 
Association, 1957.) 7s. 6d. [252 
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Tweed River Purification Board. Annual Report for the year ended 
Han ey 1956. Pp.11+19. (Galashiels: Tweed River Purlficati 13 
0a: 


University of Nottini The Art of Organic Chemi 
boa mre Sir Jesse Sot ‘Foundation Lecture.) Pp. 20. ei 
ham: The University, 1957.) E a 


- Parliamentary an TARR El- mittee. Annual Report, 1: 

Pp. 26. (London: Parliamentary and Scientific Committee, oon) | 5 
The Registrar General’s Statistical Review of England ’ and Wi 
for the year 1954. Part3 : Commentary. Pp. xii+227. (London: AM 
Stationery Office, 1957.) 88. net. 13 


Other Countries 


The Centennial Review of Arts and Science. (A quarterly magazine 
of the Liberal Arts.) Vol. 1, No. 1 antes 1957). Pp. vi+110. 
Subscription rates : 8 dollars a year ; ollars for two years; 1 dollar 
for Art, Michi copies. (East Lansing, ihehigan : College of Science and 

higan State University, 1957.) [ 
Chicago Natnral History Museum. Fieldiana: Botany. Vol. 29, 
No. 3: Tropical American Myrtaceae: Notes on Genoric Concepts 
and Descrip ia of previously Unrecognized Species. By Prof, Rogers 
McVaugh. Pp. ii+145-228. 1.50 dollars. Yieldiana Zoology, Vol. 
89, No. T He Herpetology of Sinai By Karl P. Schmidt and Hymen 
Marx. 21-40. 40 cents. (Chicago: Chicago Natural History 

aang 1966.) [1 
Proceedings of the California Academ 
Vol. 29, No. 2 (January 28, 1957): Snails from California Caves. By 
Allyn G. Smith. FR: 21-46 +-2 plates. (San Francisco, Calif.: Cali- 
fornia Academy of Sciences, 1957.) ps 
East Africa Hi; mmission. Annual Report of the East African 
Agricultural and Fisheries Research Council, 1955-1956, Pp. 11+56, 

‘airobi: Government Printer, 1957.) Sh, 8. 192 

Institut de France: Académie des Sciences. Annuaire pour 1957. 
Pp. 235. (Paris: Gauthler-Villara, 1957 h [222 

British Guiana: Geological Survey. Bulletin 30: The Geology of 
the Superficial Deposits and Coastal ediments of British Guiana. By 
D. Bleackley. Pp. 46+387 figures. (Georgetown: Government 
Printer, 1956.) 3 dollars: 128. 6d 252 

‘ederation of Malaya. Annual Report of the Department of Agri- 
culture for the year 1955. By R. Heath, Pp. x+100+5 
plates. (Kuala Lumpur: Government ee 1956.) ~2. 50 polars 


bs. 10d. 

World Meteorological Organization. International Geophysical 

Year, 1957-1958. Meteorological Programme-—General Survey. 

Pp- vitna (Geneva: World Meteorological Organization, 1056, 
anes. 

European Productivity Agency of the 0.E.E.C. The Organish Pa 
and Rationalisation of Soil Analysi: . 220, (Paris: European 
Productivity Agency of the Organisation for European Koonomio 
Co-operation, 1956.) 600 francs; 128.; 2 dollars 252 

The National Research Council Review, 1956. “Pp. 284-+16 plates. 
(Ottawa : Queen’s Printer, 1957.) 75 cents. 13 

Thirty-seventh Report of the Quebeo Society for the Protection 5 
Plants, 1955. Pp. 162. (Quebec: Ministry of Agriculture, 1956.) 

Berichte des Deutschen Wetterdienstes. Nr. 32 (Band 5): ) ober 
die Veriinderlichkeit der Windschutzwirkung nee Do pelbaumreihe 
beu verschiedenen meteorologischen Bedingungen, on Josef van 
Himern. Pp. 21. 5.70 D.M. Nr.33 (Band 5): Windschutzuntersuch 
Emsland 1955. Von Ernst Franken und Egon Kaps.- Pp. 37. ( 
Kissingen : Deutschen Wetterdienstes, 1957.) 

Canada: Department of Mines and Technical Surveys: Publications 
of the Dominion Astrophysical Observatory. Vol. 10, No.9: A Further 
Study of the Cephei Star H.D. 199140 (BW Vulpeculae,) By G. J. 
Odgers. Pp, 215-252+plates 12-14. 25 cents. Vol. 10, No.12: On 
the Composite Spectrum of H.D. 50820. By Anne B. Uniorchitt, Pp. 
277-286 +plates 16 and 17. 25 cents. Nok. 10, No. 13: Tests of the 
Victoria Absolute Magnitudes of Stars of Class B, and “Spectroscopic 
Absolute es of 184 Stars. By R. M. Petrie and B. N. Mo brs 


82 
of Sciences. Fourth Series, 


Pp. 287-304. (Ottawa: Queen’s Printer, 1956.) 
Koninklijk ederlands eteorologisch Institut. toy ceepreie O Opstel wA 
2: Hozen en Hozentheorieën. Door A. Delyer. Pp. 83. Mededelingen 


en Verhandelingen. No. 62: Regensen Statistische Studie. Door 
Dr. C. Levert. Pp. 246, 10 florins, No. 63: On the Behaviour of 
Gravity Waves in a Turbulent Medium, with Application to the Decay 
and Apparent Period Increase of Swell. By P. Groe Pp, 23. 1.50 
florins. No. 65: On Seismic Waves ina Spherical arth. y J. Q., J. 
Scholte. Pp. 55. 6 florins. No. 66: 
Beaufort Estimates of the Wind Force ats Sea. By Q. Verploegh. Pp. 38. 
1.76 florins. No. 67: Klimatologische Gegevens van de Nederlandse 
Lichtsche open over de Periode 1910-1940. Deel 1: Starmstatistieken. 
Bewerkt nor d G. Verploegh. Pp. 68. 3.50 florins. Meteorologische en 
Oceanografische Waarn gen betray aan boord van Nederlandse 
6~-1054. Pp. 184. (De Bilt: 
Koninklijk Nederlands Meteorologisch f institut, 1954 wee es 5) js 
Reports of the Great Barrier Reef Committee. Vol. 6, Pi 
11+31-54+-plates 9-15. (Brisbane : Government Printer, 1960) iB 
Federation of Nigeria. Annual Report of the Geological urvey 
Department for the year, 1955-56. Pp. 15. (Lagos: Federal ikke 


ment Printer, r, 1067) Ba . net, 
East Afri Commission, East Africa n Trypanosomiasis 


Research Organization Annual Report, 1955-56. Mp. 60. (Tororo, 
eee East African Trypanosomiasis Resear ates ate 


Anwoadung auf cee Signale. Von WinfriedjOtto Schumann. 
erlag der Bayerisohen Akademie der Wissen- 


956. 43 
eB) of South‘ Africa : Department of Mines, Geological Map of the 
Union or Soum “Africa, 1 : 1,000,000. (Pretoria: Department of 
Aines, 1955.) {43 
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R THE NATIONAL INSTITUTE FOR RESEARCH IN NUCLEAR SCIENCE 


HE establishment of a National Institute for 

Research in Nuclear Science (announced in the 
House of Commons on February 14 by the Financial 
Secretary to the Treasury) has been widely welcomed 
as the only practicable solution to the problems 
posed by the mmmense scale of the resources de- 
manded by any adequate programme in that highly 
competitive and ecénomically vital field. The high 
cost, not only of primary research tools, but also of 
equally essential auxihary equipment, workshop 
facilities and technical staff, renders the pursuit of 
many branches of high-energy nuclear physics 
beyond the unaided capacities of individual univer- 
sities ; yet the urgency of the demands on Britain’s 
depleted reserves of energy places the field of nuclear 
science in a unique position of public concern. In 
the circumstances, immediate concentration of the 
nation’s research potential in a central organization 
appears both rational and inevitable. Considerations 
such as these have already led to the creation of the 
European Organization for Nuclear Research (CERN) 
at Geneva, of the Brookhaven Laboratories in the 
United States and of the Institute for Nuclear 
Research near Moscow; the reasons that appeared 
conclusive in those mstances apply a fortior: in Great 
Britam. 

But the logic of necessity must not be permitted 
to distract attention from certain dangers inherent 
in the'element of monopoly introduced by the scheme. 
The new Institute 1s to be financed through the 
Atomie Energy Authority from the Lord President’s 
Atomic Energy Vote, with appropriate provision in 
the Estimates. In order to take advantage of the 
existing facilities at Harwell, it has been decided to 
construct the Institute’s first particle accelerator 
on a sıte there, without, apparently, excludimg the 
possibility of building other centres elsewhere in the 
future. The Financial Secretary stated that the 
Institute’s work is not intended to replace research 
now proceeding in individual universities with assist- 
ance from Government funds, but it can scarcely be 
doubted that high-eriergy nuclear research will, in 
the near future at least, be largely, if not wholly, 
confined to the Institute and to establishments of 
the Atomic Energy Authority. The time cannot be 
foreseen when the funds and equipment for nuclear 
research available at the universities will enable them 
to compete with the Authority for men of the calibre 
necessary to teach and inspire a steady stream of 
recruits to the field. 

The main object of the Institute is to provide 
facilities and equipment for nuclear research for 
use by universities and other organizations which 
are otherwise never likely to be within their reach. 
It is not yet clear, however, what jurisdiction 
individual organizations using these facilities will 
have over the research programme to be followed. 
Universities remote from the Institute will be at a 
relative disadvantage unless, despite the consequent 


duplication of ancillary services and staff, circum- 
stances permit the establishment of several ‘such 
centres in Britain, m which case the major premise 
of the argumert for creating the Institute in the 
first place is weakened. There is a grave risk that 
the very establishment of the new Institute will tend 
to bring about, m nuclear science, an abdication of 
the universities from their traditional function of 
associating teaming with research, and potentially 
places a most -mportant sector on the frontier of 
knowledge outside their immodiate guardianship. 
In the Nationa. Institute for Research in Nuclear 
Science are the seeds of a subtle but fundamental 
revolution in the traditional structure of gher 
scientific and te2hnological education in Britain. 
These dangers are neither entirely new nor unique. 
The mounting vost of research in other fields of 
technological incportance imposes similar limitations 
on their treatment in universities. It may be argued, 
for example, that the teaching of aeronautical 
engineering suffrs from an inability to keep pace 
with the experse of research in supersonic aero- 
dynamics and -ocket propulsion. Moreover, it is 
evident that wita the passage of time these tendencies 
will operate more widely and be aggravated in 
severity. It ıs possible that whatever solution to 
these problems is offered by developments m the 
sphere of nuclear physics will become the pattern for 
analogous develepments elsewhere. It is all the more 
important, therefore, that the answer in this present 
instance should be arrived at, not as an meidental 
consequence of ad hoc administrative measures to 
meet a particular challenge, however grave, but 
should be reacked in a full awareness of all such 
long-term implications beyond the immediate objec- 
tive.as careful scrutiny and wise foresight may reveal. 
These issues were, no doubt, considered by those 
responsible for the decision to set up the Institute, 
but as the implications are, in fact, far-reaching, it 
is the more regmttable that public discussion of the 
principles involved m the new foundation should have 
been delayed to so late a stage in its development. 
The broad basis of the membership of the governing 
board of the new Institute, announced in the House 
of Commons by the Chancellor of the Exchequer on 
March 12, offers a large measure of assurance that 
none of the interests vitally involved will lack an 
effective voice in its management. But the impact 
that the Instituse makes on nuclear research in the 
universities will depend ultimately not only on the 
detailed policy :mplemented by the board, but also 
on the organizational structure erected to administer 
it. Broadly speakmg, the possible structures appoar 
to lie between two poles. On one hand, ıt may be 
argued that, in order to make the most of the Insti- 
tute’s facilities—and ıb ıs certamly of the utmost 
importance that they should be employed to the very 
best advantage—it must be equipped with vigorous 
leadership and a planning committee with the duty 
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of advising on overall research policy, charged with 
providing s, coherent central direction to the work of 
the foundation. The universities, which are strongly 
represented on the board, would of course have a 
share in selecting that direction, but they would 
then have to operate the facilities within the frame- 
work laid down. On the other hand, it may be 
argued that the autonomy of university departments 
in choosing their own lines of research can best be 
preserved, and the retention of sufficient degrees of 
freedom to allow a salutary diversity of approach 
can best be assured, by opening the facilities of the 
Institute to the universities under the supervision of 
a steering committee with the primary function of 
allocating time and priorities. It is not simply a 
matter of whether the universities are to provide the 
men to operate the Institute, or the Institute is to 
provide the equipment for the universities to use, 
for these are not mutually exclusive alternatives : 
they are in fact perfectly compatible and indeed both 


are essential. It is rather a question of whether the - 


Institute is to be employer or employed: or if, in 
the end, the Institute and the universities are to 
enter into partnership, upon what terms. These 
are matters of the gravest consequence, not to be 
decided without the fullest discussion. + 


THE WORLD’S WOODLANDS 


A World Geography of Forest Resources 

Edited by Stephen Haden-Guest, John K. Wright 

and Eileen M. Teclaff. (American Geographical 

Society, Special Publication No. 33.) Pp. xviii+ 

736+64 plates. (New York: The Ronald Press 

Company, 1956.) 12.50 dollars. 

TE appeared in 1923 the two volumes of 
“Forest Resources of the World”, by Raphael 

Zon and W. N. Sparhawk. For more than thirty 

years that work has remained the standard reference 


in its field and it is a matter of interest that con-- 


tinuity is to be seen in what must inevitably become 
the new standard reference m that the name of 
Raphael Zon appears among the authors. Following 
the trend of the present time, the new book, though 
forming a single bulky volume of 736 pages, is 
a@ symposium of thirty-one separate contributions. 
Despite much care in editing, there is a wide range 
in the material and adequacy of the separate con- 
tributions which seems inevitable with such a large 
team. 

‘he first part of the work consists of five con- 
tributions on the general field. Paul Sears deals with 
the importance of forests to man: we always have 
been and still are great users of wood and other 
forest products. In a suggestive review of forests, 
past and present, W. H. Camp passes rapidly from 
the Devonian to the present, but particular interest is 
attached to his schematic arrangements of vegetation 
types in an ‘ideal’ continent. His world map claims 
six major forest regions—coniferous ; mixed broad- 
leaf-comiferous ; tropical rain-forests ; light tropical 
forests; montane forests; and thorn forest-scrub. 
He accepts the view that much savannah and tropical 
grassland results from the ‘disturbance’ of hght 
tropical forest through fire and grazing. In a well- 
balanced, objective chapter, 5. T. Dana reviews what 
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is -known of the influence of forests, particularly on 
climate, and accepts the modest conclusions of 
Kitteridge that afforestation may increase local rain- 
fall not more than 3 per cent. J. W. B. Sisam deals 
with the principles and practices of forestry, G. M. 
Hunt with forest industries. 

The second and larger part treats the forests of 
the world country by country or region by region. 
Authors have been allowed considerable latitude in 
treatment, with the result that some are full and 
well documented. About half the articles are by 
„experts from the countries concerned—including 
“Canada, northern Europe, South Africa (R. S. 
Adamson), Pakistan (S. A. Valijd), India (M: D.. 
Chaturvedi), Australia and New Zealand. On the 
other hand, other areas are treated from outside— 
Raphael Zon deals, for example, with the U.S.S.R. 
As might be expected, the contributions on Canada 
and the United States are concise but well balanced. 
Very wisely, many chapters embrace a number .of 
countries, which enables a comparative treatment— 
for example, G. Giordano’s ‘Mediterranean Region” 
and A. M. A. Aubréville’s “Tropical Africa”. Some 
contributions are adequate but slighter. Thus, it is 
disappointing to find the whole of south-east Asia 
‘ treated. in one short chapter by R. Sewandano, of 

the Netherlands, formerly of Batavis. The brief 
section on Burma scarcely does justice to the long 
complex history of forest management extending 
over more than a century in that country, the major 
source of the world’s teak and in many respects a 
model of national management of timber resources. 
Only thirty pages are devoted to the whole of South 
America—by an author from the United States, 
W. R. Barbour. One of the most disappointing sec- 
tions is that on British forests by R. St. Barbe Baker. 
The well-known founder of the Men of the Trees has 
the artist’s love of a beautiful mature tree and does 
not fail to mention outstanding specimens of both 
native and exotic species, and he gives extended 
details of some of the old royal foresis—especially 
the New Forest with its Court of Verderers. But he 
fails to give an adequate picture of forests or forestry 
in Britain, and Ins general statements regarding 
. original vegetation cover and the relation between 
forests and climate are both naive and questionable. 
One could only wish that his mtroductory sentence, 
“the British are traditionally a forest people and 
from time immemorial have venerated their trees”, 
were true. In contrast to the careful bibliography 
given by David Lowenthal on western Europe, Baker 
gives none. i ari, 

An excellent pictorial atlas of more than a hundred 
well-reproduced. photographs is bound into the latter 
part of the book, where forty pages are devoted to 
the objective study of the outlook for the future by 
a Swedish-born Californian, Prof. Erhard Rostlund. 
He sees the ultimate goal as conservation to yield 
sufficient wood for all needs of mankind at an 
economic price coupled with the use of forests .m 
soil protection and wıld-life protection. At present 
there is evidence of increasing pressure on the forests 
of the world—particularly through agriculture and 
over-exploitation. 

Special praise is due to the editors in achieving 
what must have been a very difficult task. There is 
& general bibliography carefully annotated, a page of 
conversion tables, a botanical index of both Latin 
and local namés occupying twenty-two pages, as 
well as a good general index. 

f ; L. DUDLEY STAMP 


See 
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Symbols of Transformation 

An Analysis of the Prelude to a Case of Schizo- 
phrenia. By C. G. Jung. (Collected Works of ©. G. 
Jung, Vol, 5.) Pp. xxix+567+64 plates. (London : 
Routledge and Kegan Paul, Ltd., 1956.) 35s. net. 


HIS book shows the vast erudition and industry 

which characterize all Jung’s work. It is the 
description of what he feels to be the significance of 
some fantasies of an American woman, Miss Frank 
Muler. Using these as a framework, he describes 
various symbolizations and transformations of the 
libido. These include those of the hero, symbols of 
the mother and rebirth, the battle for deliverance 
from the mother, the dual mother and sacrifice. 

In spite of Jung’s industry and knowledge, his 
work creates dissatisfaction in the mind of anyone 
who has been educated scientifically. His symbols 
shde one mto the other with such ease thet one feels 
that anything can mean anything. 

Freud discovered the meaning of dreams by taking 
a patient’s dream and dissecting 1t into fragments. 
He then persuaded the dreamer to develop a state of 
free-association on each fragment and so discovered 
its real significance. By assembling the meaning of 
the parts he was able to come to that of the whole. 
The resemblance of dreams to myths revealed that 
they had deeper meanimgs also. The myth was a 
sort of fantasy which appealed to all men and was 
handed down from one to another. There is a satis- 
fying logical progression from step to step, from the 
known to the unknown, in this method. However, 
Jung reverses it, He takes a dream and applies 
myths to it, thus claiming to discover its purport. 
But it is not easy to see what he reveals and what is 
the value of the revelation. Not all myths mean the 
same thng even when they are similar, nor does 
everyone accept the same connotation for any given 
dream. 

To test Jung’s method, let us suppose that a girl 
has a dream of virgin conception or virgin birth. 
What does it mean? Sir James Frazer, folk-lorist and 
social anthropologist, says in “Ihe Golden Bough” 
that this stems from the time when man did not 
realize the connexion between sexual mtercourse and 
pregnancy. The Freudian school believes that this 
connexion was unacceptable until man had over- 
come certain resistances which were caused by 
reluctance to realize the sexuality of the parents. So 
by Jung’s method we might conclude that this girl- 
dreamer was unwilling to accept the fact that babies 
are born through sexual intercourse. But what dues 
Jung, himself, say on this subject? On p. 323 
of the book under review he states: “The idea of 
supernatural conception can, of course, be taken as a 
metaphysical fact, but psychologically ıb tells us that 
& content of the unconscious (‘child’) has come mto 
existence without the natural help of a human father 
(i.e. consciousness). It tells us, on the contrary, that 
some god has begotten the son and further that the 
son 1s identical with the father, which m psycho- 
logical language means that a central archetype, the 
God-image, has renewed itself (‘been reborn’) and 
become ‘incarnate’ in a way perceptible to conscious- 
ness. The ‘mother’ corresponds to the ‘virgin anima’, 
who is not turned towards the outer world and is 
therefore not corrupted by 1t. She 1s turned rather 
towards the ‘inner sun’, the archetype of transcendent 
wholeness—the self”. 
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It is not surprising after a passage like this 
that Glover, in his book “Freud or Jung”, com- 
plains that Jung’s writing is unclear and difficult to 
comprehend. Moreover, what light does this throw 
on the dream of virgin birth? It 1s indeed difficult 
to say. 

However, it would be unfair to throw this book 
aside as worthless because some of the writmg is 
obscure. For shose who are adherents of Jung or 
wish to understand his philosophy it will be well 
worth reading. It is provided with excellent ilus- 
trations, and the production is good. 

CLIFFORD ALLEN 


THE GREEKS HAD A WORD 
FOR IT 


Language as Cnoice and Chance 
By Dr. G. Herdan. Pp. xv+356. 
Noordhoff, N.V., 1956.) 8 dollars. 


URING the past decade, the reviewer has been 
concerned with attempts to realize practically 
the mechanical translation of one language into 
another. At every point in the progress of this work 
obstruction and frustration have been caused by the 
lack of any central source of statistical information 
about language, and by the general lack of precision 
attendant upon past linguistic studies, The arrival 
of the present book was thus greeted by feelings of 
pleasurable anticipation which were encouraged by 
the large number of tables revealed by a preliminary 
leafing through of the text. 
Aceordmg to the dust jacket, and the author’s 


(Gronmgen: P. 


‘preface, the aims of the book are twofold: to provide 


a systematic exposition of the quantitative structure 
of language, anc to supply a text-book of statistical 
method for the linguistic seminary. The book con- 
sists of nineteen chapters distributed between an 
introduction and five main sections, on stylo- 
statistics, statistical linguistics, mformation theory, 
linguisuwe duality, and statistics for the language 
seminary, respectively. 

It must be said at once that the only section in 
which the book really succeeds is the last, and even 
here it is probable that the level of mathematical 
attainment presupposed will be beyond that pos- 
sessed by the average linguist. Nevertheless, in this 
part of the bock, there is a very comprehensive 
summary of the main results of statistics in the 
fields of descript:on, inference, multiple classification 
and correlation. 

The remainder of the work is, frankly, dis- 
appointing. A closer inspection of tho mass of 
numerical data shows that ıb is directed towards the 
justification of certain theories of the author which 
are well enougk summarized by the title. The 
numbers thus appear as entities for the exercise of 
statistical formulz and little reference is made, either 
in table captions or in the text, to their Imguistic 
context and implications. Examples of this, which 
are particularly iritatmg, occur on p. 194, where 
Table 67 is gute mcomprehensible, and on pp. 
255-262, which contain a list of Chinese derivative 
ideograms. The latter is completely spoiled because 
the ideograms are represented by numbers and no 
mention is mada of their meanmgs. Again, no 
account is given of the Estoup-Zıpf law although it 
is unplicit ın Fig. 1 on p. 16. It may be that structural 
linguists, for whom the book is presumably intended, 
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are so much aware of the significance of the material 
that comment is unnecessary, but if this is so the 
reviewer has yet to meet them. In any event, it is 
remarkable that such words as phoneme and mor- 
pheme are used freely from the start of the book and 
are then defined on p. 102. 

The author’s prose style is of a truly Teutonic 
ponderousness, rising to a peak on pp. 293-296, 
which contain a quite irrelevant condemnation of 
Nazism ; but all is made clear in the short ‘Epilogue’ 
which follows, on p. 298, where the author confesses 
that he regards Schopenhauer as “one of the greatest 
teachers of mankind”. 

Four pages (276-279) are devoted to a criticism of 
an early experrment on machine translation, but this 
appears to have been selected to substantiate the 
author’s point of view and is by no means typical or 
topical. 


‘The book is well produced but contams numerous , 


misprints (on pp. 16, 21, 35, 92, 186, 220, 228, 303, 
318 and 335, for example), and it is unfortunate that 
the style in which the references are presented allows 
only the city of publication of books to be given, 
and not the publisher’s name, a fault which would 
make many of the texts quoted difficult to obtain. 
Despite its defects, the book will no doubt become 
an ‘authority’ ; and it is to be hoped that the author 
will take the opportunity, in the next edition, to 
make more of the linguistic aspects of the great 
quantity of information he has accumulated. 
A. D. Boorn 


GAS AND DUST IN INTERSTELLAR 
SPACE 


Galactic Nebulz and Interstellar Matter 

By Jean Dufay. (Translated by A. J. Pomerans.) 
Pp. 352424 plates. (London: Hutchinson’s Scientific 
and Technical Publications, 1957.) 60s. net. 


ASEOUS nebule, through thew line spectra m 
emission and absorption, have ‘been familiar 
objects since the early days of astronomical spectro- 
scopy. On the other hand, the general distribution 
of ‘dust’ or ‘smoke’ in the galactic plane—as distinct 
from the discrete dark clouds studied by Barnard 
fifty years ago—was first definitely established by 
Trumpler’s work on the mterstellar reddening of 
open clusters in 1930. Since then, interstellar material 
(dust and gas) has become a central theme of modern 
astrophysics. 


the distributions of visible emission from ionized 
hydrogen and of 2l-cm. wave-length emission from 
neutral hydrogen have been used to trace the spiral 
arms of the Milky Way ; and the association of inter- 
stellar clouds with groups of intrinsically luminous stars 
suggests their fundamental cosmogonic significance. 
In observational astronomy, solid particles influence 
the magnitudes and colours of the more distant stars 
to an extent which is certainly large—especially in 
the galactic plane—though it ıs not yet determined 
with a high degree of certainty. 

Prof. Dufay’s book is the most up-to-date and 
complete account of the very diverse methods of 
investigation, theoretical and observational, that have 
led to our present conception of mterstellar material. 
The first third of the book is devoted to atoms and 
molecules in space; the excitation of emission 
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nebulz and the interpretation of interstellar absorp- 
tion lines of sodium and ionized calcium, and of 
galactic radio emission, are discussed concisely, but 
with remarkable clarity and completeness. The 
remainder of the work is devoted to contmuous 
interstellar absorption (or rather, scattering) and the 
study of solid grains in the Galaxy and in extra- 
galactic systems. Part 2 consists of chapters devoted 
to dark obscuring clouds, general absorption near the 
galactic plane, ‘reflexion’ or ‘scattering’ nebule, and 
the nature of the scattering particles. Two salient 
conclusions are that the absorbing medium is by no 
means uniformly distributed and that it is impossible 
at present to distinguish between metallic and 
dielectric particles on the basis of its observed 
optical properties. 

Part 3 contains a discussion of present ideas on the 
equilibrium between gas and dust and briefly sum- 
marizes the theory of the formation of super-giant 
stars by condensation from clouds. The phenomena 
of interstellar polarization are described and, in con- 
clusion, estimates are given of the densities of stars 
and of interstellar matter in the solar neighbourhood. 
Part 4 discusses mterstellar matter outside our Galaxy. 
Gaseous and absorbing clouds in external spirals 
appear to correspond closely in their properties to 
those. in our own, while most of intergalactic space 
seems to be ‘empty’ (the absence of detectable absorp- 
tion sets an upper limit to the ‘dust’ density at 10-* of 
that ım the galactic plane, but substantial quantities 
of gas would be undetectable by present techniques). 

The book is addressed to a wider circle than that 
of professional astronomers alone, and the astro- 
nomical terms used are carefully explained in an 
introduction. Mathematical discussions are pruned 
to the minimum required for logical coherence, and 
the original text, illustrated with fine photographs 
taken at the Lyons and Haute Provence Observa- 
tories, is a pleasure to read. Nearly five hundred 
references to other literature are given. 

It is a pity that this excellent book has not received 
an adequate translation. For one thing, the reader 
1s compelled to puzzle out for himself the meaning 


of such unfamilar phrases as “a telescope of *5-m. - 


aperture”, “very disperse spectra’, “weak mass”, 
“shifts in parallax”, “area chosen by Kapteyn”, and 
“Schmidt chamber ... with a wide open objective”. 
Worse still are the distortions of the original sense 
which occur on practically every page and are often 
serious (for example, “diffuse nebulæ” for nébuleuses 
diffusantes, and sometimes “magnitude” for largeur), 
to say nothing of numerous misprints. Several times 
the meaning is completely destroyed or even reversed 
(for example, by omission of a negative). Perhaps 
the most bewildering passage of all, relating to infra- 
red photographs of the centre of the Galaxy (which 
Prof. Dufay and his collaborators actually obtamed, 
not merely tried to obtain, as the translation has it), 
reads “Thousands of invisible blue stars have been 
counted on the infra-red negatives. Some of them 
appear very bright: they are probably red giants, 
further reddened by absorption” (p. 181). 

The English version contains several paragraphs 
and new references added to bring the text up to 


date (epoch 1955) and is further improved by the ’ 


addition of alphabetical name- and subject-indexes ; 
nevertheless, the original (“Nébuleuses Galactiques 
et Matière Interstellare”. Par Jean Dufay. Pp. 492. 
Paris: Albin Michel, 1954. 1650 francs), written in 
an attractive and simple French, is to be preferred for 
all but the most cursory study. BERNARD PAGEL 
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THE UNIVERSITY OF LEICESTER 
By Pror. L. HUNTER and Pror. J. SIMMONS 


HE petition of the University College of Leicester 
for a royal charter as an independent university 
was granted on March 15. The College was founded 
in 1918; on Armistice Day Dr. Astley V. Clarke 
opened an endowment fund to set up a university 
college as a memorial to the men of Leicester, 
Leicestershire and Rutland who had served in the 
First World War. A building on a convenient site, 
which had been in use as a military hospital, was 
bought and presented to the College by Mr. T. 
Fielding Johnson. The College opened in October 
1921. 
It began in a very small way, with eleven students, 
reading for the external degrees of the University of 
London. At first the curriculum leant heavily to the 
` arts side. Mathematics was established in 1922, and 
botany was the first experimental science. It was 
“not until 1925 that funds allowed the founding of 
ts of Chemistry and Physics. Although 
their development was slow, hampered by continuing 
financial stringency, their establishment allowed full 
science courses to be offered, and laid the foundation 
of a Faculty of Science. 
By 1926 the number of full-time students had 
_ climbed to ninety-six, and it continued at about that 
mf until the Second World War. The College 
í founded through local patriotism, and it 
relied entirely on its own neighbourhood for support. 
| It enjoyed no direct Treasury grant. But the Cor- 
poration of Leicester assisted it steadily, with a 
E Eo rising from £1,150 in 1922 to £10,000 to-day. 
- Private benefactors helped it with unfailing gener- 
osity. Their support was not limited to the years in 
which the College was founded : it continued through 
_ the! p of 1929 and during the 1930's when the 
was most discouraging. 


— outloo 
Though the College knew that it was doing good 
work in a modest way, it could see very little chance 
of development in those years. At every point 
it was cramped by the lack of funds. The out- 
break of war in 1939 seemed to 
_ block its progress even more com- 
pletely, But as the War drew 
to a close its position began to 
c It became the declared 
policy of the Government to assist 
the growth of tho smaller univer- 
sity institutions; and as one sign 
of that policy the University Col- 
leges of Hull and Leicester were 
— Treasury grants, for the first 
, in 1945, 

At once a great new opportunity 
opened. The next six years were 
the most feverish the College had 
known. Nothing similar is likely 
to occur again. In those six 
years the number of students multi- 
plied exactly seven times, from 109 

to 763. 
The original building, which 
hitherto the College had never 
filled, now became quite inadequate, 


Extensions and temporary accommodation did some- 
thing to help, but in the long run only a programme 
of new permanent building could meet the College’s 
needs. Moreover, although the building had been 
suitable for adsptation to laboratories while the 
science departments remained small, any consider- 
able growth wes hampered by the plan of the 
building, which rendered departmental centralization 
difficult and led to laboratories becoming corridors 
for communication. It was inevitable, therefore, 
that one by one she experimental sciences should find 
new accommodetion outside the original building. 
One such buildng, for the use of the biological 
sciences, was completed in 1951. Another, for the 
Chemistry Department, is to be started this year. In 
between them a third building is now nearing com- 
pletion, which is to contain refectories, a debating 
hall, common reoms, and offices for the Students’ 
Union. 

In spite of the limitations in regard to laboratories, 
the University is fortunate in its original building— 
a plain and handsome Georgian structure, dating 
from 1837—and in its situation. It lies on the south 
side of Leicester only a mile from the centre of the 
city and yet away from the main traffic. With the 
co-operation of the City Council, the original site 
been much exterded, so as to give room for dovelo 
ment while enabling the University to preserve 
lawns, herbaceous borders and trees. Prizing its 
situation highly, and wishing to exploit it to the full, 
it recently apponted Prof. J. Leslie Martin as con- 
sultant and plarning architect. 

The size of the main site, though adequate for all 
likely academic development for a good many years 
to come, was nct sufficient to allow the building of 
residential accommodation as well. For this purpose 
the College acquired other sites: a group at Oadby, 
2} miles away, where 264 men students are at present 
housed, and an state at Knighton, a mile from the 
main College buildings, on which a new hall for 


. 
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Entrance to the main building 
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Fig. 2. The development plan for new site in University Road, prepared by Prof. J. Leslie Martin 


women is to be started in 1958. During the present 
session the College was able to house 58 per cent of 
its students in halls of residence. 

With the expansion of teaching staffs over the past 
ten years, research and publication have taken on a 
new vigour, although many of the larger departments 
hold a much longer record of achievement in this 
respect. On the science side, studies in botany have 
included seedling anatomy, spore discharge and dis- 
persal, aquatic fungi, and experimental taxonomy ; 
in chemistry, studies in electrolytic oxidation, 
hydrogen-bond chemistry, the kinetics of hydro- 
genation, and organosilicon chemistry ; in physics, 
Raman and X-ray spectroscopy, ionie mobilities, 
electron nuclear reactions, electronics and super- 
sonics, solid state physics; in 
mathematics, researches on re- 
eursive number theory and recur- 
sive analysis, mathematical logic, 
theory of measure, algebraic geo- 
metry» and classical mechanics. 
Similar activity on the arts side, 
especially in English local history 
and in the history of transport, 
has been largely responsible for 
the establishment in 1952 of a 
Publications Board, which already 
has an impressive list of pub- 
lications to its credit, and has 
laid the foundations of a new 
University. Press. 

Although the University has not 
yet extended its activity into the 
field of the applied sciences, it took 
the decision last year to establish a 
Department of Engineering as soon 
as the necessary accommodation 


Fig. 3. 


ean be provided. 
begin by 1960. 
The developments that have been outlined here, 
together with the general expansion that is anticipated 
in all universities in the coming years, will greatly 
enlarge the University of Leicester. At present it 
has $30 students. The number is now likely to rise 
again steadily, to almost double that figure—about 
1,500. The present site is large enough to accom- 
modate a university of this size without congestion. 
That emerges very clearly from the development plan 
recently prepared by Prof. Martin. It is a flexible 
scheme, which can be adapted to the needs of the 
University as they change in the course of the next 
twenty years. While it provides for a great deal of 
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additional buildmg—most of which will probably be 
required for the Faculty of Science—it does so in a 
way that preserves the present landscape. The site 
is already terraced, and it commands a spacious view 
to the north-west, over the whole city of Leicester 
and away to Charnwood Forest. On Prof. Martm’s 
plan the height and disposition of the units are so 
managed that this open view will be, so far as possible, 
retained ; and the buildings themselves, though dis- 
posed with careful economy, will enjoy adequate 
“‘breathing-space’. i 

The development of the University of Leicester 
has been much affected by the nature of the site, 
with all its opportunities and limitations. Its com- 
pactness reflects the University’s character. In the 
period of expansion through which it is passing, it 
hopes to be able to make a useful contribution to the 
needs of Great Britain without losing altogether the 
intimacy, the close-knit corporate feeling, that has 
always characterized it in the past. : 

This can be expressed, in personal terms, m another 
way. Last year the College was honoured by Lord 
Adrian’s acceptance of the office of president; he 
now becomes the first chancellor of the University. 
One of his pro-chancellors is Mr. H. Percy Gee, who 
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was among the Zounders of the College nearly forty 
years ago. During the whole of its development he 
has worked for it with a tireless energy and the 
utmost liberality. Since 1945 he has been chairman 
of its Council. Such a long association as this must 
be rare in the History of umwversities. Mr. Gee still 
personifies the spirit of generous local patriotism that 
lay behind the foundation of the College. The 
University is fortunate mdeed to enjoy his services 
still. d 

The granting of this royal charter represents & 
landmark in the history of the modern English 
universities. For Leicester was the last of the 
university colleges of the older model, the academic 
tutelage of which was undertaken by the University 
of London. Nowhere else in the world is there any- 
thing quite like this English device for assisting the 
steady and saund growth of small universities 
through the progection and assistance of a great one. 
Since the War, Nottingham, Southampton, Hull and 
Exeter have ail become universities in their own 
night. Leicester has now followed them, and its 
pleasure in achieving independence 1s accompanied 
by a lively sense of the debt it owes to the University 
of London. 3 


BACTERIAL CELL WALL 


By Dr. ELIZABETH WORK 
Department of Chemical Pathology, University College Hospital Medical School, London, W.C.1 


Constituents of Cell Walls 


ANY types ôf bacteria are differentiated from 
other micro-organisms by their rigid cell walls, 
which are of sufficient mechanical strength to hold 
the cell in a constant form and to withstand osmotic 
pressures up to 20 atmospheres. These walls often 
constitute 25 per cent or more of the cell weight, and 
they are tough and insoluble ın all known solvents. 
Until recently, the chemical nature of the cell walls 
was unknown, although speculative guesses as to 
their chitinous or mucoid nature were made. Tech- 
nical developments m the past few years have resulted 
in the identification of many constituents of bacterial 
cell walls, and have shown the existence of a new 
type of molecule differing from chiim and other 
known structural materials. A method of preparation 
of relatively homogeneous walls from mechanically 
disrupted cells was developed by Salton’ Total 
separation of walls was ensured by use of the electron 
microscope, the electron-dense cytoplasmic material 
being removed by washing and differential centri- 
fugation, leaving the cell walls visible as collapsed, 
balloon-like structures. Such wall preparations con- 
tained lipids, phosphorus, hexosammes, ammo-acids 
and usually carbohydrates, but had no nucleic acids. 
purines or pyrimidines. 

The sugars, ammo-sugars and amino-acids in acid 
hydrolysates were characterized by paper chromato- 
graphy*48, Glucose, mannose and galactose were 
found frequently, rhaimnose and arabinose more 
rarely. Glucosamine was always present, while 
galactosamine occurred in certain species. A hitherto 


unknown hexosamine was also always present; it is 
identical with an acidic hexosamine, first found in a 
product from bacterial spores’, which Strange has 
provisionally characterized as 3-O-«-carboxyethyl 
hexosamine’ and has named ‘muramie acid’. This 
name will be used in this review. Preliminary results 
on its distribution suggest that muramuc acid may 
be a wall-conssituent only in bacteria. Of the com- 
mon amino-ac.ds, glutamic acid and alanine were 
universally prosent in cell walls; others occurred 
in varymg nambers. Diaminopimelic acid also 
occurred often ; ıt 19 an amino-acid apparently còrn- 
fined to bacteria, being found im hydrolysates of 
whole cells of nearly all bacteria, with the exception 
of the Gram-positive coce: and related organisms’*.’. 
Diaminopimelis acid also occurs m materials of 
animal or vegetable origin which are heavily con- 
taminated with bacteria or their debris, as, for 
example, shee) rumen contents, soil and mfective 
tissue lesions. With the exception of the blue-green 
algae (Myxophyceae) which are closely related to 
bacteria, and also of Chlorella elipsoidia, it has not 
yet been found in other micro-organisms or in plants 
or animals. In vegetativé bacterial celis, the walls 
probably represent the major, but not necessarily the 
only, site of diaminopimelic acid; small amounts 
also occur m soluble cellular contents. 

The first analyses on cell walls from a few bac- 
terial species showed ‘a marked difference between 
the compositions of walls from Gram-positive and 
Gram-negative bacterias, Walls of the Gram- 
negative species contained about ten times more 
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Table 1. CELL-WALL COMPOSITION OF SOME GRAM-POSITIVE EUBACTERIALES AND ACTINOMYCETALES, SHOWLNG PRINCIPAL COMPONENTS 
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IDENTIFIABLE BY PAPER CHROMATOGRAPHY 


Data of Cummins and Harris (ref. 8), except where otherwise stated. Results on organisms not typical of their genus are given in {talics.~ 



















Substances in brackets were not present in every strain examined. +, present in major amounts ; —, absent: -n.r., not reported 
_ åAmino-sugarzs Amino-acids 
Organisms Glucosamine 
an Galactos- Glutamic DAP* (meso- 
muramic amine acid and or Li-isomer) | Others* 

acid alanine or lysine 
Staphylococcus aureus 4 strains + - + Lysine Gly, Ser _ 1 
Micrococcus lysodeikticus 1 strain + _ + Lysine oly Glue 
Sarcina lutea 1 strain + - + Lysine Gly Glus 
Aerococcus viridans 4 strains + + + Lysine — Glue (Gal, Man) 
Micrococcus 2 species + - + DAP-meso Gly 
Streptococcus a ph mig + (+) + Lysine _ Rh (Glue, Gal, Man) 

p 
Lactobacillus 6 species + ~ + Lysine Asp Glue (Gal, Man) 
Lactobacillus plantarum 4 strains + - + DAP-meso — Glue (Gal, Man) 
(syn: arabinosus) 
Fropionibacterium 4 species + + + DAP-LL Gly (Gluc, Gal, Rh) 
Bacillust 3 species + = + DAP-meso == - 
Cl. welchiitt 1 strain + + + DAP-IL Gly + 
Corynebacterium 8 species + (+) + DAP-meso = Gal, Arab, Man 
um pyogenes 6 strains + + + Lysine ~ Rh 

Mycobacterium 8 species + ~ + DAP-meso pn Gal, Arab 
Nocardia 3 species + - + DAP-meso — Gal, Arab 
Streptomyces 2 species + - + DAP-LL Gly S amme 
Actinomyces 8 species + ~- + DAP-LL Gly ~— 
Actinomyces israeli 2 strains + - + Lysine _ Gal 








* DAP, diaminopimelic acid; Gly, glycine; Asp, aspartic acid; Ser, serme; Gluc, glucose; Gal, galactose; Man, mannose; Arab, 


arabinose; Rh, rhamnose t 
-+ From Salton and Ghuysen (ref. 26). 


$ This organism is atypical in having Li-diaminopimelic acid; other clostridia have meso-diaminopimelic acid in whole cells (ref. 6). 


fat and ten times less hexosamine than those from 
Gram-positive organisms; their amino-acid pattern 
was more complex, being composed of almost the 
complete range of amino-acids found in proteins, 
with diaminopimelie acid in addition. Walls from 
Gram-positive cocci contained no aromatic or 
sulphur-containing amino-acids; in some species 
only: alanine, glutamic acid, glycine, aspartic acid 
and lysine were present in major amounts. Bacillus 
subtilis contained, in addition, diaminopimelic acid 
and some other amino-acids. 

Qualitative examinations were made by Cummins 
and Harris on walls from large numbers of Gram- 
positive Eubacteriales and of the Actinomycetales*. 
Additional purification steps were employed, involving 
treatment of wall preparations with trypsin, pepsin 
and ribonuclease, and, for the acid-fast organisms, 
alcoholic potassium hydroxide. The results are sum- 
marized in Table 1. They show glucosamine and 
muramic acid i walls from all organisms, galactos- 
amine in some. Only three or four amino-acids were 
present in each wall preparation; these were 
glutamic acid, alanine and either diaminopimelic 
acid or lysme, and sometimes also aspartic acid, 
glycine- or serine. Other amino-acids, if present, 
were only in trace amounts and are not included in 
the table. The distribution of the sugars (glucose, 
galactose, mannose, arabinose and rhamnose) varied 
greatly between the species. In general, the results 
suggest that “each bacterial genus may have a dis- 
tinctive pattern of cell wall components, in par- 
ticular among the amino-acids present’’*. The table 
is presented to show the typical patterns of the 
genera, but also includes some exceptional organisms 
(printed in italic type) which have atypical patterns, 
particularly with respect to diaminopimelic acid and 
lysine. Of those amino-acids, one is always present 
m cell walls, but they appear to be mutually exclusive 
in these types of organisms. Thus, walls from typical 
cocci and lactobacilli contained lysine but no diamino- 
pimelic acid, but the atypical micrococcus species 
and Lactobacillus plantarum (syn. arabinosus) con- 
tained diaminopimelic acid but no lysine. ` The 
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exceptional corynebacteria and actinomyces con- 
tained lysine instead of the diaminopimelic acid 
found in the rest of the’ genera. Even the stereo- 
isomeric forms of diaminopimelic acid were dis- 
tributed selectively among the genera. The meso 
(pt) form is the most widely distributed isomer of 
diaminopimelic acid®; but the less common LL-form 


.was found in whole cells and walls of propionibacteria 


and serobic rion-acid-fast Actinomycetales. Glycine 
was always present in walls when iu-diaminopimelic 
acid occurred, but seldom with meso-diaminopimelic 
acid. i 
These results point to the existence in Gram- 
positive Eubacteriales and in Actinomycetales of a 
common ‘basal’ cell-well structure containing mainly 
the following organic constituents: a hexosamine 


component comprising glucosamine and muramie 


acid and sometimes also galactosamine ; ,a peptide 
component made up of glanine, glutamic acid and 
either diaminopimelic acid or lysine, with sometimes 
also either glycine, aspartic acid or serine; usually 
also a polysaccharide containing not more than four 
different sugar residues. The use of enzymes for 
purifying wall preparations probably accounts for 
the simpler amino-acid patterns obtained by Cum- 
mins and Harris, in comparison to the more numerous 
amino-acids reported by Salton and other workers 
when the walls were purified by washing only. 
Although the results of the enzymic purification 
technique may convey a false impression of sim- 
plicity, they have the advantage of focusing attention 
on the ‘basal’ structure. Other substances were 
undoubtedly originally attached to the walls, as for 
example the protein antigens®, which can be removed 
by proteolytic digestion whereby the walls may lose 
up to 45 per cent of their weight. Even the enzymic- 
ally purified walls sometimes contained traces’ of 
other amino-acids which could have arisen from 
minor quantities of functional proteins enmeshed m 
the wall structure. 

The wall constitution of the relatively few Gram- 
negative species examined by Cummins and Harris 
was not appreciably simplified by preliminary enzymic 
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treatment. The marked differences between the 
general properties. of Gram-negative and Gram- 
positive bacteria cannot yet be explamed on the 
basis of cell-wall structure, neither.has the mechanism 
of the Gram stain been elucidated. Cell walls are 
uniformly Gram-negative irrespective of their omgin?, 
and all sub-cellular fractions of the Gram-positive 
organism B. megaterium were found by Gerhardt and 
co-workers to be Gram-negative. There is no doubt 
that the undamaged cell structure is essential for 
Gram staming, although the presence of the cell wall 
may not, be necessary for retention of stain. 


Other Bacterial Structural Units 


When external conditions provide Ingh osmotic 
pressure, the cell wall is apparently not essential for 
life of the bacterial cell and can be removed by 
various means, most conveniently by lysozyme 
digestion’#<¢, The resultant osmotically fragile 
spherical body is known as a ‘protoplast’ ; it can, 
when suitably protected osmotically and mechanic- 
ally, continue to synthesize protein and nucleic acids 
and even to grow and divide!4, The protoplast is 
surrounded by a semipermeable membrane which 
does not protect the cell from mechanical or osmotic 
stresses!.<¢, On reduction of osmotic pressure of the 
surrounding medium, the protoplast lyses, leaving 
the membrane as an empty case or ‘ghost’. On dis- 
integration, the ‘ghost’ forms small particles or 
granules. Protoplast membranes, or small particles 
therefrom, are lipoproteins in the case of various 
Gram-positive organisms, and constitute about 10 per 
cent of the cell weight; they contain most of the 
amino-acids found in protems, thus differing markedly 
from the cell wall. The protoplast membrane is 
probably identical with the lipoprotein cytoplasmic 
membrane lying unmediately under the wall m whole 
cells, which is considered to be the source of the 
small granules. 

Walls of Gram-negative organisms, comprising 
up to 20 per cent of hpid, are known to contain 
lpoprotem granules of similar size to the cytoplasmic 
small-particle fraction. There is insufficient evidence 
to show whether these granules are specific to the 
cell wall or whether they are parts of the cytoplasmic 
membrane enmeshed m the wall. In combmation 
with polysaccharides, the wall lipoprotems provide 
the heat-stable O-somatic antigens and the phage 
receptor sites®*°, The immunological properties of 
protoplast membranes of Gram-negative organisms 
have not been reported; in the Gram-positive B. 
megaterium, group specificity was exhibited by such 
membranes and there were no cross-reactions with 
the heat-stable surface antigens which are not lipo- 
proteins. This suggests the absence from walls of 
Gram-positive species of components of the cyto- 
plasmic membrane. Polymixm, an antibiotic mter- 
fermg with semipermeability after bmdimg by 
bacteria, was evenly distributed between the wall 
and small-particle fractions of a Gram-negative 
Pseudomonas, whereas 90 per cent of the total poly- 
mixin bound by Gram-positive species was ım the 
small particles and only 10 per cent was in the wall’. 
Walls from certain Gram-negative organisms showed 
two layers, the inner having spherical macromole- 
cules*# ; but two layers have not been reported from 
Gram-positive species. The lipoprotem component of 
Gram-negative walls would contribute many ammo- 
acids to the wall analysis and would also lower the 
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level of hexosanzines ; ıt would thus mask the ‘basal’ 
wall structure, -f this structure were present. The 
facts that both lysozyme and penicillin act on Gram- 
negative bacteria, through their cell walls (see later), 
and also the constant presence of diaminopimelic 
acid in these bacteria, suggest that these ‘basal’ wall 
units may be present. ‘This is also suggested by 
unpublished work of Weidel and co-workers, who 
found diaminopimelie acid exclusively in the hpo- 
protem-polysaccharide phage-receptor particles of 
Esch. col walls. Soluble fragments of the walls were 
liberated by phage enzymes; they contained almost 
all the diaminoprmelic acid of the receptors and 
resembled in ecmposition the ‘basal’ wall structure 
of diammopimehe acid containing Gram-positive cell 
walls. The fragments were originally reported to 
contam only three amumo-acids, glutamic acid, 
alanine and cystine’? ; at the suggestion of the author 
of this review re-mvestigation showed them to 
contam diaminopimelic acid, not cystine: glucos- 
amme and muramic acid were also found. 

The shmy cepsular layer lying outside the cell 
walls of certam bacteria is barely withm the scope of 
this review. Only in the case of B. megaterium is the 


` capsule known so contain compounds related to the 


cell wall. It consists of a glutamyl polypeptide 
interspersed in a polysaccharide framework”. The 
polysaccharide contained glucosamine, galactosamine 
and muramic acid and was serologically identical 
with a mucopolvsaccharide of the cell wall (see later) 
which contained the same three hexosamines. 


The spore coats of bacteria have not been fully - 


investigated, bud a little mformation is available on 
spores from same bacillus species. A matrix of 
‘beaded macromolecules’ was shown by Knaysi w 
electron photomicrographs of B. megaterium spores ; 
in freshly shed spores, the matrix was embedded in 
a homogeneous ‘ground substance’ which gradually 
disappeared by autolysis. Coats from mechanically 
disintegrated spores, examined by Strange, had little 
or no nucleic azid and contained phosphorus, lipid, 
glucose, glucosamine, muramic acid and most of 
the common amino-acids, including diaminopimelic 
acid5, Presumably the stable matrix contributed 
the numerous smmo-acids; as discussed later, the 
‘basal’ wall structure (as ‘spore peptide’) was prob- 
ably present in the more labile ‘ground substance’. 


Wall Formation and Action of Penicillin 


Since the cell wall differs m composition from ‘the 
other components of bacteria, its formation might 
be selectively prevented by shortage of ‘basal’ wall 
components or by inhibition of certain enzymes, 
while other synthetic processes might be unaffected. 
Failure of growmg cells to form walls might result in 
lysis of thé culture, since wall-free protoplasts, 
although capable of growth and division, would 
burst because they could not resist the low osmotic 
pressure of a normal culture medium. This may have 
been the explanation for the lysis which occurred 
when mutants cf Esch. coli, requiring diamimopimelic 
acid, were grown on limiting amounts of the latter, 
or when Strep. faecalis was grown on limiting amounts 
of lysme1®, When penicillin was added to logarithmic- 
ally-growing cuitures of Proteus vulgaris or Esch. cola, 
lysis occurred, with intermediate formation of large 
globules which emerged from the centre or ends of 
the bacterial rods*4617, In hypertonic culture media, 
Lederberg showed that penicillin did not cause lysis, 
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but produced large stable protoplasts capable of 
forming rod-shaped cells on dilution of the peni- 
cilin”. He'suggested that æ site of penicillin action 
may be the bacterial cell wall and that “new wall 
formation, rather than the existing wall, is the 
probable target, as non-growing cells are not killed 
by penicillin”. The ‘large forms’ of bacteria, pro- 
duced by penicillin, may be unstable protoplasts 
extruded through existing walls at pomts where 
failure of new wall synthesis had occurred. 

Further support for the supposition that penicillin 
inhibits wall synthesis is afforded by the accumulation 
- of certain uridine derivatives in Staph. aureus grown. 
in the presence of penicillin. Three such compounds 
were isolated by Park and found to be uridme-65- 
phosphate nucleotides of an N-acetyl-amino sugar, 
now identified as muramic acid!®. In one compound . 
the nucleotide was free, in another it was linked to 
alanine and in the third it was linked to a peptide of 
alanine, glutamic acid and lysine. Low concentrations 
of these nucleotides were found in normal cells. 
After addition of penicillin, in the short period 
(45 min.) during which the cells remained viable, the 
nucleotides mereased fifty-fold and they accounted 
for 5 per cent of the total phosphorus used by the 
cells in that time. The muramic acid and amino-acid 
contents of these nucleotides suggest that they were 
connected with cell walls, which, in the case of 
Staph. aureus, also contained ~ glucosamine and 
glycme. The uridine content of the nucleotides shows 
that they were not derived from breakdown of 
existing walls, which are free from pyrimidines. 
They were possibly destined, in conjunction with 
other sub-units containmg glucosamine and glycine, 
to*form ‘basal’ cell-wall units. It is now possible to 
interpret certain results of other investigations on 
the early effects of penicillin on growing cultures. In 
Staph. aureus, there was accumulation of unspecified 
nucleotides, a fall in a fraction “contributing signi- 
ficantly to the cell dry weight” and a drop in an 
unidentified phosphorus fraction found to be localized 
in walls of normal cells??. Also, MeQuillen found 
the surface charge was very rapidly changed by 
penicillin. 

These effects could all be explained if the primary 
action of „penicillin were inhibition of one of the 
reactions leading to synthesis of the basal wall struc- 
ture from hexosamme-peptide units, some or all‘ of 
which are already assembled as uridine nucleotides. 
Later effects are probably secondary ones consequent 
on lysis. The enzyme system inhibited by penicillin 
may be situated in or near the cytoplasmic membrane, 
since Cooper found evidence for a specific penicillin- 
binding site in the small-particle lipoprotein fraction. 
Although this location might be regarded. as support 
for a connexion between penicillm antibiosis and 
wall synthesis, 11 must be pointed out that both 
Weibull and Mitchell have, found that many active 
enzymes are confined to similar fractions from 
bacterial cells. Protoplasts of Esch. coli produced by 
penicillm or lysozyme action can apparently syn- 
thesize cell walls, as they are capable of regenerating 
into rod-shaped cellst’-1*, In contrast, B. megaterium 
protoplasts, produced by lysozyme, cannot form cell 
walls, although they can divide. Cell-wall synthesis 
may be an extra-cytoplasmic process’%?, and the 
necessary enzymes may be lost sometimes from 
protoplasts. The high molecular-weight compounds 
of cell walls are probably incapable of passmg through 
the semipermeable cytoplasmic membrane, and may 
be synthesized in situ from smaller diffusible units 
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such as nucleotides. The excretion” of these units 
might be aided by enzymes similar to those, called 
‘permeases’ by Monod, which transport various meta- 
bolites to the cell. Possible sites for penicillin action 
are the enzymes which polymerize or transport 
wall precursors. Protoplasts of B. megaterzum, 
examined by McQuillen after a period of synthetic 
activity in which “C-aspartate was incorporated into 
other amino-acids, had lost their intracellular di- 
aminopimelic acid into the surrounding medium. This 
could be due to the tendency of the cytoplasm to 
excrete diaminopimelic acid so that it would be 
available at the site of wall synthesis. The nature of 
this excreted diaminopimelic acid has not been 
investigated; in whole cells of B. megaterium a 
considerable proportion of the mtracellular diamino- 
pimelic acid ıs in the free states., No information 1s 
available as to the occurrence in protoplasts of other 
specific cell-wall constituents such as glucosamine or 
muramic acid. 


Other Compounds containing Cell-wall 
Constituents 


Other substances isolated from bacterial products 
have contained some or all of the compounds now 
recognized as components of the *basal’ wall structure, 
At the time of isolation, most of them were not con- 
nected with the cell wall, but present knowledge 
suggests that they were derived from it. A soluble 
peptide, ‘spore peptide’, isolated by Strange and 
Powell from germination exudates and extracts of 
spores of B. megaterium, was composed of alanine, 
glutamic acid, diaminopimelic acid, N-acetyl-glucos- 
amine, and muramic acid’. This peptide provided 
the source of muramic acid for purification and 
characterization. An antigenic lipopolysaccharide 
(‘wax D’), which was isolated: by Lederer and co- 
workers from human strains of Mycobacterium tuber- 
culosis, had a molecular weight of 15,000-20,000, and 
consisted of mycolic acid linked, through its carboxyl 
group, to a phosphorylated mucopolysaccharide*}. 
The mucopolysaccharide (molecular weight 6,000- 
9,000) contained arabmose, mannose and galactose 
and a peptide fraction having equimolar proportions 
of alanine, glutamic acid and diaminopimelic acid. 
This was the first compound in which diamino- 
pimelic acid was found, the identification being made 
simultaneously with its discovery in whole cells of 
C. diphtheriae. The mucopolysaccharide reacted in 
the precipitm test with human tuberculous antisera, 
and in this respect resembled a lipid-bound poly- 
saccharide, extracted by Haworth, Kent and Stacey 
from M. tuberculosis, which contained the same 
carbohydrates but also glucosamine. The content of 
‘wax D fraction’ of mycobacteria varied from one 
strain to another; in the human strains it was 
directly connected with degree of virulence ; in non- 
human strains, wax D did not contain amino-acids. 
A mucopolysaccharide isolated from æ Bacillus M 
contained 4-7 per cent phosphorus, glucosamine, 
galactosamine and probably muramio acid, some 
acetyl groups and alanine, glutamic acid and diamino- 
pimelic acid'¢. The compound was also present to 
some extent in the capsule; ıt was serologically 
identical with the free polysaccharide antibody of the 
capsule which gave the specific cell-wall reaction and 
which contained the same hexosamines. A cell-wall 
polysaccharide from B. anthracis was found by 
Strange and co-workers to contain galactose, glucos- 
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amine, muramic acid and small amounts of alanine, 


‘glutamic acid, diaminopimelic acid, aspartic acid and 


glycine. The streptococcal group C substance, 
extracted from Strep. pyogenes walls, contained 
N-acetyl-glucosamine, rhamnose and an unidentified 
peptide which may well prove to contain the other 
‘basal’ cell-wall constituents**, An insoluble fraction 
from, M. tuberculosis. which, in conjunction with 
homologous brain extracts, produced allergic en- 
cephalomyelitis, contained mycolic acid, a small 
amount of hexosamine, glucose, galactose, alanine, 
glutamic acid and diaminopimelic acid**. The soluble 
‘wax D’ from M. tuberculosis, although somewhat 
similar in composition, did not have the activity of 
the cell-wall fraction. Various natural and synthetic 
compounds containing N-acetyl-glucosamine (bifidus 
factor) are growth factors for some strains of Lacto- 
bacillus bifidus ; it is not known yet if the factor is 
required specifically for cell-wall synthesis. 


Enzymic Breakdown of Cell Walls 


Many enzymes which lyse bacteria attack cell walls 
specifically3#. One such enzyme is lysozyme, known 
also to degrade mucoproteins of animal origin. A 
‘mucopolysaccharide’ from cells of Micrococcus 
lysodetkticus, was found some years ago by Epstein 
and Cham to be degraded by lysozyme with liberation 
of reducing sugars ; it is now known to be composed 
of ‘basal’ cell-wall constituents!*. The sensitivity of 
different ispecies to lysozyme digestion varies from 
the complete dissolution shown by cell-wall prepara- 
tions of, for example, M. lysodeikticus, Sarcina lutea 
and B. megaterium, to complete resistance shown by 
other organisms (Strep. faecalis, B. anthracis). Gram- 
negative organisms, generally considered to be uni- 
formly insensitive to lysozyme, have recently been 
digested at pH 9 or in the presence of versene!®?4, 
Enzymes lysing cell walls are produced by many 
species of bacteria, especially the sporulating bacill 
and streptomyces. They have a range of specificity 
which appears sometimes to be correlated with lyso- 
zyme sensitivity. Some types of bacteria produce 
lysins which attack walls only of Gram-positive 
lysozyme-sensitive organisms'5; another lysm 
attacks walls from a lysozyme-resistant species, but 
has no action on a lysozyme-sensitive bacillus? ; 
other lytic enzymes showed intermediate, different 
or unstated specificity ranges!®:?6, . 

Digestion of cell walls by these enzymes has mainly 
been studied by Salton!¢2? and Strange. A range 
of soluble fragments was produced. The major frac- 
tion was in each case non-dialysable and consisted of 
compounds, molecular weight 10,000—20,000, which 
contained all the components of the walls from which 
they were derived. In a given digest, there were 
often two or three such fragments differmg in their 
hexosamine contents. Dialysable fractions of lyso- 
zyme digests contained no free sugars, ammo-sugars 
or amino-acids and very few free amino-groups ; the 
main dialysable component found by Salton was an 
amimo-sugar complex, possibly a dimer composed of 
N-acetyl-glucosamine and muramic acid. The lytic 
enzyme from B. cereus spores studied by Strange 
released products giving no positive reaction for 
N-acetyl-hexosammes. Products of digestion with 
lysozyme gave this reaction and had reducing powers. 
The streptococcal group O antigen and reducmg 
substances were released from walls of Strep. pyogenes 
by a lytic enzyme from Streptomyces albus**. 
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Two lytic enzymes separated from ‘actinomycitin’, 
an enzyme from a Streptomyces species, appear to be 
peptidases and caffered from all the above-mentioned 
enzymes**, Free alanine or glycine and low molecular- 
weight peptides were found in the dialysable fraction 
of the digests from walls of various organisms; at 
least some of she alanme released from walls of 
Staph. aureus was the p-isomer. 70 per cent of the 
wall weights ware released as two or three non- 
dialysable fragments with simular molecular weights 
(10,000-15,000) but different electric charges; they 
all had a high proportion of free amino-groups. _ 

The lytic enzymes of sporulating bacillus species 
appear to be involved in the sporulation cycle. 
Enzymes in extracts of washed sporulating cells of 
B. cereus are probably concerned in the release of 
free spores fron the sporangia, while the activation 
of a lytic system found in spores of several species 
may mitiate the first stages of the germination 
process!®, All the enzymes responsible for these 
lytic effects released soluble compounds containing 
the ‘basal’ cell-vall components, the main digestion 
product during spore germination being the ‘spore 
peptide’. The difficulties normally experienced in 
obtaining repeatable spore-coat preparations, and the 
observed autolyzis of spores resulting in shedding of 
spore-coat material, can be explained by the spon- 
taneous activity of the lytic enzyme in the spore 
coats. When spore coats were prepared under con- 
ditions which minimized autolytic action, they 
contained most of the diaminopimelie acid and 
amino-sugars fcund in intact spores**, It is thus 
apparent that “spore peptide’ is a wall degradation 
product and not a “soluble fraction of the cell wall 
elaborated by the germinating protoplasm’. ~ 

The lytic acion of bacteriophage may also be 
ascribed to enzymic liberation of a wall fragment 
containing the ‘basal’ wall components, according to 
the findings of Weidel. Cell walls of Staph. aureus 
contain an ausolytic enzyme system which also 
attacks walls of M. lysodeikticus®® ; it may cause wall 
rupture prior to cell division. 


Investigations on Chemical Structure of 
Cell Walls 


Little informetion can be obtained on the detailed 
chemistry of tke ‘basal’ cell-wall structure in situ, 
because of the insoluble nature of the walls. End 
amino-group deserminations on wall preparations by 
reaction with fluoro-dinitrobenzene”* showed that in 
walls of M. lysodeikticus and S. lutea, alanine was the 
principal N-terminal group and that it occurred 
relatively infrequently (l end-group per 50,000 
molecular weight); most of the c-amino groups of 
lysine were free. In B. megaterium there were even 
fewer end-alanine groups, but about 30 per cent of 
the diaminopimzelic acid residues had one free amino- 
group. Lysozyme digestion released only one 
N-terminal alanine group per 60,000 molecular 
weight units. Walls treated with fluoro-dinitrobenzene 
were still susceptible to lysozyme digestion, and the 
digests showed the same number of electrophoretic 
corhponents as shose from untreated walls. The pure 
nucleotide-peptide extracted from penicillin-treated 
Staph. aureus had alanine as an end-group and con- 
tamed glutamic acid, alanine, lysine and muramic 
acid in molar proportions (approximately 1:3: 1:1) 
similar to those found in wall preparations from 
normal Staph. aureus cells. In the walls, the other 
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components, glucosamine and glycine, were present 
in molar proportions of 2 and 4, respectively. 

Some enzymic degradation products of walls can 
be obtained as homogeneous compounds and should 
provide valuable information on the structure of the 
original cell wall, when the details of their com- 
position and mode of release by enzymes are known. 
The ‘spore peptide’ from germination exudates of 
B. megaterium spores had a molecular weight of 
15,300 and contained 0-03 per cent phosphorus, and 
the following approxmmate molar ratios of com- 
ponents*: alanine 3, glutamic acid 1, diaminopimelic 
acid 1, acetyl 8, glucosamine and muramic acid (as 
glucosamine) 8. It was degraded into a number of 
small dialysable peptides by an enzyme from B. 
subtilis which hydrolyses y-p-glutamyl peptides, but 
no free glutamic acid was released®®, This suggested 
that, although there was peptide-bondmg through 
the y-carboxyl group, there was none of the poly- 
p-glutamyl residues which occur in the capsular 
polypeptides. ; 

Soluble non-dialysable fragments (referred to as 
‘peptides’) of walls and spore coats from three 
Bacillus species have been obtained through the 
action of the spore-lytic enzyme from B. cereus. 
Their compositions varied slightly from one species 
to another, although they contained all the com- 
ponents of the ‘basal’ cell-wall structure; the 
vegetative-wall peptides showed slight differences 
from the correspondmg spore peptides, notably m 
higher contents of phosphorus and glucose. The 
peptides from spore coats and vegetative walls of B. 
megaterium were attacked by lysozyme; digestion 
mixtures gave positive reactions for N-acetyl-hexos- 
amines and reducing sugars. The ‘spore peptide’ 
yielded approximately equal proportions of dialysable 
and non-dialysable fractions, both of which contained 
all the ‘basal’ cell-wall components; the dialysable 
fraction contained the hexosamine dimer, detected 
by Salton in lysozyme digests of whole cell walls. 

Vegetative cells of two varieties of the species B. 
sphaericus were exceptional in containing no diamino- 
pimelic acid, although the spores had normal contents 
of that amino-acid®+. The walls could not be degraded 
by the spore lytic enzyme, but on digestion with 

- lysozyme they yielded peptides similar in com- 
position to those from other Bacillus walls, except 
that lysine replaced diaminopimelic acid, and aspartic 
acid was also present. The peptide extracted from 
spores of one species had an apparently normal 
composition, with diaminopimelic acid and a small 
amount of aspartic acid. 

Little is known about the inorganic constituents of 
cell walls. The presence of phosphorus in all walls 
and fragments analysed is noteworthy, but the 
nature of its binding has not been investigated since 
@ ‘polyol phosphate’ was described in walls of Staph. 
aureus® and in whole cells of many Gram-positive 
species. The lysozyme sensitivity acquired by Gram- 
negative bacteria in the presence of versene*4 suggests 
that some metal complex in the wall may afford 
protection against lysozyme digestion. 

A. little information is available as to the optical 
configuration of constituents of cell walls. In the 
walls of Strep. faecalis, all the lysine, about 75 per 
cent of the total alanine and 15 per cent of the total 
glutamic acid were the L-isomers; walls from a 
Lactobacillus species (designated L. casei but possibly 
contaminated with L. erabinosus) contained some 
p-lysine, while 54 per cent of the total alanine and 
65 per cent of the total glutamic acid were the 
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D-isomers*. The nucleotide-peptide fraction from 
penicillin-treated Staph. aureus and also the wall 
preparations from normal cells contained from 
45 to 50 per cent of their alanine and 92-100 per cent 
of glutamic acid in the p-form; lysine was the 
u-isomer®, In the spore peptide from B. megaterium; 
one-quarter of the total alanine and all the glutamic 
acid were the D-isomers**; diaminopimelic acid was 
present as the meso-isomer®. 

It is evident that a considerable proportion of the 
alanine and glutamic acid of the cell walls examined 
is in the p-configuration. The function of the 
p-isomers might be to render the walls resistant to 
digestion by proteolytic enzymes. It is not known 
whether D-isomers are evenly distributed with the 
L-isomers through all the peptide chains, or if they 
are confined to certain regions of the molecule. The 
isomer of diaminopimelic acid most commonly found 
in bacterial cells 1s the meso-form®. Possibly diamino- 
pimelic acid, being multifunctional, forms cross-links 
between peptide chains; the meso-isomer, with a 
D-configuration at one end and an L-configuration at 
the other, might be capable of linking two peptide 
chains containing different configurations. It is not 
known whether the few species (for example, pro- 
pionibacteria and streptomyces) which contain 
LL-diaminopimelic acid in their walls also have only 
the L-isomers of alanine and glutamic acid, but ıb is 
noteworthy that glycine was found in all walls 
where ii-diaminopimelic acid occurred, but not 
usually where meso-diaminopimelic acid was present 
(Table 1). : 

The general inference that can be drawn on overall 
structure of bacterial cell walls is that, in the case of 
the Gram-positive organisms at least, they consist of 
an insoluble basal groundwork of chains of acetylated 
glucosamine and muramic acid, bound in unspecified 
ways to peptides which may be highly cross-linked 
or cyclic; polysaccharide units and phosphorylated 
compounds may also be attached. Degradation 
through the action of various enzymes results in 
production of both small fragments and large soluble 
sub-units of molecular weight about 15,000, the end- 
groups differing according to the specificity of the 
enzyme used. It is also evident that there is vari- 
ability in amount and distribution of the different 
constituents in walls of different species. The soft 
gelatinous walls of Myxobacteria have not yet been 
investigated owing to their nature, but as diamino- 
pimelic acid has been found in this type of organism, 
they too may possess the ‘basal’ cell-wall structure. 
Few results on wall composition of other micro- 
organisms have been published, but it seems that the 
‘basal’ structure containing muramic acid and limited 
amino-acids may be confined to bacteria. The 
selective action of penicillin could be explained if 
the drug inhibits the synthesis of the specific ‘basal’ 
structure. If this structure is indeed confined to 
bacteria, penicillin would be without toxicity to the 
host or to other organisms. 

In view of the continual separation and examination 
of new substances of- microbiological origin, it is 
probable that other compounds will be reported 
which contain one or all of the components of the 
‘basal’ bacterial wall structure. One purpose of this 
review 1s to direct attention to the possible origin of 
‘mucoid’ compounds containing muramic acid or 
peptides with simple amino-acid pattems, including 
alanine, glutamic acid, lysine or diaminopimelic acid. 
Such compounds, or their fragments, may be derived 
from or destined for the bacterial cell wall. 
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Dr. L. F. Spath, F.R.S. 


Wirra the death of Leonard Frank Spath, which 
occurred on March 2 ab the age of seventy-four, there 
has passed from the scene a palæontologist whose 
reputation was world-wide. Spath was born and 
educated in South Africa. It was not, however, until 
he had settled in England that an ambition to devote 
his life to the study of fossils came within sight of 
realization. Deriving the means of sustenance from 
the profession of commercial artist, he began to 
study for a degree, and in 1912, at the age of thirty, 
passed the external B.Sc. exammation of the Un:iver- 
sity of London with first-class honours in geology. 
Meanwhile, he gained field-experience in Newfound- 
land (1910) and Tunis (1912) as a member of mineral 
“prospecting parties. On the second expedition he 
collected ammonites described in the following year 
in his first paper. a 

Spath was given intermittent employment in the 
Geological Department of the British Museum 
(Natural History) during 1912-15, served m the 
Army during 1916-19, and settled down in the 
Museum finally on demobilization. He declined, 
however, the offer of an established post, and worked 
at South Kensmgton in the mornings and as an 
unestablished lecturer at Birkbeck College m the 
evenings. Papers and monographs, covering ammon- 
ites from all three Mesozoic systems, now began to 
flow from his pen, until eventually their number 
exceeded 130. Most important among them are his 
monographs on the Gault Ammonoidea (Palzonto- 
graphical Society, 1923-43) and on the Jurassic 
Cephalopod Fauna of Cutch (Palaeontologia Indica, 
1927-33), and his catalogues, published by the 
British Museum (Natural History) of Triassic 
Ammonoidea, (1934, 1951) and of the Liassic family 
Liparoceratidae (1938). His general conclusions on 
ammonite evolution were summarized in 1933 (Biol. 
Rev. Camb. Phil. Soc., 8, 418) and 1936 (Pal. Zeitschr., 
18, 156). He was unable to accept the theory of 
recapitulation, applied to ammonites by Hyatt and 
his followers. Spath’s mtimate knowledge of the vast 
literature of his subject and his memory for the 
slight morphological differences serving for specific 
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OBITUARIES 


and even generic discrimination in the ammonites 
were equally remarkable. His style was found some- 
what heavy by most readers; but ammonites, he 
always maintained, were a subject only for the 
seriously minded. 

Spath was so constantly absorbed in his work that 
it, is not surprising that he found little tume for other 
activities, and was rarely, if ever, seen at social 
functions or even at meetings of learned societies. 
In his evening eapacity of university lecturer he was 
a painstaking and lucid teacher, much liked by his 
students. In the Museum, also, he gave unstinted 
help to younge> workers and visitors from overseas, 
He was electec a Fellow of the Royal Society in 
1940, received -n 1945 the Lyell Medal of the Geo- 
logical Society of London, and was elected in 1951 a 
member of the Royal Danish Academy of Sciences, 

L. R. Cox 


Prof. H. Spenser-Gregory , 


Dr. H. SPENSER-GREGORY joined the physics staff 
of the Imperial College of Science and Technology as 
a lecturer in 1€19, following a period of teaching at 
Saffron Walden. Grammar School. Although his first 
degree had beem in zoology and botany, Dr. Gregory 
soon showed he had a flair for experimental physics, 
which was made evident both in his contact with 
research and with teaching. In the former he 
initiated under she general guidance of Prof, Callendar 
a small but acsive research school on the measure- 
ment of the thermal conductivity of gases under 
various physical conditions. His later research interest 
had been in the instrumentation side of hygrometry. 
Assist. Prof. Gregory will be remembered by the 
many physics undergraduates who took his course 
for the enthusiastic spirit he created for the subject 
in the lecture room and in the laboratory alike. Huis 
outside interests were golf, association football and 
motoring. Sme his retirement, Dr. Gregory had 
been engaged >n writing a book on hygrometry, 
which was pub-ished only a few months before his 
death. R. W. B. STEPHENS 
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NEWS and VIEWS 


Physics at the University of Oxford : 
Prof. B. Bleaney, F.R.S. 
Dr. B. Bueanzy has been appomted Dr. Lee’s 
professor of experimental philosophy and head of the 
Clarendon Laboratory at Oxford, at the age of forty- 
one, in succession to the late Sir Francis Simon. Dr. 
Bleaney has been associated with the Clarendon 
Laboratory for some considerable time, having 
graduated from St. John’s College and taken his 
doctorate at Oxford. He was appointed a Fellow 
and lecturer in physics at his old College in 1947 
and has been one of the most active members of the 
Clarendon Laboratory since this time, being elected 
to the Royal Society ın 1950. He was the first person 
to observe spectral Imes in the microwave region, 
from which work the whole subject of microwave 
spectroscopy has now developed. In recent years he 
has been responsible for extending the theory and 
technique of electron resonance with particular 
reference to the transition elements. Under his 
leadership the microwave resonance group has con- 
tributed to some of the most important of recent 
advances in both low-temperature physics and mag- 
netic theory, including the experiments on nuclear 
alignment. He ıs one of the relatively few modern 
physicists who is equally at home with both the 
theoretical and the experimental sides of his subject, 
and has also taken a keen interest in the problems 
of undergraduate teaching, having recently written a 
new text-book on electricity and magnetism. Dr. 
Bleaney is in the United States at the moment as 
visiting professor at Columbia University, and will be 
returning to take up his chair in the summer. 


Atomic Scientists Association Report on Strontium- 

90 and Bone Cancer 

A OOMMITTEE on radiation hazards appointed by 
the Council of the Atomic Scientists Association has 
published a report on its assessment of the effect of 
radioactive strontium-90, produced in hydrogen- 
bomb tests, on the incidence of bone cancer. On the 
assumption that the probability of contracting bone 
cancer is directly proportional to the radioactive dose 
received by the bone, the committee estumates the 
number of cases of bone cancer which are likely to 
result from a given hydrogen-bomb test. A. cal- 
culation, given in an appendix to the report, shows 
that a hydrogen-bomb of the type tested at Bikini 
in 1954, uf exploded high in the atmosphere, may 
eventually produce bone cancer in 1,000 people for 
every million tons of T.N.T. of equivalent explosive 
power. It has been stated that the bombs hitherto 
exploded sre equivalent, in aggregate, to 50 million 
tons, in so far as their strontium-90 fall-out is con- 
cerned, implying that 50,000 people, spread through- 
out the world, may be affected by the fission products 
already released into the atmosphere as they fall out 
on to the Earth over the next decades. The com- 
muttee estimates that by 1970 the radiation dose to 
bone due to all the fission-bomb tests carried out up 
to the autumn of 1956 will amount to between 9 per 
cent and 45 per cent of the dose received from all 
natural sources, including cosmic rays, radioactivity 
from rocks and from the small amounts of radium 
normally present in bone. There is also the prob- 
ability of a number of cases of leukemia resulting, 
but the commuttee has found insufficient data upon 
which to estimate its size. The report briefly dis- 
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cusses the validity of the initial assumption that, 
there is no threshold-dose of radioactivity below 
which cancer is not induced. 

The report is signed on behalf of the Association 
by its president, Prof. H. S. W. Massey, and by 
its secretary, Dr. H. R. Allan. The members of 
the radiation hazards committee are: Prof. J. 
Rotblat (chairman), Dr. J. W. Boag, Prof. A. Haddow, - 
Dr. W. M. Levitt, Dr. Patricia J. Lindop, Mr. S. B. 
Osborn, Prof. L. S. Penrose, Dr. A. J. Salmon, Prof. 
P. A. Sheppard and Dr. G. Simon. 


Russian 10 GeV. Synchrotron 

On April 11 it was announced in Moscow that the 
10 GeV. synchrotron at the United Institute for 
Physical Problems at Dubna, near Moscow, is now 
operating at an energy of 8:3 GeV. This machine has 
many features in common with the 6 GeV. ‘Bevatron’ 
at the University of California, formerly the largest 
operating accelerator m the world. The impressive 
size of this new accelerator is illustrated by the fact 
thet the magnet alone weighs some 35,000 tons. 
Physicists from America and Western Europe visited 
the Institute at Dubna and saw the accelerator 
during the Moscow Physics Conference last May. 


Harwell Atomic Energy Course for Journalists 


A TWO-DAY course in atomic energy designed for 
journalists will be held in the Reactor School of the 
U.K. Atomic Energy Authority at Harwell on May 30 
and 31. The syllabus will include lectures on radio- 
activity and fission, on reactors and energy from 
fusion, and on the metallurgy and chemistry of 
atomic energy, with practical experiments and 
demonstrations. The number attending the course 
will have to be limited to about twenty-five, and a 
fee of ten guineas will be charged. For those who 
wish to stay in the district overnight, the Reactor 
School will be able to arrange accommodation at 
Goring-on-Thames. Inquiries should be addressed. to 
the Reactor School, Atomic Energy Authority, 
Harwell, Berkshire. 


Brecon Beacons National Park 


_ Tux Minister of Housing and Local Government 
has confirmed an Order designating the Brecon 
Beacons as a National Park. This is the tenth 
National Park to be designated, and the third in 
Wales. Its creation means that one-cleventh of 
England and Wales is now National Park land. The 
new Park covers the southern part of Breconshire 
and extends into Carmarthenshire in the west and 
Monmouthshire in the east. Its 515 square miles 
inelude the Brecon Beacons, the Black Mountains 
and the Carmarthenshire Vans, and its varied scenery 
of river and moorland, of mountain slope and wooded 
valley, is among the finest in the country. Some old 
and interesting towns are included within the Park ; 
Brecon with its cathedral and the once-walled market 
town of Hay-on-Wye form excellent centres for 
exploration. Sites of Roman’ and ancient British 
settlements abound and there are several fine Norman 
and medieval castles, existing churches and country 
houses. The River Usk offers some of the best salmon 
fishing in the country. Fishing is also to be had in 
Llangorse Lake under the shadow of the Black 
Mountains, where many varieties of wild fowl are 
to be found. The purpose of the designation is to 
preserve the natural beauty of the area and to pro- 
mote its enjoyment by the public, but it does not 
confer any additional freedom of access to private 
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land. Ownership of the land is not affected and the 
normal hfe and work of the area continue. 


The Future of Education in Britain 

In his presidential address to the National Union 
of Teachers delivered on April 20, Mr. J. Archbold, 
referring to the increasmg demand for more scientists, 
technologists and technicians, said that this demand 
can only be met by the co-operative effort of all 
teachers. Sound foundations are essential, but he 
beheves we are falling behind the United States, the 
U.S.S.R. and other industrial powers in the traming 
of scientists and technologists. He urged that a ten- 
year plan ıs required to implement most, 1f not all, 
of the reforms promised in the Education Act of 
1944, and m the order of priorities he put first the 
reduction in the sıze of classes to at least the maximum 
figures quoted in the Ministry of Education regula- 
tions. His second priority was to umplement the 
National Advisory Council’s report upon a three- 
year teacher trammg course, and to introduce the 
extended period of trainmg by 1960. Next, he put 
the increase in the number of scientists, technologists 
and technicians, and in this connexion he said that 
greater efforts are required throughout the educa- 
tional system of Britain at school age to provide a 
liberal education. Extended facilities for universities 
and technical colleges are also required, as well as 
adequate maintenance grants, taxation reliefs and 
family allowances; a choice will have to be made 
between raising the school-leaving age to sixteen and 
providing county colleges and part-time education 
to eighteen. Mr. Archbold favours the latter in 
present circumstances. He also emphasized the part 
played by the home, the employer and the State m 
education and, while welcoming the stand taken both 
by Su David Eecles and Lord Hailsham for the 
development of education, expressed concern that 
the Government’s recent decision m regard to block 
grants would lead to reduced expenditure on 
education. 


Radio Astronomy 


Tae January 1957 number of the American 
Scientist 1s @ commemorative issue to mark the 
seventieth anniversary of the foundmg of the Society 
of the Sigma Xi. Two of the main articles are devoted 
to the subject of radio astronomy. The first, “The 
Beginnings of Radio Astronomy”, by C. M. Jansky, 
jun., which was presented to a meeting of the 
American Astronomical Society on March 26, 1956, 
18 an appreciation of his late brother’s (Karl Guthe 
Jansky) discovery of, and contribution to, radio 
astronomy. As he aptly puts it, “Karl Jansky gave 
us our first brief look at interstellar space through a 
new and previously unknown window m the electro- 
magnetic spectrum’. The second, “The Develop- 
ment of Radio Astronomy”, by G. S. Hawkins 
(Harvard College Observatory), gives a detailed 
description of the equipment used by radio astro- 
nomers and the results obtained recently, including 
signals from the Sun, radio stars, the Milky Way and 
Jupiter. Radar astronomy 1s bnefly described, but 
it ıs emphasized that it will probably never become 
as spectacular as radio astronomy. Other articles in 
the issue are ‘A Survey of the Particles of Physics’’, 
by A. H. Snell (Oak Ridge), which gives a general 
picture of the various elementary particles, including 
the antiproton and antineutron, and their properties 
known at the end of 1956, and “Automation”, by 
W. J. Cunnmgham, which is a non-technical but 
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clear description of feedback or automatic control 
and the various fields in which 1t may be applied. 


A Question of Gravity 

Dr. B. W. Ersa, of Harrogate, has raised the 
question of whether it is possible for a hquid and its 
vapour to co-exist in equilibrium under such com- 
pression that tha vapour is denser than the hquid. 
Miss K. M. Gratwick writes: Such conditions have 
been obtained with certam bmary systems under 
high pressure. The phenomenon was first observed 
by Kamerlingh Onnes with a helium—hydrogen 
mixture (Proc. Xoninkl. Ned. Akad. Wet., 9, 459; 
1906). At lqvid hydrogen temperatures and at 
pressures less than 49 atmospheres, the phase richer 
m helium ıs the lighter, whereas at greater pressures 
1t 1s the heavier. The effect ıs reversible and by 
varying the pressure a ‘gas’ bubble could be made to 
rise or sink at will through the liquid. 

Lindroos and Dodge (Chem. Eng. Progress, Symp. 
Ser. 3, 48, 10; 1952) have observed a similar 
phenomenon with nitrogen-ammonia mixtures 
throughout the zange of temperatures (30°-110° C.) 
imvestigated. At pressures less than 1,820 atmo- 
spheres, the ammonia-rich phases are the denser, 
but above 2,100 atmospheres they are lighter. Such 
barotropic effects arise in systems containing two 
components, due to changes in their relative com- 
pressibilities uncer conditions in which the densities 
of the liquid ard vapour phases are nearly equal, 
that ıs, in the critical region of the mixture, 


Anomalies of the European Aerological Network 

Ir has been rscognized for the past century that 
international intercomparability of meteorological . 
observations is essential. The World Meteorological 
Organization has been developed with that object as 
one of the leading purposes of its existence. It must, 
however, regret=ully be realized that such inter- 
comparability does not exist over Europe for one of 
the latest kinds of observation, the measurement of 
pressure and temperature in the upper air by radio- 
sonde, Nine types of radio-sonde are in use in Europe, 
and the differenzes between them are serious, as is 
well brought ous in a pamphlet by the director of 
the Swiss Meteorological Office and the chief of the 
Swiss Aerological Observatory (J. Lugeon and P. 
Ackermann. Les anomalies du réseau aérologique 
européen. Tirage à part des ‘‘Annales de la Station 
centrale suisse de Météorologie”, 1955. Zurich, 1956). 
The differences are due to variations in susceptibility 
of the temperature elements to solar radiation, in 
lag, in thermal coefficient of the pressure-measuring 
unit, and instabiity after calibration. Unfortunately 
these are not direct zero errors but vary with height, 
day, night and sason. They can be serious because 
upper winds are forecast from the charts of radio- 
sohde observations, and the contour lines of isobaric 
surfaces shown on the charts are, it is recognized, 
sometimes falsified by these differences. The analysis 
in the paper is made by plotting values and drawing 
sections across Europe of mean values of the layer 
thicknesses between fixed pressures for day and night, 
summer and winter. Charts are also drawn for 
standard deviations of the same quantities. The 
cross-sections show discontinuities, and the charts 
tortuous isopleths, which cannot be attributed to 
orographic effects and are clearly due to the different 
types of radiosonde. Differences of the order of 1-5 
per cent of the true height exist. The design of radio- 
sondes, instruments im which the desirable qualities 
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of light weight and low cost are against accuracy, is 
very difficult. Further investigations being carried 
out by the World Meteorological Organization will, it 
is hoped, lead to greater uniformity. : 


High-Voltage Impulse Testing 


Tue striking of overhead electric power trans- 
mission lines by lightning can give rise to impulse 
voltages far greater than power frequency over- 
voltages, to which the insulation of equipment 
associated with the overhead lines is subjected. It 
is therefore most important to include impulse testing 
jin the testing of high-voltage equipment. This 1s 
emphasized in “High Voltage Impulse Testing” 
(National Physical Laboratory. Notes on Applied 
Science No. 17. Pp. iv+10. (London: H.M. 
Stationery Office, 1956.) ls. 6d. net), where it is 
pointed out that a great deal of experience in such 
techniques has been gained during the past twenty 
years. In this booklet the effects of lightning strokes 
on transmission systems are briefly described, and 
the production of test impulses in the laboratory, 
the creation of standard wave shapes and the methods 
of tosting insulators, protective gaps, cables, trans- 
formers and capacitors are described. 


Optical Design with Digital Computers 

Somm ten years ago, when digital computers of 
the modern kind were first being designed, ıt was 
foreseen that they would have an important part to 
play in such subjects as the design of optical systems. 
For a variety of reasons, people were more anxious 
to exploit the earlier machines in basic scientific 
research; but the success of the symposium on 
optical design with digital computers held at the 
Imperial College of Science and Technology during 
June 5-7, 1956, is an illustration of the degree of 
attention now being given to this subject ın optical 
departments and firms. The report of the symposium 
(Proceedings of a Symposium on Optical Design with 
Digital Computers. Pp. viii+93. . London: Imperial 
College, 1956. 10s.) contains fairly detailed sum- 
maries of the papers-presented and of the discussions 
which took place. It will be of interest primarily to 
those engaged in optical design. ‘The symposium 
opened with introductory lectures on methods of 
optical design and on digital computers. Later, 
lectures were given on ray tracing, first-order design of 
optical systems, and on problems associated with the 
assessment of image quality and the genoral per- 
formance of lenses. 


Theoretical and Applied Mechanics in India 

Tux Proceedings of the first Congress of Theoretical 
and Applied Mechanics organized by the Indian 
Society of Theoretical and Applied Mechanics (which 
was held during November 1-2, 1955, and not 1956, 
as stated on the title page) cover five sections, of 
which the first was devoted to elasticity, plasticity, 
rheology ; the second to fluid mechanics ; the third 
to the mechanics of solids; the fourth to statistical 
mechanics, thermodynamics’and heat transfor; and 
the fifth to mathematics of physics, statistics and 
computation. The organizing secretary, both for the 
first Congress in 1955 and the second, which was held 
during October 1956, was Prof. B. R. Seth, of 
Kharagpur. Among the many interesting papers 
contained in the Proceedings of the first Congress 
there is one by V. M. Ghatage on rmg aerofoils and 
their possible use, which is mentioned here in case it 
may not come to the notice of aeronautical engineers. 
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The volume is well printed and will, we hope, be the 
forerunner of a number of volumes containing the 
Proceedings of later Congresses at Kharagpur. 


Postgraduate Grants : 

Furtser details of the revised arrangements for 
postgraduate studentships in science and technology, 
first announced in November 1956, are given in a 
new edition of “Notes on D.S.1.R. Grants for Graduate 
Students and Research Workers” (pp. 20. London: 
H.M. Stationery Office, 1957. ls. 8d. net). Provided 
suitable candidates are forthcoming, the Department 
will award in 1957 about 700 research studentships 
(formerly known as maintenance allowances) and 
about 200 advanced course studentships, a new type 
of award. The values of the studentships will vary 
with circumstances : 
bridge, living in college, hostel or lodgings, may 
receive up to £380 a year in addition to his fees; a 
student outside London, living with his parents, may 
receive up to £245 a year and his fees. Some other 
expenses are also paid. Details are also given of the 
Department’s grants for special researches and for 
research fellowships, both of which have been 
extended in scope. : ‘ 


The Anaplasmas, Babesias and Toxoplasma 

THE Section of Biology of the New York Academy 
of Sciences held æ conference in November 1955 on 
some protozoal diseases of man and animals, in- 
cluding diseases caused by Protozoa belonging to the 
genera Anaplasma, Babesia and Toxoplasma, and 
these papers are now published (Ann. New York 
Acad. Sci., 64, 25-277; 1956). Part 1 deals with 
anaplasmosis, and consists of papers by H. Schmidt 
on the manifestations and diagnosis of anaplasmosis, 
by D. W. Gates and T. O. Roby on the status of the 
complement-fixation test used for its diagnosis, by 
P. L. Piercy on its transmission and by J. G. Miller 
on its prevention and treatment. 

Part 2 deals with the babesias and opens with a 
valuable paper by W. O. Nietz on the classification, 
transmission and biology of the piroplasmas (babesias) 
of domesticated animals, an intricate subject which 
is here dealt with by an author who has had wide 
practical experience in South Africa. J. Carmichael, 
formerly of the British Colonial Veterinary Service in 
Uganda, contributes an equally valuable article on 
treatment and control, and W. D. Malherbe deals 
with the diagnosis of these diseases. Sophie Jakowska 
and R. F. Nigrelli describe Babesiosoma and other 
babesioid organisms found in the red blood cells of 
cold-blooded vertebrates. F. S. Markham contributes 
a brief introduction to Part 3 on toxoplasmosis, 
L. Jacobs describes the propagation, morphology 
and biology of Toxoplasma gondzi, and H. A. Feldman 


and Louise T. Miller discuss congenital toxoplasmosis 


in men. A valuable paper by J. Chr. Siim, of the 
State Serum Institute, Copenhagen, deals with the 
symptoms, diagnosis, epidemiology and other aspects 
of acquired infection of the lymph nodes with 
Toxoplasma (Toxoplasmosis Acquisita Lymphono- 
dosa). This section is completed by papers by H. F. 
Eichenwald on the difficult laboratory diagnosis of 
toxoplasmosis, by J. K. Frenkel on its pathogenesis 
and on infections with organisms resembling 1t, by 
D. E. Eyles on recent knowledge of 1ts chemotherapy, 
by W. L. Jellison on the nomenclature of Besnoitia 
besnoiti, and by W. L. Jellison, W. J. Fullerton and 
Hazel Parker on the transmission of B. besnoiti by 
ingestion. 
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Historical American Documents 

A NUMBER of studies of historical documents in the 
library of the American Philosophical Society is con- 
tained in a recent publication (Proc. Amer. Phal. 
Soe., 100, No. 6; 1956). It includes one by Whitfield 
J. Bell, jun., entitled “Al Clear Sunshine”, describing 
some unpublished correspondence between Benjamin 
Franklin and Mary Stevenson Hewson, acquired by 
the Society by gift and purchase in March 1956. 
About half these letters are addressed to Franklin 
and they will be published in the forthcoming edition 
of “The Papers of Benjamin Franklin”, sponsored 
by the Society and Yale University. A second study, 
by I. B. Cohen, discusses some problems in relation 
to the dates of Benjamin Franklin’s first letters on 
electricity. Prof. T. D. Cope describes the running 
of a meridian line northward up the Delmarva 
peninsula beginning on December 11, 1760, and con- 
tinuing with interruptions from the weather until it 
was completed on November 2, 1761. 


The Chemical Society 

Tur following are those holding office in the 
Chemical Society, including those recently elected to 
office: President, Prof. E. L. Hirst; Vice-Presidents 
who have filled the office of President, Sir Ian Heil- 
bron, Sir Cyril Hinshelwood, Prof. C. K. Ingold, Dr. 
W. H. Mills, Sir Eric Rideal and Prof. W. Wardlaw ; 
Vice-Presidents, Prof. Wilson Baker, Prof. R. D. 
Haworth, Prof. E. D. Hughes, Prof. M. Stacey, Dr. 
L. E. Sutton and Sir Alexander Todd; Honorary 
Treasurer, M. W. Perrin ; Honorary Secretaries, Prof. 
F. Bergel, Dr. J. Chatt and Prof. M. J. S. Dewar. 


Radioisotopes in Scientific Research 


Aw International Conference on Radioisotopes in 
Scientific Research has been convened by Unesco 
and will be held in Paris during September 9-20. 
Participants will include those nominated by govern- 
ments ; representatives of the United Nations or its 
specialized agencies ; representatives of international 
scientific organizations; and persons participating 
in an individual capacity, or on behalf of scientific or 
industrial bodies. The purpose of the Conference, 
which will be strictly scientific in character, will be 
the exposition and discussion of new ideas or methods 
for the utilization of radioisotopes in scientific 
research. Plenary sessions are to be devoted to new 
developments in measuring techniques and significant 
developments in the production of radioisotopes. 
The remainder of the work of the Conference will 
take place in two main sections, dealing with the 
physical and biological sciences. Further details can 


„be obtained from the United Kingdom National 


Commission for Unesco, Ministry of Education, 
Curzon Street, London, W.1. Participants are asked 
to submit titles and 250-word summaries of their 
papers by May 1, and the complete texts of the 


papers by July 1. Proceedings of the Conference will’ 


be published by Unesco in due course. 


The Union Observatory, Johannesburg, 1953-55 


THe Annual Reports of the Union Observatory, 
Johannesburg, for each of the three years 1953-55 
follow similar lines, and it will be sufficient to notice 
outstanding events during the period. The 26}-in. 
refractor was used with the interferometer by Dr. 
W. S. Finsen for the measurement of known double 
stars and a search for new pairs, and Dr. W. H. 
van den, Bos and Mr. J. Churms have also taken 
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in the first portion of that programme. “With 
the Franklin-Adams telescope, plates were obtained 
by Messrs. E. L. Johnson, J. A. Bruwer and J. Churms 
of minor planets, comets, variable stars and a 
‘miscellaneous’ ccllection ; as this telescope was badly 
handicapped by increasing city lights and smoke, ıt 
was dismantled in August 1954 and transferred to 
the Observatory Annexe at Hartbeespoort, where, 
as is pointed out in the Report for 1955, it continued 
with this work with the advantage of a dark night sky. 
With the 9-in. and 6-in. refractors, occultations of 
stars by the Mcon were observed by Bruwer and 
Churms, and in addition, by amateur astronomers 
who are members of the Astronomical Society of 
South Africa, (Transvaal Branch); the latter also 
used the 9-in. refractor for the observations of 
planets and variable stars, and rendered valuable 
assistance to the staff on visiting evenings. In 1953, 
the occultation of Antares and its companion on 
March 7 was successfully recorded photoelectrically 
by a team of observers who used the Leyden telescope, 
and in the same year the transit of Mercury on 
November 14 was observed with three telescopes 
by Messrs. Finsen, Bruwer, P. C. Seligmann and 
J. Churms. 

With the 3-in. refractor counts of sunspots were 
made, and results were obtained on 288, 308 and 
265 days, respectively, in each of the years under 
consideration. The results were communicated daily 
to the Telecommunications Research Laboratory of 
the South African Council for Scientific and Indusirial 
Research, and monthly to the Magnetic Observatory 
at Hermanus and the Receiving Station of the South 
African Broadcasting Corporation at Panorama. 
Other matters dealt with are publications, public 
services and staff; the second of these includes the 
time service, which is under the general supervision 
of Dr. Finsen wish Mr. J. Hers in charge, assisted by 
Messrs. Seligmann, Bruwer and Churms. One interest- 
ing matter may be mentioned in conclusion: on 
April 1, 1953, the Observatory celebrated its golden 
jubilee by holding an open day, and about 4,000 
visitors were conducted over the buildings. 


The Night Sky in May 
Furt Moon occurs on May 13d. 22h. 34m. U.T., 


. and new Moon on May 29d. 11h. 39m. The followmg 


conjunctions wish the Moon teke place: May 3d. 
18h., Mars 5° N.; May 9d. 19h., Jupiter 6° N.; 
May löd. 09h., Saturn 0-2° S. In addition to these 
conjunctions with the Moon, Venus is in conjunction 
with Aldebaran on May 2ld. 15h., Venus being 5-7° 
N. There will bə a total eclipse of the Moon on May 
13-14, visible at .Greenwich. The Moon enters 
penumbra at 19h. 42m. and umbra at 20h. 45m. ; 
totality begms et 21h. 52m. and ends at 23h. 10m. ; 
the Moon leaves umbra at 00h. 17m. and penumbra, 
at Olh. 20m. Mercury is too close to the Sun for 
normal observasion. Inferior conjunction occurs on 
May 6, and on that date there will be a transit of 
Mercury across the Sun’s disk. This rare phenomenon 
will unfortunately be invisible at Greenwich. Venus 
is now an evening star, but is still too close to the 
Sun for easy observation, setting about an hour after 
the Sun at the end of the month. Mars seis at 23h. 
35m., 23h. 20m. and 22h. 50m. on May 1, 15 and 31, 
respectively ; its stellar magnitude is about + 1-9, 
and its distance in the middle of the month ıs 208 
million miles. Mars enters Gemini on May 3, and is 
near § Geminorum at the end of the month. Jupiter 
sets at 3h. 20m., 2h. 20m. and lh. 20m. at the 
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beginning, middle and end of the month, respectively ; 
it is in Leo, being stationary on May .20 and sub- 
sequently moving eastwards among the stars. The 
stellar magnitude of Jupiter is — 1-8, and its dis- 
tance from the Earth in the middle of the month is 
455 million miles. Saturn rises at 22h. 05m., 21h. 
05m. and 19h. 55m. on May 1, 15 and 31, respectively, 
and is retrograding in Ophiuchus ; its stellar mag- 
nitude is + 0-3, ıts distance from the Earth on 
May 15 being 840 mullion miles. There is one 
occultation of a star brighter than magnitude 6, 
observation. being made at Greenwich: May löd. 
23h. 49-0m., Oph. (R); R refers to reappearance. 
Comet Arend-Roland is visible throughout the night 
as a, circumpolar object; its declination varies from 
+57° to +63° in the course of the month. It is 
expected to fade from magnitude 2 at the beginning 
of May to fainter than magnitude 6 by the end of 
the month. 


Announcements 


Sm Harozrp HARTLEY has been elected president 
of the Society of Instrument Technology in suc- 
cession to Mr. A. J. Young. 


Mer. J. E. C. Barmy, chairman and managing 
director of Baird and Tatlock (London), Ltd., has 
been elected chairman of the British Scientific 
Instrument Research Association, his term of office 
to extend until July 1960. Mr. Bailey has for many 
years been prominent in the instrument industry 
both in his connexions with the British Scientific 
Instrument Research Association and the Scientific 
Instrument Manufacturers’ Association, and more 
recently by his election as senior warden of the newly 
formed Company of Scientific Instrument Manu- 
facturers. 


Dr. D. C. MacPuar has been appointed as director 
of the Division of Mechanical Engineermg of the 
National Research Council of Canada. Dr. MacPhail, 
who worked at the Royal Aircraft Establishment at 
Farnborough during the Second World War, has 
been assistant director of this Division for the past 
. eight years, and replaces Mr. J. H. Parkin, who is 
retiring from the office of director, but who will 
continue to act as a consultant to the Division. 


Lord Mrs, Minister of Power, is to perform the 
opening ceremony for the new laboratories of the 
Safety m Mines Research Establishment in Broad 
Lane, Sheffield, on April 25, at 2.30 p.m. 


THE Right Hon. Hugh Molson, Minister of Works, 
will open three new buildings at the Research and 
Development Station of the Cement and Concrete 
Association at Wexham Springs, Stoke Poges, 
Buckinghamshire, on May 1. The three buildings are a 
chemistry and physics laboratory, a demonstration 
hall and a new building to house the training 
centre, hostel, canteen and prmting department. 


Tax B.B.C. is to hold an open day at two of its 
transmitting stations,on April 27, when the new 
television station at the Crystal Palace and the high- 
power sound broadcasting station at Drortwich, 
which includes the long-wave Light Programme and 
the Midland Home Service transmitters, will be on 
view to the public from 10 a.m. to 8 p.m. No tickets 
of admittance will be required. 

AN international symposium on “Macromolecular 


Chemistry”, arranged by the International Union of 
Pure and Applied Chemistry, will be held in Prague 
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during September 9-15. Further details may be 
obtained from the Secretariat, 5, Technická, Prague 6. 


AN international conference on prestressed con- 
crete, organized by the University of California in 
co-operation with the Fédération Internationale de la 
Précontrainte and the Prestressed Concrete Institute 
of America, is to be held in San Francisco during 
July 29-August 2. Further details may be obtained 
from the Department of Conferences, University of 
California, Berkeley 4, California, U.S.A. 


THE annual course in tropical hygiene for laymen 
will be held by the Ross Institute this year during 
July 15-19. The course, for which there is no fee, is 
intended for those whose work in the tropics makes 
them responsible for the health and welfare of others. 
Further information can be obtained from the 
organizing secretary, L. G. Ponsford, Ross Institute 
of Tropical Hygiene, London School of Hygiene and 
Tropical Medicine, Keppel Street (Gower Street), 
London, W.C.1. 


Tum next Nuclear Physics Conference of the 
Physical Society will be held during July 17-18 in 
the Physical Laboratories of the University of Man- 
chester. It will be organized by Prof. S. Devons. 
There will probably be five sessions, on static nuclear 
properties, nuclear dynamics, nuclear forces, meson 
physics and beta decay. Anyone wishing to con- 
tribute a paper to this meeting should write to Dr. 
J. M. Calvert, Physical Laboratories, The Huiyersitys 
Manchester 13. 


Tue National Academy of Sciences—National 
Research Council’s Division of Anthropology and 
Psychology has announced that, at the request of 
the United States Air Force Air Research and 
Development Command, a two-day International 
Symposium on “Military Psychology” will be held 
in Brussels at the Palais des Beaux Arts on July 26 
and 27, immediately prior to the opening of the 
fifteenth International Congress of Psychology. The 
programme 1s being planned by an international 
committee under the chawmanship of Prof. F. A. 
Geldard of the University of Virginia, who will serve 
also as general chairman of the Symposium. The 
programme will consist of papers on military psy- 
chological research topics by psychologists from 
several Western European countries, the United 
Kingdom, and the United States. The Symposium 
will be open to the publie. 


- Tue eleventh General Assembly of the Inter- 
national Union of Geodesy and Geophysics is to 
be held at Toronto during September 3-14. The 
main topic will be the International Geophysical 
Year, which is to begin in July. The meetings will 
be held at the University of Toronto, with head- 
quarters at Hart House. In charge of arrangements 
is Prof. J. T. Wilson, head of the Geophysics Labor- 
atory of the University, who is also vice-president of 
the Union, and to whom all imquiries should be 
addressed. Subjects to be discussed include: the 


age of the Earth ; polar wandering ; climatic cycles ; 


measuring distances between continents by radar ; 
the origin of cosmic rays ; sun-spots and solar flares ; 
atmospheric jet streams; the true shape of the 
Earth ; magnetic storms and radio communications ; 
rocket exploration of the upper atmosphere ; auroras ; 
glaciers ; the cause of airglow; the Karth’s interior ; 
deep ocean currents; artificial satellites ; and methods 
of geophysical prospecting. 
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RAYS, RODS 


HE Royal Netherlands Academy of Science has 

recently published a report* which reveals a 
curious state of affairs. In 1920 & German, Freiherr 
von Pohl, propounded the theory that certain rays 
emanate from the Earth which are mjurious to the 
health of man, of most animals, and of plants. He 
followed this with the publication of a book in 1932 
entitled “Earth Rays as the Causes of Disease”, in 
which the use of the divining rod is recommended for 
detecting the presence of such rays. Credence was 
given to his theory by an astonishing number of 
people, particularly in Germany, Switzerland and the 
Netherlands, although neither von Pohl nor his later 
followers ever gave any proof of the existence or 
nature of such rays. 

Spread of the belief, however, gave scope for the 
activities of large numbers of divmers, professional 
and otherwise. They appeared mostly to act in good 
faith, although one feels that the lady who claimed 
for her divining rod the ability not only to detect the 
presence of earth rays, but also to extract them from 
the ground and deposit them in a ditch or rubbish 
heap, all for the payment of £13 per acre, was making 
rather a good thing out of her neighbours’ troubles. 
The next development was that mgenious persons 
devised apparatus claiming to protect men, animals 
and plants from the evil effects of the rays. The rays 
themselves being purely hypothetical, the construc- 
tion of the apparatus was necessarily ‘intuitive’, and 
many different types have therefore been put on the 
market at prices ranging from 100 to 500 florins (£9 
to £45), being as high in some cases as 1,200 florins 
(£108). For the most part they are wooden boxes, 
with amazingly variable contents. Purchasers are 
advised not to open the’ boxes for fear of impairing 
their efficacy, and those who have had the courage 
to ignore this advice have found (in a Swiss example) 
a small bottle of ink, m another case a piece of lead 
nailed to the bottom of the box, in yet another some 
salad oil, in several cases little metal wheels and 
plates or spools of wire flex and switches to give an 
impression of dealing with magnetism or electricity. 
Some apparatus 1s provided with a compass, the 
needle of which must point in a certain direction. It 
has been known for apparatus of this kind to be 
patented, but not m the Netherlands, where thorough 
testing has to precede the granting of a patent. The 
apparatus containing simply a piece of lead had been 
supplied as a cure for rheumatism, and was later the 
subject of a court action. 

In the Netherlands, agriculture was at first un- 
affected by von Pohl’s theory, until about ten years 
ago intensive propaganda on the part of the divers 
proclaimed the efficiency of the protective boxes for 
controlling animal and plant disease. The propaganda 
was so successful, especially in Friesland and the 
horticultural region of South Holland, that uneasi- 
ness was felt in scientific circles, and in 1948 the 
Royal Netherlands Academy of Science appomted a 
commission to investigate the whole problem under 
the chairmanship of Dr. J. Clay, at that tıme pro- 
fessor of natural philosophy m the University of 
Amsterdam, The commussion created first a group to 

* Koninklijke Nederlandse Akademie van Wetenschappen. Onder- 
zoek naar de betekenis der wichelroede voor de landbouw. Verslag 
van de Werkgroep voor Landbouwkundig Onderzoek inzake het 


Whichelroedeprobleem. Pp. 164, bibl. in text, ilus., German summary, 
pp. 155-64 (Amsterdam, 1955). 
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deal with the physical aspects of the problem, and 
then, in 1952, a second working group to deal with 
agricultural aspects. The chairman of the agricultural 
group was Dr. A. J. P. Oort, professor of plant 
pathology in the Agricultural University, Wagen- 
mgen, and the secretary was Dr. C. K. van Daalen, 
formerly mspector of agricultural research, Bilt- 
hoven. Other members were Dr. J. van der Grift, 
physiologist, Hoorn; Ir. S. F. Kuipers, advisory 
officer for souls and fertilizers, Wageningen; Dr. 
F. W. G. Pijls, horticultural advisory officer for soils, 
Wageningen; end Dr. D. A. Vries, of the Physics 
Laboratory, Agricultural University, Wageningen. 
A third workirg group was appointed under the 
leadership of Dr. F. A. Heyn at Delft to study psychic 
aspects of the problem. The three groups worked 
independently af each other, but arrived at the same 
conclusions. Tke report described here is that of the 
agricultural group, whose terms of reference were to 
determine (a) whether ‘earth rays’ exercise an un- 
favourable inflvence upon health, growth and pro- 
ductivity in animals and plants, and (b) whether these 
evils can be controlled by the use of ‘protective 
apparatus’. 

investigations were made with the aid of twelve 
diviners, most of them professionals, who, in detecting 
earth ray courses or spots, also indicated whether 
they considered the irradiation to be faint, moderate, 
fairly strong, strong, or very strong. Even faint 
irradiation was considered to be injurious. The 
investigations, of which a full account is given, were 
made in various parts of the Netherlands and were 
concerned with the stabling of cattle and horses ; 
with disease in cattle and horses; with productivity 
in honey bees: with plant disease, namely, potato 
wilt, beet disease caused by Heterodera schachtii, 
flax burn; pæ disease caused by Fusarium oxy- 
sporum pisi; potato leaf roll and disease caused by 
Phytophthora ; and Botrytis on flax; with weed 
control ; with tke control of supposedly irradiated spots 
in pastures for horses ; and with the quality of silage. 

In ali these investigations it was found that there 
was absolutely no agreement between the findings 
of the different diviners exammuing one and the same 
object; nor was there any agreement between the 
findings of any one diviner who repeated his exam- 
ination of an object. Totally different courses or 
spots were indrated. Again, there was no connexion 
between the indications of the diviners, jomtly or 
individually, with the disease occurrmg in animals or 
plants. The protective apparatus tested had no 
effect on the development, health and productivity 
of the animals and plants observed: disease was 
neither removed nor diminished. Although the 
existence or otherwise of ‘earth rays’ was not included 
in the group’s terms of reference, its members have 
felt bound to pomt out that the results of their 
investigations are in direct conflict with von Pohl’s 
‘earth ray’ theory. There is no value whatever in 
the examination by diviners of places for the rearing 
of animals or the growimg of plants, nor 13 there any 
in the use of the so-called protective apparatus. 

The report mecludes mteresting chapters on the 
part played in divming by suggestion and auto- 
suggestion, acd on findmgs from other countries 
which confirm the authors’ conclusions. 

G. M. ROSEVEARE 
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EDUCATION AND TRAINING 
OF SPECTROSCOPISTS 


Toe great interest, long overdue, which is now 
bemg demonstrated by scientists in their own 
education, was reflected at a well-supported combined 
meeting, on February 15, of the Industrial Spec- 
troscopy and the Education Groups of the Institute 
of Physics on the “Education and Treining of 
Spectroscopists”. Speakers were drawn from various 
branches of spectroscopy and were representative of 
the universities, technical colleges, research institu- 
tions and industry. 

In his opening remarks Dr. A. ©. G. Menzies 
(chairman of the Industrial Spectroscopy Group) 
referred to his own experiences both as university 
teacher and industrialist, but based his remarks 
mainly on the recent Stationery Office publication on 
“Scientific and Engineering Man-Power in Great 
Britain”. He believes that the shortage of scientific 
man-power is still under-estimated; msufficient 
weight has been given to the increasing modernization 
of many of the smaller industrial concerns, which is 
causing the demand for scientists to increase at a 
faster rate. Even so, he considered that main- 
tenance of high standards is just as necessary as the 
production of greater numbers. 

Dr. H. Powell (B-P Research Station) deplored the 
general attitude, apparent in applicants for posts, 
of neglect and even disparagement of analytical 
work in academic circles. ‘lhe requirements of the 
two main branches of spectroscopy are somewhat 
different. Whereas in molecular spectroscopy the 
technique is relatively simple, although interpretation 
of results requires a man of good graduate status, 
emission technique is difficult: and requires well- 
trained and experienced staff to carry out experi- 
mental work in addition to graduate supervisory 
staff. He considered that more spectroscopy could 
be included m university degree courses, and made 
suggestions as to how ‘this could be achieved with 
the minimum expenditure of time and money. 
Suitable instruments could be constructed and tested 
as part of an honours physics course and then be 
transferred to the chemistry department for applica- 
tion in, for example, the identification of molecular 
structure,and quantitative spectrochemucal analysis. 
Also, technical colleges could organize more part-time 
courses on spectroscopy for non-graduate staff. 
Consideration might also be given by universities and 
colleges to inviting experts from industry to give 
special lectures to final-year students. Dr. Powell 
then discussed the selection and training of staff in 
his own establishment and emphasized the value of 
commissioning reports on new equipment m the 
practical training of new entrants. 

Dr. G. H. Beaven (National Institute for Medical 
Research) considered that the great value of applied 
molecular spectroscopy m the solution of complex 
analytical problems and its‘ largely empirical use in 
diagnosis of moleculer structure should not be 
allowed to obscure the fact that these applications 
are based on a highly-developed fundamental theory. 
The prime function of university trainmg in mole- 
cular spectroscopy must therefore be to provide 
students with authoritative instruction in the 
fundamentals rather than applications of specific 
imstruments. Frequent suggestions that university 
courses should be broadened, particularly in cultural 
and technological content, have been made and 
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extreme examples can be found in the discussion at 
the conference held by the Royal Institute of Chem- 
istry on “The Training and Education of Chemists” 
(J. Roy. Inst. Chem., 80, 493; 1956). Even after 
tactful editing, the report on the discussion (Nature, 
179, 78; 1957) makes it evident that some industrial- 
ists would prefer university science teaching to be 
concentrated on technology rather than on funda- 
mentals, for which they claim there is little use’ in 
industry. Fortunately, however, this attitude 18 
off-set by the opinion of more fer-seeing employers 
that the universities are supplying graduates well 
able to apply their education to the solution of 
problems in science and technology. Dr. Beaven 
concluded by referring to postgraduate training and 
agreed with Dr. Powell that part-time or summer- 
study courses would be invaluable, and especially 
the postgraduate courses proposed by Prof. P. M. S. 
Blackett (Bull. Inst. Phys., 8 (8), 86; 1957). 

The pomt of view of the university teacher was put 
by Mr. W. R. S. Garton (Imperial College, London), 
who supported and amplified comments by Dr. 
Beaven on the necessity for concentration on 
fundamentals in academic trainmg. Spectroscopists 
engaged, for example, in analytical work, recognize 
the importance of this when considering prospects 
of the extension of methods, particularly in the field 
of electrical discharge phenomena. In a good degree 
course m physics a man who ultimately took up 
analytical work would automatically become weil 
versed in these respects. With regard to Dr. Powell’s 
remarks he thought it was interesting that at the 
Imperial College, the second-year physics students 
supplement a course of twelve lectures in atomic 
spectra by a laboratory course of some twenty-four 
hours work in which, apart from photography and 
analysis of anumber of series spectra, they obtain mani- 
pulative experience by setting up and adjusting aspec- 
trograph and by measuring high-resolution plates,ete. 
“ Mr. A. S. Nickelson (U.K. Atomic Energy Authority, 
Research Group), while agreeing with most of the 
opinions expressed by previous speakers on the 
trainmg of graduates, felt that some serious con- 
sideration should be given to the training of non- 
graduate assistants—‘‘the men and girls who do all 
the work’’—for, ultimately, the success of æ spec- 
troscopic unit was a measure of the quality of the 
personnel and of the leadership given to them. Their 
usefulness and eventual progress must depend on a 
wise scheme of training by the senior staff, as very 
few new entrants could be expected to have any 
real practical knowledge of the subject. Mr. Nickelson 


confirmed Dr. Powell’s experiences in interviewing: 


apphcants for posts and found that most entrants at 
Advanced level standard have only the haziest ideas 
of analytical chemistry and none whatever of spec- 
troscopy. Preliminary.traming could be obtained in 
some technical colleges, but this would only touch 
on the fringe of the subject. He considered that 
much good could be done by senior spectroscopists 
giving lectures to sixth forms and thus inspiring some 
interest at the grammar-school level. He himself 
had done this and was in no doubt as to the enthu- 
siasm of the response. 

The subject was then opened to géneral discussion. 
Mr. M. Milbourn (Imperial Chemical Industries, 
Ltd.) m a written communication, deplored the 
ignorance of many expermmental spectroscopists on 
simple fundamental ideas, for example, the basis 
of the optical density scale and the reason why 
emission spectra appear as lines. He thought that 


`o o aA 


TO ee 


No. sses April 27, 1957 


while first consideration m the trainmg of spectro- 
scopists should be given to fundamentals he strongly 
deprecated any. formal course of instruction which 
set out to train people to be spectroscopists only. Their 
education must be such as to give them a measure of 
flexibility consistent with thew own capabulities. 

Mr. G. F. Lothian (University of Exeter) con- 
sidered that it was important that the new graduate 
should have acqured a broad and sound knowledge 
of fundamentals with some grounding in experimental 
methods and could not be expected to know much 
spectroscopy at this stage. Practical experience in 
the handlmg of instruments could be obtained with 
relatively simple apparatus. 

A constructive note was introduced by Mr. E., H. S. 
van Someren (Murex Welding Processes, Ltd.), who 
read to the meetmg a paper issued by the Groupement 
pour l’Avencement des Méthodes Spectrographiques 
(G.A.M.S.), which included an appreciation of the 
situation regarding the training of spectroscopists in 
France and details of a training scheme which had 
proved popular and successful. (This will be 
published in Spectrochimica Acta.) 

Prof. W. C. Price (King’s College, London), referring 
to Dr. Powell’s observations, considered that lack 
of knowledge of spectroscopic techniques among 
graduates largely arose from the fact that, in the past, 
few lecturers have had direct experience of these 
methods. This situation could be expected to 
change in the future since the rapid growth of ultra- 
violet and infra-red techniques in academic and 
research laboratories made possible by the avanl- 
ability of good reliable commercial instruments has 
meant that a high proportion of teaching staff use 
them in their own researches, and the experience 
thus gained would tend to be passed on to students. 
He disagreed, therefore, with Mr. Lothian and 
considered that the task of brmging the student mto 
close familiarity with many physical phenomena 
having fundamental significance (and therefore of 
great educational value) could often be done only 
with relatively complex and expensive equipment. 

Miss J. M. Rooke (Metropolitan-Vickers, Ltd.), on 
the question of the trammg of non-graduate assistants, 
suggested that a national diploma in spectroscopy, 
or some similar qualification, should be instituted so 
that such staff could, by takmg a recognized course 
of traimmg, obtain tangible proof of their knowledge 
of the subject. This suggestion led to some discussion 
as to the availability of surtable training courses, and 
Dr. N. Pentland (vice-chairman, Education Group), of 
Brighton Technical College, directed attention to the 
diploma courses in applied physics now being run by 
some of the major technical: colleges. At Brighton 
the full-time and the sandwich course both melude 
spectroscopy. He recommended the higher national 
certificate course for more junior workers, as this 
often. included spectroscopy, although generally the 
content of such courses is dependent on the require- 
ments of local mdustry. 

Mr. K. M. Bills (Mond Nickel Co., Ltd.) suggested 
that the essential pre-requisite to securing an 
improvement in the standard of education of spec- 
troscopists was to convince potential workers in this 
field (and their teachers) that the profession is worthy 
of their attention, and this was a task for the spec- 
troscopist himself. This would have the effect of 
improving the standard of workers entering the field. 

Mr. F. W. J. Garton (U.K. Atomic Energy 
Authority, Research Group) appealed for & practical 
outcome for the afternoon’s discussion. He suggested 
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that the commcttees of the two Groups might meet 
to consider the question further, including a survey 
of current training courses and those which have 
been held in ree@nt years, and ıf possible to formulate 
a scheme for training which might lead to a suitable 
qualification as suggested by Miss Rooke. This idea 
was generally eccepted by the meeting and the first 
meeting of the two committees was arranged to be 
held on April 10. F. W. J. GARTON 


ELECTRON MICROSCOPY IN 
ASIA AND OCEANIA 


HE first Regional Conference on Electron 
Microscopy in Asia and Oceania was held in 
Tokyo, Japan during October 23-27. It was 
organized under the auspices of the International 
Federation of Electron Microscope Societies, and was 
one of a series of regional conferences in electron 
microscopy plaaned by the International Federation 
at the time of the International Conference on 
Electron Microscopy in London in July 1954. The 
Tokyo Conference was arranged by the Society of 
Electron-Microscopy, Japan, with support of the 
Science Council of Japan and the Ministry of 
Education, 
The Confererce was attended by more than a hun- 
dred Japanese scientists, and by electron microscopists 
from the following countries in Asia and Oceania: 


-India, Indonesia, Cambodia, Republic of China (For- 


mosa), and Feoples Republic of Chma. Several 
countries outside the Asian and Oceanic area were 
also represented. There were six scientists from the 
Soviet Union, ive from the United States, and two 
from Germany including Prof. Ernst Ruska of the 
Fritz-Haber Institute of the Max-Planck-Gesellschatt, 
Berlin-Dahlem. Prof. Ruska took a leading part m 
the Conference, officially representing the Inter- 
national Federation of Electron Microscope Societies 
as its presidert. The Conference met under the 
shadow of the recent sudden death of Prof. von 
Borries, whose life and contributions were com- 
memorated by a moving eulogy presented by his 
pupil, friend and collaborator, Prof. Ruska. Prof. 
Ruska also addressed the Conference on the history 
of the development of electron microscopes, on the 
influence of heating and cooling the specimen in an 
electron beam with respect to contamination of the 
specimen, on new trends in design of electron 
microscopes, om resolution, and on effects of crystal- 
line specimens on an electron beam. 

Fifty-six papers were presented. Since it is not 
appropriate to summarize all, an effort will be made 
to present impressions relating to the status of 
electron microscopy in some of the countries 
represented. 

It was evident that electron microscopy m Japan 
is very vigorous indeed. There are more than 
330 electron microscopes in Japan, most of them of 
Japanese manufacture. There are four companies 
engaged in the design and commercial manufacture 
of electron microscopes in Japan, and an active export 
of their instruments is developing. Two Japanese 
permanent maznet microscopes are on the market, 
for which resolmtions of better than 25 A. are clarmed. 
Two Japanese manufacturers offer electromagnetic 
microscopes sgid to be capable of a resolution of 
10 A. One sompany has developed a 300 kV. 
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instrument. The availability of good electron 
microscopes is energetically exploited by Japanese 
laboratories in various fields of biology, medicine, 
metallurgy, colloid science, polymer chemistry and 
crystallography. In biology and medicine the 
breadth of fields of interest applying the electron 
microscope is impressive. Active workers using the 
electron microscope are found in departments of 
genetics, anatomy, microbiology, physiology, pathol- 
ogy, internal medicine, orthopedic surgery, dentistry, 
botany, zoology and virology. The vigour and 
enthusiasm and breadth of base manifested in this 
development betokens a bright future for the struc- 
tural biological sciences in Japan. 

The picture of electron microscopy in the Soviet 
Union presented by Mr. V. G. Nyrikov, director of 
the Institute of Electronic Optics, Ministry of Radio- 
technical Industry, U.S.S.R., displayed an active 
development. Mr. Nyrikov stated that electron 
microscopes have been manufactured commercially 
in the Soviet Union since 1946, that about 350 
instruments now exist in that country, and that 
these are of several types. Most models utilize 
low-frequency high-voltage stebilizers and electro- 
magnetic lenses, though two electrostatic models are 
made. Mr. Nyrikov indicated that the resolving 
capabilities of most of the instruments are rather 
modest, and micrographs taken with Soviet instru- 
ments and shown at the Conference were not impres- 
sive from-the point of view of quality and resolution. 
However, Mr. Nyrikov indicated that active attention 
is being given in the Soviet Union to design and 
improvement of electron microscopes, and that an 
experimental instrument with a special stabilizer, 
capable of & resolution of 20 A., has been built. 
Various other representatives from the Soviet Union 
presented papers relating to applications of the 
electron microscope to studies in biology and 
ceramics. 

A summary of the current status of electron 
microscopy in the Peoples Republic of China was 
presented by Dr. Li Lin, of the Institute of Metallurgy 
and Ceramics, Academia Sinica, Shanghai, Speaking 
elegant English, Dr. Li explained that there are 
very few electron microscopes in China (the number 
recalled is six) and that electron microscopy is in its 
infaney there, since the energies of the country are 
being expended along lines deemed to be more urgent. 
Dr. Li showed some electron microscope studies in 
the field of metallurgy, involving examination of slip 


planes in single crystals of metals induced by shearing . 
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forces imposed on the crystals. No biological work 
from China, was presented, though several workers in 
biological fields were members of the delegation. 

The reports of work emanatmg from India were 
impressive for their high quality of microscopy and 
scholarly excellence. Yet the Conference was told 
thet there are very few electron microscopes in 
India (the figure of two microscopes in India is 
recalled, though this may be an error). It is evident 
that these few instruments are used with skill and 
imagination. 

Electron microscopy in Indonesia was presented 
by Prof. T. G. F. Schoon, of the Foundation for 
Rubber Research and Development at Bogor. 

An eloquent summary of the Conference was 
prepared by Prof. B. Prakash, of the Department of 
Metallurgy, Indian Institute of Science, at Bangalore. 
With a charming Scottish accent, delightful wit, and 
discerning cultural understanding, Prof. Prakash 
spoke of the great stimulus the Conference had 
provided, of the cordial hospitality and efficient 
organization of the Japanese hosts, and of the 
magnificent service to international understanding, 
scientific exchange and cultural appreciation, which 
the Conference had rendered. Prof. Prakash stated 
that æ decision has been made to hold the next 
Regional Conference on Electron Microscopy in Asia 
and Oceania in India four years hence. 

The Proceedings of the Conference are to be 
published in English under the technical auspices of 
the Journal of Electronmicroscopy and the Society of 
Electron Microscopy, Japan. English and Japanese 
were the official languages. The sessions were held 
in Sankei International Conference Hall, which 1s_ 
equipped with ear-phones and translating booths 
similar to those used at United Nations meetings. 

For many who were present the international 
scientific contacts established and nourished outside 
the formal sessions were of special importance, and 
many international friendships were cemented and 
fruitful ideas exchanged. Such informal discussions 
between members of the Conference provided occa- 
sions for exchange of thoughts and experiences 
relating to electron microscope design, adjustment 
and technique, and relating to specimen preparation 
and interpretation of micrographs. To biologists 
such conversations were of especial value, in view of 
the revolution in cytological thought now under full 
headway, which receives much of its impetus through 
the medium of electron microscopy. 

H. STANLEY BENNETT 


IS ‘SUPER-REFINEMENT’ LEGITIMATE IN- X-RAY CRYSTAL 
ANALYSIS ? 


ROF. A. I. KITAJGORODSKIJ has directed 
attention to the importance of considering 
whether refinement beyond the normal Fourier stage 
of X-ray crystal structure analysis has any physical 
significance. As he points out, the legitimacy of the 
refinement process must be examined in the light of 
(a) the accuracy of the observed structure factors ; 
and (b) the ratio of the number of arbitrary para- 
meters (scaling factor, atomic co-ordinates, Debye 


factors, atomic scattering factors, etc.) to the number 
of independent observations used in the analysis. 
He is, of course, correct in pointing out that if the - 

values of F, are known with a precision 5, then the 
minimization of R to a value smaller than about 8 is 
devoid of physical significance, and that a procedure 
of minimization in which the number of arbitrary 
parameters may be of the same order of magnitude 
as the number of reflexions is also meaningless. It 
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is also true that, in the past, crystallographers have 
not always been sufficiently careful in making sure of 
the accuracy of their intensity measurements, or in 
estimating or correcting for absorption, extinction 
and dispersion. 

We do not, however, agree with his pessimism 
concerning the limit of accuracy attainable. He 
mentions crystals of 1 mm. thickness and points out 
that absorption and extinction can introduce large 
errors. Indeed they can. But in the majority of cases 
there is no need to use crystals of this large size. In 
recent investigations on anthracene and on the bis- 
cyclic dibenzacridines*, made in University College, 
London, two-dimensional data were collected from 
crystals which were either cylindrical or spherical to 
a very close approximation. The large majority of 
reflexions (about 90 per cent of those possible using 
copper Ka radiation) were from crystals the maximum 
dimension of which was not more than 0-15 mm. A 
path difference of 10 per cent in such a small crystal 
of a purely organic compound would cause an 
absorption error of less than 0-5 per cent in the 
structure amplitudes. The remaining very weak 
high-order reflexions (about 10 per cent of the total) 
were obtained from crystals having a nearly uniform 
diameter of about 0-5 mm. Even if the structure 
factors so observed were in error by as much as 
10 per cent, however, their inclusion in the Fourier 
series is better than their total neglect, or their 
inclusion only under the heading of ‘less than’ 
values. 

An attempt to establish objectively the probable 
errors in our structure factor amplitudes, as determ- 
ined from visual measurements of photographic 
diffraction intensities, has proceeded as follows. 
For any given crystal, the reliability factor R 
between a set of Fẹ and the same set read inde- 
pendently some weeks later was of the order of 
1-5 per cent. Between sets of data from at least 
two different crystals, R was of the order of 3-0- 
3-5 per cent. ‘This figure will undoubtedly vary 
from one substance to another and from one experi- 
menter to another. Counter methods may be expected 
to give the most reliable results. In each structure 
analysis a measure of reproducibility or of internal 
consistency of the J’, should be made, in order to 
determine what limit of minimization of the index 
R = X||Fo| — |Fe|| /X |Fo] may be expected. 

Internal consistency, however, is not the only test 
of reliability of experimental results. Experience has 
shown us that whatever experimental data are used, 
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the refinement cf the structure can proceed to an 
R factor only about 2 per cent higher than that of 
the data itself: if the accuracy of the observed 
structure factors is worse than 10 per cent and the 
number of unknown in the structure is 
less than the number of F then the refinement will 
not proceed to an R factor lower than about 12 per 
cent. In other words, we claim that the extent to 
which the structure can be refined is a measure of 
the reliability of the experimental observations, pro- 
vided only that shere is sufficient over-determination 
of parameters; and the higher the degree of over- 
determination the more certain is this test of relia- 
bility. Allowing for small random errors in the Fy, 
an allowance of three times as many observations as 
there are parameters to be determined is usually 
regarded as suffizient. 

Prof. Kitajgorodskij is correct in pointing out that 
experimental accuracy is less easily obtained using 
crystals containing heavy atoms, but with care good 
results can be cbtained*. Measurements on several 
crystals of different shapes, corrected for absorption 
and dispersion, can be compared, If extinction is 
present it shows itself in a variability of relative 
intensity for some of the strong and medium-strong 
intensities of lew order. Recently**, methods of 
detecting extinction by the use of polarized incident 
radiation have deen suggested, and these may lead 
to the application of a first-order correction. 

Prof. Kitajgorodskij’s major challenge, however, 
is in relation to the physical significance of any 
structure analysis that goes beyond a determination 
of the atomic co-ordinates. He claims that the 
maxima of an electron-density series, using only 
those amplitudes the signs of which are independent 
of the choice of f curves, give the co-ordinates of the 
‘centres’ of the atoms, with a precision limited by 
the cut-off and the imprecise knowledge of the F, 
values,-and that the structure analysis is then 

We believe that he is wrong, and that this can be 
proved in several different ways. 

(1) Experience has shown us that if the F', values 
have an internal consistency of better than 5 per 
cent, but the anisotropies of the atomic vibrations 
and of atomic bonding are ignored, then refinement 
of the structure to better than about 15 per cent is 
impossible. This means that much valuable and 


reliable information is being wasted. A single least 
Squares adjustment of thermal anisotropies, or a 
single refinemert based on difference Fouriers, can in 
practice immed.ately improve the reliability factor. 





Fig. 1. 
of structure factors 


‘a tical synthesis of [001 ion of urea, CO(NH,),, from observed diffraction data at 293° K. 
aa calculated gi Oy eects which the atoms are not “s x x 
the thermal vibrations and the false background detail due to ‘te: 


(b) Optical synthesis 
c) Difference synthesis between (a) and (b), showing 
nation of series’ errors 


moving, 


U vibration ellipsoids of the individual atoms*’. 


858 


a The electron: density: map ‘itself will often show 
directly that thermal vibrations and other anisotropic. 


effects’ do exist and can be measured. In University 
< College, London, chemistry undergraduates are given, 
as a practical exercise, the determination of the [001] 
- projection of the structure of urea, using visually 
estimated {kk0} intensities and carrying out the 
o electron-density projection by an optical synthesis of 
the Fa values. The resulting picture shows very 
-qlearly indeed that at room temperatures the mole- 
‘cules are oscillating through a small angle about the 
C=O bond (Fig. ia). A similar optical synthesis 
“using calculated F values corresponding to stationary 
atoms gives contours which are no longer anisotropic 
and diffuse, but the picture shows instead consider- 
able false background detail due to series cut-oif 
(Fig. 1b). Fig. le shows the thermal vibrations as 
revealed by a ‘difference’. synthesis. 
(3) The existence of this molecular libration at 


: yoom temperatures is confirmed by machine refine- 


. ment of the electron-density series, which gives the 
It is 
also confirmed by an independent measurement of 
Debye factors for a number of crystal reflexions, 
using measurements of intensities made at several 
temperatures*. It is confirmed by an examination of 
“the diffuse scattering patterns, which show strong 
streaks corresponding to the <110> directions, 
‘which are directions of maximum atomic move- 
ments; and by the large thermal expansion in the 


| [ARO] directions as compared with that along [001]. 


_ Finally, it is confirmed by the agreement, within 
limits of experimental error, between X-ray and 
neutron diffraction structure refinements (Worsham, 
jun, J. E., Levy, H. A., and Peterson, S. W., private 
communication). 

No doubt the number of substances for which an 
accurate. determination of atomic vibration ampli- 
tudes has been made is still very smali indeed, and 
crystallographers are to blame for not having always 
realized the importance of exact experimental 
observations ; but there seems no reason why, with 
the increasing use of computer facilities, we should 
not now get the utmost information out of our 

-diffraction techniques. 
“Qne final word of warning is perhaps necessary. A 
Fourier technique that ignores the existence of 
' thermal vibration effects may not even locate the 
‘gentres’ of the atoms accurately. If the atoms are 
moving on an are—if, for example, they are part of a 


molecule that is oscillating about an axis or a fixed 


` point-—then the ‘centres’ of the atoms and the maxima 


.- of the electron-density series will not necessarily 


“eoincide*. 


KATHLEEN LONSDALE 
RoxaLrp Mason 
JUDITH GRENVILLE-WELLS 


‘Department of Chemistry, 
University College, 
London, W.C.1. 
March 5. 
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Ina recent: communication on this subject!, Prof. 
ALL. Kitajgorodskij concluded: that “attempts at 


-adapting X-ray structure analysis forthe purpose of —, 


determining electron density or of determining the | 
anisotropy of thermal vibrations: are without founda- 
tion”. If Prof. Kitajgorodskij had limited his criticism 
of current trends in X-ray analysis to the suggestion’, 
that some analyses have been refined further than 
the reliability or extent of the data warranted, he _ 
might possibly have found some supporting evidence. 
It is true that errors due to absorption and extinction: 
can be important, and there are perhaps recent cases 
where they have been unjustifiably neglected. But- 
as Lonsdale, Mason and Grenville-Wells point out 
above, experimental data of demonstrably high 
accuracy have been obtained in some cases, and there’ 
is no reason to doubt that they can be obtained in | 
others. The sweeping assertion by Prof. Kitajgorod- 
skij, which denies the possibility of finding anything _ 
more than the positions of atomic centres, even with 
the best experimental data, can be refuted on many 
grounds; but we think we need only point out 
(a) that the basic principles employed im ‘super- 
refinement’ have been accepted for a generation, and 
(b) that the validity of their application to increasingly ©. 
complex structures can be tested by comparing the | 
results with those obtained from entirely different 
experiments, namely, calorimetry, measurements of 
elastic constants, Raman spectroscopy, and nuclear 
magnetic resonance. 

It must be emphasized that the principles employed _ 
in determining anisotropic thermal motion in com: 
plex crystals are not fundamentally different from 
those first used long ago in the determination of the © 
isotropic motions and the electron densities in simple < 
cubic crystals; an excellent account of the results 
is given by James*. As is well known, the amplitudes. ~ 
of isotropic thermal motion found by X-rays in these 
simple cases are in satisfactory agreement with those: 
inferred, through the lattice vibration theory, from- 
calorimetric and elastic measurements, while the 
atomic electron densities agree closely with those 
calculated by the self-consistent field method. As 
soon as we turn from cubie crystals to those of lower 
symmetry we find ample evidence, quite independent 
of X-ray diffraction, to show that in some cases at 
least the atoms are definitely not spherically sym- 
metrical; we have only to recall, for example, the _ 
facts that the axial ratios of some of the metals which __ 
crystallize in the hexagonal close-packed arrange- 
ment differ from the ideal value of 1-63 by as much... 
as 15 per cent, and that the ratio of their com- 
pressibilities parallel and perpendicular to the 
principal axis may be as high as 8. The inference . 
that the thermal motions of the atoms should be 
treated as anisotropic is inescapable, and it is scarcely 
surprising to find that by introducing anisotropic: 
thermal parameters we can bring the calculated 
X-ray intensities into better agreement with those- 
observed experimentally than would otherwise be. — 
possible. The extension of these principles to more 
complex crystal structures is accompanied by. the 
introduction of more parameters, but not more in 
proportion than the increase in the number ofi 
experimental observations, so that in general the 
parameters are still over-determined by a very wide 
margin. Provided that this safeguard remains, and. 
the step from (say) potassium chloride to -zincis. 
accepted, there is in the extended application of the 
principles to structures of greater and greater com- 
plexity no subsequent. point at which it can be said 
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that 
duced. 

Actually Prof. Kitajgorodskij’s view that the 
determination of the phases and the study of electron 
distributions and thermal motions are two separate 
operations, one legitimate and the other not, is an 
erroneous over-simplification. His references to the 
‘signs’ of the structure factors show that his con- 
siderations are restricted to centrosymmetrical 
crystals. In the general case, the structure factors 
are complex and them phases are infinitely variable 
parameters, which are to be dealt with, in the one 
operation of determinimg the structure, along with 
the other parameters of the problem. Even the 
study of a centrosymmetrical cubic crystal (cæsium 
antimonide)? can show how illusory any general 
attempt'to separate phase determination from thermal 
parameter determination must be. 

In conclusion, it is relevant to mention that some 
anisotropic thermal parameters are more liable than 
others to be affected by absorption and extinction 
errors. Roughly speaking, neglect or umperfect cor- 
rection for these errors causes a systematic error m 
the mean Debye parameter B of the atoms in the 
isotropic case, or systematic errors in the mean 
atomic vibration tensor U ım the anisotropic caset. In 
crystals with sufficiently rigid molecules, the atomic 
vibration tensors U" can be analysed’ m terms of two 
tensors, T, giving the anisotropic translational 
vibrations of the mass centre of the molecule, and 


‘illegitimate’ methods have been intro- 
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œ, giving the anisotropic angular vibrations of the 
molecule about axes through its centre. Systematic 
errors in the mean U would affect T, but 16 1s rather 
difficult to see how they could systematically affect 
œ. If Prof. Kisajgorodskij’s conclusions were true, 
one would not expect the calculated values of T and 
œ in general to have any obvious connexion with 
physical realities ; nor would it be surprising to find 
cases where tha latent roots of m were negative 
(corresponding to the centre of a molecule having a 
greater angular vibration than its periphery). In 
fact® the values found for T and are usually very 
reasonable, and they imply lattice frequencies’? which 
check closely vith the spectroscopic and thermo- 
dynamic data’. 

E. G. Cox 

D. W. J. CRUIOKSHANK 


` Department of Inorganic and 


Structural Chemistry, 
The University, 
Leeds 2. March 7. 
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INFECTIVITY OF RIBONUCLEIC ACID FROM EHRLICH ASCITES 
TUMOUR CELLS INFECTED WITH MENGO ENCEPHALITIS 


By Dr. JOHN S. COLTER, HARRIS H. BIRD and Dr. RAYMOND A, BROWN 


Viral and Rickettsial Section, Research Division, American Cyanamid Company, Pearl River, N.Y. 


IERER and Schramm have described a method 
for the isolation of ribonucleic acid from tobacco 
mosaic virus and have presented evidence to show 
that nucleic acid so prepared is itself infectious. 
Two of us have reported some of the chemical and 
physical properties of ribonucleic acid isolated from 
Ehrlich ascites carcmoma cells by their technique’. 
The present communication presents evidence that 
ribonucleic acid isolated from Ehrlich ascites tumour 
cells infected with Mengo encephalitis virus is 
infectious, and that a ribonucleic acid component, 
rather than residual intact virus particles, is respons- 
ible for this activity. 

The Ehrlich ascites carcinoma was grown in Swiss 
albino mice. On the seventh day of tumour growth, 
0:5 ml. of a 10-4 dilution of Mengo virus-infected 
mouse bram homogenate was injected intraperitone- 
ally. The multiplication of this virus m, and its 
powerful oncolytic action on, cells of the Ehrlich 
ascites tumour have been described by Koprowska 
and Koprowski’. 

Ascitic fluids were collected by aspiration from the 
peritoneal cavities of tumour-bearmg mice 48-72 hr. 
after virus infection. Cells were sedimented by low- 
speed centrifugation, washed several times in salme, 


and frozen rap-dly in a mortar set m an ethanol — 
‘dry ice’ bath. The frozen cells were ground by hand 
to a fine powder and were homogenized m a Waring 
blendor with 0-14 M sodium chloride-0:01 M sodium 
citrate, pH 7-0, to give a 10 per cent (w/v) suspen- 
sion. The suspension was centrifuged at 3,000 rev./ 
min. for 20 mnm., and the supernatant decanted 
through a fluted Whatman No. 1 filter paper. 
Extracts prepazed in this manner were considered to 
be 107? dilutions of virus, and are here called Mengo 
encephalitis virus preparations. 

Ribonucleic acid was separated from such virus 
preparations by the method of Gierer and Schramm!. 
In brief, this consisted of extracting the virus 
preparation three‘times by vigorous shaking with an 
equal volume cf water-saturated phenol. After each 
extraction, the aqueous phase which contamed the 
ribonucleic acid was separated by centrifugation. 
The aqueous phase was freed of phenol by several 
ether extractians, and the ether was blown off by 
bubbling nitrcgen gas through the solution. All 
manipulations were carried out at 0-4° C. Ribo- 
nucleic acid sclutions so prepared were designated 
as 10-1 dilutions for convenience in comparmg the 
relative infectivities of Mengo virus and ribonucleic 


860 


Table 1. INFROTIVITY OF MENGO ENCEPHALITIS VIRUS PREPARATIONS 
AND OF RIBONUCLEIO ACID ISOLATED FROM THEM 


LDso* 
Ribonucleic 
acid 





Hours 3 post-Mengo 
infection Mengo virus 


preparation 
66 





n 
ch 
h al = 


DONY OWH BO bo 


5 
5 
4 
8 
Š 

8 
2 
2 


OAK duae 


4 
4 
5 
5 
5 
5.4 
6 
6 





* Expressed as logarithms to the base 10. 


acid preparations. Infectivity titres, expressed‘ as 
LDys were determined in 10-12 gm. Swiss mice by 
the intracerebral injection of 0-03 ml. of serial ten- 
fold dilutions. 

Protein could not be detected in the ribonucleic 
acid preparations by the biuret reaction or by acid 
hydrolysis followed by paper chromatography for 
amino-acids. The nitrogen/phosphorus ratios? were 
1-6-1-7. 

Illustrative results regarding the infectivity of 
Mengo virus and of corresponding ribonucleic acid 
preparations are shown in Table 1. It is clear that 
infectious ribonucleic acıd can be obtained as a 
matter of routine from Mengo-infected cells, although 
the infectivity of the preparation is of the order of 
0-1 per cent that of the virus suspensions from which 
they are prepared. Gierer and Schramm suggested 
that the low infectivity of tobacco mosaic virus ribo- 
nucleic acid could be caused by low efficiency of the 
mechanism of infection or by the fact that a large 
portion of the nucleic acid is inactivated during 
isolation. These suggestions may well be relevant in 
the present case. 

Mengo virus was identified in the brains of mice 
which died following the intracerebral injection of 
ribonucleic acid suspensions by neutralization tests 
with specific Mengo antiserum (monkey). 

In addition to failure to detect protein contamina- 
tion in the ribonucleic acid preparations, evidence 
indicating that the infectivity was caused by the 
ribonucleic acid and not by contammation with 


Table 2. COMPARISON OF MENGO ENOHPHALITIS VIRUS AND RIBO- 


NUCLEIO ACID PREPARATIONS 





Moengo virus | Ribonucleic 
preparation id 


o 
ch 


Control 
After ribonuclease 
After 6 br. at 37° C. 


Control 
After ribonuclease 
After 6 hr. at 37° C. 


Control 
After centrifugation (top 9 ml.) 


Control 
After centrifugation ttop 4 ml) 
After centrifugation (middle 4 ml.) 


Control 
After 1 M sodium chloride-t} 
After 1 M sodium chloridef§ 


6-6 
6-4 
5-8 
5-8 
58 
6-6 
3-6 
72 
4-5 
45 
70 
45 
3-5 


CcoO DDO toto 
haw hodh wé 


* Expressed as logarithms to base 10. 
No mice died at 10-* dilution, 
Pellet washed once with ice-cold sodium chloride solution. 
Pellet washed twice with ice-cold sodium chloride solution, 
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intact virus particles was obtained from the experi- 
ments described below. Results are shown in Table 2. 

Incubation of Mengo virus and ribonucleic acid 
preparations with ribonuclease (10 ygm./ml.) for 
15 min. at 20° C. abolished the infectivity of the 
ribonucleic acid without reducing the infectivity of 
the virus. This was true when the virus was exposed 
to the action of the enzyme at dilutions of 10-1 to 10-°. 

The ribonucleic acid, in contrast to the intact virus, 
was extremely labile to heat. Incubation of the two 
preparations at 37° C. for six hours eliminated the 
infectivity of the ribonucleic acid but had no effect 
on the infectivity of the intact virus. As was the 
case with the ribonuclease experiments, this effect 
‘was seen at virus dilutions of 10-1 to 10-3. 

The infectious components of the nucleic acid 
and virus preparations were differentiated by their 
behaviour in 1 M sodium chloride solution. Aliquots 
of each were made 1 M with respect to sodium 
chloride, and were incubated at 0° C, for 12-16 hbr., 
after which they were centrifuged at 3,000 rev./min. 
for 20 min. The pellets so obtained were washed once 
or twice in 1 M sodium chloride solution and then 
resuspended in physiological saline to their original 
volumes and their infectivities determmed. The 
infectivity of the virus preparations was very sharply 
reduced, whereas that of the ribonucleic acid solutions 
was recovered quantitatively. 

When samples of virus and ribonucleic acid pre- 
parations were centrifuged at 30,000 rev./min. for 
60 min. (‘Spinco’ ultracentrifuge, No. 40 rotor) and 
the supernatants titrated in mice, the infectivity of 
the virus preparation was markedly reduced, whereas 
that of the ribonucleic acid was but slightly affected. 
In the first of two centrifugation experiments 
(Table 2), 10 ml. volumes of virus and of nucleic 
acid preparations were centrifuged and the top 9 ml. 
removed and titrated in mice. In the second, the top 
and ‘middle’ 4 ml. of each preparation were removed 
and their mnfectivities estimated separately. 

Results of experiments with Mengo antiserum were 
not as clear-cut as those with tobacco mosaic virus 
antiserum reported by Gierer and Schramm. How- 
ever, they did indicate that the infectious components 
of the virus and nucleic acid preparations were not 
identical. Treatment of the ribonucleic acid with 
either Mengo antiserum (monkey) or normal monkey 
serum destroyed its infectivity, whereas the infectivity 
of the virus was reduced by the specific antiserum 
alone. 

To sum up, the infectious component of ribo- 
nucleic acid preparations isolated from Ehrlich 
ascites tumour cells infected with Mengo encephalitis 
virus was destroyed by brief exposure to ribonuclease 
and by incubation at 37° C., was sedimented quantita- 
tively at 1 M sodium chloride concentration, and was 
not sedimented by centrifugation at 30,000 rev./min. 
for 60 min, The intact virus was unaffected by ribo- 
nuclease and by incubation at 37° C., was not sedi- 
mented in 1 M sodium chloride, but was by centri- 
fugation at 30,000 rev./min. for 60 min. The results 
lead us to conclude that the infectivity of ribonucleic 
acid isolated from Ehrlich ascites tumour cells 
infected with Mengo encephalitis virus is due to the 
nucleic acid itself and not to contamination with 
‘native’ virus particles. 


> Glerer, A., and Schramm, G., Nature, 177, 702 (1958). 
* Colter, J. S., and Brown, R. å., Science, 124, 1077 (1958). 
* Koprowski, I., and Koprowski, H., J. Nat. Cancer Inst., 14, 627 


* Reed, L. J., and Muench, H., Amer. J. Hyg., 27, 493 (1938). 
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Rocket Observation of X-Ray Emission 
in a Solar Flare 


From a dozen rocket flights scattered over the past 
seven years, we have obtamed measurements of solar 
X-rays and far ultra-violet light that iomze the 
atmosphere above 70 km.+. These experiments 
revealed the emissions of a ‘quiet’ sun, since none of 
the flights chanced to coincide with a solar flare. 
Briefly summarized, the results showed that the sun 
normally radiates sufficient X-ray energy between 
10 A. and 100 A. to account for the H-region (100— 
140 km.). When coronal green- and red-line activity 
was high, X-ray intensities were observed to be corre- 
spondingly high and mecluded wave-lengths shorter 
than 10 A. In the ultra-violet, the most prominent 
emussion. line observed in the solar spectrum was the 
Lyman «-line of hydrogen at 1216 A. Ths one 
emission line accounted for normal D-region ionization 
between 70 and 90 km. Within this narrow altitude- 
range of the ionosphere occur nearly all the effects 
that come under the heading of ‘sudden ionospheric 
disturbances’ (S.I.D.). 

Durmg the International Geophysical Year, July 
1957 to December 1958, solar activity will reach the 
maximum of the current eleven-year cycle. An 
elaborate rocket programme has been planned, 
designed specifically to observe solar X-rays and the 
hydrogen Lyman «-lme durmg solar flares. Last 
summer the Naval Research Laboratory tested a 
‘Rockoon’ system for such flare studies. The 
‘Rockoon’ consisted of a 12-ft. long ‘Deacon’ rocket 
suspended from a helium-filled ‘Skyhook’ balloon, 
72 ft. in diameter. One ‘Rockoon’ was launched 
each morning from the deck of U.S.S. Colonial and 
allowed to float at 80,000 ft. over the Pacific Ocean 
about 300 mules off the coast of Califorma. When a 
flare was detected visually or by means of radio fade- 
out, the rocket was fired by radio command from the 
ship. If the day passed without a flare, the rocket 
had to be fired before night. Each rocket contained 
detectors sensitive to solar radiation m three wave- 
length bands: a narrow band centred at the hydro- 
gen Lyman a-lne (1216 A.); ‘soft? X-rays, 1-8 A.; 
and ‘hard’ X-rays, 0:05-1 A. 

Ten ‘Rockoons’ were launched over a period of 
eleven days during which there were observed a 
Class 1 flare and two Class 2 flares. Both the larger 
flares produced fadeouts, but unfortunately they 
occurred on the one day out of eleven on which no 
launchng was made m the morning. Successful 
measurements were made of the Class 1 flare, which 
took place on July 20, 1956, yielding a surprisingly 
high intensity of X-rays. Peak altitude of the flight 
was 100 km. The hydrogen Lyman a-line was 
observed above 67 km., X-rays above 75 km. The 
shortest wave-length m the X-ray spectrum was 
about 3 A. and the flux measured by the soft X-ray 
photon counter was 5 x 10-° erg em.-? sec.-}. 

The flare was too small to produce a detectable 
radio fadeout aboard ship, and we would have missed 
it uf not for the assistance of the High Altitude 
Observatory at Climax, Colorado. R. Hansen, at 
Climax, observed the beginnmg of the flare between 
19.05 and 19.07 V.T. on July 20, 1956, and immediately 


NATURE 


861 


transmitted thə information via radio to Colonial. 
At 19.15 Ha wss still considerably brighter than pre- 
flare Ha, but its strength was declining. At 19.20 
there were stil signs of a flare m progress, and 
shortly afterwards all evidence of a flare had dis- 
appeared. 

Our rocket reached its peak at 19.18, and for plus 
and minus one minute of this time it was high enough 
to measure the hydrogen Lyman «-lme and X-rays. 
Obviously the measurements begmning about ten 
minutes after Cetection of the flare were too late to 
see the flash phase. The maximum Lyman «-line 
flux was 6-2 ergs cm. sec.-1, not significantly 
different from -ts value on the preceding day. The 
X-ray flux, however, was the first ever obtained at 
such short wave-lengths and at such a low level of 
the ionosphere. 

Although the flare, in the opinion of observers at 
Climax, was a minor one, something between Class 1 
and a ‘sub-flare’, the observed 5 x 10- erg of X-ray 
intensity would have been sufficient to double 
approximately the normal electron density of the 
D-region between 75 and 95 km. 

The development of a flare is best seen from the 
ground in the lL ght of the Ha lme. From the observa- 
tion of the visible line it is possible to infer the 
presence of the hydrogen Lyman «-line and to con- 
clude that its intensity flashes m the same fashion 
as Ha durmg « flare. Coupled with the knowledge 
that the hydrogen Lyman x-line is known to produce 
the normal D-zegion, the evidence seemed to point 
to the hydrogen Lyman a-line durmg flares as the 
source of extra ionization leadmg to ‘sudden iono- 
spheric disturkances’. The hydrogen Lyman «-line 
theory of sudden ionospheric disturbances exhibits 
many weaknesses, however, when these phenomena 
are examined closely. The discovery of X-rays with 
absorption coefficient comparable to the hydrogen 
Lyman «-line in the flare process now offers a simple 
way out of most of these difficulties. 

Among the sudden ionospheric disturbance phe- 
nomena that are produced by solar flares are short- 
wave radio fadeout, sudden enhancement of atmo- 
spherics, and sudden phase anomaly. The short- 
wave radio fadeout or Mdgel—Dellinger effect begins 
suddenly durirg the flash phase of the flare., Coin- 
cidence between flash and fadeout is consistent with 
the hypothesis that the 1onizmg radiation flashes ın 
the same manner as the visible hydrogen light; but 
then there are puzzlmg discrepancies. Some large 
flares produce no fadeout, yet some small flares are 
accompanied >y gradual ionospheric disturbances. 
Sometimes fad2out continues for as long as two hours 
after the visib-e flare has disappeared. Similar time 
lags are noted in the course of sudden enhancement 
of atmospheris. Persistent X-ray emission may well 
explain these discrepancies.- 

The sudden phase anomaly ıs most difficult to 
explain on the basis of a pure hydrogen Lyman «-line 
flare. Friedman and Chubb? have pointed out that 
observed drops of about 16 km. m the reflecting base 
of the D-layer during a flare require ten thousand- 
fold mereases in the hydrogen Lyman «-line over 
its normal intensity from the entire disk. Smee the 
normal hydrogen Lyman «-line 1s now about 6 ergs 
cm.~* sec.-1 at the Earth, the required increase would 
represent an impossibly large fraction of the total 
solar output. On the other hand, a comparatively 
modest outpus of 10-5 ergs cm.-* sec.-? of X-rays 
at a wave-lenzth of about 2A. would produce the 
required effect on the base of the D-region. 
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Coronal observations certainly support the possi- 
bility of X-ray flares. Dolder, Roberts and Billings? 
found that the emission of the coronal yellow line 
is closely connected with limb flares. The source of 
the yellow line is Ca XV with an ionization energy of 
814eV. Recent observations of the width of this 
coronal line due to Doppler broadening correspond 
to temperatures in excess of 5 x 10° deg. K. Analysis 
of the spectrum of the X-rays measured by means of 
rockets on July 20 indicates a 8 x 10% deg. K. source 
for the shortest wave-lengths. 

Further experiments will be carried out during the 
International Geophysical Year with a ground-based 
rocket launcher. The ‘Dan’ system, a combination 
of ‘Deacon’ rocket and ‘Nike’ booster, will be on 
San Nicolas Island, about fifty miles off the coast 
of California. Arrangements have been made to 
launch these rockets without restrictions on firing 
times. It will be unnecessary to ‘waste’ rockets on 
flare-less days, and a dozen or more successful shoots 
should provide an interesting series of observations 
on @ variety of flares of Class 2 or larger. Of particular 
interest would be a cosmic ray flare. The presence 
or absence of a hard X-ray spectrum revealed by 
rocket measurements at the time of flash could con- 
tribute greatly to defining the origm of the cosmic-ray 
burst. 

T. A. CHUBB 

H. FRIEDMAN 

R. W. KREPLIN 

J. E. KUPPERIAN, JUN. 


U.S. Naval Research Laboratory, 
Washington, D.C. 


1 Friedman, H., Ann. Geophysics, 11, 174 (1955). Byram, E, T., Chubb, 
T. A., and Friedman, H., J. Geophys. Res., 61, 251 (1956). Byram, 
E, T., Chubb, T. A., Friedman, H., and Kupperian, jun., J. E., 
Asirophys. J., 124, 480 (1956). 

ë Friedman, H., and Chubb, T. A., “The Physics of the Ionospkere”, 
Report of Cambridge Conference, 1954, p. 58. 

? Dolder, F. P., Roberts, W. O., and Billings, D. E., Astrophys. J., 
119, 120 (1954). 


Effect of Change in Temperature on the 
Torsional Energy Losses in some 
Polyamides 


Tar mechanical energy losses in polyamide fibres 
have been determined from the damping of low- 
frequency free torsional vibrations (frequency approx- 
imately 0-3 c./sec.) between 20° and 130°C. A graph 
of energy loss against temperature shows a large 
absorption peak at 78° C. for undrawn dry 6.6 nylon 
filament. As the degree of orientation of the 6.6 nylon 
filament is increased by drawing, the absorption peak 
shifts to a higher temperature and the energy losses 
have a higher value. Fig. 1 shows the curves obtained 
for filaments of different degrees of orientation (draw 
ratio 1 (undrawn), 2, 3 and 4). The curve of the 
absorption peak ıs approximately symmetrical for 
undrawn 6.6 nylon; it changes in shape when the 
fibre is drawn. In @ recent paper, Thompson and 
Woods! reported similar results for polyethylene 
terephthalate for different degrees of orientation. 

The absorption peak for undrawn 6.6 nylon 
shifts from 78°C. when the fibre is dry to 40°C. 
when the fibre is saturated with moisture (11 
per cent). 

The temperatures of the absorption peaks have 
been found for the dry polyamides shown in Table 1. 
Three samples were tested for each polyamide and 
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Fig. 1. Energy loss against temperature in nylon 6.6 yarns of 
different draw ratio: draw ratio 4; A draw ratio 8; 
x draw ratio 2; @ undrawn 


the total error, includmg sample variation and test 
error, did not exceed 3° C. 

Schmieder and Wolf? obtained absorption peaks at 
the temperatures shown in Table 1 using the method 
of free torsional vibrations. Table 1 shows that all 
but one of their peaks occurred at lower temperatures 
than mine. The discrepancies between the two sets 
of results may be partly due to moisture effects. 
Schmieder and Wolf stated that the yarns were made 
anhydrous before testing, but they do not mention 
any precautions taken to keep the samples dry during 
the experiment. My samples were kept dry through- 
out the temperature-range. Schmieder and Wolf used 
moulded polymer samples, not fibres, which could 
also be a reason for the difference in the two sets of 
results. 


VALUE OF TEMPERATURES OF ABSORPTION PEAKS AND 
MELTING POINTS FoR DIFFERENT PoLYAMIDES 


Table 1. 
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My results show that if the polyamides are grouped 
in order of increasmg melting point, the absorption 
peak temperatures are in the same order. Schmieder 
and Wolf found that this was true for polyamides 
which were products of a dicarboxylic acid and 
hexamethylene diamine (6.6, 6.7, etc.) but not for 
polyamides derived from aminocarboxylic acids 
(6, 8 and 11). 

Ann M. Toomas 
Research Department, 
British Nylon Spinners, Ltd., 
Pontypool, 
Monmouthshire. 


2 Tho A. B., and Woods, D. W., Trans. Farad. Soc., 52, 1383 
t Schmieder, K., and Wolf, K., Kolloid Z., 184, 149 (1953). 
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Effect of Gamma-Rays on Dithizone in 
some Organic Solvents 


RECENT reviews of those chern:cal reactions mduced 
by ionizing radiation which have possible applications 
for dosimetry have directed attention to the paucity 
of satisfactory systems useful m the dose-range up to 
a few hundred radst®, To fill this need, solutions of 
certam coloured solutes m chloroform and in carbon 
tetrachloride and in these solvents mixed with alcohol 
have recently been proposed*+. We have just com- 
pleted a more detailed examination of some of these 
with results which, in our view, are not encouraging. 

Aerated and air-free solutions of dithizone in 
chloroform, carbon tetrachloride and muxtures of 
these solvents with ethyl alcohol were irradiated 
using gamma-rays from a 500-curie cobalt-60 source 
and a 2-curie antrmony-124 source. The yields were 
determined by ferrous sulphate dosimetry, usmg 
0-1 N sulphuric acid solutions and correcting for the 
relative electron densities. A G-value of 15-6 ferric 
ions per 100 eV. absorbed was used. 

Dithizone was purified by extraction with ether in 
a Soxhlet extractor, filtered and dried between filter 
papers. Chloroform and carbon tetrachloride were 
purified according to the methods recommended by 
Schulte et al.5 and Klein! respectively. Solutions of 
dithizone in purified chloroform were found to be 
somewhat unstable, particularly when air-free. 

The dithizone solutions were analysed spectro- 
photometrically at 605 my and 620 my for the 
chloroform and carbon tetrachloride solutions re- 
spectively. The respective molar extinction ¢o- 
efficients of 26,190 + 2 per cent and 26,060 + 2 per 
cent were found to be dependent upon temperature 
to an extent of 0-4 per cent per degree over the range 
14°-32°C. In the dilutions preceding spectrophoto- 
metric analysis, 1t was found necessary to use purified 
solvent in order to obtain consistent results. 

The amount of dithizone destroyed by the gamma 
radiation. proved to be the same m aerated and air- 
free solutions of carbon tetrachloride, but that m 
age chloroform was three times the aur-free yield 
(Fig. 1). 

The G-values for the disappearance of dithizone 
in carbon tetrachloride, which were dependent on its 
concentration, were as follows (Table 1). 


Table 1. DEPENDENCE OF DESTRUCTION OF DITHI70NE ON ITS INITIAL 
CONOENTRATION IN SOLUTIONS IN CARBON TETRACHLORIDE 


Concentration of Q? (dithizone) 
dithizone (mð) {molecules/100 eV.) 


1:8 38°3 
0176 29:3 
0 085 22 0 


Aerated solutions of dithızone m carbon tebra- 
chloride showed no further colour change after irradia- 
tion had ceased. On the other hand, m aerated 
chloroform solutions, a post-uradiation reaction was 
observed accompanied by an merease in the optical 
absorption (Fig. 2), the wave-length of the absorption 
maxunum remainmg at 605 mp. The rate of this 
post-irradiation reaction was found to increase on 
shaking the solution with water. 

A post-irradiation reaction with dimmution ın 
optical absorption was observed in solutions of 
dithizone m carbon tetrachloride — alcohol and m 
chloroform ~ alcohol. ; 

Sunilar post-irradiation effects in chloroform and 
carbon tetrachloride have been observed by other 
workers’. It has also been shown that an organic 
peroxide is produced by the gamm~a-irradiation of 
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Dithizone consumed (moles x 10~*) 





100 200 
Irradiation time (min.) 


300 


Fig. 1. Irradiat:on of 3:8 x 107° M dithizone in chloroform by 

antimony-124 y-mays. Filled circles, amount of dithizone consumed 

as a function of ame of irradiation of an aerated solution; open 
circles, irradiation of an air-free solution 


aerated chloraform and that the rate at which this 
peroxide decomposes 18 greatly accelerated when the 
irradiated chloroform ıs shaken with watert. 

The mechanism of the reaction of the dithizone 
with the reactive species produced by ionizing radia- 
tion in chlorcform and carbon tetrachloride ıs un- 
doubtedly more complicated than that proposed by 
Clark and Buerstedt®. Although there 1s msufficient 
experimental evidence for a complete mterpretation, 
it is evident that dissolved oxygen plays an important 
part in the destruction induced by radiation of 
dithizone in chloroform solution and is mtimately 
concerned in she post-irradiation reaction. 

Solutions cf methyl yellow, 2-hydroxy-4-nitro- 
phenylazo-8-naphthol, and resazurin, in chloroform 
and carbon tetrachloride, which have also been pro- 
posed as dosimeters by Clark and Bierstedt®+, show 
similar behaviour but to a more marked extent. 
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o 


20 


Ne 


= 
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Dithizone consumed (moles x 10-*) 
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Irradiation time (mun.) 


150 


Fig. 2 Irradmtion of 8 x 10-5 M dithizone in chloroform by 
antimony-124 ~-rays. Open circles, amount of dithizone con- 
sumed as a frnction of irradiation time; spectrophotometric 
analyses were made immediately the solutions were removed 
from the vicin_ty of the source. Filled circles, post-irradiation 
reactions; spectrophotometric analyses were made on solutions 
which had been removed from the vicinity of the source. The 
apparent concentration of dithizone 1s expressed as a functionjof 
time after irradiation has ceased 
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The complications just described, in our view, 
detract greatly from the practical utility of these 
systems as dosimeters, though they do respond to a 
measurable extent to doses of gamme-radiation as 
low as 100 rads. 

We thank Prof. J. Weiss and Dr..G. R. A. Johnson 
for the use of a cobalt source and Dr. N. Miller for 
helpful discussions. One of us (H. J.M. F.) is in- 
debted to the Durham County Education Committee 
for a grant and the other (J. W.) to the Durham 
Colleges of the University of Durham for a research 
fellowship during the tenure of which this work was 
carried out. 

J. WiLEINsSoN* 
H. J. M. Freeones 
Londonderry Laboratory for Radiochemistry, 
University of Durham, 
Durham. 
Feb. 7. 


* Present address: Royal Technical College, Salford, 
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Effects of Irradiation upon Diodes of the 
Silicon Junction Type 


A RECENT report by E. H. Cooke-Yarborough et al.1, 
of the Atomic Energy Research Establishment, Har- 
well, indicated that the minority carrier storage effects 
in transistors of the point-contact type were reduced 
by neutron bombardments. This led me to investigate 
the effects of radiation upon diodes of the silicon 
junction type, with the object of reduction of minority 
carrier storage in these. The diodes used in the 
experiment were the small power type of 50 mW. 
dissipation which are at present commercially 
avauable, 

With the kind co-operation of the authorities of 
the Atomic Energy Research Estabhshment, a 
number of these diodes were irradiated over a range 
from 0-75 x 10% neutrons/sq. om. to 8 x 10¥ 
neutrons/sq. cm. It was estimated that slow and 
fast neutrons were present in approximately equal 
quantities. 

After irradiation, the diodes did not exhibit any 
significant change in the reverse characteristic. A 
progressive change in the forward conducting char- 
acteristic was noted, however, accompanied by a 
distinct reduction of minority carrier storage. The 
change noted in the forward conducting characteristic 
was that increased irradiation caused the abrupt 
change in forward resistance occurring in these diodes 
at approximately 0-6 V. to become less abrupt, and 
the slope resistance to increase. This effect was most 
marked in cases where irradiation dosage was in 
excess of 1 x 10t neutrons/sq. cm. 

Minority carrier storage, as previously stated, 
progressively decreased with increased irradiation. 
Measurement of the carrier storage effect was achieved 
by passing a forward current of 7 m.amp. for a 
period of 4 usec, and then switching a reverse 
voltage of 15 V. across the diode. The integrated 
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area, of the overshoot, having an exponential decay, 
is a measure of the carrier storage. 

The test was purely for comparative purposes and 
an accurate measurement of absolute values of stored 
charge was not attempted; as an approximation, 
the stored charge for the non-1rradiated diodes used 
was between 1 x 10-° and 3 x 10-8 coulomb. 
Irradiation of 1 x 10% neutrons/sq. em. reduced 
‘this value to less than one-third. Irradiation by 
2 x 10 neutrons/sq. cm. caused a further significant 
reduction, the carner storage now being less than 
could be measured with the apparatus used. An 
estimate, however, places the carrier storage at 
least an order of magnitude less than that of a non- 
irradiated diode. 

Further work is in progress to establish optimum 
dosage, which would appear to be between 1 x 101 
and 2 x 10'4 neutrons/sq. em. 

R. Gorron 
E.M.I. Engineering Development, Ltd., 
Victoria Road, 
Feltham, Middlesex. 
Feb. 4. 
*Cookò- Yafborongh, P on glorida C. D., and Stephen, J. H., Proc. 


Inst. Elect. Eng., 1 t IO, No. 73 (1954). Florida, O. D., 
Holt, F. R., and ape, J. H., Nature, 178, 397 (1954). i 


Reversibility of Fluorescence by Annealing 


CONTINUING the investigations on which I reported 
in Nature of February 9, p. 319, I have found that 
the effect I called fluorescence, reversible by anneal- . 
ing, really embraces two different processes. 

In the chemicals mentioned, as well as in some 
zeolites and in anhydrite | from Bleiberg, tested in 
powdered form, the explanation given in the previous 
communication is valid : the fluorescence, destroyed 
by strong heating, is regenerated on renewed lesser 
heating when water vapour has been adsorbed on 
the substance. Recently, this effect has been found 
to be especially marked also in colemanite from 
Turkey. 

In the feldspars, however, and in wollastonite, 
the effect only occurs if the samples have been 
touched by hand after the preliminary strong heating. 
Here the effect is due to particles of skin transferred 
to the mineral surface. That appreciable quantities 
of skin substance are transferred to minerals by 
rubbing has been proved convincingly by Halla and 
van Tassel! in a note on the smell of sparks struck 
from rocks. I have now found that pieces of skin 
taken from the human body show actually a stronger 
fluorescence after suitable heat treatment. 

K. PRzIBRAM 

Institut für Radiumforschung, 

Vienna. March 16. 


1 Halla, F., and van Tassel, R., Naturwiss., 43, 444 (1966). 


Use of Glossy Paper for determining 
Droplet Sizes. 


In what is often called the ‘impressions’ technique, 
droplet sizes are determmed by measurements of 
the traces made by them when they strike a target. 
Various types of collecting surface are used: glass 
plates coated with a newly prepared layer of mag- 
nesium oxide, glass plates coated with a silicone’, 
absorbent filter paper*, or a glossy type of paper. 
Up to the present, glossy paper has been used only 
m the United States. Believing that an extra tool 
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is useful, a search was therefore made for a suitable 
paper of British manufacture. The search was by 
no means exhaustive and was discontinued when a 
suitable sample had been found. 

Satisfactory results were obtained with Inver- 
cerron Art Paper (Ref. 2108, White Art 2/s, weight 50) 
manufactured by the Carrongrove Paper Co. of 
Denny, Scotland. For much of the range covered 
in the calibration, droplets of known sizes were pro- 
duced by a microburette®’. No laboratory apparatus 
was available for producmg droplets with known 
diameters less than 150 microns or so, and for the 
smaller droplets the relationship between stain 
diameters and droplet diameters was deduced from 
comparisons between the distributions of stain-sizes 
upon the paper and of crater-sizes upon oxide-coated 
plates. 

Two liquids were investigated: water containmg 
0:75 per cent w/v of croceme scarlet dye; and neat 
‘Acrodel’, a very viscous solution of BHC m oils, to 
which 0-9 per cent w/v of ‘Waxoline Red’ dye was 
added. The comparison of the distributions of stain- 
sizes upon the paper and crater-sizes upon the oxide- 
coated plates 1s somewhat suspect for water droplets, 
which tend to bounce off the layer of oxide®; but 
nevertheless the results give what is believed to be 
a sufficiently accurate extension of the range covered 
with the microburette; no such doubts arose with 
the ‘Acrodel’ solution. 

The stains were very clearly defined, although the 
smaller ones were rather faint and were examined 
most comfortably using transmitted light. Over a 
period of a week there were no detectable changes 
in the stain-sizes, and the results of the calibration 
are shown in Fig. 1, usmg log-log paper. The results 
are fitted by equations of the form: 


D =a. (S$ 


where D and S are the droplet-diameters and stam- 
diameters respectively, measured in mucrons, and 
a and b are constants for æ given liquid. For water, 
æ = 0-318 and b = 1-065, whereas for the ‘Acrodel’ 
solution a = 0-722 and b = 0-836. 
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Fig. 1. Relation between stain-diameters and droplet-diameters 
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We are grateful to Miss E. Dixon, of the Crown 
Agents, London. for her help in getting samples of 
paper from various manufacturers. The work was 
done under the guidance of the Colonial Pesticides 
Committee, anc was paid for from the Colonial 
Development and Welfare Fund. 


D. Yro 
H. H. Coutts 


Colonial Pesticides Research Unit, 
Arusha, Tanganyika. 
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* Lane, W. R., J. Szi. Instrum., 24, 98 (1947). 

£ Courshee, R. J., and Byass, J. B., Nat. Inst. Agrie. Eng. Report 
No. 31 (1953). 


The ‘Clock Paradox’ of Relativity 


In Nature o? January 5 (p. 35), Dr. Frank S. 
Crawford, jun.. asserts that Einstein’s theory of 
relativity predicts an ‘asymmetrical ageing” of twins 
who separate and reunite, and cites experments 
which he regards, as verifying the prediction. He 
states also that ‘the ‘twin paradox’ is not even 
qualitatively discernible in any experiment that does 
not involve re.ative accelerations’. Dr. Crawford 
had previously kindly sent me another account of 
this work to wkich I rephed briefly in a postscript to 
an article whica I was then writmg?. 

Dr.: Crawforc’s argument is one of a number of 
similar type which are often contradictory m detail 
though they all produce the same result. In a brief 
reply, I can only indicate where I think the main 
error in these arguments lies: im other papers, 
either published or submitted for publication, I have 
dealt with them in more detail. I should say at 
once, however, that I consider both the statements 
mentioned above as incorrect. In my view, Einstein’s 
theory does nos predict the asymmetry asserted, and 
the paradox, ir a form suggested by Lord Halsbury 
and analysed by me elsewhere*, involves no accelera- 
tion at all. 

Dr. Crawford’s experiments, expressed m terms of 
the travelling twin or clock, mdicate that the differ- 
ence between the observed time of arrival on the 
ground and the co-ordimate time of leaving the upper 
air, both estimated by a ground observer, is greater 
than the interval which would be observed by the 
traveller himself. I do not question it. I had already 
pointed this out’, and in the Physical Society paper 
cited above had shown quantitatively that these two 
intervals, represented there by ta and ża’, would stand 
in the relation he states. What he has not shown, 
however, but merely asserted, is that for the two-way 
journey these times would simply be doubled, so that 
the ‘stationary’ observer would find a time 2%, and 
the ‘traveller’ a time 2i. I have shown, on the 
contrary, that on reversal of motion the co-ordinate 
time changes abruptly, so that instead of bemg 
tri; ahead of the ‘traveller’s’ time, it becomes that 
much behind it: hence the time for the double journey 
18 2t,’ by both clocks. I have reached the same 
result by another method in which only the durations 
of the two halves of the journey are considered, so 
that the abrupt change of co-ordinate times is not 
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called upon, in a paper submitted to the Australian 
Journal of Physics in reply to another critic. 

But in truth such calculations are not needed. In 
Dr. Crawford’s experiments a traveller with the 
mesons would find that the life of earthbound particles 
was abnormally long, just as each of two approaching 
observers ascribes the same Doppler effect to the 
other. If this were not so, we would have an absolute 
criterion of which was moving. Such a traveller could 
therefore apply Dr. Crawford’s argument to obtain 
the opposite of Dr. Crawford’s result. This alone 
shows that that result cannot be right. 

In a variety of incompatible arguments for this 
asymmetrical agemg there is, I think, one common 
\feature, namely, a confusion of co-ordinate times with 
‘observed times. Only the ‘traveller’ (whichever he 
may be) 1s present at all stages of the journey ; his 
time (namely, 2t,’) is therefore wholly observed. The 
‘stay-at-home’ observes both beginning and end, and 
his times for these must agree with the ‘traveller’s’ ; 
but when the ‘traveller’ is at a distance the ‘stay-at- 
home’ can give only & co-ordinate time. This, as 
everybody realizes, differs from the ‘traveller’s’ 
observed time; but it 1s a gross error to regard this 
difference as having any absolute observable sig- 
nificance. It might help to avoid further digressions 
if I say that I freely assent to the so-called ‘relativistic 
contraction of time’; I have never thought of 
questioning it. What I deny is the asymmetry. 
If Einstein’s theory is right—and I do not doubt, it— 
the ‘traveller’ will come back younger than he ex- 
pected to be, but all that his twin (if he is not a 
relativist) will dispute 1s the ‘traveller’s’ tale that 
he has been so far as he says: thei best friend will 
still not know them apart. I hope this statement 
will discourage further attempts to ‘prove’ the 
asymmetry by experiments or calculations which 
show only that the duration of the ‘traveller’s’ 
journey differs from the pre-relativity expectation. 

It should be obvious that if there is an absolute 
effect which is a function of velocity only, then the 
velocity must be absolute. No manipulation of 
formule or devising of ingenious experiments can 
alter that simple fact. 

HERBERT DINGLE 

Purley, Surrey. 

1 Bull. Inst. Phys., 7, 314 (1956). 
3 Proc. Phys. Soc. Lond., A, 69, 925 (1958). 
2 Nature, 178, 680 (1956). 


Rock Magnetism 


Dr. J. A. Creces account! of the discussion 
on “Rock Magnetism” at the British Association 
meeting makes reference to comparisons between the 
palzomagnetic measurements on rock series in Great 
Britain and the United States, and seeks to show 
that a comparison of the pole positions deduced for 
the Triassic of Great Britain by himself and col- 
leagues? and from Dr. J. W. Graham’s measurements? 
on the Permian sandstones of the United States 
“suggest that there may also have been a relative 
movement between Britam and North America .. .”. 
Although he qualifies this statement, it still appears 
to me to be misleading, because if one only had this 
comparison, one would not be led to any suggestion 
of the possibility of continental drift in the North 
Atlantic basin. The duration of the Permian and 
Triassic together is of the order of 70 million years‘, 
and the geological time correlation of the red beds 
used in this paleomagnetic work can only be good 
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to about half a geological period. Creer, Irving and 
Runcorn’ have shown that polar wandering takes 
place through geological time at about one-third of 
& degree per million years on the average, so that a 
motion of the pole of about 20° could possibly have 
occurred. between the times represented by the rocks 
examined by Clegg et al. in England and those of 
Graham in the United States. 

It is, of course, only because of results from 
British’ and American® strata of several geological 
ages, to which Dr. Clegg does not refer, that the 
possibility of continental displacement between Great 
Britain and North America must now be seriously 
entertained. It has been shown’ for five geo- 
logical periods, ranging in age from the late Pre- 
Cambrian to the Triassic, that the poles deduced from 
American rocks are systematically west (by about 
the same amount) of the poles deduced from British 
rocks of corresponding geological age. The com- 
parison of Graham’s and Clegg’s measurements alone 
are of no relevance to the problem of continental drift. 

The claim made by Prof. P. M. 8. Blackett at this 
meeting and on other occasions® that Dr. Clegg and 
his colleagues obtained “the first palzomagnetic 
evidence of past continental land movement...” is 
not correct—see references 6 and 10, for example. 

It 1s to be regretted that Dr. Clegg’s discussion of ' 
the measurements at Imperial College of the Deccan 
Trap series of India and of the Tasmanian Dolerites 
does not discuss Irving’s determinations?" of 
the directions of magnetization of these rock series, 
the pole positions he deduces from them and his 
discussions of the significance of the results, an 
omission which is also characteristic of the more 
extensive papers’? on the same topics which Dr. 
Clegg and his colleagues have recently published. 


S. K. Runoorw 
Physics Department, 
King’s College, 
Newcastle upon Tyne. 
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Durations of After-hyperpolarization of 
Motoneurones supplying Fast and Slow 
Muscles 


WEHEN an impulse invades the soma and dendrites 
of a mammalian motoneurone, the spike potential is 
always followed by a phase of increased membrane 
potential, that is, by a hyperpolarization, which has 
hitherto been referred to as the positive after-poten- 
tiall. Since these responses are now investigated by 
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Fig. 1. A~-C, intracellular recording from soleus motoneurone showing ın A and B after- 
hyperpolarization set up by an antidromic impulse. The subthreshold responses in A 
indicate that there was virtually no inhibitory potential. Note that speed was slower in B 
gime, 100 msec.) in order to show the full duration of the after-hyperpolarization. C shows 
ast record of onset of antidromic spike potential in order to give conduction time. 
E-G, as in A-C, but for a lateral gastrocnemius motoneurone, 
I-K, asin A-O, but for a medial gastrocnemius motoneurone. 
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However, the dorsi-flexors, extensor 
digitorum longus and brevis were 
significantly longer at 105 (20) and 
106 (8) msec. respectively. Unex- 
pectedly, the after-hyperpolariza- 
tions of plantaris motoneurones, too, 
were almost always of long duration 
with a mean of 144 (24) msec., while 
those of flexor digitorum longus 
were usually brief (mean 98 (41) 
msec.). - 
Thore has been a significant corre- 
lation between the duration of the 
after-hyperpolarization of a moto- 
neurone and the conduction time for 
impulse propagation along a given 
length of its axon. For example, in 
Fig. 2, this relationship is indicated 
by the line drawn through the 
points plotted for soleus and gastroc- 
nemius motoneurones. When sim- 
ularly plotted, the values for all 
other motoneurones also lie along 


All time-scales for after-hype: 
reapectively the maximum spike 
respectively in response to stim 

gastrocnemius nerves, 


tion of soleus, lateral gas 
Time, 1 msec. 


intracellular recordmg, where hyperpolarization is 
signalled by an increased negativity, the term ‘after- 
hyperpolarization’ is to be preferred. Antidromic 
impulses have been fired into motoneurones from the 
homonymous muscle nerves. Under such conditions 
the after-hyperpolarization will often be super- 
unposed on the inhibitory post-synaptic potential 
generated through the Renshaw cell mechanism?. By 
stimulating the muscle nerve at just threshold 
strength for the axon of the motoneurone under 
observation, two series of traces are obtained, one 
showing the inhibitory potential alone, the other the 
inhibitory potential plus the after-hyperpolarization 
(cf. Fig. 1). In this way reliable measurements have 
been secured for the total duration of the after- 
hyperpolarization. 

Altogether 260 motoneurones belonging to twenty 
different species of muscle have been examined. The 
durations of the after-hyperpolarizations have been 
distributed over a very wide range (50-240 msec.). 
The motoneurones supplying the slow red muscles, 
soleus, crureus, caput medialis of triceps brachii and 
anconaeus, have usually exhibited prolonged after- 
hyperpolarizations (cf. Fig. 1), the respective mean 
durations, with standard deviations in brackets, 
bemg 174 (28), 142 (27), 120 (35) and 159 (12) msec. 
With soleus, the durations were consistently long as 
in Fig. 2; but with crureus there were occasional 
brief durations and with caput medialis almost one- 
third was brief (less than 100 msec.), hence its large 
standard deviation. On the other hand, the moto- 
neurones supplying fast pale muscles almost invariably 
exhibited brief after-hyperpolarizations (cf. Fig. 1), 
the mean durations for gastrocnemius, rectus femoris, 
vastus lateralis, caput longum and caput lateralis of 
triceps brachii being respectively 87 (23), 83 (24), 
90 (26), 81 (15) and 79 (15) msec., standard devia- 
tions again being given in brackets. Most other 
species of motoneurones, particularly those supply- 
ing flexor muscles, have exhibited brief after-hyper- 
polarizations, the respective mean values being for 
biceps-semitendinosus 78 (20) msec., gracilis 75 
(13) msec., tibialis anterior 78 (10) msec. and the 
peronaei (longus, brevis and tertius) 88 (20) msec. 


olarizations 10 msec. except for B. 
otentials recorded in S,, Z; and S, ventral roots 
trocnemius and medial 


D, H and L show this same line. The correlation. is 


particularly well illustrated when a 
wide range of durations is exhibited 
by the motoneurones of any one 
species, in particular by caput medialis. The motor 
axons to soleus muscle have a mean diameter about 
78 per cent of the gastrocnemius motor axons*, which 
may be compared with a ratio for the mean conduction 
velocities (the reciprocal of conduction times) of 
72 per cent for soleus as against gastrocnemius in 
Fig. 2. Thus these observations are in agreement with 
the direct proportionality that has been reported 
between axon ciameter and conduction velocity‘. 
In general, it appears that in a population of moto- 
neurones the durations of after-hyperpolarization 
bear an inverse zelationship to the diameters of the 
motor axons, and hence presumably to the sizes of 
the motoneurones. 

Recently it haa been reported’ that motoneurones 
with alpha-type axons, as distinct from those belong- 
ing to gamma ffbres, form two main groups, those 
giving tonic responses and having small axons, and 
those giving phasic responses and having large axons. 
This correlation of functional type with axon dia- 





msec. 


Fig. 2. Durations of after-hyperpolarization are plotted as 

or tes against as abscissm the conduction times for 1 metre 

of axon (reciprocal of conduction velocity) for soleus , and 

gastrocnemius motoneurones, recorded as in Fig. 1, and indicated 
by tke symbols shown in the figure 
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meter allows Granit’s tonic and phasic groups to be 
identified with the two groups defined here by dura- 
tion of after-hyperpolarization. Hence we may 
conclude that the tonically discharging motoneurones 
have a much longer after-hyperpolarization than. those 
phasically discharging. Correspondingly it has been 
found that the tonic motoneurones respond at a 
much lower frequency (10-20/sec.) than the phasic 
motoneurones (30—60/sec.)**. 

It has been postulated that the after-hyperpolariza- 
tion of a motoneurone is responsible for determining 
the frequency at which it discharges when subjected 
to a continuous synaptic bonbardment’. This 
postulate is supported by the present evidence that 
the slowly discharging tonie motoneurones have a 
much longer after-hyperpolarization than the rapidly 
discharging phasic motoneurones. 


J. O. Eoorms 
R. M. Ecorms 
A. LUNDBERG 
The John Curtin School 
of Medical Research, 
The Australian National University, 
Canberra, A.C.T. 
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Chemical Carcinogenesis 


Ir has been shown that the free-radical content 
of tissue increases during metabolism? and the 
possible importance of free-radical states in carcino- 
genesis has been discussed by many authors. In 
particular, ı1t'has been suggested that the free-radical 
state of carcinogens is stabilized as an ion®. The 
simplest way of producing an ion from a neutral 
molecule is by the addition or removal of an electron, 
the former being more likely in tissue owing to the 
low oxidation-reduction potential’. 

Many compounds have a quinonoid character 
which predisposes them to take up an electron. Apart 
from the true quinones, they include many dyes and 
the ‘crossed’ systems mentioned by Waters‘ and 
discussed more fully by me’. The Hy, of electron 
addition to such a compound will sometimes corre- 
spond to the Æp of tissue, so that a relatively high 
concentration of free-radical anion can persist under 
conditions of active metabolism. However, with 
most of these compounds, there is nothing particularly 
reactive about the free-radical anion produced by 
electron addition, beyond its tendency to give up the 
electron; the original planar mesomerism 1s retain- 
ed. It is now suggested that carcinogenic properties 
arise when the added electron becomes localized in a 
portion of the molecule which thereby undergoes 
structural changes and becomes optically active. The , 
example shown is an ethylenic double bond, which ` 
can be part of an aromatic system by bond fixation, 
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and can also have polar substituents, as in the 1,2 
bond of the known carcinogen 1-hydroxy 2-naphthyl- 
amme’. 


(—) 


X £ +e 
C= —— c—C : 
ZON AIN 
Planar inactive Pyramidal (optically active) 


The pyramidal anion has a three-electron bond, 


- which is only about half the strength of an ordinary 


C—C bond; it can therefore undergo further re- 
actions, such as oxidative splitting and linkage to 
protein. Mesomeric stabilization of the free-radical 
anion is nevertheless possible because of the similar 
(pyramidal) configurations of the carbanion (iso- 
electronic with amino-nitrogen) and the carbon free 
radical’. In the true quinones and dyes a planar 
configuration can be retained after electron addition 
because of the possibility of transferring. the free 
radical to carbonyl oxygen or imino-nitrogen. A 
planar configuration can also be retained with very 
large aromatic molecules where the added electron is 
strongly delocalized; these compounds therefore 
should no longer be carcinogenic. With decreasing 
molecular size, on the other hand, it seems that more 
and mare polar substituents are required to satisfy 
the Ep condition, down to the aliphatic carcinogens 
dimethylnitrosamine and carbon tetrachloride. 

I am indebted to Dr. J. E. Lovelock for suggesting 
the application of the original theoretical work® to 
the problem of carcinogenesis. My thanks are also 
due to Prof. C. A. Coulson, Prof. A. Haddow and 
Dr. W. C. J. Ross for much’ useful advice. 


T. Nasa 
Air Hygiene Laboratory, 
Central Public Health Laborstory, 
Colindale Avenue, 
London, N.W.9. 
Dec. 31. 


3 Commoner, B., Townsend, J., and Pake, G., E., Nature, 174, 689 


* Oppenheimer, B. 8.,0 ponhelmar, Enid T., Stout, A. P., Danishefsky, 
, and Eirich, F. , 118, 788 (1058). 

3 Hewitt, L. F., Hosea tetason Mechanisms in Bacteriology 
and Biochemistry”, 6th edit. (Livingstone, Edinburgh, 1960). 
“Waters, W. A., penyewa] Aspects of Organic Chemistry”, 4th edit. 

(Routledge, “London, 1950). 
$ Nash, T., J. App. Chem., 6, 800 (1956). 
£ Boyland, E., and Watson, G., Nature, 177, 836 (1956). 
? Brand, J. C. D., Chem. and Indust., 167 (1955). 
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Electron Microscopic Appearance of 
Fibrin in Thin Sections 


Tam electron microscopic appearances of fibrin were 
first described by Hawn and Porter! and Hall?, and 
these workers showed that in vitro fibrin had an axial 
periodicity of between 220 and 230A. and a fibril 
width of approximately 150A. Since that time, 
Levene? and Still and Boult* have investigated fibrin 
in pathological material and have shown that it 
possesses the same characters as artificially produced 
fibrin, and moreover seems to be bound in bundles 
which have a marked tendency to fold. 

The appearance of fibrin in ultra-thin sections is, 
however, less well known. We have found when 
sectioning material which has taken all the specific 
fibrin stains that two electron-microscopic appear- 
The first (see 
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Fig. 1), and the most common, is that of small com- 
pact bundles which vary very little in size and in 
-Which a fine fibrillary pattern is seen. In the second 

(Fig. 2), the material shows a very well marked axial 
í periodicity at approximately 230A. intervals, in 

across several bundles. ‘There is, however, 

no fibrillary pattern as seen in Fig. 1. 

We feel it is important to emphasize that the 
common pattern of pathological fibrin, that is, 
material recognizable as fibrin by staining pro- 
cedures, appears to be that of bundles with a fine 
longitudinal fibrillary structure and no periodic 
markings at 230 A. intervals. If the 230 A. banding 
is used as the sole criterion for fibrin recognition, 
much of this material will be overlooked. In our 
experience the appearances seen in Fig. 2 are some- 
what difficult to obtain even in preparations of known 
fibrin, and much harder to find in tissues which con- 
tain a mixture of fibrin and other fibres. The reasons 
for this are not clear. Our first impression was that 
only the thinnest of sections (about 150 A.) displayed 
the banded patterns, but further experience showed 
as not so, However, it may be that the 


are produced o tuated by other 
= difioulties which ve not been able to 
k W. J. S. Srur 
Department of Pathology, 
_ University of Durham. 
E. H. Bovir 
Department of Chemistry, 
King’s College, 
Newcastle upon Tyne 1. 
Jan, 24. 


t Hawn, G. V. Z., and Porter, K. R., J. Exp. Med., 86, 285 (1947). 
* Hall, C. E., J. Biol. Chem., 179, 857 (1949). 

* Levene, C. I., Lancet, ii, 1216 (1955). 

‘Still, W. J. $., and Boult, E. H., Lancet, i, 117 (1956). 


Fatal Streptococcus zooepidemicus Infec- 
tion in a Gerbil re brantsi) in South 
ica 


Srreprococous infection has not, to our knowledge, 
hitherto been the cause of mortality in gerbils (Z'atera 
spp.) in South Africa. The following instance of such 
infection is therefore considered worthy of record. 
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In July 1956 a heavy mortality 
was reported among rats and ger- 
vils on the farm Klipriviersoog 
some 16 miles south-west of 
Johannesburg. As plague had 
oreviously oceurred in that area, 
investigations were promptly com- 

; but presence of 
plague infection among the rodents 
was not demonstrated. 

A gerbil (Tatera brantsi) found 
dead in the vicinity was received 
at the Plague Research Labora- 
tory at the Institute. Smears 
made from the spleen and the 
heart-blood of the gerbil showed 
abundant Gram-positive cocci, and 
culture on blood agar medium 
yielded a pure growth of a strongly 
hemolytie streptococcus. The bone- 
marrow, emulsified in 
was inoculated subcutaneously into 
each of two laboratory-bred Mas- 
tomys natalensis. One animal died five days later — 
and a pure culture of a hemolytic streptococcus 
was recovered “rom its spleen and heart-blood. 
A broth culture of this organism in turn killed 
two white mice within 24 hr. after intraperitoneal 
inoculation. Serial dilution of the broth culture 
similarly proved fatal to white mice in the 10-7 
and 10-* dilutions. In each case a pure culture 
of the hemolytie streptococcus was recovered from 
the heart-blood 

The Streptoccecus Reference Laboratory of the 
Public Health Laboratory Service (Medical Research 
Council) at Colndalé, London, kindly the 
organism for us The streptococcus was found to 
belong to Lancefeld Group O, and with the fermenta- 
tion of lactose aad sorbitol but not of trehalose was 
classified as Streptococcus 

The Streptococcus zooepidemicus is one of the three 
sub-groups of Lencefield’s Group O, the others being 
Streptococcus equé (associated with strangles i in horses) 
and Streptococcus equisimilis (human Group C). 
Buxton! reported two extensive outbreaks of bovine 
mastitis in England and suggested that this form of 
disease may be more widespread than is suspected. 
Wilson and Miles* refer to two types of Streptococcus 
zooepidemicus: (a) the commoner type associated 
with respiratory catarrh in horses; and (b) a type 
producing various lesions in horses, cattle, guinea 
pigs, rabbits, ətc., and sometimes mastitis in 
cattle. 

We are indebted to the Director of the South 
African Institute for Medical Research and to the 
Secretary for Health for permission to publish this 


communication, and to Miss S. A. Leviseur for 
technical assistance. 
D. H. S. Davis 
Plague Researck Laboratory, 
Union Health Department, 
Johannesburg. 


Davip ÖRDMAN 
South African Lastitute for 
Medical Research, 
Johannesourg. 


1 Buxton, J. C., Brit Vet. J., 105, 107 (1949). 


2 Wilson, G. 8., and Miles, ‘A A., “To| Wilson's Princi 
Bacteriology and Immunity”, 4th ora Cae (B. Arnold, London eso). 
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Antibody Production ina ; Completely 
in vitro System 


Many workers have demonstrated production of 
antibody in vitro following an initial introduction of 
the antigen in vivo (see ref. I for recent references). 
The present. discussion pertains only to systems in 
Pien the first introduction of antigen was in vitro. 

In 1912, Carrel and Ingebrigtsen? reported that 
pr oduetion of hemolysin followed the in vitro incuba- 
tion of goat erythrocytes with guinea pig bone 

© marrow and lymph nodes, These results were secured 
in only 4 of 17 experiments and no titres were 
reported. Since that time, various workers have 
reported. both positive and negative results using 
splenic tissue. No positive reports have been pub- 
lished to our knowledge since 1931. More recent 
“negative results and discussions have been published 
by Parker®, Sallo and McOmie* and Kimura. 
We shall describe a system in which positive results 
vere secured in all cases. Statistical analysis revealed 
hat these results would oceur by chance less than 
mce in a thousand times. 

Previous attempts in our laboratory to demonstrate 
antibody production in vitro had failed’. Recently, 
it has been shown that a lipopclysaccharide endo- 
toxin from Gram-negative bacteria can increase the 
production of antibody to protein antigens several 
fold*’?, Hence, this material was utilized to enhance 
the production of antibody to bovine y-globulin 
{BGG., Armour’s Fraction IT). 
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GEOMETRIC MEAN HLRMAGGLUTINATION TITRES To CELIA 
COATED WITH BOVINE P-QLOBUL 


Table 1 





` ; Day of incubation | 





Tissue 
treated 
with 





| Fluids Extracte Fluids Extracts Fluids Extracts 


| Bovine y- 

globulin 
Casein 

No treat- | 





ae ? SRAL 


23 23 26 16 
5 4 6 3 





ment 








technique?’ as modified by McKenna {unpublished _ 
work). This. modification involves stabilization of | 
the sensitized cells. While this increases the con- | 
venience of the basie technique, titration values are 
the same whether stabilized or fresh cells are used. 
Since the antigen under study was bovine y-globulin; 
all red cells were sensitized to this protein. 

Pools were prepared using all six fluids or extracts _ 
over the three-day period. Since extra fluids and — 
extracts were not saved from the first experiment, 
only nine pools were available. Neutralization tests 
were carried out on these pools as follows. Each 
pool was serially diluted in twofold steps in 0-25 ml. 
amounts. l pgm. of bovine y-globulin N in 0-25 ml 
was added to one series, the same amount of _ 
casein was added to a second series, and only | 
diluent added to a third series. After incubation at > 
37°C. for 1 hr., sensitized cells were added to all 
tubes. 

The means for the daily titrations are presented: in 
Table 1. The tissues incubated with bovine y-globuli 


































Bovine y-globulin 

Fluid E t Fluid tract Flaid 
BGG. Cas. GG, Cas. G. Cas. BGG. Cas. BGG. Cas. 
32 2 82 8 4 8 8 32 <2 
16 4 32 8 8 4 16 16 <2 
16 2 32 8 4 8 4 8 <2 
64 2 64 8 <2 4 8 8 <2 
32 4. 82 4 4 8 4 32 <2 
16 2 8 8 4 4 8 8 <2 
32 2 16 8 2 4 8 4 2 
16 2 8 4 2 4 8 8 <2 
16 4 16 8 2 4 4 16 <2 
2-8 5-0 70 12 <2 

5-2 20 8-4 
<0-001 >0-05 <¢-001 






















_ Johnson, Department of Bacteriology, University of 
Michigan). Twenty-four hours later the spleens were 
“removed and diced into 2-mm. cubes. One half of 
each spleen was incubated in modified Trowell’s 
TACPI medium’ containing 500 ugm. jml, of bovine 
y-globulin as the test antigen, and the other half 
incubated in the same medium containing 500 pgm./ 
mil. of purified casein as the control antigen". After 
an hours incubation at 37°C. with occasional shak- 
ing, the tissues wero washed five times with Hanks’s 
‘Solution’, the tissues being collected by centrifugation 
for 6 min. at 1,000 rev./min. at 5°C. The tissues 
were then planted in duplicate on tantalum gauze, 
as described in a previous paper’, and incubated for 
three days. 
: Whe spleens from five normal rabbits were prepared 
as above but without contact with any foreign pro- 
tei. These were harvested after 24 hr. 
Antibody in the fluids and tissue extracts were 
determined, using the Boyden hemagglutination 










have considerably higher agglutinin titres for the 
sensitized cells than those incubated with casein or 
without foreign protein. There is little change in. _ 
titre with time over the three-day period studied. _ 
The results of the neutralization experiment are _ 
presented in Table 2. For statistical analyses using _ 
Student’s ¢ test, all titres were reduced to logarithms 
to the base 2 and titres less than 2 were considered 
to be zero. The values for ¢ and P are shown at. 
the bottom of Table 2. It is significant that neutral- 
ization with the homologous antigen was specific 
Titres remaining in extracts after neutralization. are 
due to non-specific agglutination found in extracts a : 
of normal spleens’. ee 


Table 3. EFFECT or ConcENTRATION OF BOVINE »-GLowoLIN. "MEAN oe 
VALUES FROM FIVEN RABBIT SPLEEN f 








i si 
Hamagglutination titre t 
mgm, BGG./ml. Fluids : Extracts -` 
i 0-05 2 6 
| 05 24 18 
| 5-0 73 34 ; 
| 50-0 28 37 8 
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The effect of bovine y-globulin concentration is 
> shown in Table 3. Fluids and extracts were harvested 
g two days after planting. 
x K. M. STEVENS 
3 J. M. McKenna 
5 Department of Virology, 

z; Merek Sharp and Dohme Research Laboratories, 
West Point, Pennsylvania. Dec. 19. 
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-Antagonism of y-Butyrobetaine and 
Carnitine on Chick Embryonic Bones 
© cultivated in vitro 


- Carnitine (8-hydroxy-y-butyrobetaine) stimulates 
the growth and the periosteal ossification of embryonic 
chick tibias and femurs cultivated in vitro’? using 
the watch-glass technique*. This effect can be demon- 
rated if the embryo extract of the medium is 
uted 20 or 200 times in Tyrode solution to get rid 
ar as possible of the natural carnitine always 
sent in it (44-88 ugm./gm. dry weight for a 12-day- 
chick embryo*), Measurements of the thickness 
periosteal bone and counts of mitoses had indicated 
hat the periosteum is a very sensitive site for the 
action of carnitine. 
Fraenkel and his collaborators’: observed that 
tyrobetaine in large doses antagonizes the effect 
carnitine in the survival of Tenebrio molitor fed a 
thetic diet. 
_ We have tried- to demonstrate the antagonism 
between y-butyrobetaine and carnitine on embryonic 
mes cultivated in vitro under the conditions pre- 
usly described, eS 
libias and femurs of 7-day-old chick embryos were 
tivated for seven days. Controls were prepared 
h bones of the opposite side of each embryo. 
stological sections were stained by the azan 
od after fixation in acetic Zenker’s fuid. As in 
vious experiments, carnitine was added as 
arnitine’, & synthesized compound (‘Bicarnesine’ 
Labaz)* having the same biological properties as 
tine according to Leclercq’s results? with 
molitor.  y-Butyrobetaine was kindly supplied by 
G. Fraenkel. nee 
n the first sot of experiments, 100-2,000 ugm. of 
_y-butyrobetaine was added per ml. of culture medium 
nade of equal parts of fowl plasma and 20-fold 
diluted embryo extract; the pH was next adjusted 
neutrality. 1,000 pgm. or more y-butyrobetaine 
hen inhibited growth and induced pycnosis of all 
nuclei. The addition of 5 ugm. of dicarnitine to the 
medium containing 1,000 ugm. of _-butyrobetaine 
_ restored normal growth (in comparison with controls) 
end practically prevented pycnosis. The growth 
inhibition and pyenosis produced by 2,000 pgm. 
_Y-butyrobetaine could not be counteracted by 5 ugm. 
_of dicarnitine. 
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Table 1 
f A Bae 
Butyro- j Pycnosis in 
"be ne Dicarnitine | Inhibition other 
(ugm.jml.) (vgm.jml.) | of growth | osteoblasts celis 
1. With 20-fold diluted embryo extract : 
i } 

100-500 & - _ ~ 
1,000 € + + + 
1,000 E — 5 = 
2,000 ë + + + 
2,000 E _ few few | 

2. With undiluted embryo extract : 
1,000 à — ba a 
2,000 6 ? + ee 
2,000 & = —* ne 
4,000 a + + few. 
4,000 a - —+t = 
S 








* No pyonosis in 8 cases out of 10. 
t No ryenosis in 2 cases out of 4. 


In the second set of experiments undiluted embryo: 
extract was mixed with plasma as in the original 
method of Fell and Robison’. A. concèntration o 
1,000 pgm. of y-butyrobetaine had no inhibitory 
action on growth and the tissues remained healthy; 
4,000 ugm. had a slight but regular inhibitory. effect: ” 
on the growth-rate. Irregularly distributed ‘areas 
of pyenotic nuclei were observed in all histological 
sections with a dose of 2,000 ygm.jml. or more; all 
cells damaged were osteoblasts... The addition of 
5 ugm. of dicarnitine suppressed pyenosis among 
osteoblasts in eight cases out of ten. Healthy tissues 
were sometimes obtained even when 4,000 ugm. of. 
y-butyrobetaine had been added per ml. of medium 
together with 5 yom. of dicarnitine (two cases out of 
four). These results are summarized in Table 1. 

Fraenkel and his. collaborators considered the 
possibility that y-butyrobetaine “is acting not to 


form carnitine but to displace it from its usual site 


of action”, Our experiments show such an effect 
in the periosteal osteoblasts of embryonic bone 
cultivated in viro. These cells seem selectively 
sensitive to the effects of both carnitine and y-butyro- 
betaine, Our results are in agreement with the recent 
report by Ito and Fraenkel®, who showed a similar 
antagonism on caick blastoderms. 
A detailed account of our findings will appear 
in the Archives de Biologie. = 
Suzanne Liipece-Horrer 
- 4. M: Bacg 
Institut d’Histologie et 
Laboratoire de Pathologie et 
Therapeutique Générales, 
University, Liége: Jan. 24. 
1 Liébecq-Hutter, S., Zoeding, 16, 791 (1958). 
* Liébecq-Hutter, 8., 7. Embryol. Exp.. Morph., 4, 279 (1956). 
* Fell, H. B., and Rotison, R., Biochem. J., 23, 767 (1929). 
‘Fraenkel, G., Biol. Bull., 104, 359 (1983). 
* Bhattacharyya, P. E. Friedman, S; and Fraenkel, G., Areh. Bio- 
chem. Biophys., 54, 424 (1958). 
* Dechamps, G., Buu-Hol, N. P., Le Bihan, H., and Binon, F., C.R. 
Acad. Šci., Paris, 288, 826 (1954). 


7 Leclercq, J., Arch. int. Physiol., 82; 101 (1954). 
* Ito, T., and Fraenkal, G., Fed. Proc, 15, 558 (1958). 


Effects of Cortisone Acetate upon the 
Distribution and Excretion of Radioyttrium 


Hormone treatments have influenced to varying 
degrees the distribution and excretion of heavy 
radioactive metals in animals. Parathormone altered 
radiostrontium cistribution!, but it had no apparent 
effect on internally deposited radioisotopes of cerium, 


“plutonium or ystrium?*?. Adrenocorticotropie _ hor- 
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Table 1 

io ee L | 

| ane ee Mive | __ Kidney | | Spleen | Plasma | Urine 

| Yttrium-91 (per cent/gm.) Yttrium-91 |  Yttrium-91 

H ES m (per cent/ml.) (per cent) - 
Controls, untreated 2294018 | 295 +060 | 1-05 40-17 TT. 
Pre-cortisone (3 inj.) 116 + 0-38} 2-32 + 0-18 0-49 +40-16¢ | 
Pre-cortisone (1 inj.) | 2-19 E 0-26 2-26 £ 0-26 | 0-95 + 0-16 








Values are averages from five animals expressed as per cent of injected dose of yttrium-91 + standard error of mean. 
* Corrected for a measured mean value of 25 per cent for the marrow weight. 
+ Differences were statistically significant with » < 0-05 for liver and spleen for the 3-injection group, and p < 0-01 for plasma in the : 


l-injection group. 


mone did not alter the deposition and excretion of 
radioactive beryllium in rats‘. The results of the 
present study suggest that cortisone, an adrenal 
steroid the production of which is stimulated by 
_adrenocorticotropic hormone, may influence the dis- 
wibution of radioyttrium in rat tissues. 
< Fifteen young female Wistar rats (175-225 gm.) 
were injected intravenously with 10 uc. of ionic 
-earrier-free yttrium-91 chloride (#1 YC1,) contained in 
0-25 ml. of approximately isotonic sodium chloride, 
pH 5-6. Five rats received no treatment except the 
radioisotope injection, and served as controls. Five 
rats were injected intramuscularly with a saline sus- 
“pension of cortisone acetate at a dosage of 45 mgm./ 
kgm. body-weight 18 + 3 min. prior to the injection 
“oft yttrium-91. This dosage greatly alters tissue 
structure’. The third group of five rats. received 
three similar intramuscular cortisone injections at 
72 and 24 hr., and at 20 + 2 min., before the yttrium- 
$1 injection. The animals were maintained under 
light ether anesthesia and killed 60 min. after the 
radioisotope injections. The urine collected from the 
‘bladder, and samples of liver, kidney, spleen, blood 
“and femur were prepared for radioactivity assay by 
a dry-ashing procedure previously described’. The 
concentrations of yttrium-91 in the samples were 
-measured in a gas-flow counter and compared with 
‘standards’ prepared from measured aliquots of the 
original injection solution. 
The results of the yttrium-91 assay are summarized 
in Table 1. The cortisone treatments did not affect 
the concentrations of yttrium-91 in the kidney and 
femur. Although the single injection of cortisone 
< increased the concentration of yttrium-91 in plasma, 
treatment-levels for urime showed no significant 
., differences at a group-contidence level of 95 per cent. 
-Tt is thus possible that much of the plasma increment 
“was reabsorbed by the kidney tubules. The increased 
concentrations in plasma might reflect association of 
yttrium-91 with injected cortisone or its breakdown 
Sani or combinations with metabolites resulting 
Trom the actions of the hormone upon tissues or with 
normal plasma constituents. 

Three injections of cortisone reduced the con- 
centration of yttrium-91 in liver and spleen by about 
50 per cent. If injected radioyttrium is colloidal at 
the pH of plasma‘, this action may be related to 
depressed phagocytosis of yttrium-91 by the reticulo- 
endothelial elements of these tissues. Compared with 
the lack of effect of a single injection, these results 
are then in accord with the observation that relatively 
large doses of cortisone are necessary to produce 
reticuloendothelial depression’. 

Two other possibilities, apart from this quantitative 
consideration, may explain the apparent ineffective- 
ness of the single treatment with cortisone. The first 
possibility is that at this dosage-level of cortisone 





S.E. = 


the time interval treatment to killing was too brief ` 
to demonstrate. depressed phagocytosis. Maximum. 
effects upon antibody formation have been observed _ 
when cortisone was given for three. days prior to 
antigen injection®, but no significant effects resulted 
when the hormone was given on the same day as 
the antigen. Analogously, the present study suggests - 
that extended prior cortisone treatment may disturb 
an early phagocytic phase of radioyttrium uptake by _ 
rat tissues. The second possibility is that. phago- — 
cytosis of circulating undeposited yttrium-91 by the): 
liver and spleen was prevented by the cortisone. | 
The yttrium-91 might then accumulate in the plasma 
and account for the increment detected. 

This work was supported ‘by the U.S. 
Energy Commission. 
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Effect of Thymectomy upon the Functional 
Condition of the Adrenal Cortex in 
Guinea Pigs 


In a previous publication, Comsa and Leroux: 
reported that repeated injections of large amounts. 
of purified thymus extract induced a resting con- 
dition of the adrenal cortex, as shown by its decreased | 
relative weight and its increased content in ascorbic | 
acid and cholesterol’. The influence of the adrenal- 
cortex upon the thymus is well known, but little has 
been reported about the influence of the thymus upon 
the adrenal cortex (see bibliography in Comsa and - 
Leroux, loc. cit.). Thus it seemed of interest: to 
investigate the effect of removal of the thymus upon 
the adrenals. : 

Thirty-two male guinea pigs of 170-190 gm. were 
thymectomized by the method of Comsa. They 
were autopsied at 6 days, 12 days, 18 days, 24 days, 
38 days and 58 days after the operation in groups pf. 
three animals on each occasion; the adrenals were 
weighed and pooled. Aseorbic acid was determined 










No. 4565 April 27 3 1957 


Table 1. CHANGES OP THB ADRENAL IN THYMECTOMIZED GUINEA. Pies 


























Weight (parts | Ascorbic acid Cholesterol 
Condition per 1,000 of | (mgm. in 100 | (gm. per 100 
the body- gm. of fresh gm. of fresh 
en weight} organ) organ) 
Normals E | 0-48 I 456-000 | 3-02 
ʻ I 0-49 | 120 | 4-21 | 
nA 0-50 | 151-6 | 3-74 i 
-| Shymectomized | i i 
| eince: i | 
i days 0-49 | 140-0 i 3-04 | 
24 0-65 75-2 3-72 H 
P 0-68 | 68-0 2-79 f 
MM as 0-63 i 67-0 2-65 | 
BB oss 0-60 105-8 2-15 
5B. 0-57 1423 8-27 | 


















in the left-hand glands, cholesterol in the right-hand 
glands. ‘The methods used were those of Comsa 
_ Leroux (loc. cit.).. Similar determinations were 
ade for three groups of three normal male guinea 
pigs of the same age as controls. The experiments 
were carried out during the summer. All the animals 
came from the same strain, which has been inbred 
for the past ‘twelve years. 

‘Following the operation, the animals behaved as 
eribed previously*, They were in a poor condition 
did not improve until about the fortieth day. 
urteen animals died between the fifteenth and the 
irty-fifth day after the operation. They could not 
©. examined. 

As ean be seen from Table 1, thymectomy 
resulted in significant changes of the adrenal. The 
tive weight was increased ; the ascorbic acid and 
iolesterol content was decreased. ‘These changes 
re. greatest between twelve days and twenty-four 
ays after the operation, and they decrease gradually 
terwards. They provide evidence of a transitory 
timulation of the adrenal cortex following thymec- 
way, which is in good agreement with the observa- 
‘on of the resting condition of the gland in hyper- 
ized: guinea pigs. 

acknowledge the technical assistance of Ch. 
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_ An Aberrant Form of Anophe'es gambiae 
Giles from Southern Nigeria 

_ No morphological character is known by which the 
adults of A. gambiae gambiae and A. gambiae melas 
can bè separated with certainty, but it was thought 
that there were constant differences between the 
‘structure of their respective eggs? and also between 
-tho larval pectens?. A. gambiae melas is a purely 
_eoastal species the larve of which are relatively 
resistant to salt water, whereas those of A. gambiae 
gambiae are not’. 

- Blood-fed adults of A. gambiae were collected at 
“Abeokuta and Ibadan, which are inland at 60 miles 
_and 100 miles distance respectively from the coast of 
` Nigeria. Out of a total of 251 egg batches laid by 
the females, 68 batches (27-1 per cent) were found 








melas. No intermediate forms were found. 
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-to have the characteristic morphology of A. gambiae - 





Testing these eggs for resistance to salinity was 
carried out on fourth-instar larve. The larve were 
placed direct from fresh water into saline solution 
at various concertrations of sodium chloride for a 
period of 24 hr. ‘The results have shown that none 
of these larve was resistant to salinity exceeding 
12-5 gm. of sodium chloride per litre, and that physio- 
logically all these larve were A. gambiae gambiae. 
Measurements of the atypical eggs proved, however, 
that their average size was greater than the respective 
size of either A. gambiae gambiae or A. gambiae melas. 

The average length of 10 eggs in each of the 
161 batches procuced by A. gambiae gambiae was 
0-483 + 0-014 mm.; that of 10 eggs in each of 
27 batches produced: by A. gambiae melas. (collected 
in Lagos) was 0-472 + 0:006 mm.; that of 10 eggs 
in each of 47 batches of the ‘aberrant form’ of A. 
gambiae gambiae was 0:515 + 0-016 mm. 


The pecten of the ‘aberrant form’ of A. gambiae 


is of the A. gamaiae gambiae type, since it has four 
to five long non:spiculated teeth well differentiated 
from the more rumerous shorter teeth, which bear 
small spicules. eee 

A colony of the ‘aberrant form’ of A. gambiae 
was established, and it was found that the eggs.of 
the F, generation remained true to the pattern 
presented by the original batch of eggs from which 
the parents arose. Crossings with A. gambiae gambiae 
and A. gambiae melas are proceeding and their results 
will be publishec later. 

The results of this investigation indicate that in 
Nigeria, A. gambiae eggs with a typical external 
morphology of A. gambiae melas may be found far 
away from the coast and may be non-resistant to 
salinity test. Thus the separation of the two. species 
by the egg character only is unreliable, at least in- 
some areas of West. Africa. . : 

L. J. Broce-Cawarr 
M. W. Service 






Federal Malar.a Service, 
Yaba, Lagos. Nigeria. 


? Thomson, R. C. M., Bull. Ent. Res., 38, 185 (1945). 
? Ribbands, ©. R., Aen. Trop. Med. Par., 38, 87 (1944). 
1 Ribbands, C. R., Aen. Trop. Med. Par., 38, 85 (1944). 


Hemoglobin in Branchiura 


HæmocLoBIN dissolved in the blood plasma has 
been recorded ix all the major divisions of entomo- 
stracan Crustacea except one’. This respiratory 
blood pigment has been found in all species of 
Phyllopoda examined, in most Cladocera, in a few 
Ostracoda, in some harpacticid and parasitic Copepoda 
and in some Rhizocephala, but not hitherto in the 
Branchiura.. This is a small group of so-called fish 
lice, which includes the well-known Argulus foliaceus 
(L.). I have been unable to detect hemoglobin in 
the pale blood of species of this genus, but Dolops 
ranarum (Stuhimann) has. red: blood and I find that 
it shows strong absorption bands of oxyhamogiobin. 
The animals were found parasitizing the siluroid fish 
Bagrus doemae :Forskél) in Lake Victoria, and I was 
able to examine them, thanks to the staff of the 
East African Fisheries Research Laboratory at Jinja, 
Uganda. 

H. Munro Fox 

Queen Mary College, $ 

University of London, 
March 26. 


` t Fox, H. M., Nature, 179, 148 (1957). 









































Food of Ethmalosa dorsalis (Cuvier and 
Valenciennes) 


Ethmalosa dorsalis is.a clupeid fish recorded only 
off the coast of West Africa', where it is usually 
found in inshore waters and often supports an im- 
portant local fishery. It is closely related to the-men- 
hadens (Brevoortia spp.) the distribution of which is 
confined to American Atlantic coasts*. 

‘There is an important cast-net fishery for Ethmalosa 

in the Sierra Leone River, which is in fact the large, 
open and shallow estuary of the Rokel River. The 
salinity of the estuary fluctuates with the seasonal 
changes in the amount of freshwater drainage. 
Landings of Ethmalosa are at a maximum during the 
dry season and fall off to negligible quantities at the 
height of the wet season. 
; Monod” has described the complex system of gill 
< yakers which form an extremely fine filtering mech- 
anism in this species. He was unable to associate 
‘the structure of these gill rakers with the mud-eating 
“habit which he inferred from the stomach contents. 
Polt, on the other hand, records the food of the 
adults as being planktonic Crustacea. 

An examination of the stomach contents of adult 
Ethmalosa caught in the Sierra Leone River has 
shown that phytoplankton always makes up by far 
the greatest food component. The filtering efficiency 
of the gill rakers is illustrated in Table 1, which 
shows the stomach contents of a sample of twenty 
fish from a shoal compared with the composition of 
the plankton as estimated by counts made on six 
water samples collected around the shoal. Although 
the individual fish were swimming rapidly and 
apparently in no general direction near the surface, 
al itself was moving, but very slowly. The 
stomach contents are compressed within the thick- 
walled stomach, but can be suspended in water and 
counted after sub-sampling as a water sample. Only 
complete though often squashed diatom frustules 
have been counted in the stomach contents, and it is 
evident from the number of fragments present that 
weakly siliceous species are broken up. Little 
, digestion appears to take place in the stomach, for 
the few copepods were slightly damaged. 

Only a small number of fish caught at sea have 
been examined, but in all cases the stomachs have 
been found to be empty or to contain very little 
material, mainly small Crustacea and detritus. 

The North American menhaden (B. tyrannus) is 
regarded as exceptional among most plankton-feeding 
fish in that it is an indiscriminate and non-selective 
feeder. the diet of which consists to a large extent of 
phytoplankton as well as zooplankton‘, and in this 
respect the related Hihmalosa has similar feeding 
habits. 

A quantitative study of the plankton of the estuar y 
has recently been completed and has shown that 
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-Fable 1 


l | Water zam les Ethmalosd 
f LZ (No. per litre) (Wo. per stomach) 
| Phyto yantan: 
H 8,160 76,600 
i rtean concinnus 450 2,700 
. C. lineatus 500 85,100 
| C. jonesianus ; 740 36,900 
| Adi octonarius 260 9,000 
j t danicus* 7,340 2,700 
| Biddulphia regia 580 7,200 
| Cerataulina pelagica* 1,700 aes 
_ Ditylium brightweili* i 2,240 9,000 
| Diatoms other than above | 
| | 83,800 103,500 
i Total dinoflagellates i 3,800 | 8,100 
| Zooplankton | 
| Copepod nanplii | 200 5,400 
i| Paracalanus crassirostris i 32 
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COMPARISON OF THE COMPOSITION OF THE PLANKTON WITH 
THAT OF THE STOMACH CONTENTS OF Hthmalosa, SIERRA LEONE RIVER, 
DECEMBER 4, 1956 











k Weakly siliceous diatoms. 


large quantities of big diatoms are present during 
the period when catches of Ethmalosa are greatest. 
An outline of the results is shown in Table 2 and is 





based on sampling carried out at about weekly _ 


intervals at. two stations, one at the mouth of the” 


estuary (depth 25-30 m.) worked at high water and: 


another near the centre of the estuary area (depth 
15-20 m.) worked at low water. Results are given 
as means for the water column as sampled at 10-m 
depth intervals. The phytoplankton eounts have 
been made on water samples, and net-caught phyto- 
plankton pigment assessments and zooplankton 


counts on samples taken with nets of 200 and 48. : 


meshes to the inch, respectively, using a Clarke- 
Bumpus plankton sampler. 

The phytoplankton consisted mainly of diatoms } 
dinoflagellates and Cyanophyceae were scarce. 
pigment densities of net-caught phytoplankton pro- 









The 


vide a rough basis for the comparison of the standing... 


crops of the larger diatoms. Values for the estuary 
were at a maximum during the months February—July 
and about 28 times those for the sea at the mouth 
over the same period. The total cell numbers in the 
estuary did not show any marked seasonal fluctua- 
tions, but during the dry season there was a much 
greater proportion of big diatoms present, mainly 


large species of Coscinodiscus and Actinocyclus, while... 
during the period of low salinity and stronger fresh- 
water outflow small species of Cyclotella and Cocconeis S 


predominated. 


Total numbers of zooplankton organisms as sampled | : 


by the 48-mesh net were usually less in ‘the estuary 


than in the sea at its mouth, and there was no major 


increase following that of the large diatoms during. 


the dry season. Small Crustacea made up the bulk 
of the zooplankton throughout the year at both 


stations. 


The plankton of the estuary during the dry season © 


would therefore seem to provide a much more con- . 


Table 2. PLANKTON OF THE SIERRA LEONE RIVER 


Mean values for 3-month periods. August 1954-July 1955 














Lona So eects ae at = = 
E Station Mouth of estuary. High water Centre of estuary, Low water | 
seins soos p 
Months Aug.-Oct. | Nov.-Jan. | Feb.—Apr. May-July | Aug.—Oct. | Nov.-Jan, | Fep—Apr. | May-July J 
F f 
Salinity arte per thousand) 27-5 30-9 84-2 32-1 21-9 25-4 315 | 
moa | phytop lankton (eelis per litre) 3,257 3,949 7,471 2,778 27,209 15,359 12,319 i 21,201 fos 
ce iscus and Actinocyclus spp. | 
ils per litre) 99 93 56 21 189 785 7,820 | 4, 623 
wat t phylo plankton on pigment (Har- i A? i 
Son ubic metre 88 199 1,191 305 189 4,464 | 26,224 ( 15,903 
Aima me net zooplankton l { l j 
l a ea per cubic metre} 3,032 4297 | 2,723 | 1,758 572 | 1.0886 | 1168 | 1,324 


| 
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centrated food supply for Ethmalosa than that in — 


to select food organisms individually, it may only 

be able to feed efficiently in such dense concentrations 
‘ of microplankton. The main centres of the Ethmalosa 

fishery appear to be in brackish-water localities, and 
ait is possible that this connexion is related to the 

occurrence of high standing crops of phytoplankton. 
b 


fio sea at the mouth. Since this fish does not appear 


\ V. BAINBRIDGE 
West African Fisheries Research Institute, 
Freetown. 
Jan. 17. 


* Poll, M., Exp. Océanogr. Belge dans les Eaux Cotières Africaines 
de ga irona Sud (1048-1949), 4, 29 (1953). 


: aroan S , “Zoogeography of the Sea” (Sidgwick and Jackson, 


-* Monod, Th., Faune Colon. franç., 1, 643 (1927). 
* Taylor, H. F., “Survey of Marine 
(University of North Carolina Press 


Haplosporangi um in an Additional 
Rodent Host, Microtus pennsylvanicus 
Drummondi 


_ Sryce 1942', there has been an increase in the 
number of reports on haplomycosis in rodents and 
other animals trapped in the United States, Canada 
and England. Two recent reports from Canada and 
Sweden describing further isolations of the causative 
organism Haplosporangium were those published by 
r Bakerspigel? and Jellison*. 





P 
Fig. la. A thick-walled spherule of H: um in a stained 
section of lung from an event we 1.350 


Numerous ne Da Par lung of a vole 
‘aplosporangium. x 9 


J Fig. 1b. 
infected with H 


; . 


unene of North Carolina" 


krieg 
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I now record the finding of Haplosporangium in the 
lungs of an additional host, the meadow vole Microtus 
pennsylvanicus Drımmondi. So far as I am aware, 
this fungus has been detected in only one animal of 
another species cf vole, M. agrestis, trapped in 
England by Tevis* at Camp Blandford, Dorset. 
During a survey of fungus diseases in rodents 
conducted during June-September 1956, twenty-five 
voles were trapped in various areas of Saskatchewan. 
Upon dissection, the lungs of two voles were observed 
to be covered with numerous, small, pearl-grey 
nodules as shown in Fig. 1b. These voles had been 
trapped on the outskirts of Saskatoon near the city 
disposal unit. Hwmatoxylin- and eosin-stained 
sections of the lungs revealed massive infections with 


= large numbers of spherules typical of the pulmonary 


fungus, Haplosporangium parvum. Fig. la shows one 
of the many thick-walled spherules found in the lungs 
of an infected vole. 

This finding acds another host to the mounting 
list of animals, ‘in the lungs of which the spherules of 
Haplosporangium have been observed. Studies with 
cultures of Haplesporangium isolated from infected 
voles and other redents trapped in Saskatchewan are 
being made for comparison with existing North 
American strains. 

A. BaKERSPIGEL 
Department of Becteriology and Immunology, 
Universisy of Western Ontario, 
London, Ontario. 
Jan. 24. 


1 Emmons, C. W., and Ashburn, L. L., Pub. Health Rep. Wash., 57. 


1715 (1942). 


* Bakerspigel, A., Mycologia, 48, 568 (1956). 
* Jellison, W, L., Nordisk Veterinaermedicin, 8, 504 (1956). 
* Tevis, L., Nature, 177. 437 (1956). 
nse of Worker Ants to Dead 
ts of their Own Species 

A sTupy simiar to that reported recently! was 
made last summer into the response of worker ants 
(Formica fusca) dead specimens of their own 
species. The ts of this preliminary observation 
are those averaged over four observation periods. 
‘These are presensed in Table 1. From this it will be 
noted that at least two factors influence response : 
(1) a state of wrest, caused by a disturbance of 
the nest (for exemple, by mechanical force ; intro- 
duction of members of another colony), this action 
considerably redacing the retreat response ; (2) dis- 
tance of the deac ant from the nest entrance ; where 
this is less than 4 cm. there is a strong response on 
the first encounter to remove the dead ant. 

Obviously other factors associated with degree of 
activity influence this response, as was found when 
a dead ant was placed near a rich food supply 


A Res 


Table 1. RESPONSE oF WORKER ANT TO DEAD SPECIMENS IN Four 
pension ror 
Figures are expressed in pe The number of specimens 
encountering the dead speckninad! int is series of observations averaged 
25 for the trst three and 18 for the last situation 







Dead specimen 


On trail: from same colony 

On trail: from ancther 
colony 

On trail: from same colony. 







unrest 
Within 4 cm. of nest entrance ; 
of same colony 

















(wet sugar) and the no response paroensige ei 
This leads to the assumption that with the increase 





in activity there is a decrease in response (that is, 


retreat and attempt to remove dead body r 
Areas of fluctuating temperature, light and factors 
governing activity prevent a narrow mean figure for 
positive response being obtained. 

Timoruy J. Hoyt 


mses). 





5 Acol Road, 
London, N.W.6. 
March 1, i ` 
‘Studd, J, H., Nature, 179, 431 (1957). 


Production of Carbon in the Sea 


duction it is useful to express the quantity of carbon 
in mgm./m.*jday as a percentage of the standing 
stock of carbon. This percentage-rate has now been 
measured in the North Sea with the carbon-14 tech- 
nique and combined with a measure of the standing 
stock. The expression is comparable to the ‘pro- 
duction increase coefficient’ of Riley, Stommel and 
Bumpus! and to the estimate of the rates of division 
of diatoms made from the decrease in their girdle 


t widths’, 





Steemann Nielsen’s method? was modified slightly. 
_ Samples of water were taken from depths correspond- 

ing to fixed percentages of the surface light-intensity 
oat midday.: Each was put into a bottle covered with 
two. filters, a neutral density filter, the percentage 
transmission of which corresponded to that of the 
depth from which the sample was taken, and a second 
filter representing the colour of the water, in this 


ths in the photic zone, we have estimates of 
“numbers and the rate of carbon production, 
‘each per unit volume. 

From the algal numbers and from size measure- 
ments, estimates of algal volumes were made. It was 


assumed that these volumes could be converted to. 


dry weight ( x 1/5) (see ref. 5) and to carbon ( x 0-44) 
(see ref. 6), the combined equivalent being : 


l mm.? = 0-086 mgm. carbon 


From the light-extinction coefficients and length of 
day at the surface, the duration of a given light- 
intensity at each depth was calculated. An average 
rate in mgm. carbon/day weighted by the energy 
reaching each. depth was derived. We now have 
estimutes of the average standing stock and its daily 
production as weight of carbon per unit volume of 
sea water in the photie zone, as shown in Table 1. 
Estimates made in 1949 using the same equivalent 
and the decrease in cell-size method of measuring 
the rate of division of diatoms are given for.com- 
parison. (Note: the figures for 1949 replace those 
given for carbon stock and production on p. 77 of 
my paper (ref. 2), for which an inadequate conversion 
factor was used.) 


Table 1. STANDING STOCK OF CARBON AND ITS RATE OF PRODUCTION 
IN THE NORTH SEA IN SPRING IN MOM. ____IN THE NORTH SEA IN SPRING IN MOM. CARBON/M.? 


f hee | oy | Prod Production per day 









| Daily 
j anding stock production | i {per cent) 
10-30.1Y,49 44-1 16-7 
23.1V~18.¥. 49 153 3-8 
8-15. EENE me 16-8 
24-28. IV .54 875 
4-14. V.5i 12-4 
8-26. V.54 
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ferlov’s* coastal water type I. So, at a number - 
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There i is a 5 difference between the two Ree ee of 
Soieatins the percentage production per day because 





the decrease in cell-size method used in 1949 includes 
the effect of vertical turbulence. There is a sharp 
increase in the percentage production per day in¥ 
1954; this point and others will be considered in 
a detailed publication elsewhere. y 
D. H. Cusuine ©} 
Fisheries Laboratory, A 
Lowestoft. af 

Rily, S- iy somal, H.,and Bumpus, D. F., Bull. Bingh, Oceanogr : 
* Cushing, D. H., Fish. Invest. IT, 18, 7 (1955). 


cere Nielsen, E., J. Cons. Int. Explor. de la Mer, 18 (2), 117 


t Jerlov, N. G., Rep. Swedish Deep Sea Exped., 1947-48, 3, 1, 1 (1951). 







. : at Grim, J., Int. Rev. ges, Hydrobiol. und Hydrogr., 39, 3, 193 (£989); 
For many purposes in the study of marine pro- = 


* Sverdrup, H. U., Johnson, M. W., and Fleming, R. H., 


“The Oceans" 
(Prentice-Hall, ce 


New. York, 1842). 


Sickle Cell Gene in Indonesia 


Dre. Liz-Ingjo Luan Ene! has pointed out the 
sporadic occurrence of carriers of sickle cell trait in. 
Indonesia. Since carriers of that hemoglobin: who 
are descended from other than negro or Southern. 
Indian ancestry are rare outside Africa and Southern — 
India, the question arises how sicklo-cell hemo- _ 
globin has reached Indonesia. In this connexion, it 
may be pointed out that in the nineteenth century.” 
(from 1835 until about 1890), some thousand negro 
soldiers formed part of the Dutch Colonial Army in. 
the former Dutch Indies*. These soldiers had been 
recruited from the small Dutch colony on the Gold: 
Coast, Elmina, which was acquired. by Britain in- 
1871. After that a limited number of negro soldiers: 
were still recruited in Liberia. Since in the part 
of Africa from which the soldiers were recruit 
carriers of the sickling gene and of hæmoglobin ( 
are numerous, the possibility that the transport. of | 
those African soldiers are the cause of the sporadic - 
occurrence of the sickling gene in Indonesia may be | 
taken into consideration. Apart from that, already < 
in earlier times negro slaves seem to have been 
introduced into Indonesia’. 










J. H. P. Jonxis 
Department of Paediatrics, 
State University, 
Groningen. 
March 26. 
t Lie-Injo Luan Eng, Nature, 179, 881 (1957), 
2 Encyclopaedie v. Ned. Indië, 1, 13 (1917).  &iọ 


+ Kern, V., Med, Kon, Akad. v. Wetensch., Afd. Lettork., 100 deel, a 
2e reeks, 77 “(1831). F 


Accumulation of Ethyl Alcohol and 
Acetaldehyde in Blackcurrants kept in 
High Concentrations of Carbon Dioxide 


A REPORT of successful storage of biackcurrants 
in 50 per cent carbon dioxide has led me to investigate 
the effects of this treatment on the fruit. Freshly 
picked blackcurrants were kept for four weeks at 
4-4°C. in a continuous flow, at the rate of 30 litres 
an hour, of the following carbon dioxide - oxygen — 
nitrogen mixtures : 


Percentage 
Carbon dioxide Oxygen Nitrogen 
0 21 79 
25 15-75 59-26 
50 10-5 39-5 
50 5 45 
50 2 48 
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25 Pe CO, & 1575 Oz 





0 T. 2 3 4 5 
Weeks at 4°4° C. 


Yig. 1. The accumulation of ethyl alcohol in blackcurrants (var. 
Baldwin) stored at 4:4°C. in various carbon dioxide ~ oxygen — 
nitrogen mixtures 


Determinations of ethyl alcohol and acetaldehyde 
were made using the methods described by Fidler’. 
The progressive accumulation of alcohol: and acet- 
aldehyde is shown in Figs. 1 and 2. 

Thomas? found that carbon dioxide, even in the 
presence of abundant oxygen, can cause the respira- 


tion of apple cells to be changed to a zymasic type- 


and has used the term ‘carbon dioxide zymasis’ to 
describe the effect. He showed that zymasis followed 


Acetaldehyde (mgm./100 gm.) 





Weeks at 4-4° 0. 


Fig. 2. The accumulation of acetaldehyde tn blackcurrants (var. 
Baldwin) stored at 4:4° C. in various carbon dioxide — oxygen — 
nitrogen mixtures 
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very quickly on exposure to 50 per cent or more 
carbon dioxide m:xed with oxygen, and that the 
ratio alecohol/aldehyde tended to be about 2:1, 
whereas in anaercbic zymasis the ratio is usually 
greater than 50:1. He attributed the severe damage 
to the cells of the apple occurring in carbon dioxide 
zymasis to the relatively high concentration of 
aldehyde that accumulates’. 

In my expermm=nts the concentration of oxygen 
has been much Icwer, and it is interesting to note 
that the ratio alechol/aldehyde is at the end of four 
weeks greater than 50/1. It seems possible that the 
comparatively low concentration of acetaldehyde 
occurring in thess blackeurrants even after pro- 
longed exposure to carbon dioxide ~ oxygen — nitro- 
gen mixtures is msufficient to have a toxic effect, 
since the fruit wes observed to be unmjured at the 
end of four weeks It would also seem that this fruit 
can withstand relatively high concentration of ethyl 
alcohol for some tame without manifest ill-effect. It is 
noteworthy that the rate of production of alcohol 
and acetaldehyde increases as the concentration of 
oxygen decreases. There was no evidence of zymasis 
in the frut keps in 25 per cent carbon dioxide. 
Fungal rotting was completely suppressed in the 
50 per cent carbon dioxide mixtures and was almost 
negligible in the 25 per cent carbon dioxide mixture, 
but extensive aftar the first week m air. 

W. Huce Surra 
Ditton Laboratory, 
Food Investigation Organization, 
Department of Scientific and Industrial Research, 
Larkfield, Maidstone, Kent. Jan. 15. 


1 Fidler, J. O., Biochen-. J., 28, 1614 (1984). 
2 Thomas, M., Biochem. J., 19, 927 (1026). 
2 Thomas, M., Biochem. J., 16, 444 (1929). 


_ Effects of 2 :6-Diaminopurine on the 
Growth of Roots of Subterranean Clover 


2: 6-DIAMINOFUREINE is a metabolic antagonist of 
the natural purines and is a powerful inhibitor of the 
process of dupliation of deoxyribose nucleic acid 
that precedes mi#tosis'. This communication reports 
a differential effect of this substance on the lateral 
and main axis meristems of the roots of sub- 
terranean clover (Trifolium subterraneum L. var. 
Bacchus Marsh). 

Isolated roots of subterranean clover were cult- 
ivated ın sterile nutrient by @ procedure to be pub- 
lished elsewhere. Excised radicle apices, 10 mm. in 
length, were inccbated in darkness at 25° C. n 40 ml. 
of nutrient incorporating Bonner’s macronutrient 
salts?, White’s micronutrient salts? with 0-05 mgm./l1. 
CuS0O,.5H,0 and 0-13 mgm./l. (NH,),Mo,0,,.4H,0, 
0-1 mgm.jl. thiamin, 0-5 mgm./l. nicotinic acid, 0-1 
mgm.jl. pyridoxine and 1-5 per cent sucrose, adjusted. 
to pH 5-5. Values presented are means for ten roots. 

Fig. 1 shows that whereas the growth in length 
of the main axis was inhibited by 2: 6-diaminopurme 
at concentratiors greater than 1-5 x 10-8 M, lower 
concentrations :3 x 10-° M) increased the growth- 
rate by about 38 per cent. There was a corresponding 
increase in dry weight at this concentration. No 
explanation of this promotion has been found. In 
some situations, 2: 6-diaminopurine has been found 
to act as & precursor to the natural purines ; however 
adenine, guanin> or hypoxanthine produced smaller 
increases in the growth-rate than did 2: 6-diamino- 
purine, even at concentrations up to 10-*M. The 
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uracil antagonist, 2-thiouracil, has been 
shown‘ to have growth-promoting activity 
in sub-inhibitory concentrations on the 
roots of cress seedlings, and this effect has 
been confirmed for isolated subterranean 
clover roots. i 

The concentration of 2 : 6-diaminopurine 
producing 50 per cent inhibition is approx- 
ımately 2 x 10-84 (= 0:0045 p.p.m.). 
Compared with other plant test-systems 
upon which it has been tested.5-?, isolated 
roots of subterranean clover seem to 
be several orders of magnitude more 
sensitive. Since the inhibition is com- 
petitivet®, and the inhibitory effect of 
107 M2: 6-diammopurine is here com- 
pletely reversed by adding 10-5 M adenine, 
guanine or hypoxanthine, it seemed likely 
that the isolated roots may have been 
lower than other organs m ther content 
of free purmes. If purine synthesis 
occurred predominantly in the aerial parts 
of the plant, whole plants would be ex- 
pected to be less sensitive to inhibition 
by 2: 6-diaminopurme. 

To test this suggestion, aerated water 
cultures were set up in a greenhouse, 
with their root systems kept in darkness. 
The basal nutrient contained Hoagland- 
type macronutrient salts (0-01 M KNO, + 0-003 M 
Ca(NOa)a + 0-002 M MgSO, + 0-002 M KH,PO,) 
with micronutrient salts as before*. 2: 6-Diamino- 
purine was incorporated into the medium over @ 
wide range of concentrations. Values given at each 


Length of main axis of root (em.) 


concentration are means for eight subterranean clover’ 


seedimgs. Fig. 2 shows that the growth in length 
of the main axis of the root-was affected by 2: 6- 
ciaminopurine in & manner similér to that of roots 
in isolated culture, that is, a marked growth enhance- 
ment occurred at 3 x 10-°M, and 50 per cent 
inhibition occurred at 10-7 M (curve A). Thus growth 
of the primary root of intact plants was not appre- 
cigbly less sensitive to mbhibition by 2: 6-diamino- 
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Fig. 1, Effect of 2 : 6-diaminopurine on the growth of isolated 

roots of Trifolium subterraneum. (O) refers to the length of the 

Main axis, (@) refers to the dry weight of the root system after 
15 days incubation 
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Fig. 2. Effect of 2: 6-diaminopurine on the growth of seedlings of Trifolium 
subterraneum. Curv 
root; curve B shows final dry weight of the root system; curve C 


e A shows length increments of the main axis of the 
shows 


final dry weight of the tops. Growth period, 14 days 


purine than was that of isolated roots. But curves 
A and B show that whereas the extension of the 
main axis is completely suppressed at concentra- 
tions greater than 3 x 10-? M, total dry weight is 
no less than that of the controls at concentrations 
up to 10-° M. This reflects a striking change in the 
morphology of the root system. In control seedlings 
and isolated roots of this age, the bulk of the root- 
weight resides in the main axis. After initiation, 
growth of the secondary meristems virtually ceases 
for a long period, when, after reaching a certain state, 
vigorous growth begins abruptly. However, the 
2:6-diaminopurine, at concentrations between 
3 x 10-* M and 10-5 M, stimulates differentially the 
meristems of the lateral roots, producing root systems 
in which a large fraction of the weight is derived 
from the laterals. That this enhanced lateral growth 
is not simply due to-extirpation of the main axis 
meristem is shown by the observation that removal 
of the primary apex does not produce a similar 
response. 

No differential stimulation occurs with isolated 
roots (Fig. 1), and it appears that some substance 
normally produced in the aerial portion of the plant 
may be necessary for the stimulation of the secondary 
meristems by 2: 6-diaminopurine. 

P. L. GOLDAORE 
7 H. Unt 
Division of Plant Industry, 
Commonwealth Scientific and 
Industrial Research Organization, 
Canberra. 
Dec. 28. ; 
1 Setterfield, G., and Duncan, R. E., J. Biophys. Biochem. Cytol., 1, 
398 (1965). : ue i 


2 Bonner, J., Amer. J. Bot., 27, 692 (1940). 


3 White, P. R., “A Handbook of Plant Tissue Culture”, 105 (Jaques 
Cattell Press, Lancaster, Penn., 1948). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, April 29 5 


ÅSSOOIAZIONE ĪTALIANA DI METALLURGIA {at Church House, Great 
Smith Street, London, 8. -W.1), at 10 a.m.—Scientific Papers (presented 
and discussed in Ital 14n). 


BRITISH Soomty FOR THE HISTORY OF SCIENOE, PHILOSOPHY OF 


4 


E Sormnoz Group (in the Joint Staff Common Room, University College, 


k 


\ 


my 


' 


Imperial College {inperial Institute 


Gower Street, London, W.0.1), at 5.30 p.m —Dr. M. H. Pirenne : 
“Optics-and Painting—-Leonardo’s Problem”. 

ROYAL GEoGRAPHIOAL Sociery (at 1 Kensington Gore, London, 
S.W. h at 8.80 p.m.—Prof. J. A. Steers and Prof. L. Dudley Stamp: 
“South American Prospect”. ‘ y 


` Monday, April 29—Saturday, May 4 


INSTITUTE OF METALS (joint meeting with the ASSOOLAZIONE 
ITALIANA DI METALLURGIA, the SOOIETE SUISSE DES CONSTRUCTEURS 
DE MACHINES, and the SCHWEIZ. VERBAND ‘FUR DIB TRRIAL- 
PRUFUNGEN DER TEOHNIK (at Church House, Great Smith Street, 
London, 8.W.1)—Spring Meeting. 


Monday, April 29 a 


At the Royal Institution, Albemarle Street, London, W.1, at 
6.80 p.m.—Opening Ceremony, followed by Sir Eric Ashby : “Educa- 
tion ın Science and Technology” (May Lecture). 


Tuesday, April 30 


INSTITUTION OF CHEMICAL ca ae TY (at the May Fair Hotel. 
Berkeley Street, London, W.1), at 11 a.m.—Thirty-fifth Annu 
Corporate Meeting. 12 ‘noon—President’s Address—“Petroleum and 
the Chemical Engineer”. 

PLAsSTIOS INSTITUTE (at the Liege of Electrical Engineers, 
Savoy Place, London, W.C.2), at 6.30 p.m.—Sir John Dean: ‘“‘Thermo- 
plastics in the Submarine-Cable ep pan (Eighth Annual Lecture). 

ROYAL AERRONAUTICAL Sooiety (at 4 Hamilton Place, London, 
W.1), at 7 p.m.—Mr. F. P. Youens: “The Purpose and Problems of 
Research Aircraft” 

SOCIETY OF eee TECHNOLOGY (at Manson House, Portland 
Place, London, W.1), at 7 p.m.—Dr. L. A. Sayce: “The Preparation 
and Industrial Sedition of Diffraction Gratings”. 


‘Tuesday, April 30—Thursday, May 2 


INSTITUTION OF MEOHANIOAL ENGINEERS fat 1 Birdcage Walk, 
Westminster, London, 8.W.1)—-Conference on “Properties of Materials 
at High Rates of Strain”. 


Wednesday, May | 
GEOLOGIOAL SoctETY OF LONDON (at Burlingt on noss; Piccadilly, 
London, W.1), at 8 p.m,—-Annual General g» 


PHYSIOAL Soomry, COLOUR GROUP (in the a Physics Theatro; 
Road, London, 8.W.7), a 


3.80 p.m,—Mr, M. “Colorimetry and Colour Pel Bee 
a applied to Natural epoca ;_Mr. F.J.J. Clarke: ‘Properties 
xtra-foveal Vision” 3. McCree: “Effects of 


fixation on Colour Mate tohing” 

ROYAL STATISTICAL Soorery (at the gondon, School of Hygiene 
and Tropical Medicine, Keppel Street, London, W.0.1), at 5.15 p.m. — 
Dr. F, Yates, Mr. „ Healy and Mr.S. Lipton: ‘Routine Analysis 
of Repheated Experiments on an Electronic Computer”. 

INSTITUTE OF FUEL (at the Tristitation of Civil Engineers, Great 
George Street, London, 8.W.1), at o por m.—Prof. Carlo Padovani 
(Milan) : “Fuel Uses and Fuel ES n Italy”,* 

INSTITUTE OF fac ar (at 26 Portland Place, London, W.1), 
at 6.30 p.m.—Dr. A. R., Lee, Mr. J. H. Nicholas and Mr. P. C. Leaver : 
“The Properties and Use of Bitumen in Road Making”. ` 


SOCIETY FoR ANALYTICAL CHEMISTRY (at the Chemical Society, 
Burlington House, Piccadilly, London, W.1), at 6.80 p.m.—Meeting on 
“The Estimation of Antibiotic ‘Residues in Food”. 


Thursday, May2 ` i 


PHYSICAL SOOWTY, OPTIOAL GROUP (in the Physics Department, 
Imperial rege ta , Imperial Institute Road, London, 8.W.7), at 2.80 m 

—Mr. “Thin Films for Infra-Red Reflectors” ; 

C. E. Arreager! Home Special Applications of Thin Films” ; Mr. L 
Holland: ‘‘Thin Their Durability and Protection”. 

moe SOCIETY D Burlington House, Piccadilly, London, W.1), at 
3 p.m.— Discussion on ‘Geophysical Investigations on the Floor of 
the Atlantic Ocean in Discovery II, 1956” , opened by Sir Edward 
Bullard, F.R.S. 

PHYSICAL SOCIETY, Low TEMPERATURE GROUP (at the Royal 
School of Mines, South Kensington, London, S.W.7), at 4 p.m— 
Dr. R. G. Chambers : “Oyclotron Resonance in Me 

INSTITUTE OF REFRIGERATION (at the Junior Institution of 
Engineers, sours House, 14 Rochester Row, Westminster, London, 
8.W.1), at 5.30 p.m. ~Ar, - o Murdoch: “The Detection of 
Refrigerant Leaks”, 

POLARGGRAPHIO Soorery (at the “Duke of York”, 8 Dering Street, 
Mayfair, London, W.1), at 7 p.m.—Informal Discussion Meeting. 


Friday, May 3 


LINNEAN SOOTY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 11.15 a. mM. Symposium on “Cyto-taxonomy”., 


NATURE 


teady 
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SOOIETY or CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (in the 
Chemistry Lecture Thestre, King’s College, Strand, London, W.C.2), 
at 7 p.m.—Annual General’ Meeting. 7.30 p.m,—Dr. J. Idris Jones : 
ine Kolbe and Related Reactions of Carbon Dioxide”. 


- APPOINTMENTS VACANT ` 


APPLICATIONS are invited for the followmg appointments on or 
before the dates mentioned : 


RESHARCH WORKER TO ASSIST IN THE BIOLOGICAL CHEMISTRY 


DEPARTMENT On tao: ation and physiology of autotrophic nitrifying 
bacteria—Prof. W. Kermack, Marischal College, The University, 
Aberdeen (May 1). 


"ASSISTANT EXPRRIMENTAL OFFICER (with a degree m mathematics, 
science .or equivalent cualification, for example, H.N.C., and prefer- 
ably some knowledge of biochemistry, biophysics or immunology) 
IN THE EXPERIMENTAL PATHOLOGY DEPARTMENT, to work on electro- 
p horel he i ay Nae Institute of Animal Physiology, Babraham, 

Am! e ( 

yer (MAy IN AGRICULTURAL CHEMISTRY—The Secretary of Uni- 
versity Court, The University, Glasgow (May 4). 

ASSISTANT IN PARASITOLOGY in the Department of Zoology—The 
Secretary, The Univeräty, Edinburgh (May 4). 

SENIOR LEOTURER (with high pce Ma qualifications and able tò 
teach to special (honours) degree standard) IN MATHEMATICS; & 
LEOTURER (with a spesial knowledge of nuclear physics, or alterna- 
tively, some branch of shen or telecommunications) IN PHYSICS ; 
an ASSISTANT, Grade B (with a special mathematics or a general 
honours degrée inclading pure and applied mathematics, or an 
engineering honours ies pie including mathematics) IN TIOS; 
and an ASSISTANT (Grade B) IN Puysics—The Clerk to the Governors, 
Woolwich Polytechnic, London, 8.E.18 (May 4). 

ASSISTANT LEOTURER (honours graduate in chemistry or agri- 
cultural chemistry) IN CHEaisTRY—The istrar, Wye College 
(University, ot Londor), near Ashford, Kent (May 6). 

CHAIR 0) RIOULTURAL CHEMISTRY at the University of Khare 
toum The. Friem Inter-University Council for Higher Education 
Overseas, 29 Woburn. Square, London, W.C.1 (May 10). 

Assistant LEOTURLR or LECTURER IN PHysics—The Registrar, 
the e University, “Sheffield (May 11). 

BLBAOHERS’ ASSOCIATION L&D. FELLOW (with a leaning towards 
physical or S ohyeicarorganie chemistry) IN THE DB5PARTMENT OF 
TEXTILE INDUSTRIES, Tor recareh on cellulosic fibres—The Registrar, 
The University, Leeds 2 (Ma 

LEOTURER (preferably with Uien qualifications) IN THE DEPART- 
MENT OF PHARMACOLCGY, Welsh National School of Medicine (Uni- 
versity of Taare Secretary, Welsh National School of Medicine, 
34 Newport Road, Cardiff (May 11). 

LECTURER (with a special i interest in heavy current work 
ELECTRICAL ENGINEERING—-The Registrar, The University, She ed 


SOIENTIFIO OFFIOE (male, with a degree in chemistry, preferably 
with qualifications in bacteriology) IN THE DOMINION LABORATORY, 
Department of Sciertific and Industrial Research, New Zealand, 
for utie which involve the analysis of foods, drugs , milks go waters 

Commissioner for New Zealand 416° S London, 
W. 02, mentioning Nature and quoting Ref. No. sjeas Gay We 

SENIOR LECTURER, LECTURER or ASSISTANT 

eth or Paysios—The Registrar, The University, Manchester 
y 1 

ASSISTANT LEOTURIR (with Eon honours degree in zoology) IN THR 
BIOLOGY DEPARTMENT-—The Dean, KAA Hospital Medical School, 
London Bridge, London, S.E.1 (Ma: 

LEOTURER IN THE Parggoloay ca Yovoarton—The Registrar, - 
The University, Leecs 2 (May 1 

LROTURER or ASSISTANT Teoria (preferably person wishing to 
~ undertake Ne telat es in some aspect of polymer science) N CHEMISTRY 
—The Registrar, The’ University, nchester (May 13). 

AGRONOMIST (with a good degree in science or agriculture and 
preferabl: sevoral Aire postgraduate experience on tropical tree 
crops) with the tern Region Production Deveopmen: Peter 
Di eria, to maintain liaison with research organizations, and 

forts out sundry experiments with a view to translating ie 
to Nigerian conditiors—-Ihe London Representative, Western Region 
Production Development Board, 18 Grosvenor Gardens, London, 
5.W.1 (May 15). 

ASSISTANT IN DEPARTMENT OF MORAL PHILOSOPHY—The 
Secretary, The ‘University, Edinburgh (May 15). 

ASSISTANT LEOTURER IN MORAL taora AND HISTORY OF 
PHILosoPpHy-—-The Seretary, The Queen’s University, Belfast (May 15). 

LABORATORY 'TECAINIOIAN (PHYSIOS AND CHEMISTRY); and a 
LABORATORY TECHNICIAN (BOTANY AND ZOOLOGY) at Fourah Bay 
` College, Sierra Leona Leh eter of Durham)—Advisory Committee 
on/Colonial Colleges, 1 Woburn Square, London, W.C.1 (May 15). 

LEOTURER (Grade II, with-research interests In paramagnetic 
resonance and nuclear resonance) IN THE DEPARTMENT OF PHYSIOS ; 
and a RESHAROH ASSOCIATE IN THE DEPARTMENT'S LOW TEMPERATURE 
Group—The hots hin The University, Bristol (May 1 

LECTURER IN EDJCATION at the University College of ‘Rhodesia 
and Nyasaland—Th3 Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1 (May 15), 

LECTURER IN ELROTRONIOS IN THE DEPARTMENT OF NATURAL 
PaitosopHy-—~The Secretary, The University, Aberdeen (May 15). 

LEOTURER (with a good sd honours degreo in physics or chemistry 
and gees of teac: hing both subjects in a 4 Fanon IN EDUOATION 

—The Registrar, The University, Liverpool (Ma: 

ASSISTANT KSErER, Grade II, IN THE Daplananies OF TEOR- 
NOLOGY, for dutiex which include the supervision of engineering 
workshops and the hora i and setting up of technological ex- 
hibits—The Direct oyal Scottish Museum, Chambers Street, 
Edinburgh 1 (Ma; 

reilly O-n a university honours degree with a geo- 
logical background, and preferably special training or subsequent 
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experience in geomorphology) IN THE DIVISION oF’ LAND RESEARCH 
AND REGIONAL Survey, Commonwealth Scientific and Industrial 
Research Organization, to be a member of a scientific unit conducting 
potentiahty surveys of undeveloped regions—Chief Scientific Liaison 
Officer, Australian Scientific Liaison Office, Africa House, Kingsway, 
London, W.C.2 (May 18). 

LECTURER IN ORGANIC CHEMISTRY and a LEOTURER IN PHYSICAL 
rahe Secretary, Birkbeck College, Malet Street, London,, 

y 1 

STUDENT IN THE DEPARTMENT OF CHEMISTRY, for research on the 
kinetics of gaseous oxidation reactions—The Registrar, The Univer- 
sity, Hull (May 18). 

CHAIR OF PHYSICAL CHEMISTRY in the University of Khartoum— 
The Secretary, Inter-University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1 (May 21). 

READER IN ANATOMY at the London Hospital Medical College— 
The Academic Registrar, University of, London,- Senate House, 
London, W.C.1 (May 27). 

READER IN GEOGRAPHY at Birkbeck College—The Academic Regis- 
trar, University of London, Senate House, London, W.C.1 (May 29). 

RESEARCH FELLOW (ORGANIC CHEMIST), and a SENIOR RESEARCH 


FELLOW or a RESEARCH FELLOW (PHYSIOAL- ORGANIO CHEMIST, with, - 


special experience 1n n spectroscopy) IN THE DEPARTMENT OF MEDICAL 
CHEMISTRY, John Cur School of Medical Research, Australlan 
National University. The Recre Association of Universities of 
the British Commonwealth, 88 ordon Square, London, WC 


Australia, May 31). 

EOTURERS (2) IN PHysics at Auckland University College 
(Cniversity of New Zealand)—The Secre , Association of Univer- 
sities of the British Commonwealth, 86 ordon Square, London, 
W.C.1 (New Zealand, May 31). 

ARCH STUDENTS (with the degree of Bachelor or Master of a 
British University, other than Manchester) IN SorsNox——The Registrar, 
The Universi Mancheater (July 1). 

ASSISTANT ( rade B) IN METALLURGY—The Principal, Nottingham 

and District Technical College, Shakespeare Street, Nottingham. 
ASSISTANT LECTURER IN GEOGRAPHY ; and an ASSISTANT LECTURER 
or LECTURER IN PURE AND/OR APPLIED MATHEMATIOS—The Secre- 
tary of of the Trustees, Magee University College, Londonderry, Northern 


ns noi ENTOMOLOGIST to assist Dr. H. Barnes in the De- 
partment of Entomology-—-The Secretary, mothe Experimental 
Station, Harpenden, Herts 

LECTURER IN AGRİOUITURATL CHEMISTRY ; & LECTURER IN BOTANY ; 
and a LECTURER IN ARM MECHANIZATION-- he Cle Clerk to the Governors, 
Essex Institute ay "Agriculture Writtle, Chelmsi 

LECTURER IN PETROLOGY-KIINERALOGY ; and. a LECTURER IN 
fa UOrURI parte Growes ane Dean, College of Arta and 


Science, Baghdad Trag 
LEOTURER (wi “good honours degree) IN CHEMIsTRY—The 
Acting I beg Schoo of Technology, Tower*Ramparts, Ipswich. 
S LABORATORY TEOHNIOIAN to ‘assist in measurements in 
tae a © application of radioactive materials to medical problems—The 
, Leicester Royal Infirmary, Leicester. 
Purstors? (with a first- or second-class honours ape or equivalent 
in phystes) with the Ministry of Supply at the R. edford, to 
team engaged on žescardh and levelo opment of radio, radar and 
electronic guidance-systems used in manual and automatic approach 
and landing of aircraft in all weather conditions—The Ministry of 
Labour and National Service, Technical and Scientific Register (K), 
26 King Street, London, S. w.i, quoting A.116/7A. 

PHYSIOLOGIST (medical or non-medical honours uate) with 
~the Medical Research Council at the Poliomyelitis Centre, Hendon 
Isolation Hospital, Goldsmith a N.W.9, for work on respiratory 
muscle and joint gesting—Dr. A. B. Kinnier Wilson, Royal National 

Orthopedic Hospital, Stanmore, Middlesex. 

BESEARCH ASSOCIATES IN EXPERIMENTAL AND THEORETIOAL 
PHYSICS IN THE MOLECULAR EXCITATION GROUP, Department of 
Physics—Dr, R. W. Nicholls, Department of Physics, University of 
Western Ontario, London, Ontar gda. 

SOrRNOE MASTER at Slade Sarao "Warwick “Queensland, Australia, 
to teach to advanced Jevel—Roper, 8 8 Batcliffe Mount, Leeds 6 

ToxIcoLoaist (with an M.D. or Ph. D., and several years pea en 

in pharmacology and physiology) with the Defence Research Board, 
Canada, to head a toxicology and biochemistry group in a defence 
laboratory in Kingston, Ontario, conducting research on the mode 
of action of poisons such as anticholinesterases; and a RADIOBIO- 
LOGIST (with an M.D. or Ph.D. in physiology and several years research 
experience on the effects of ionizing radiation) to head a radiobiology 

oup in a defence laboratory in Ontarro-—-Defence Research Member, 

anadian Joint Staff, Moncorvo House, 66 Ennismore Gardens, 
London, S.W.7. 


REPORTS and other PUBLICATIONS © 


(not included in the monthly Books Supplement), 


Great Britain and Ireland 


Oxford. Thirty- 
: Imperial Foremry 


Looking at Birds: an an ee: Photographs by Eric Hosking, 
(Exhibition presented by the British Trust for Ornithology : the Royal 


The Imperial fmi Institute, bagel o: 
; Pp- 2 . (Oxford 
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soe for the PE ta of Birds ; and the Wildfowl Trust, in collabo - 
ration wi Limited.) Pp. 24. (Ruislip : Kodak, Limi wa 


1957.) 22. [ 
Technology, No. 1, Vol. 1 ch 1957). (The Monthly Review of 
Training and Education for Industry.) Pp. 40. 1s. Annual postal 
subscription: Inland, 16s.; Abroad, 143. (London ! The Times 
Publishing Company, ‘Ltd.,'1957.) ps 
Philosophical ctions of the Royal Sootety or Langon. Serles 
Biologi: Sciences. No. 672, Vol. 240 (28 February, 1957): An 
Experimental Attempt to Determine the Site of the Neurohypophysial 
Osmoreceptors in the Dog. By P. A. Jewell and E. B. Pp. 
bi et eta 9-18. (London: Royal Society, 1987) Si. [33 
Insulation (Industrial Buildings) Bil, Pp. 8. Condon : : 
He Stationery Office, 1957.) 6d. net. [143 
Ministry of Agriculture, Fisheries and Food. Bulletin No. 81: Peas 


Pp. 0S plates. (London: H.M. Stationery Offce, 10503 
8. net. 
Siemens Brothers and Co., Ltd. Engineering Bulletin, No. 276: 


An Outline of the Traffic ects of a Tel ephone vatem. ‘By. D. Bear. 
Pp. 9. (London; Siemens Brothers and Co., Lid., 1957.) [143 
Ministry of Agriculture Fishenes and Food. Technical Bulletin 
A 0.2: Laboratory Methods for Work with Plant and Soil Nematodes. 
y Dr. J. Basil Goodey. r iv TAT TS plates. (London: H.M. 
Stationery one 1957.) 38. 6d. net. {1485 
gricultural Research ch Council. Trainin Grants, Studentships} and 
Fellowships offered in 1057. Pp. 15.. (London: ‘Agricultural Research 
Council, 1957.) 143 
The Royal Society : Information Services Committee. Fair Copying 
Declaration and List of Publishing Organizations Subscribmg to It. 
Third edition. . 15. (London: yal Society, 1957. (148 
Transactions of the Royal Society of Edmburgh. Vol. 63, Part 1— 
oe Communities or the pra and Western Coasts 


Statement of Accounts for the year ended 30th “September, 1950 
18. (London: National Institui 

Department of Scientific and Industrial Research, Food In 
tion Special Report No. No. 63: Studies on Beef Quality, Parts 1-3, ` By 
A. Howard and Dr. R. A. Lawrie. Pp. vi+79. (London: HN 
Stationery Office, 1956.) 6s. net. {14 


Other Countries 


Institut Royal des Sciences Naturelles de Be ique. Exploration 
Py srobiotaians du Eac Tanganika (1946-1947). Résultats Scien- 
ti . Vol. 4, Fascicule 3; Organismes Trouvés ‘dans les Carottes de 
Sondages et les Vases Prélevées au Fond du Lac Tanganika, Par 
Hubert Kufferath. Pp. 74+7 planches. Expédition Océanographique 
Belge dans les Eaux Cotières Africaines dè: l'Atlantique Sud T1948- 
1949). Résultats Scientifiques. Vol. 5, Fascicule 1 : Algues et Protistes 
du Dieuve Congo dans le Bas-Congo et de Son Estumre. Par Hubert 
Knufferath. Pp. 75. (Bruxelles : Institut Royal des Sciences Naturelles 
de Belgique, 1956.) 43 
Deutscher Wetterdienst. Mittlere Niederschlagssummen (mm) J: 
Zeitraum: 1891-1930. Entwurf: Dipl.-Met. H. Schirmer, (Bad 
Kıssıngen : Deutscher Wetterdienst, 1956.) {43 
Institut des Parcs Nationaux du Congo o Belge. Exploration du Pare 
e Witte, en collaboration avec 


National de l"Upemba. Mission G. F. 
W. Adam, A. Janssens, L. Van Meel et R. Verheyen (1946-1949). 
Fascicule 40: Platynotini, Iatoborini, Lognsint (Coleop tar a Polyphaga, 
Fam. Tenebrionidae I); By Cario Pp. 4724385 plates. 
(Bruxelles; Institut des Parcs Jaan to mgo 2, [g3 
The Open Universities in South Africa. (Publis ed on behalf of 
Conference of Representatives of the University of Cape Town and the 
Universit; y of the Witwatersrand, Johannesburg, held 1n Cape Town on 
9, 10, and 11 January, 1957.) Pp. vili+47. (Johannesburg: Wit- 
watersrand University Press, 1957.) 8 
CzechoslovaktAcademy of Science; Astronomical Institute. Publica- 
tion No. 80 On the Origin and Early Stages of the Meteor Streams 
By Miroslav Plavec. Pp. 94. 12 Kčs. Publication Ho. 31: Results of 
Observations of the Solar Eclipse on June 80,1954. Pp. 1834+11 plates. 
16 Kčs. Publication No. 32: Physical Conditi cnn Chromospheric 
Flares. By Zdenek Svestka. Pp. 90. 10 Kčs. (Prague: Czechoslovak” 
Academy of Science, 1957.) [143 
Deutscher Wetterdienst: Seewetteramt. Einzelverðfentlichungen 
Nr. 12: Sturmwetterlagen bei Island 1950-1954. 1: Synoptischer 
Tell. so Statistischer Tei]. Bearbeltet von Dr. H. O. Mertins. 
vili+ (Hamburg : Deutscher | Wetterdienst : Seewetterant, 


DE 3.50 D.M. 

East African High Commission. Wast African Virus Research 
Institute ort, July, 1955—June, 1956. Pp. 1+52. (Nairobi: 
Government Printer, 1956.) 43 

International Nickel Compan: Ae Canada, Ltd. Annual Report, 
1966. Pp. 32. sCopper oum, Oni 


io: International Nickel Company 


of Cana 148 
Unıted states. De ang of Agriculture. PA No. 301: The 
Mediterranean Fruit : Methods of Eradication. Pp. 8. (Washing- 


ton, D.C.: pad Printing Office, 1956.) pas 
Durban Museum and Art Gallery. Annual Report for the Municipal 
Year 1955-1956. Pp. 19. Durban Museum Novitates. Vol. 4. Parts 
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RESEARCH, DEVELOPMENT AND DEFENCE IN BRITAIN 


r title and in content the recent White Paper on _ 
Defence* departs from the pattern of those issued _ 


over the past twenty years. It is shorter and it bears 
the stamp of the mind of the new Minister of Defence 
in his enhanced powers, and it offers a concise 
‘outline of the broad policy which the Government 
proposes to ‘pursue. In this indeed it resembles 
the Statement on Defence, 1955; but whereas that 
Statement, after enunciating the Government’s 
acceptance of deterrence as the keystone of its defence 
policy and the consequent order of priorities laid 
down, analysed in some detail the programmes of 
the Services and related matters, the White Paper is 
concerned with no more than the broad lines of 
policy and some of the implications. It.does not 
attempt to work out those implications in detail, 
and its importance is rather as a challenge to the 
new attitudes and the fresh eee which the new 
policy demands. 
The last two White Papers went some way to meet 


the new situation which the rapid advances in. 


military technology, and especially the advent of 
thermonuclear weapons in recent years, have made 
possible. In his Lees Knowles Lectures on Military 
Science last yeart, Prof. P. M. S. Blackett suggests 
that the analysis in the 1956 Statement on Defence 
did not go far enough; although it recognized then 
that the claims of defence research must be balanced 
against the competing claims on the limited resources 
of scientific man-power in Britain, quite apart from 
the effect of the size of the Services themselves on 
the man-power available for civil industry. Now it is 
frankly admitted that such scientific advances must 
fundamentally alter the whole basis of military 
planning, though it may be doubted whether the 
future picture is yet sufficiently clear to enable a 
comprehensive re-shaping of policy to be undertaken 
with even the degree of confidence that either the 
latest White Paper or Prof. Blackett suggests. f 

At least the attempt had to be made, and that 


would be sufficient reason for giving special attention’ 


to the present White Paper on Defence. There are, 
however, at least two other general reasons. First, 
there is frank admission that the dependence of 
Britain’s influence in the world depends first and 
foremost upon the health of her internal economy 
and the success of her export trade. Hence the 
claims of military expenditure must be considered in 
conjunction with the need to maintain the country’s 
financial and economic strength. Second, there is the 
equally frank recognition that there is at present no 
means of providing protection for the people of 
Britain against the consequences of an attack with 
nuclear weapons. 

* Defence: ;Outline of Future Policy. +10. (Cmnd. 124.) 
(London: H.M. Stationery Office, 1957.) 9d. ‘net. 


‘West Relations, By Prof. P. M. S. 


+ Atomic ‘Weapons and East- 
Blackett. Pp. vi+-107. (London: Cambridge University Press.) 


8s. 6d. net. 


It is the official recognition of this position for the 
first time that has so startled Western opinion, the 
more 80 since the White Paper goes on to work out 
the implications im policy of the consequent over- 
riding consideration in all military planning, namely, 
to prevent war rataer than to prepare for it; it also 
emphasizes the view that, pending international 
agreement, the only existing safeguard against major 
aggression is the power to threaten retaliation with 
nuclear weapons, a power for which the free world 
depends to-day in she main upon the nuclear capacity 
of the United States. Britain cannot by comparison 
make more than s modest contribution, though the 
White Paper claims a wide measure of agreement 
that Britain should possess an appreciable element 
of nuclear deterrent power. _ 

Over the past five years defence has on an average 
absorbed 10 per cent of Britain’s gross national 
product. Even a+ the level of the 8-2 per cent of 
last year’s estimates, this figure was roughly double 
that of any Weszern European nation except the 
Netherlands (5-1 rer cent) and France (7-5 per cent). 
Some 7:per cent of the working population of Britain 
are in the Services or supporting them, and one- 
eighth of the output of ‘the metal-using industries, 
upon which the export trade largely depends, is 
devoted to defence. The White Paper admits that 
an undue proportion of qualified scientists and 
engineers are engaged on military work, and in 
addition the heavy charges arising out of the retention 
of large forces abroad place a severe strain on the 
balance of payments. 

The White Paper, which might perhaps have 
emphasized that economic needs in their turn have 
to be balanced against defence needs, points out that 
there are real ovezseas interests to be defended, and 
that no effective or economical defence plan is 
possible without a clear understanding of the military 
responsibilities to 3e discharged. Equally, there must 
be a measure of stability, though flexibility is essential 
in view both of the rapid progress of scientific 
development and zhe fluctuations in the international 
situation. Frequant changes in defence policy are 


_wasteful and distcrbing ; and when the White Paper 


calls for an attenzpt to establish a broad framework 
within which long-term planning can proceed, its 
meaning is unmistakable—there 1s no room under 
present conditions for party politics in defence. It 
will require the Lest efforts of both major political 
parties to hamme? out in goodwill that broad frame- 
work and provide the stability and continuity needed 
as counterpoise to the flexibility demanded by 
scientific advance and international change. 
There is a further point emphasized, the implica- 
tions of which also require to be worked out much 
more fully in othər fields than that of defence. No 
country can now protect itself in isolation. The 
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defence of. ‘Britam is Sebi: only ‘as part of the 
collective defence of the free world, a conception 
which is already the basis of the North Atlantic, 
South-East Asia and Bagdad alliances. The tendency, 
however, is towards the creation of integrated allied 
forces, -and hence the importance both that each 
member ‘nation should play its fair part in the joint 


effort and that it should also be prepared to con- 


tribute national forces, not necessarily by themselves 
self-sufficient and balanced in all respects, but con- 

_stituting an efficient part of a unit which is balanced 
and. operationally efficient. Britain has unquestion- 
ably been bearmg a disproportionately large share of 
the total burden of Western defence, and it will be 
no simple task to reduce that contribution in agree- 
ment with her partners without adversely affecting 
the balance and officiency of the whole. 

Tt follows from the dependence of peace so largely 
upon the deterrent fear of nuclear retaliation that 
defence of the bomber airfields is essential. This 
defence is regarded as a feasible task for which a 
manned fighter force, to be progressively equipped 
with air-to-air guided missiles, will be maintained, to 
be replaced in due course by a ground-to-air guided- 
missile system. This in ‘itself must markedly affect 

_ Tesearch and development. The recent agreement in 
principle for the supply of American rockets should 
offer savings in both’ time and money, and permit 
work to be concentrated upon more advanced types ; 
while the close co-operation with the United States 
-n research on-guided missiles and ballistic rockets is 
to be further developed. The decision, in view. of the 
` high performance and potentialities of the Vulcan 
and Victor medium bombers and the probable pro- 
gress of ballistic rockets and missile defence, not to 
proceed with the development of a supersonic 
manned bomber should also offer savings in technical 
man-power, as should the stoppage of work on new 
patterns of fighter aircraft. The closer co-operation 
on research and development contemplated within 
the framework of the Western European Union may 
also offer valuable savings in this way; but the 
increased emphasis to be placed~on the development 
of nuclear propulsion for maritime purposes may well 
make big deniands on technical man-power and 
resources. However, the general effect on’ the 
scientific and technical man-power situation of a 
defence plan involving much the biggest change in 
military policy made in normal times cannot be 
judged from the outline given in the present White 
Paper, when its implications are still being worked 
out in detail by the Services. 

Something of the order of the change can be seen 
from the figures ‘given. It is expected the Armed 
Forces will be stabilized on an all-regular footing with 
a combined strength of about 375,000 by the end of 
1962 as compared with the present 690,000.. With 


this reduced demand on man-power and emphasis on ... 


highly trained mobile, forces, ıb is possible to con- 
template the abolition of National Service, with its 
uneconomic use of man-power. It is not overlooked 
that a proper balance must be maintained in the 
-composition of the forces, and replacement of the 
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craton and skilled men Wie: ‘are now called up 
after deferment constitutes a special problem. With 
the continuous development of modern equipment, 

skilled tradesmen are increasingly important; but 
the recruitment of an adequate proportion of these 
and of scientists and technologists is essentially a 
part of the problem of the efficient use of trained 
man-power which confronts other sections of the | 
national life such as industry and the universities. It 


would appear that to some extent this is alr~dy: 
, engaging the attention of the Services; ‘k.« the 


problem well merits inquiry on ‘a broader basis and 
could repay attention both in civil life and in the 
Services. Indeed, the expansion ‘of technical and 
technological education cannot be wisely or efficiently 
planned without much more fundamental examina- 
tion than this question has yet received. 

The White Paper estimates the net total defence 


expenditure for 1957—58 at £1,420 million, compared 


with the £1,700 million required by the programme 
a year ago, but does not attempt to forecast the level 
of expenditure in later years. No decline is expected, 
however, in any way comparable with that in the 
man-power strength of the Forces. Nevertheless, 
when fully implemented, the new plan should 
appreciably reduce the burden on the economy and 
release skilled men, including many scientists and 
technicians much needéd for employment in civilian 
industry. ‘The benefits aceruing, however, will depend 
both on the soundness of the judgments made in 
selecting the projects to be scrapped and the weapons 
on which reliance is to be placed, and on the extent to’ 


` which the implications of the changes are understood 
_ by the nation and its way of life modified accordingly. 


On the first point, it is difficult for anyone outside 
a relatively small circle of Cabinet Ministers and 
Chiefs of Staff to suggest particular directions for 
expansion or contraction; but Prof. Blackett’s 
warning as to the danger of emotional military 
thinking leading to grossly’ inefficient use of limited 
scientific resources is highly pertinent, and perhaps’ 
especially so m regard to the Royal Navy, which is 
to be reduced to about half its present size. As the 
White Paper points out, the role of naval forces m 
total war is uncertam, and it cannot be asserted that 
it will necessarily be fatal for Britain to have a naval 
force quite inadequate to the defence even of the 
Western Approaches against submarines; ıb could 
equally well represent a realistic use of available 
resources in the face of new conditions. If, however, 
this great break with tradition is to be accepted, 
there must be confidence that the safeguarding of sea 
routes has been faced; that the immense expense of 
the aircraft carrier has been accepted as a reasonable 
premium to pay for the additional safeguard of 
mobility ; that the risks are calculated and not due to 
the emotional thinking to which Prof. Blackett refers. 

It is important, therefore, that all this should be 
understood. Accordingly, not only is it desirable to 
curtail the area of secrecy to the minimum, but also 
that positive steps should ‘be taken to encourage 
informed public discussion and understanding of 
defence policy and measures. The White Paper 1s 
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, only the first step towards such discussion, in ‘quia 
it is essential, that there should be brought out 
clearly not „merely -the implications of the naval 
issues but equally the extent to which the policy 
how proposed binds Britain to the United States and 
to the North Atlantic Treaty powers, the need to 
develop to the full the economic strength of the country 
as a corollary to this reduction in the defence effort, 
and the place of science in both the economic and 
defence effort of Britain. 

To offset Britain’s diminished military strength, 
the most must be made of the economie, scientific 
and technological strength of the country. Prof. 
Blackett made some important points in this respect 
in his Lees Knowles Lectures. Arguing that defence 
policy must be framed on the assumption of nuclear 
parity between East and West, he suggests that we 


have also to recognize parity rather than superiority - 


in the relation between West and East in technology. 
We have indeed to give close attention to the expan- 
sion and content of technological education, unless the 
Westis to find itself technologically inferior to the East. 

This means, too, that we must use in the most 
efficient possible manner the relatively few scientists 
and engineers that we have, whether they are working 
on military or on industrial problems. The right 
selection of the really important problems in defence 


technology and in industry is vitally important: in. 


neither field can we afford to waste scientific resources 
on outdated problems. This is one reason why the 
new defence policy, should include not merely a fresh 
‘ look at the Defence Research Policy Committee but 
also at the whole of the nation’s organization for 
scientific research and development. It is important 
that responsible opinion should be satisfied that the 
Defence Research Policy Committee is functioning 
effectively, and that neither in defence research, in 
nuclear energy nor in any other field is Britain’s 
scientific and technical effort seriously out of balance. 

Changes which may well be required here cannot 
be planned and executed without the firm and con- 
tinuing support of a large body of public opinion, 
such as is equally required to support and implement 
the new defence policy ; and also such expansion in 
technical and technological education as the Govern- 
‘ment has already announced. They are, moreover, 
changes which take a period of years to effect, and, 
as Prof. Blackett has remarked, mistakes in educa- 
tional policy may take decades to rectify. Here is a 
further reason both for a determined attempt to 
explain the new defence policy and its implications 
to the public, not only to enlist informed professional 
opinion in the discussion of particular scientific or 
technical issues and their treatment, but no less to 
explain the importance of putting the resources m 
finance, in materials and in man-power into the 
building up of Britain’s economic strength. If this 1s 
to be done as urgently and decisively as is required, 
there is no room for party politics: The new.defence 
policy can only be’made effective, the right priorities 
selected and dangerous errors avoided if it receives 
the support of widespread public understanding and 
unprejudiced and informed criticism and discussion. 
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THE PHILOSOPHERS’ STONE 


ee 
By E. J. Holmyard. (Pelican Book No. ` A.348.) 
Pp. 281+36 plates. (Harmondsworth, .Mddx. : 


Penguin Books, Ltd., 1957.) 3a. 6d. 


LTHOUGH shere are several older histories of 
alchemy thase are generally unsatisfactory. 


.Some were writen by enthusiasts with no real 


knowledge of the subject, and others, by competent 
authors, are now out of date. In recent years there 
has been an accu-nulation of new information, espe- 
cially in the field of Muslim alchemy, in the study 
of which the author of the present book has taken 
a distinguished part. As a result, such otherwise 
competent studies as those of Berthelot and Lippmann ' 
are no longer accepteble. A more careful study of 
Greek alchemical works has shown that these are 
very littlé, if as all, concerned with magic, and 
although this fact was clearly pointed out for the - 
whole field of alchemy by Figuier in 1860 and has 
been mentioned -by many since (including the 
reviewer), it does not seem to have been appreciated 
until it was emphasized by the late F. Sherwood 
Taylor in Ins book “The Alchemists” in 1951. 
Dr. Holmyard hss underlined it. 

Another part o? the subject which has been studied 
recently is Chinese alchemy. Some enthusiastic 
sinologists believ2 that this is about two centuries 
earlier than Greek alchemy, the texts of which go 
back to the earlier centuries of the Christian era. 


-On the other side, we have specialists such as Well- 


mann maintaining that Greek alchemy can be traced 
back to (unknown) Neopythagorean sources earlier 
than the Chinese. Dr. Holmyard gives a fair and- 
accurate account of the position, but a fuller account 
of the content of Greek alchemy would have been 
desirable, since this is the source of all later forms, 
and some enthusiastic sinologists, in claiming that 
Chinese alchemy is quite different from'Greek, show 
æ marked lack of knowledge of the latter. Dr. 
Holmyard’s acccunt of Greek alchemy should be 
supplemented by that in Dr. Taylor’s book just 
mentioned, which in turn: is delectiveı in its account 
of the alchemy af Islam. 

Dr. Holmyard’s account of Muslim alchemy is, as 
would be expected, very full and informative, taking 
account of the letest researches of Kraus and other 
specialists in this field, It is rather conservative, 
since the studies of Kraus seem to indicate that we 
shall have to resognize both a Jabir and at least 
three pseudo-Jakirs, while Dr. Holmyard does not 


“proceed so far im the subdivisions. Both in this 


chapter’ and the succeeding one dealing with the 
transmission of slchemy from Islam to Europe the 
information is much sounder and more modern than 
in other books. A knowledge of alchemy came to 
the West from the Arabs and was erroneously thought 
to have originated with them; it was really much 
older and came irom Alexandria. 

The later chepters deal with symbolism, with 


_ Paracelsus, som> English, Scottish and French 
alchemists, and some accounts of alleged transmuta- 


tions. Here again, much modern research is included. 
Van Helmont is mentioned only once in passing, 
perhaps because he represents the transition from 


- alchemy to the keginning of modern chemistry with 


Boyle. - 
Dr. Holmyard’s book is written in a very readable 
and distinguishec. style, quotations from the originals 


884 
being freely given, and it contains a number of, clear 
and very interesting plates. It ends with a short 
glossary and two indexes. It is deseribed on the 
cover as “‘the story of the fascination of gold and the 
attempts of chemists, mystics, and charlatans to find 
the Philosophers’ Stone”. It tells this story in a 
masterly way and it can be warmly recommended to 
specialists, who will find no faults in it; to chemists, 
who will gather from it the origins of their science ; 
and to readers with little knowledge of alchemy. or 
chemistry, who will be both instructed and enter- 
tamed. It makes clear the fascination which alchemy 
exerted over so many centuries, and points out the 
very different course of development of chemistry as 
compared with other sciences such as physics or 
biology. The book is very well produced and is 
very good value for money. J. R. PARTINGTON 


BATTISTA GRASSI: CENTENARY 
CELEBRATION : ; 


Symposia Genetica Volume 4: in Onore di Battista 
Grassi nel Centenario della sua Nascita 

Pp. x+511. (Pavia: 

A.R.L., 1956.) 8500 lire; 13.50 dollars. 


die celebration of the centenary of Battista 
Grassi’s birth in Symposia Genetica is an indica- 
tion of the broad conception of the functions of this 
publication. Indeed, the editorial preface concludes 
with the announcement of a change in its title to 
“Symposia Genetica et biologice italica”. Grassi 
himself, who never worked upon problems of genetics, 
is regarded as having fathered a movement towards 
the synthesis of studies of embryology, parasitology, 
ecology and taxonomy in relation to a core of 
heredity. 

An interesting description of the organization and 
aims of the Centro Apennino, with emphasis upon the, 
Battista Grassi Laboratory of micro-bio-parasitology, 
is followed by a somewhat uncritical,: but none the 
less important, biography entitled “Onoranze a 
Battista Grassi”, including a complete -bibliography 
of his publications between 1874 and 1900. The later 
works, on the transmission of malaria, are omitted, 
having been reserved for separate consideration at 
some later date. There follow some sixty pages 
which belong to the more spacious days when pub- 
lishers could light-heartedly disregard limitations of: 
space. It seems unlikely that even a passing interest 
may reside in the hundreds of congratulatory messages 
of the world’s universities and academic societies, and 
their omission would have reduced considerably the 
formidable price of the book and detracted in no sense 
from its value. 

Nearly half the work consists of an extraordinary 
variety of letters of appointment to and acceptance 
of various posts, of recommendation to promotion, 
tendering honours from academic societies, letters 
from his students to their master and finally ex- 
changes of zoological comment from his contem- 
poraries throughout Europe. The latter provide 
much interesting comment upon the state of the 
science and upon the honour and respect in which 
Grassi was held. It is unfortunate, however, that they 
have not -been more adequately edited. Having 
been set up from manuscript in half a dozen lan 
they contain many glaring errors which should have 
been corrected by someone familiar with both the 
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language of the correspondent and the ATE 
to whom they have referred. Moreover, Grassi, as 

is well known, was protagonist in more than one 
acrimonious dispute, and it is regrettable that the 
free personal criticisms which several correspondents 
allowed themselves in private letters should be sub- 
jected now to the light of publication. 

‘There follow the memoirs contmbuted by the 
Russian delegation which arrived too late for the 
celebrations at Como, the papers in consequence 
being delivered later in 1954 at the Istituto Spallan- 
zani of the University of Pavia. Briefly, these com- 
prise two summary reviews of the state of helmm- 
thology and agnecultural microbiology respectively 
in the U.S.S.R. and six original papers on diverse 
subjects. The later inclusion of a hitherto unpublished 
letter dated November 29, 1780, from Spallanzani to 
Gemello Villa is of some historical interest, but does 
not appear to be closely relevant to the theme of the 
work. L. A. Harvay ` 


CHEMICAL ACTIVITIES OF THE 
PROTOZOA 
Biochemistry and Physiology of Protozoa 


Edited by S. H. Hutmer and André Lwoff. Vol. 2. 
Pp. xiii+388. (New York: Academic Press, Inc. ; 


-London : Academic Books, Ltd., 1955.) 9 dollars, 


URING the four years which have elapsed since l 
the appearance of the first volume of this publi- 


‘cation (reviewed in Nature, 169, 895; 1952) consider- 


able advances have been made in our knowledge of 
the biochemistry and physiology of the Protozoa. 
These are reflected in the contributions to the second 
volume, which is introduced by S. H. Hutner, who 
gives a general review of recent achievements in this 
field and of problems still in need of elucidation, with 
special reference to the role of Protozoa as tools m 
comparative biochemistry and phylogeny. The second 
chapter, by S. H. Hutner and L. Provasoli, deals with 
the comparative biochemistry of various Phyto- 
monadine and Zoomonadine flagellates. Among tho 
questions discussed are the algal origins of phago- 
trophic species, the nutrition of certain phyto- 
flagellates, the cultural requirements of Trypano- 
somidae, the metabolic activities of Trichomonads, 
and the’ physiology of vitamm B, in flagellates. In 
the third chapter, S. A. Barker and E. J. Bourne deal 
with the composition and synthesis of starch in the: 
colourless flagellate, Polytomelia. The next two 
chapters, by W. J. van Wagtendonk, are devoted to 
the nutrition of ciliates, and to the role of metabolites 
in encystation and excystation of Protozoa. In the 
followmg chapter, G. R. Seaman provides a detailed 
account of the metabolism of free-living ciliates. In_ 
the seventh: chapter, R. E. Hungate discusses: nutri- 
tion and metabolism in the symbiotic ciliates and 
flagellates of ruminants and insects (termites and 
cockroaches), respectively, in the light of their rela- 
tionship to the corresponding hosts. A chapter 
by M. Sussman is devoted to the physiology of ame- 
boid slime moulds (Myxomycophita Acrasiales or 
Mycetozoa) at different stages of their life-cycle. 
This is followed by a chapter, by L.'G. Goodwin and 
I. M. Rollo, devoted to the chemotherapy (especially 
with newer drugs) of malaria, piroplasmosis, trypano- 
somiasis and leishmaniasis, special consideration 
being given to the correlation between chemothera- 
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peutic action and the metabolic activities of the 
parasites. In the last chapter W. Balamuth and P. E. 
Thompson deal with the physiology and biochemistry 
of free-livmg and parasitic amceb%, on one hand, 
and with amosbicidal drugs and their modus operandi 
‘ against Entamoeba histolytica, on the other. 

Each chapter is followed by a list of references, and 
at the end of the book there are author- and subject- 
indexes. 

Like the first volume, the second is a symposium, 
the ten papers of which—written by recognized 
authorities—deal with diverse chemical activities in 
a variety of Protozoa, and contam important data of 
great value to protozoologists, physiologists and 
biochemists. There can be no doubt that the two 
volumes (and any which might follow) will provide 
the necessary material for the integration of the 
subject-matter in a publication where both the 
organisms and their chemical activities are arranged 
in systematic order. C. A. Hoare 


WATER MITES OF THE WORLD 


Die Milben des Siisswassers und des Meeres 
Hydrachnellae et Halacaridae (Acari). Von Dr. Karl 
Viets. Zweiter und dritter Teil: Katalog und 
Nomenklator. Pp. iv+870. (Jena: Veb. Gustav 
Fischer Verlag, 1956.) 94 D.M. 


N 1758 Linnaeus listed a smgle species of water mite 
in lis “Systema Naturae’. Some twenty years 
later O. F. Muller described, in an exemplary manner, 
forty-nine species from Denmark. Our knowledge of 
the group has continued to grow so that Dr. K. Viets 
now lists some 2,800 species of Hydzachnellae plus 
270 or so species of the Halacaridae, and he visualizes 
further expansion of the lst when the lesser-known 
parts of the world are examined. These are not always 
remote; for example, no water mites have yet been 
recorded from Luxemburg or Albania. 

The first part of this work was published in 1955 
and comprised a bibliography of water mites up 
to the end of 1953. The present volume forms the 
second and third parts, together with a supplementary 
bibliography to the muddle of 1955. The second part, 
occupying 700 pages, is a catalogue of the water mites 
of the world. This is not just a list of the generally 
accepted names. The authority, date and full 
synonymy are given for each taxonomic category, 
with cross-references to the bibliography. The loca- 
tion of descriptions of both sexes and of larval stages, 
if known, is given. The geographical distribution of 
each species is also given, in terms of continents 
with some details of countries, particularly in 
Europe. 

The classification used in the catalogue is one largely 
pioneered by Dr. Viets and used ın his monograph in 
the “Tierwelt Deutschlands” series. Dr. Viets, rather 
naturally, prefers his own classification of the Rhom- 
bognathinae to that put forward by Newell. Time, 
and further work, will eventually settle this par- 
ticular controversy. Meanwhile the classification 
adopted does not influence the effectiveness of the 
book. 

The third part, or ‘““Nomenklator’’, is a series of 
most useful indexes, giving page references to the 
catalogue. Furst there is a list of the higher taxonomuc 
categories. Second, an alphabetical list of genera and 
subgenera, with the species and subspecies arranged 
alphabetically under each genus. Fmally, there is an 
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alphabetical list of specific names indicating the 
genera in which each name has been used. A feature 
of importance is that these lists include all the 
synonyms, so that it is possible to trace the names of 
species described or listed in any of the older works. 
This book has been designed to work with, and it 
has a most impressive completeness. The specialist 
will use it as a ecnstant reference book, and for the 
beginner it providas a key to the whole literature and 
synonymy of the group. The science of zoology would 
be greatly benefited if more groups of animals were 
covered by books of this authority and comprehensive- 
ness. It is regrestable that there is no modern list 
of the animals o? the world. The present volume 
illustrates the difficulties and the labour involved in 
compiling such a list, but it also shows that the job 
could be done, if only systematists were encouraged 
by wider recognition of their work. J. GREEN 


DAIRY CHEMISTRY 


A Textbook of Dairy Chemistry 

By Dr. Edgar R. Ling. Third edition, revised. 
Vol. 1: Theoretical. Pp. ix+227. 21s. net. Vol. 2: 
Practical. Pp.xi+140. 16s. net. (London: Chapman 
and Hall, Ltd., 1956.) 


INCE the second edition of this text-book appeared ` 
in 1944, much new knowledge has been gathered 
in the field of dsiry chemistry, and the author has 
incorporated all that is essential in this revised 
edition. By using good judgment and sensible 
restraint, he has succeeded in bringing the text up to 
date without any undue increase in its length. The 
general lay-out remains unchanged. Vol. 1° deals 
largely with the constituents of milk, and the com- 
position ahd properties of milk, cheese, butter and 
other dairy products; Vol. 2 with appropriate 
methods of testing. Formule are widely used to 
help the more advanced reader, but the language 1s 
sufficiently simple to assist those with. but an 
elementary knowledge of chemistry. More than 
ever, therefore, the text-book—and particularly the 
first of the two slim, moderately priced, and attrac- 
tively bound volumes—should find its place on the 
shelves not only of teachers and students, but also 
of advisers and those engaged in dairy research and 
technology. The latter will find much food for 
thought m such chapters as that on the composition 
of milk (Chapter 3, Vol. 1), which is particularly well 
balanced and includes a discussion of topical prob- 
lems, such as the decline in the compositional quality 
of milk in Britain. 

There 18, howsver, still room for improvement. 
The present text contains an uncomfortable number 
of misprints. Some of the illustrations to Vol. 2 are 
poor, and the rather sumple and mcongruous Fig. 21b, 
depicting a stopper and a brush as used in connexion 
with the Gerber fat-test, could be eliminated with 
advantage. In a book designed primarily for educa- 
tional purposes, references should be given in a 
consistent and systematic manner. Authors’ initials 
should be used throughout; how otherwise, for 
example, is the reader to know that the four references 
to Palmer m Vol. 1 refer to three different people ? 
But these are blemishes that can easily be put right. 
All in all, the text-book 1s well on the way to becoming 
a ‘classic’—~and deservedly so. 

R. ASCHAFFENBURG 
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THERMONUCLEAR POWER: A THEORETICAL INTRODUCTION 


By W. B. THOMPSON 


Atomic Energy Research Establishment, Harwell, Berks 


AN present nuclear power 1s produced by fission, 
a process whereby a heavy nucleus is broken 
into fragments and some of its binding energy 
released. Since nuclei of medium atomic weight are 
the most tightly bound, it should be possible to 
release binding energy by the fusion of light nuclei, 
& process which is believed to be the source of the 
Sun’s heat. If nuclear fusion can be controlled 
probably the isotope deuterium must be used as & 
fuel, and although this isotope forms only 1 part in 
5,000 of natural hydrogen, so great is the energy 
released by each reaction (about a million times that 
in a chemical reaction) that the deuterium in the sea 
forms an inexhaustible fuel supply, the energy 
released by fusing the deuterons in & gallon of water 
being a hundred times that produced by burning a 
gallon of petrol. To use this excellent fuel, however, 
stringent physical conditions must be produced, and 
in this article I propose to describe these conditions 
and some physical processes by which they might be 
realized. 


The Fusion Process 


In studying the fusion process it is first necessary 
to estimate the probability of two light nuclei sticking 
together when they collide. This is done by com- 
paring the effective cross-section for reaction of with 
the cross-section og for elastic scattering. Unless the 
colliding nuclei approach one another with consider- 
able energy, the electrostatic repulsion between their 
charges will prevent them from strikmg each other, 
and it is this.repulsion that determines the form of the 
reaction cross-sections at low energies : 


Or = A Ea exp {— B E9} (1) 


where Æ is the relative energy (energy relative to 
centre of mass) of the colliding particles, A a con- 
stant depending on the particular reaction, and B 
another constant proportional to the product of the 
charges. The exponential dependence of op on charge 
indicates that we need consider only reactions between 
nuclei having small charges, and in particular the 
reactions between the isotopes of hydrogen, deuterium 
and tritium : ' 
D + D — He +n + 3-6 MeV. 


D+D>T +p+4Mev. 
D +T - Het +n + 17-6 MeV. 


At 100 keV. bombarding energy, the combined 
cross-seption for the first two reactions is approx- 
imately 0:03 barn, while for the third the cross- 
section 18 approximately 5 barns! (1 barn = 10-24 
cm.’). 

The elastic scattermg cross-section with which 
these must be compared may be written approx- 
imately as: 


©. ~ 10°/H? barns (2) 


where the relative energy E 1s measured in keV. 
Since even at 100 keV. this is an order of magnitude 
greater than the reaction cross-section, nuclear 
reactions are rather unlikely on a@ collision at this 
energy. This has an important consequence: fusion 
energy will probably be obtained from thermonuclear 
reactions, that is, from reactions occurring on col- 
lision between nuclei in a mass of hot deuterium gas, 
in approximate thermal equilibrium. If an attempt 
is made to use a beam of moderately energetic 
deuterons striking a deuterium target few reactions 
will occur; instead, the beam will be scattered, 
sharing its energy with the deuterium in the target 
until nothing is left but a hot gas: 


Thermonuclear Reactions 


The temperature needed for producing thermo- 
nuclear power can be determined by studying the 
energy balance in the hot gas, that is, by comparing 
the rate at which the gas loses heat with the rate at 
which nuclear energy is released. To calculate the 
energy production we must first take a proper average 
of cy over all collisions, thus obtaining the reaction 
rate r, which may be written : 


T =ni ng P 


where n, na is tho number of pairs of particles in a 
unit volume, that is, the product of the number 
densities of the two reacting particles if these are 
different, and one-half the square of the number 
density if only one type of particle is involved. P, 
the reaction probability, is a function of temperature 
alone for any given reaction. If the cross-section has 
the form of equation 1, it has been shown that? 


143, 


P ~exp{—{T JT) } 


where Te ~ 7 X 10!° degrees K. for the reactions of 
interest to us. The power produced is the product of 
the reaction-rate and the energy released per reaction, 
17-6 MeV. for tritium + deuterium and 3-8 MeV. 
for deuterium + deuterium. The latter reaction is 
complicated by the fact that two of the reaction 
products, helium-3 and tritium, are capable of 
secondary reactions and if kept in the hot gas mcrease 
the energy produced to 21:6 MeV. per primary 
reaction. In Fig. 1, I have shown the power produced. 
per cubic centimetre from a gas containmg 10'* 
deuterons per cm.?, and one containing 1018 tritons 
per c.c. in addition. This shows that very little 
power is produced until the temperature reaches 
10’ deg. K., although the associated neutron pro- 
duction is readily measurable at a million degrees. 
The energy loss is easily caleulated with the 
optimistic assumption that no particles from the hot 
gas reach the walls of the containing vessel. Under 
these conditions, energy is lost by radiation from the 
body of the gas, mainly m the form of bremsstrahlung 
ptoduced when electrons are deflected by ions. As 
this process is characterized by a constant cross- 
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, section’, the radiated power increases only 
as Til? and at high temperatures can be 
compensated by the release of nuclear 7 
energy. Note that this radiative process 10° 
occurs in & transparent body, and differs 

from the radiation loss from the surface 108 
of a black body, which increases as 7". 

An opaque mass of deuterium would 
contain too much stored energy to be a 10° 


10:0 


controllable power source. z 
Since both the energy production and £ 10s 
the radiation loss are proportional to the #& 
square of the density, the ratio between E ig 
them depends solely on temperature. If © 
the charged reaction products can be & 
trapped in the hot gas they will increase œ 10 


its energy content, and the rate of in- 
crease in energy exceeds the radiation loss 10? 
when the temperature exceeds about 108 
deg. K. for deuterium + deuterium and 
6 x 107 deg. for tritium + deuterium ; 
hence at these temperatures the reactions 
become self-sustaining. 10 
In caleulating this energy balance 
I have assumed that no heat is carried 
away by particles; but this cannot be 10° 
the case. Rather, particles will stay 
in the hot gas for some average time r, 
then escape carrying away their thermal 
energy which must be replaced by 
the release of nuclear energy. Since each escaping 
particle carries off 1-10 keV. and each reaction pro- 
duces 1-20 MeV., at least 0-1 per cent of the reacting 
matter must be burnt during the mean life of a 
particle. The reaction-rate varies as n?, where n is 
the particle density, and the rate at which particles 
carry off energy as n/t; hence this is a constraint on 
nt which „at reactmg temperatures must exceed 
1076 sec. em.. 


isolation of the Hot Gas 


To reach the reacting conditions it is necessary to 
keep the hot gas away from the walls of its container 
in order to reduce its effective thermal conductivity 
to a very low value. From equation 2 we can estimate 
the mean free path of a particle, which at a density 
of 107* cm.-* and a temperature of 10° deg. is about 
one metre; hence, transport processes are remark- 
ably efficient. In particular, the thermal conductivity 
is about @ million times that of metallic copper and 
there is no hope of using a star as a model and 
building a vessel so large that the heat flow to the 
surface is a negligible fraction of the total energy 


content. Under these conditions of temperature and . 


density, however, the gas is completely 1onized, 
becomes an electrical conductor with a resistivity 
about 1/300 that of copper, and responds readily to 
electromagnetic fields. This suggests that such fields 
might be used to isolate a volume of hot gas from its 
material surroundings. 

The interaction of a conducting fluid and an 
electromagnetic field has been studied fairly inten- 
sively as magneto-hydrodynamics, usually in a rather 
simplified way. It is assumed that the current 
density is related to the electric and se fields 
E and H by a local Ohm’s law: . Pees 7 


j = ot =o B42 x B) ao (3) 


where c is the electrical conductivity and Ẹ*'is the 
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Fig. 1. Thermonuclear power balance. Powers calculated for density 


n = 10" om. 


effective electric field acting on an element of fluid 
moving with velocity ©. A straightforward appli- 
cation of Maxwel’s equations then shows that if the 
fluid ıs a perfect conductor the magnetic field lines 
are trapped in the fluid, that is, the magnetic flux 
threading & closed loop fixed in the fluid remams 
constant as the Awd moves. This is an inductive 
effect ; if the flux through the loop were to change, 
an electromotive force would be induced-around the’ 
loop causing an infinite current to flow and the flux 
to return to its original value. If the conductivity is 
finite this is not quite true, and the field diffuses 
through the fluid at a rate determined, by c*/4no, 
where c is the ve_ocity of light and the conductivity 
o is in electrostatic units. 

The magnetic feld plays more than a passive part, 


since ıt exerts on zhe fluid a force of density = J x H. 


For static equilibrium this must balance the pressure 
gradient : 


2.7 x F — grad p = 0 (4) 


an expression which in certam geometries takes on 
the simple form : 


grad g* = grad (p + £) =0 


The magnetic component H?/8r of the pressure can 
be quite large; for example, a field of 5,000 gauss 
produces a pressure equivalent to one atmosphere, 
while a field of & million gauss produces a pressure 
of about 4 x 10° dynes/em.’, roughly equal to that 
of a perfect gas cf 1018 particles per cubic centimetre 
at a temperature of 10° degrees. Thus a properly 
shaped magnetic field of sufficient strength might 
contain a mass of deuterium in the conditions needed 
for releasing thermonuclear power. 

If mstead of the magneto-hydrodynamic equations, 
kinetic theory is used to sum the motion of individual - 
particles, similar results are obtained. -Instead of. 
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following straight paths between collisions, a particle 
executes circles about a'guiding centre which moves 
freely along a straight line of magnetic force and 
responds in a fairly simple way to magnetic field 
curvature and electric fields. Because of this motion, 
transport processes become rather complex, transport 
across & magnetic field is hindered and in particular 
equation 3 retains only a limited validity. However, 
equation 4 still holds, and with it the possibility of 
magnetic containment. 


An Almost Possible Thermonuclear Reactor 


There is one simple hydromagnetic system which 
looks hopeful as a thermonuclear reactor, namely, 
the self-constricted discharge. If a great enough 
electric field is applied to a gas, the gas is ionized 
and an electric current j flows. The current produces 
a magnetic field H, and interacts with this field, 


producing a force 1 .j x H directed towards the axis 


of the current channel. If the current is large enough, 
the ionized gas is pulled away from the walls of the 
containing vessel. Because of this, heat loss is reduced, 
the temperature rises, the resistivity drops, and if the 
external circuit permits, the current and magnetic 
field increase. Such a pinched discharge can easily 
be produced by applying a voltage between electrodes 
in a low-pressure gas, but the electrodes remain in 
contact with the gas and carry off heat. A method 
which avoids this uses the gas as the secondary of a 
transformer so that the electric field is induced in a 
closed loop and the current flows in a ring. The 
discharge is then mtermittent but is completely 
isolated by its own magnetic field. 

In the pinched discharge, the balance between 
kinetic and magnetic pressure implies the following 
relation between the total electric current and the 
thermal energy : 


I? = 2NkT (5) 


where I is the current in electromagnetic units, N is 
the number of particles per em. length, k is Boltz- 
mann’s constant and 7 is the temperature. Further 
relations between current, temperature, particle 
density and electric field are obtained from the 
energy balance and Ohm’s law, which is at least 
approximately valid. If the discharge is isolated 
from the walls, heated only by the electric current 
and cooled only by radiation, it has been shown‘ that 
the current has a constant value 


I =~ 10° amp. 


If in an attempt to raise the current the electric field - 


is mereased, the discharge is compressed further and 
radiation cooling and resistance are increased in such 
& way that the current and temperature remain 
unchanged. Since the product NkT is fixed by 
equation 5, only 101* particles/em. can be heated to 
a temperature of 10° degrees. These can be contained 
m & cylinder of 1 cm.? cross-section by an applied 
field less than 0-1 volt/em. Under these conditions, 
charged reaction products are trapped in the dis- 
charge and thermonuclear power is produced at a 
rate of about 200 megawatts per metre of discharge, 
and all the fuel is exhausted in 0-1 sec. Unfor- 
tunately, it also takes about 0-1 sec. for the magnetic 
field to diffuse through the discharge, hence energy 
is given to the gas rather slowly and it is doubtful if 
. equilibrium can be reached. 
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The constricted discharge might be used in another 
way that does not require a steady state. If the © 
current flows ohly on the surface of the discharge, it 
produces @ compression and raises the temperature 
by adiabatic heating. .An increase in temperature by 
æ factor of 104 can be produced by decreasing the 
volume by a factor of 10°; thus if we start with a 
cylinder of radius 10 em. and a temperature of 
10,000 degrees K., then suddenly collapse it to a 
radius of 0-1 mm., the temperature rises to 108 
degrees. This must be done rapidly and a large electric 
field is needed ; for example, if the initial density is 
1014 particles per c.c., a field of 3,000 volts per cm. 
will produce the necessary compression in one micro- 
second. The stored energy in the compressed dis- 
charge is about 100 joules per cm. length; but if 
the compression can be maintained for one milli- 
second, about 1,000 joules of nuclear energy will be 
produced per centimetre length, about half of which 
is lost as bremsstrahlung. This system has the great 
advantage that the charged reaction products com- 
municate some of their energy directly to the mag- 
netic field, being deflected in such a way as to increase 
the current flowing, a fact which may permit energy 
to be taken out directly as electricity. 


Plasma Instabilities 


If nothing interfered with the processes described 
above, either of the two schemes mentioned could 
be developed directly into a fusion reactor. Unfor- 
tunately, they are rendered useless by instabilities. 
An ionized gas confined by a magnetic field is subject 
to many instabilities of which the easiest to under- 
stand is probably the wriggling of a constricted 
discharge. If a straight current channel bends, the 
magnetic field is compressed on the concave side, the 
magnetic pressure increased locally and a force pro- 
duced which increases the bending. ‘This force ıs 
easily shown to be proportional to the curvature of 
the current channel and can be approximated by : 


Ie R 
F R log F 
where F is the force per unit length, J 1s the current, 
R 1s the radius of curvature and r, is the channel 
radius. From this it follows that a small sinusoidal 
perturbation of wave-length will increase expon- 
entially with time, as exp tjt, where 


act ey, AY BED log Dra} y oe 
oo ee oe OP =e 


where M is the mass per unit length, m the average 
mass of a particle, cs = VkT|m the sound velocity 
and equation 5 has been used to eliminate I. For 
deuterium at 108 deg., cg ~ 108 cm.jsec. ; hence long 
before any power is produced from the reactor 
described above, the cylindrical discharge channel 
will be destroyed by instabilities. 

It is these violent instabilities that make impossible 
the simple scheme described earlier and that form- 
the most serious obstacle to the controlled release of 
thermonuclear power. In an attempt to overcome 
these obstacles, a host of challenging problems is 
met, ranging from the most practical to the most 
theoretical. Among the latter are the mathematical 
problems associated with magneto-hydrodynamic 
stability, a stage more complex than the already 
difficult problem of hydrodynamic stability. It is 
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_ necessary both to search for stable configurations, 
with associated geometrical complications, and to 
try to understand the nature of the unstable flow 
patterns, a problem similar to fluid turbulence. 
Then, it must be remembered that magneto-hydro- 
dynamics gives only a rough picture of an ionized 
gas and there is a range of problems associated. with 
the kinetic theory of a fluid composed of particles 
interacting through magnetic fields. Finally, there 
are unanswered questions at the basis of the entire 
theoretical structure. What constitutes æ collision 
between particles interacting by a long-range force 
such as an electric field ? Under what conditions can 
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Boltzmann’s equation describe & system composed of 
such particles? Some of these problems present 
conceptual difficulsies arid most of them tax mathe- 
matical ingenuity. Any that are solved may con- 
tribute to the production of thermonuclear power, 
and all will consribute to our penne of 
important processes in Nature. 
2 Arnold, W. R., Phillips, J. 
Tuck, J. L., Phys. Rev., 98, i, das Ci). 
7 Gamow, G., and Teller, B., Phys. rant 608 (1938). Thompson, 
W. B., Proc. Phys. Soe., B, T, tie 57). 
* parr Quik “Tho Quintum Theory of Radiation”, 172 (2nd edit., 
xf. Univ. Press, 1944). 
Upee, A S., Proc. Pkys Soc., B, 70, 11 (1957). 
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THE GASTROPOD SHELL 


N the evening of March 13, following last year’s 

precedent, -æ well-attended open discussion 
meeting, organized by the Malacological Society of 
London, was held in the rooms of the Linnean 
Society. Prof. A. Graham, of the University of 
Reading, was in the chair, and the topic was “The 
Gastropod Shell”. 

Dr. L. R. Cox, of the Department of Paleontology, 
British Museum (Natural History), referred first to the 
general questions of the origin of the Gastropoda and 
of asymmetrical coiling. The class owes its dis- 
tinctive features to the episode in early ontogeny 
known as torsion ; and the theory now most favoured, 
that of Garstang, is that torsion originated as a 
genetic mutation affecting the larval stage of some 
primitive mollusc. The view of Wenz and Knight was 
that this ancestral form belonged to the supposedly 
long extinct, cap-shaped Monoplacophora, which had 
been thought to have had an internal organization 
similar in many respects to that of the chitons; the 
rearrangement of respiratory, excretory and ‘other 
internal organs consequent upon torsion could have 
favoured the development of an extended visceral 
mass which soon proved to be best accommodated in 
a coiled shell, The important discovery has, how- 
ever, recently been made of a surviving monoplaco- 
phoran (Lemche, Nature, 179, 413; 1957), and its 
metameric organization suggests that this group, if 
ancestral to the gastropods, was more distantly so 
than has been supposed. Significant also is the 
observation that this modern monoplacophoran has 
a coiled protoconch, suggesting that a tendency to 
spirality existed before torsion. 

The bellerophonts, in which the shell has complete 
bilateral symmetry, are the earliest true torqued 
gastropods known to the paleontologist. In all 
modern coiled gastropods the shell is asymmetrical, 
and in most of them & dextral shell is associated with 
dextral soft parts (genitalia on the right). An asym- 
metrical gastropod could develop from one with 
a symmetrical (isostrophic) shell and dextral or 
potentially dextral soft parts in two ways—when the 
animal’s head faces to the front the spire could 
protrude either to the right (giving the typical ortho- 
strophic dextral shell) or to the left, giving an appar- 
ently sinistral shell best referred to as hyperstrophic. 
The hyperstrophic condition, now so rare in the adult 
shell, was explored in Lower Paleozoic times by & 
whole superfamily of gastropods, the Macluritacea, 
but evidently proved less successful than ortho- 
strophie coiling. The heterostrophic protoconch of 
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-shell, is, in fact, hyperstrophic. 


many living opisshobranchs, constituting the larval 
The change from 
hyperstrophic to orthostrophie coiling when the 
gastropod. begins life as a creeper on the sea-floor 
appears to demand some explanation. 

The paleontologist, accustomed to subject every 
structure of the shell to careful scrutiny to assess its 
taxonomic imporsance, is constantly led to ask what 
is its functional significance. Reliable answers to 
many questions have not yet been found and must 
be based on careful observations on living gastropods. - 
Certain features of the outer lip of the aperture are & 
case in point. It has always been assumed that the 
slit found in the pleurotomarians and bellerophonts 
is for the exhalent current, and this has been con- 
firmed by observations on living zygobranchs, such 
as Haliotis. The sinus at or near the adapical end of 
the outer lip in tke Turridae and Conidae is commonly 
assumed to have an exhalant function. In the 
Cerithiidae and other families a channel-like exten- 
sion of the aperture is referred to as a ‘posterior 
canal’ and regarced as an exhalant channel ; but the 
extinct cerithiid zenus' Vicarya had also.a deep labral 
slit like that of the pleurotomarians. Is the long 
canal-like adapical extension of the aperture in Tibia 
and Strombus an exhalant channel ? Some Strombus 
have both this channel and a sinus in the outer lip 
near the suture recalling that of Conus. The long, 
narrow, canal-like adapical extension of the aperture 
in Rimella is often interpreted as exhalant, but is 
perhaps merely a labral digitation of unknown func- 
tion. In Aporrhcis, as shown by Yonge, the exhalant 
current passes through a sinus below a comparable 
digitation adhermg to the spire. Finally, what is the 
significance of the great differences in-the curves of 
the outer lip in various Turritellidae ? 

Dr. A. Comfort (University College, London) dis- 
cussed the pigmentation of shells, illustrating his 
remarks with colour slides and chromatograms. The 
shell pattern is produced by the activity of pigment- 
depositing points or areas in the mantle edge—the 
intermittency or apparent movement of these points 
18 projected in the pattern, and can be followed stage 
by stage. The pigment-producmg cells appear to 
show periodicitias like those of feather melanoblasts, 
and there is in many cases a tendency for pigment 
production. to spread outward along the mantle edge 
from a focus, dying out in its origmal site, and pro- 
ducing the typ:cal’ V-shaped and Y-shaped pattern 
elements found in many marine shells. The pigments 
present in the protein and caleareous.layers of shells 
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fall into two sharp groups; in the archzogastropods 
they sre predominantly acid-soluble, pyrrolie sub- 
stances, whereas m all pulmonates and most higher 
prosobranchs they are non-extractable protein-bound 
materials. Uroporphyrin occurs in large amounts 
in archeogastropod- shells, and also in a few 
other groups (tectibranch opisthobranchs, certain 
Cypraeidae, etc.). In others (Turbo, Haliotis), it is 
apparently replaced by linear tetrapyrroles- often of 
an unusual kind and in mixtures which paper 
chromatography has shown to be highly complex. 
iso-Uroporphyrin also occurs in some Trochidae. 
Coproporphyrin has not been found. 

The source and function of these substances are not 
known, but are possibly dietary, the shell providing a 
means of disposing of porphyrins or their degradation 
products. The colour of pulmonates (Cepaea) has, 
however, been shown experimentally to influence 
selection by predators, and the complexity of shell 
pigmentation in other forms makes it difficult to 
believe that it has no similar adaptive function. 

Dr. D. R. Crofts (Queen Elizabeth College, London) 
dealt with the subject of “Muscles and Torsion in 
Gastropods”. Garstang, m 1929, made the suggestion 
that torsion might have originated ancestrally during 
pelagic larval development in response to larval 
needs, bringing the mantle cavity with its contents 
into a dorsal position behind the head and so allowing 
for the withdrawal of the head and foot within the 
shell for protection. This position of the mantle 
cavity was by no means an advantage to the adult, 
allowing no free elimination of the waste products of 
respiration and excretion. Garstang emphasized that 
further changes, therefore, became necessary in the 
creeping adult because of torsion. Garstang’s hypo- 
thesis was that a genetic mutation, having its pheno- 
typic expression effective in the veliger stage, could 
have involved a pair of asymmetrical larval retractor 
muscles, namely, a right-hand head retractor with a 
posterior shell attachment and. a left-side foot 
retractor with a more forward shell attachment, 
working more or less at right angles to one another. 
Ancestrally these two muscles might have brought 
about the whole 180°-torsion which Boutan (1898) 
thought took place in a-few minutes. 

From recent work on muscle development in 
primitive gastropods it is obvious that only one of 
the two muscles postulated by Garstang exists at 
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the time larval torsion begins. This is the asym- 
metrical retractor developed ‘from the- mesoderm 
band of the pretorsional right side, having a posterior 
shell attachment on that side:’ the anterior attach- 
ments on the right retract the mantle and head, while 
those on’ the left’ curve dorsally over the gut ‘and 
retract the left side of -the head and foot. The 
retraction of this single asymmetrical ‘muscle is 
responsible for the first part of thè rotation and thus 
this muscle appears to be the primary ontogenetic 
causo of torsion. It might be the right member of 
an ancestral pair of muscles; the other member 
might be the post-torsional muscle of the right side 
(the adult columellar muscle), which is delayed in 
development until the second phase of torsion, 
during which thé shell fixation of the original larval - 
retractor migrates towards the final left side, At 
the. completion of torsion the two muscles are equal 
in size. Thew further modification does not oceur 
until post-larval development. The two laterally 
placed equal muscles closely correspond with those 
of the adult Scissurella and might represent the two 
symmetrical retractor muscles of ancestral gastro- 
pods, the scars of which were discovered in the 
Palxozoic bellerophonts by Knight (1947).. Contrary 
to general supposition, the early larval retractor does 
not become the columellar muscle. Lemche’s study, 
at the Copenhagen Museum, of the organization of the 
muscle cells in the living monoplacophoran, which has 
not undergone torsion, is awaited with great interest. 

In the ensuing discussion, to which a number of 
those present contributed, Dr. John Morton remarked 
that the long adapical canal of Rimella corresponds ' 
exactly in position to what would be needed for an 
efferent canal were the mollusc to burrow, as appears 
likely, like Aporrhais and Struthiolaria. In general, the 
expanded outer lip in the Strombacea could be an 
adaptation, perhaps as a canopy against the fall of 
sediment ; 2 small sinus ‘low on the lip is to let out 
the right eye stalk, the left one coming out from the 
anterior canal. Dr. Comfort’s picture of the dis- 
tribution of porphyrin pigments in shells, chiefly in 
archzogastropods, primitive tectibranchs and prim- 
itive mesogastropods, previously difficult to explain, 
makes very good sense if fitted in with a postulated 
radial derivation of pulmonates, opisthobranchs, and 
higher mesogastropods from aac aa 

L. R. Cox 


AEROBIOLOGY 


EROBIOLOGY may be defined as the study of 

-tho aerial transport of plants and animals or 
viable parts thereof, including flying animals (such as 
insects) in so far as passive movement is @ major 
factor in their dispersal. A three-hour ‘symposium 
on the subject was held by the Linnean Society 
of London on February 21, the president, Dr. H. 
Hamshaw Thomas, being in the chair. 

The first speaker, Dr. J. M. Hirst (Rothamsted 
Experimental Station, Harpenden), said that, al- 
though spore dispersal is essential for the fertilization 
of many plants and for the wide distribution of 
saprophytic moulds, these aspects had received less 
attention than had the harmful effects of spores to 
man: direct effects in the form of allergic reactions 
or indirect in the form of plant diseases. For the 
study of both these kinds of effects it is necessary to 


catch spores. Critical examination by Prof. P. H. 
Gregory of the various kinds of spore trap in use up - 
to 1950 showed that freely exposed traps could never 
provide unbiased estimates of all constituents of the 
air spora at the frequent intervals necessary to show 
that their numbers were affected by changing 
weather. A new trap based on May’s cascade 
impactor was therefore devised. This, the automatic 
volumetric spore trap, catches plant spores of all 
sizes with a high efficiency, and in particular it is 
much more efficient as a collector of small spores 
than is a freely exposed horizontal surface; though 
per conira the agar-coated Petri plate allows identi- 
fication of colonies of fungi, the spores of which 
cannot be recognized microscopically. The daily 
trace obtained by the automatic volumetrice spore 
trap is often clearly banded, and counts made of the 
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spores on traverses across the slide give estimates of 
spore concentration at intervals throughout the day. 
Almost every group of spores investigated bas been 
found to show a typical diurnal periodicity if exam- 
ined over a sufficiently long period. Thus the spor- 
angia of potato blight (Phytophthora infestans) are 


most abundant in the air at 11 a.m.: their release. 


seems to be influenced by radiation acting either 
directly -or indirectly by local change in relative 
humidity. The new spore trap has also been used for 
finding when the two kinds of spore of the apple scab 
fungus (Venturia inaequalis) are dispersed and so to 
improve the timing of fungicidal sprays. 

Mr. H. A. Hyde (National Museum of Wales and 
Asthma Research Unit, Cardiff) described the-results 
of a 15-year census of pollen grains and mould spores 
made in the interests of the study of allergic disease. 
The horizontal (‘gravity’) slide, had been used con- 
tinuously at Cardiff from 1942 and at fourteen other 
centres for periods of a year or more; the Petri plate 
_ at Cardiff from 1948 and also at seven other centres 

in 1952; and the Hirst trap from 1964 at Cardiff only. 

Empirical comparison between simultaneous counts 
made by gravity slide and Hirst trap showed that 
gravity slides reflect the general trend of atmospheric 
incidence so that conclusions drawn from observations 
made by this method are still valid. Such counts 
made over many years indicated that the average 
incidence 'of the principal kinds of tree pollen might 
oscillate in successive years up to 400 per cent or 
down to 4 per cent (or less) of the 15-year average. 
This variability probably hinders the development of 
allergic. sensitivity and, together with variable 
phenology, certainly complicates diagnosis. Grass 
pollen makes up nearly one-half the total trapped in 
the’ course of the year. Hourly counts of grass pollen 
caught by the Hirst trap have confirmed conclusions 
on time of flowering of grasses and its relation to 
` external factors and to atmospheric pollen incidence. 
There is @ close relationship in time between atmo- 
spheric grass-pollen concentration and the severity 
of allergic symptoms. .„ ` 

Grass-pollen concentrations are highest in the low- 
lands and lowest in mountain areas, but probably at 
no point on the mainland of England and Wales or 
within thirty miles of the coast do they remain during 
the season (June-July) below the level of tolerance. 
The mould Cladosporium, which had been shown by 
the Petri plate census to be by far the most abundant 
culturable mould in the air and which Hirst had 
stated was numerically the most abundant of all 
fungus spores caught in his traps durmg the period 
covered by his observations at Harpenden in 1952, 
has been shown to be, among culturable moulds, the 
most frequent cause of ‘allergic symptoms. Both 
diagnosis and treatment of inhalant allergy demand 
& comprehensive pollen and spore census. 

Mr. L. R. Taylor described work done at Rotham- 
sted Experimental Station under the leadership of 
Dr. C. G. Johnson on the origin of fluctuations in 
aerial aphid density and thew significance in dis- 
persal. Insect densities were measured hourly at five 
heights up to 1,000 ft. Spatial and temporal fluctua- 
tions in these densities depend upon the available 
upward transport acting upon the flight rhythm of 
the insect at ground level. The profile of insect 
density plotted against height as it changes from hour 
to hour is in effect an expression of these two major 
elements in dispersal, which have been related 
respectively to known meteorological and biological 
factors. 
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Thè flight curve of Aphis fabae, for example, ab 
crop-leovel is commonly bimodal: its amplitude 
depends on the rate of hatching out of winged adults 
and its timing.on the length of their teneral (drying 
out) period. Rate of upward transport depends in 
part on atmospheric circulation and in part on the 
aerodynamic characteristics of the insects. 
imi analyses suggest that the rate of exchange 
of aphids is fairly high ; that is to say, they may rise 
to thousands of feet in the air and return to ground 
level again within the hour. This suggests that 


alighting behaviour must.play an important part in, 


determining the horizontal distances travelled. Con- 
sideration of density /height and density/time profiles 
for other insecte leads to the conclusion that many 
insects other than aphids are dispersed to heights 
similar to those reached by aphids and hence they 
must .be dispersed laterally in a similar way. A 
segregation into ‘active flight’ of insects at low levels 
and ‘passive drift’ at high levels is probably highly 
artificial and misleading. ; 
Dr. R. ©. Rainey, of the Desert-Locust Survey, 
Nairobi, considered the effects of air movements 
upon adult locusts on two different scales. He first 
described how atmospheric turbulence affects the 
height of flight, density and detailed structure of 
flying swarms. Thermal upcurrents can rise only to 
a ‘ceiling’ height which varies from time to time, and 
is determined by .the corresponding vertical dis- 
tribution of air, temperature. Large’ high-flying 
swarms have been observed to extend up to this 
ceiling height, at 3,000-6,000 ft. On the other hand, 
swarms have been observed flying below 30 ft. under 
conditions of isoshermal temperature gradient, when 
turbulence could be: expected to be at a minimum, 
Direct evidence on strength and distribution of 
‘turbulent air movements—the gusts recorded by 
aircraft—has also been obtained during & flight 
within and around the, upper part of a swarm. f 


The density and distribution of flying locusts in. 


the vertical are thus profoundly affected by tùrbulent 
air movements sich as are utilized by soaring birds. 

` There is, on the other hand, good evidence that the 
behaviour of locust swarms is strikingly opposed to 
lateral turbulent dispersal, that is, to spreading out 
in plan like a cloud of inert airborne materal; the 
‘apparently purposive orientation of locusts is not in 
general related to the movement of the swarm 

_ a8 -@ whole, whith movement in fact is often (and 
probably usually) directly downwind and therefore 
in general into zones of convergence and potentially 
of rain. 

Locusts, under the influence of mutual stimulation, 
are perhaps among the most regularly airborne of 
insects. Once they are in the’ air, their subsequent 
distribution and movement are profoundly influenced. 
by the'atmospheric processes of turbulence, operatmg 
over distances of hundreds or thousands of feet, and 
of divergence and convergence, operating over hun- 
dreds or thousands of miles; and the part played by 
convergent wind flow in the production of rain would 
appear to confer a substantial survival value on the 
flight in arid regions. 

Certain aerob:ological problems which had not 
been dealt with by the four prmcipal speakers were 
referred to by others. Mr. L. Ogilvie (Ministry of 
Agriculture, Brietol) referred to observations which 
he and his staff had been making for many years on 
epiphytoties of black rust of wheat in south-west 
England. Their conclusion that these may be 

- Initiated by airborne inocula from southern Europe 
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or north Africa had been supported in 1955 by Mr. 
Hyde, who had registered uredospores in the air 
around Britain at the relevant times. 

Mr. P. K. C. Austwick (Vetermary Laboratory, 
Weybridge) directed attention to an ‘aspect of intra- 
mural biology, namely, the indoor conveyance of 
airborne fungi pathogenic to man and,animals. The 
inhalation of airborne spores is now accepted as the 
major epidemiological feature of coccidioidomycosis 
and. histoplasmosis, and although these diseases are 
fortunately rare in Britain there are others, such as 

‘aspergillosis, which are not uncommon. One form of 
aspergillosis in animals appears to be bovine mycotic 
abortion, in which infection is thought to be primarily 
respiratory, spreading to the placenta from the lungs. 
Spore samphng by means of the Hirst automatic 
volumetric spore trap has been carried out in an 
ordinary cowshed at the Ministry of Agriculture, 
Veterinary Laboratory, Weybridge, by Prof. H. K. 
Baruah, University of Gauhati, Assam, with the kind 
co-operation of Prof. P. H. Gregory, who also lent 
the equipment. The number of spores encountered 
have been extremely high, varying from 300,000 to 
1,300,000 per cubic metre, and it has been found that 
the majority of these are of Aspergillus or mucor- 
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SYNTHESIS OF 


HE accomplishment of a total synthesis of 
penicillin V (phenoxymethylpenicillin) at the 
Massachusetts Institute of Technology by Dr. J. C. 
Sheehan and Dr. R. K. Henery-Logan! brings to an 
end. the long search for the first rational synthesis of 
one of the biosynthetic penicillins. 
Dr. Sheehan, while a member of the Merck labor- 
atories research team, took part m the combined 
attempt by thirty-nine American and British labor- 


atories during the Second World War to synthesize’ 


benzylpenicillin. The stage reached when this col- 
laboration came to an end in 1945 was the synthesis of 
benzylpenicillin in minute yield by groups of workers 
at Oxford and in the United States*. This synthesis’ 
gave no information about the structure of penicillin, 
and in spite of much effort could not be improved to 
give a better yield of the antibiotic. Sheehan’ was 
one of the few people who continued to entertain the 
hope that a satisfactory synthesis of the unstable 
penicillin molecule could be achieved. In 1948, two 
years after he joined the faculty of the Massachusetts 
Institute, he began the series of carefully planned 
researches which systematically led him to his latest 
achievement. 

One of Sheehan’s earlier successful ideas was the 
use of penicilloates that could not give azlactones by 
rearrangement. This idea led to the synthesis of the 
methyl ester of phthalimidopenicillin®’, which is 
biologically inactive, and then to a synthesis of the 
methyl ester of benzylpenicillin sulphone. The infra- 
red spectrum of the latter was identical with that of 
the same derivative prepared from natural benzyl- 
penicillin, thus providing the first direct chemical 
proof of the fused B-lactam thiazolidine structure 
of the penicillins. Further exploitation of the 
same idea, combined with a new method for syn- 
thesizing penicilloic acids that have the configuration 
corresponding to the natural penicillins, led to the 
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aceous species. These are the fungi which are 
predominant in cases of mycotic abortion and they 
also occur in quantity in hay and straw. The aero- 
spora of farm buildings therefore seems to be very 
different from that of the outside air both in quantity 
and quality, and its investigation should lead to a 
better understanding of both respiratory mycoses 
and the allergic diseases of the ‘farmer’s lung” 
complex. i 

All aerobiological investigations so far made seem 
to have arisen out of diverse practical needs, but as 
the symposium showed, studies which began with 
quite different approaches have led to entirely com- 
patible conclusions: all, at least so far as they are 
concerned with the outdoor air, lay emphasis on the 
conditioning of spore and insect release by meteor- 
ological factors and on the reliance both of spores 
and (with modifications) of insects on the dynamics 
of the atmosphere. The study of particulate dispersal 
in general falls within the scope of meteorology, and 
meteorologists are exploring this field experimentally’, 
but the need for planned observational work on the 
airborne biota still remains and is not likely to be 
satisfied for a long time to come.- H. A. HYDE 
1 Pasquill, F., Nature, 177, 1148 (1956). ; 


PENICILLIN V 


synthesis of a penicillin analogue having a benzyl- 
sulphonamido group in the side chain‘ in place of 
the phenylacetamido group of benzylpenicillm. This 
substance was the first biologically active synthetic 
‘penicillin’ to be made. It has not so far been 
obtained’ by fermentation. j 
Two further factors arising out of unrelated 
researches have a bearing on Sheehan’s latest 
achievement. The first was. the discovery, indepen-. 
dently by Sheehan and Hess* and by Khorana*, that ` 
aliphatic carbodiimides can be used as condensing 
agents for the formation of ‘peptide bonds in the 
presence of water. The second was the observation. 
by Brandl and Margreiter? that phenoxymethyl- 
penicillin is stable in acid solution. Sheehan and 
Henery-Logan used N,N'-dicyclohexylearbodiimide 
to bring about the cyclization of a B-lactam 
ring in the penicilloic acid. of penicillin V. This 
reaction, which is the key step in the synthesis, is 
carried out in aqueous dioxan solution at room 
temperature and yields about 12 per cent of 
penicillin V. : i 
The new methods of synthesis may not, at present, 
compete economically with the established fermenta- 
tion processes. However, the production of new 
synthetic penicillins, of which some ten have alteady 
been made at the research laboratories of Merck, 
Sharp and Dohme’, opens up exciting possibilties of 
improving the already established position of the 
penicillins in medicine. For example, penicillins 
effective against a wider range of pathogenic bacteria, 
including organisms producing penicillinase, may now 
be within reach. The key to a penicillin structure 
resistant to penicillinase may emerge from the com- 
pletion of the structural studies? on the antibiotic 
cephalosporin C, which resembles the classical peni- 
cillins in many of its chemical properties. However, 
it is resistant to the action of penicillinase, and is 
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stable in acid solution. Another possibility is. the 
production of. penicillins more suitable than peni- 
cilin O° (allylmercaptomethylpenicillin) for the 
treatment of people who are sensitive to benzyl- 
penicillin. G. F. NEWTON _ 


3 Sheshan, J. C., and erian E R., J. Amer. Chem. Soc., 78, 
1262 (1957). ; ai 
2 du Vigneaud, V. nter, F, H., Holley, R: W., Livermore, 
and E Rachele, E R., vahe Chemistry of Pemeilin”, 1018 (Prince- 
ton University Press, 1949). 
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OBITUARIES 


Prof. George Gomori 


Tue death occurred on March 1 at Palo Alto, 
Californie, of Prof. George Gomori, at the age of 
fifty-three. He was one of the most original and 
productive investigators in the field of histochemistry 
over the past twenty years. There,can be scarcely æ 
journal on microscopical work to- day in which his 
contributions are not liberally quoted by workers all 
over the world. In contrast to ‘his scientific renown, 
few people in the United States, and still fewer from 
the British Commonwealth, had the privilege of 
knowing him well. 

His main virtues as a man and investigator “were 
a combination of great intellectual and practical 
versatility with 'a high degree of economy of his 
resources. Added to this was an unconcealed: ‘delight 
in the adveriture of investigation, and æ love of dis- 
covery altogether detached from thoughts of personal ` 
glory: Two of these qualities, the unselfish devotion 
to his work and the hatred of extravagance in any - 
form, probably prevented many. people who met him 
from recognizing ‘his uniqueness. Gomori sacrificed — 
everything to enable him to work smoothly and well. ` 

The formal side of his career shows his versatility. 
As assistant to the professor of surgery in Budapest, he 


His extreme Pe simplicity and natural kind- 
liness would deceive one about-his tremendous store 
of experience in all branches of culture. He was an 
accomplished linguist. Having been cared for as a 
schoolboy by a Dutch clergyman when he was sent 
as a refugee in the First World War to Holland, he 
acquired a thorcugh knowledge of the Dutch language 
and literature, and an enduring love and gratitude 
towards the Dusch people. In philosophy he greatly 
admired Bertrand Russell. In music he was an 
excellent judge of singing; and spoke with critical 
admiration’ of European opera singers.of the past, 
such as Jadlowker, Battistini, Jeritza and Piccaver. 

- His cultural attainments were a means to pleasure 

and insight, and were displayed only when strictly 

relevant. In æ. similar way, he never paraded or | 
nursed his personal opinions on things and people. - 
Whether favourable or unfavourable, ‘his comments’ 

were brief and to the point and always tempered 

with tolerance and geniality. 

Gomori did rot frequently’ attend confarences and 
meetings, except those of the Histochemical Society. - 
The benefits of meetings were too erratic to appeal 
to him. Perhaps for this reason we may lament some 
lack of direct’ personal recognition for his achiéve- 


performed several thousand major operations, mostly ents, and reg-et the opportunities for granting him 


‘under local anesthesia. It is interesting to note.that 
he had used his gastrectomy specimens for studying 
reticulum in peptic ulcer with the staming method 
which is now widely known by his name. It. was a 
hardship for him to relinquish surgery on emigrating 
to the United States. 
outstanding characteristic as a laboratory worker, 
and it was the talent which he most loved to exercise, 
as a surgeon. In America he re-qualified in medicme 
and became a registered pathologist, as well as pro- 
fessor of internal medicine (Chest Diseases Section) 
in the University of Chicago. His charming wife 
Margaret, as chief medical librarian, was always on 
the look-out for literature for him, and the four- 
card-index drawers on his desk represented: his most 
valuable literary asset in .preparing papers and 
experiments. In his capacity as advising editor to 
several journals, it was no trouble to him to check 
_ the crucial,observations in the articles submitted, or 
to detect a tiny flaw which would invaldate the 
conclusions. He never turned first to the summary 
of @ paper, but would read the section on methods 
before anything else. 
Although the days were mostly spent in his friendly 


little laboratory, apart from attendances at the clinic, - 


Gomori gave the umpression thet work was more or - 
less incidental. Sometimes prolonged silences would 
fall as his concentration increased, but he never 
appeared unduly engrossed or impatient of inter- 
ruption, This was all part of his method. 


A tidy technical ease was his ` 


personal honour which the world has now lost. But 
of impersonal recognition he had an abundance, and 


-enjoyed persoral satisfaction without limit in his 


work itself. ‘G. H. Finpray 


Prof. Methodi Popoff 


' REFERRING to the obituary notice of Prof. Methodi : 
Popoff in Nature of February 9, Dr. A. M. Young, of 
- the World Federation of Scientifie Workers, writes : 
“Prof. Popoff died in April 1954 and his body lay in 
state in the b-g hall of the Bulgarian: Academy of 
Sciences for two days, during which many thousands 
of people pail him homage. The funeral took 
place on April 19, 1954, and was attended by 
representatives of the Bulgarian Government. So 
far as my information goes, Prof. Popoff’s work was 
highly appreciated in his country and he received 
many awards and decorations, not only before the War 
but also after she founding of the People’s Republic 
of Bulgaria in 1944. In 1950 he was awarded the 
highest Bulgarian distinction, the Dimitrov Prize 
(First Class), for his achievements in the field of 
stimulation. After his death the Institute of Biology, 
of which he had been director, was named the Methodi 
Popoff Institute of Biology. As late as 1953 there 
was an article by Prof. Popoff on his stimulation 


work m the English-languege en Bulgaria 
Today”. 
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NEWS and, VIEWS 


Royal Meteorological Society : Symons Memorial 
Gold Medal - =e 


Tux Symons Memorial Gold Medal of the Royal 
Meteorological Society, which is awarded biennially 
for distinguished work in meteorological science, has 
been conferred this year on Prof. Eric Palmén, Insti- 
tute of Meteorology, University of Helsinki, and a 
member of the Academy of Finland, for his out- 
standing work in the field of synoptic aerology. The 
award was made at the annual general meeting of the 
Society on April 17, when it was received on behalf of 
Prof. Palmén by H.E. the Finnish Ambassador, Mr. 


Sakari Tuomioja. The citation states: ‘‘Prof. Erie ‘ 


Palmén’s scientific contributions over many years, 
especially in synoptic aerology, have been a model of 
critical analysis and lucid discussion. His more recent 
studies have been concerned with tropical hurricanes 


and the large-scale disturbances of the westerlies, the ° 


jet stream and frontal regions, the momentum and 
energy balance of the tropical atmosphere and 
momentum exchanges at the-Earth’s surface. He 
has provided convincing quantitative evidence of a 
direct meridional circulation in low latitudes and his 
well-known kinematical model of the general cir- 
culation of the atmosphere is a valuable and realistic 
synthesis of statistical and synoptic evidence. His 
critical judgement and uncompromising thoroughness 
have established Prof. Palmén as a leading world 
figure in contemporary meteorology’. . 


Agriculture in the University of Cambridge: - 
aa Sir Frank Engledow, C.M.G., F.R.S. 


Siz Franx Enciepow 1s to retire from the Draper’s 
chair of agriculture m the University of Cambridge. 
-~ His work and influence during his long association 
with the School of Agriculture have extended far 
beyond the narrow confines of: the University. On 


the research side, apart from taking responsibility - 


for the administration of the research. institutes 
‘ attached to the School, and giving.guidance to those 
who sought his advice, he amplified and developed 
Biffen’s pioneer work in the genetics of cereals, and 
by a long series of studies into the factors underlying 
the yield of crops in the field, placed crop testing and 
yield analysis on a sure basis, and developed field 
experimentation both as a plant-breeding technique 
and as a tool for crop-husbandry research. His out- 
standing contributions to agricultural research led to 
his election as a Fellow of the Royal Society in 1946. 

Of more importance to mankimd in general is the 
outstanding contribution made by Sir Frank to the 


development and improvement of agriculture, par- 


ticularly in British Colonies and Dependencies. His 
contact with tropical agricultural systems during the 
First World War and as a member of various Govern- 
ment Commissions enabled him to perfect & course 
of postgraduate training for those destined for the 
agricultural services in the Colonial Territories, and 
so provide the personnel for the implementation of 
policies recommended by the Commussions on which 
he served. For these services and others of a like 
nature he was made C.M.G. in 1935 and was knighted 
in 1944. 


~ Sir Joseph Hutchinson, C.M.G., F.R.S. 
Sm Josera Burrr HUTCHINSON is to succeed Sir 


Frank Engledow as Draper’s professor of agriculture 
at Cambridge. Sir Joseph was born in 1902 and 
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educated at Ackworth and Bootham Schools, and at 
St. John’s College, Cambridge. After graduation, he 
took a postgraduate course at the Imperial College of 
Tropical Agriculture, Trinidad, and then joined the 
Empire Cotton Growing Corporation’s Cotton Re- 
search Station as assistant geneticist in 1926, the year 
in which the Station was established. He soon proved- 
himself a worker of notable quality, and began a long 
series of researches on the genetics and taxonomy of 
the: cotton plant which ultimately established him as 
one of the world’s leading authorities. After seven 
years in Trinidad he gamed further valuable experi- 
ence in India, where he was from 1933 until 1937 
geneticist and botanist at the Indore Institute of 
Plant Industry. Returning to Trinidad as chief 
geneticist at the Cotton Research Station, he con- 
tmued, with the aid of his colleagues, Dr. R. A. Silow 


and Dr. (now Prof.) S. G. Stephens, the elaborate | 


series of genetical and evolutionary studies on the 
genus Gossypium which culmmated in a joint work_ 
entitled “The Evolution of Gossypium and the 
Differentiation of the Cultivated Cottons”. This 


- book was highly praised and takes its place among 
, the classics of biology as perhaps one of the most 


comprehensive studies of the evolutionary history of 
a single genus ever carried out. 
With the shutting down of the Trinidad Station in 


‘1949, Sir Joseph went to Uganda, as the first director 


of the Empire Cotton Growing Corporation’s Cotton 
Research Station at Namulonge. Elected to. the 


Royal Society in 1951, he.was knighted in 1956. 


Since 1953 he has served as chairman of the Council 
of Makerere College, the University College of East 
Africa. An able scientist, and admunistrator, Sir 
Joseph is a worthy successor to Biffen and Engledow 
in the Draper’s chair of agriculture at Cambridge. 


Engineering- at the University of 
Tasmania : Prof. G. Newstead 


Mr. Gorpon Newsreap, reader m electronic 
engineering in the University of Adelaide, has been 
appointed as the first holder of the new chair’ of 
electrical engineering at the University of Tasmania, 
and will take up the appointment next August. 
Prof. Newstead, who is thirty-nine, graduated at the 
University of Melbourne and worked for a time as 
an engineer with the Department of Civil Aviation. 
In 1944 he was awarded the degree of master of 


electrical engineering for a thesis on aviation radio 


and has made scientific contributions to studies on 
the ionosphere, circuit theory and electronics applied 
to geophysics—this latter work being done in col- 
laboration with Prof. J. C. Jaeger, of the Australian 
National University. He spent 1953 as a member of 
the radio group at the Cavendish Laboratory, Cam- ' 
bridge. He was formerly senior lecturer in electrical 
engineering in the University of Tasmania, ‘and was 
for a time a member of the University Council there. ' 
He resigned last year to become the first reader in 
electronics at the University of Adelaide’ $ 


American Society of Cosmetic Chemists Award 


Tum American Society of Cosmetic Chemists 
instituted a Special Award of 1,000 dollars in 1954 
to encourage publication of outstanding scientific | 


. literature in the field of cosmetic technology. The 


recipients of the third Award are Dr. A. J. P. Martin ` 
and Dr. A..T. James, who share the Award, together 
with 600 dollars travelling expenses, for their work 
on gas chromatography with liquid-liquid extraction. 
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The work was carried out at the National Institute for 
Medical Research, London, and was published in The 
Analyst end The Biochemical Journal in 1952. Dr. 
A. J. P. Martin was joint Nobel Prize winner in 
chemistry with Dr. R. L. M. Synge in 1952. 


Technical Education 

ADDRESSING the Southern Regional Council for 
Further Education at Reading on February 15, the 
Minister of Education, Lord Hailsham, expressed the 
opinion that the estimate that the output of scientists 
and engineers should be increased to 20,000 was too 
modest. Technological advance was the dominating 
factor in the modern world, and we were only begin- 
ning dimly to apprehend the possibilities of technical 
development. We had lost neither our inventiveness 
nor our craftsmanship, but we must eliminate the 
belief that higher education was the good life for the 
few while the many could only attain to a bare 
literacy with, at most, a narrow vocational training. 
His most important task was to increase the numbers 
of those receiving formal training of all kinds after 
the ages of fifteen and sixteen, both at school and 
thereafter. Dealing particularly with the technical 
colleges, Lord Hailsham said that we needed to 
rationalize and develop all resources, and it was 
particularly important to make the best possible use 
of our limited numbers of highly qualified graduate 
technologists. Although there must be a good spread 
of higher national certificate courses over Britain, 
we must expect students in advanced full-time or 
sandwich courses to go to the teachers rather than 
vice versa, and the bulk of these courses must be 
concentrated in colleges of advanced technology and 
regional colleges. Although co-ordination might cause 
much heart-searching at first among principals and 
governing bodies, he did not expect the structure, 
once determined, to be absolutely static. Lord Hail- 
sham mentioned that he had just agreed in principle 
to a 75 per cent grant for the Portsmouth College of 
Technology. He also stressed the mmportance of the 


greatest possible measure of freedom for students to | 


attend courses in the areas of authorities other than 
their own, and also ‘of the public relations aspects 
of these developments. Parents, local education 
authorities, schools, industry and universities must 
be brought and kept in close contact with the tech- 
nical colleges and one another. Finally, technical 
education should be valued for its contribution to 
the individual life and to the spiritual values of our 
national culture. The discipline it gave in honesty, 
integrity and objectivity should increase the recep- 
tivity to, and appreciation of, music, literature and 
free intellectual speculation. 


British Oxygen and the Monopolies Commission 


Tue British Oxygen Company has now issued in 
booklet form, circulated to its customers, share- 


holders and employees, its reply to the criticisms of ' 


the Monopolies Commission (British Oxygen and the 
Monopolies Commission. Pp. 14. London: The 
British Oxygen Company, Ltd., 1957). Some of the 
Commission’s recommendations, for example, in 
regard to ostensible competition and to contract 
terms, are being applied at once, but the Company 
does not agree with the view that its profits were 
unjustifiably high. The Commission reached no 
definite conclusion as to the adequacy of the Com- 
pany’s present research activities, and the booklet 
deals at some length with this question. Its research 
plants, announced in 1948, are now in operation and 
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are the basis of a big constructional programme. 
This tonnage-oxygen. process operates ab the con- 
stant load essential for low cost; and meets the 
intractable proklem of changing demand inherent in 
steel making. The industrial liquid oxygen plants in 
the main works are four times larger than the standard 
of five years ago and have reduced power consump- 
tion by more than 25 per cent, while the standard 
liquid oxygen storage tanks operating at — 183° have 
evaporation losses one-tenth of those of ten years 


-ago. Expenditure on research has risen steadily to 


£700,000 in 1953—representing 2-8 per cent of total 
sales—of which at least £500,000 is devoted to indus- 
triel gases anc associated plant and equipment. 
Fundamental research has concerned the properties 
of gases and aperations such as distillation, com- 
pression and Eeat transfer and new methods of ' 
derivation of aeetylene, while other work has been 
concerned with the use of liquid oxygen in aircraft, 
missile propellants, pure nitrogen for annealing, 
liquid nitrogen for nuclear energy, the reactions of 
acetylene to give synthetic blood plasma, and the 
application of low-temperature technique to the 
transport of liquid methane. 


Vital Statistics for England and Wales 


Tue Registrar General’s commentary on the vital 
statistics of 1954 has recently been published (The 
Registrar General’s Statistical Review of England 
and Wales for the year 1954. Part 3: Commentary. 
Pp. xu1+227.. London: H.M. Stationery Office, 
1957. 8s. net). It is in the traditional form, and 
records few changes of note from the previous issue. 
Fertility, as measured by the gross reproduction 
rate, was fracsionally lower than in 1953. The 
authors maintan that judgment must be suspended 
about future fertility prospects, for ‘‘while the fer- 
tility decline from the post-war peak has left the net 
reproduction rete still in the region of unity, it 
remains for tha records of the next few years to 
reveal the true post-war trend’. The total number 
of marriages has declmed, but marriages expressed 
as a percentage of the total unmarried population 
remain at a high level. The mortality section con- 
tains a new abridged hfe table for 1952-54, which 
shows the expectation of life at birth as 67-31 years 
for males and 72-68 years for females. Infant mor- 
tality continued to decline, particularly post neo- 
natal deaths, bat there was a 5 per cent increase in 
the stillbirth rete. The rise in mortality from lung 
cancer continues and, over the past three years 
before the report, was particularly heavy in rural 
districts, where it amounted to no less than 37 per 
cent. 


Water Resources and the Welsh Economy RẸ 
Tau report “Water Resources and the Welsh 
Economy” (Pp. 8 Cardiff: Welsh Economic 
Development Council, 1957. 1s.), in which the Welsh 
Economic Development Council advocates the estab- 
lishment of a Welsh Water Resources Council (see 
Nature, 179, 76) ; 1957), points out that of the 2,000 
million gallons of water supplied daily by the water 
undertakings of England and Wales, Wales provides 
270 million gallons, of which 130 million gallons is 
supplied by Enghsh authorities to their customers. 
Of the total surface-storage capacity in England and 
Wales of 200,000 million gallons, about 60,000 million 


gallons is located in Wales, and of this 38,000 million 


gallons is owned by English authorities, while of the 
1,000 water undertakings in England and Wales, 152 
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are in Wales. The report urges the establishment of 
regional water grids in Wales and the formulation of 
an overall pohey for the development, control and 
distribution of Welsh water resources to ensure that 
Welsh economic interests are-duly considered. 


Society. for the Bibliography of Natural “History 

In presenting the annual report of the Society for 
the Bibliography of Natural History at a recent 
meeting in ‘the lecture hall of the Chelsea Physic 
Garden, the president, Dr. J. Ramsbottom, referred 
to the loss suffered by the Society through the death 
of Mr. W. N. Edwards, a founder member of the 
Society, and of Mr. A. G. Davis, both of whom had 
been members of the Committee. The fourth part of 
the third volume of the Society’s Journal was issued 
to members in January 1957 and included a third 
supplement to the catalogue of papers concerning the 
dates of publication of natural history books, and an 
illustrated article by the late René Ronsil on the 
painter, Madame Knip, and her contribution to 
ornithology. The following were elected as officers 
and members of the Committee: President, Dr. J. 
Ramsbottom; Hon. Secretary and Treasurer, Mr. 
A. ©. Townsend, c/o British Museum (Natural 
History), London, S.W.7 ; Committee, Messrs. .G. F. 
Elliott, F. ©. Fraser, F. J. Griffin, W. T. Stearn, 
C. Kirke Swann, D. W. Tucker. 


Automatic Technology and its Implications 

A SELECTED annotated bibliography, listing 359 
references, mostly from American sources, published 
during 1955 and the first five months of 1956, on 
“Automatic Technology and its Implications”, has 
been issued by the United States Department of 
Labour’s Bureau of Labour Statistics (Bulletin 
No. 1198. Pp. 64. London: United States Informa- 
tion Service, 1957). Compiled as part of the Bureau’s 
research programme on productivity trends and 
current technological developments, and intended as 
a@ research tool for economists, union and manage- 
ment officials, university teachers and others, it is 
provided with subject- and author-indexes, lists of 
addresses of periodicals and publishing organizations 
cited. 


Journal of Insect Physiology 

Durna the past twenty-five years insects have 
increasingly become the subject of physiological 
studies. ‘Lhis has been due in part to the importance 


of insect physiology for an understanding of the 


action of insecticides, but the main cause has been 
the continuing expansion of experimental biology 


and the realization that the insects afford exceptional ° 


opportunities for productive research in this field. 
This development is likely to be encouraged still 
further by the appearance of the new Journal of 
Insect Physiology (Vol. 1, No. 1 (March 1957). Pp. 
108. Subscription per volume (A) £6 (United States 
17 dollars) including postage; (B) for individual 
subseribers certifying that the journal is for their 
private use, £3 10s. (United States, 9.80 dollars) 
including postage. London and New York: Per- 
gamon Press, 1957). This is an international journal, 
with editors in Bristol, Baltimore and Berne. Papers 
are to be published in English, French or German 
and will include work on biochemistry, toxicology 
and the functional aspects of morphology. The first 
number contains eight papers, of -which one is in 
French and seven in English, but these include con- 
tributions from Australia, Japan and the United 
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States as well as from Great Britain. The subjects 
dealt with include the factors which regulate taste 
thresholds in the blow-fly, the distribution of col- 
lagenase'in different insects, the permeability proper- 
ties of insect cuticle, the antifungal action of cuticular 
lipids, flight noise and its effect on locust behaviour, 
carbon dioxide angsthema retarding growth, the 
nervous control of the tracheal spiracles, and the 
influence of parental feeding on the offspring in the 
silkworm. 


The Association of Universities of the British 
Commonwealth 


THE report of the Executive Council of the 
Association of Universities of the British Common- 
wealth for the year ended July 31, 1956 (pp. 25. 
London, 1956), records that the Committee of Vice- 
Chancellors and Principals of the Universities of the 
United Kingdom, for which the staff of the Associa- 
tion provides the, secretariat, met eleven times during 
the year. The office establishment at the end of the 
period under review consisted of the secretary, 
assistant secretary and nineteen other full-time 
officers. During the year the Executive Council held 
meetings in both Melbourne and London, and made 
arrangements for the Commonwealth Inter-Univer- 
sities Conference held in Pakistan during December 
1956—January 1957. The Marshall Aid Commemora- 
tion Commission continued the arrangement by 
which the secretary of the Association acts as 
executive secretary of the Commission, and the 
services of the office are available for the general 
supervision of Marshall Scholars in the United 
Kingdom. The Association also undertakes the 
placing of Beaverbrook Scholars in British univer- 
sities, and its secretary acts as a member of the 
committee set up in London to recommend the award 
of British Memorial Fellowships established by public 
subscription in Victoria, to enable scholars from the 
United Kingdom to study for one year in Australia. 
The Association also acts as the authority for 
attesting the eligibility of candidates seeking entry 
to French universities by virtue of exammations 
passed in the United Kingdom. The Council con- 
tinued to be represented on the joint committee 
administering the Commonwealth University Inter- 
change Scheme. 


A Catalogue of Chemical Laboratory Apparatus 


“Chemical Laboratory Apparatus 569” is the first 
in the series of catalogues to be issued by Griffin and 
George, Ltd., Alperton, Middlesex, the well-known 
laboratory furnishers and manufacturers of scientific 
apparatus, and is the first major publication of the 
group, formed in July 1954, by the mergmg of the 
three companies, Griffin and Tatlock, Lid., W. and 
J. George and Becker, Ltd., and Standley Belcher 
and Mason, Ltd. It will be followed by catalogues 
of educational physics apparatus and specialized 
chemical apparatus. Catalogue 56S, which comprises 
some 700 pages of factual text, is well illustrated and 
lists about 20,000 items covering the general chemical 
apparatus requirements of those engaged in education, 
industry and research, and replaces earlier editions 
of catalogues published by the companies incor- 
porated in the group, namely, “Catalogue 15B” 
(General Apparatus Section up to and including 
p- 751) of Griffin and Tatlock; ‘25th Edition and 
Abridged 25A Catalogues” of George and Becker ; 
and the “‘Price List of General Laboratory Apparatus 
(1939)” of Standley Belcher and Mason. 
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With the rapid growth of knowledge about the 
structure of matter, many new techniques of physical, 
chemical or atomic origm have recently been intro- 
duced, and some of these are now developing into 
powerful analytical tools so that it is difficult for 
laboratory suppliers to predict the future require- 
ments of chemists. Nevertheless, “Catalogue 56S”, 
while giving proper place to the standard and 
classical apparatus, includes many items of newly 
designed apparatus for use in those recently intro- 
duced methods which are likely to be of permanent 
value in the modern laboratory. The firmly estab- 
lished ‘Microid’ and ‘Nivoc’ ranges of instruments 
are fully illustrated and described, frequently with 
very useful experimental notes. Interesting examples 
of modern apparatus are the Griffin gas chromato- 
graphic apparatus, skeletal atomic models and a 
§-in. analytical fractionating column. The catalogue 
is excellently produced and extremely easy to use, 
and it should prove a valuable and comprehensive 
book of reference to modern laboratory apparatus 
for all scientists, not only chemists, m industry or 
engaged in teaching in technical colleges and the 
universities. Although many of the items are too 
elaborate or expensive for school use, school apparatus 
is not neglected, and it is recommended that school 
teachers and authors of school text-books make full 
use of “Catalogue 569” for illustrating their lessons. 


East African Industrial Research Organization 


THe annual report for 1955-56 of the East African 
Industrial Research Organization (East Africa High 
Commission. Pp. ii+7. Nairobi: Government 
Printer, 1956. Sh. 2), which includes a list of tech- 
nical pamphlets issued by the Organization and its 
predecessors, records that the Organization is still in 
a transitional stage. The new laboratories and offices 
in Nairobi should be completed early this year and 
the metallurgical laboratory in Entebbe was expected 
to be ready before the end of 1956. Considerable 
progress was made in the coffee-drying project, 
particularly in the final stages of artificial drymg. 
Further work was done on a refractory coment from 
local materials and a systematic study has been 
made of bodies using the buff or near white burning 
swamp clays found in Kenya for producing a domestic 
pottery bowl by a once-fired technique. By bleaching 
with activated earth, a cedarwood oil has been 
obtained equal in colour to the steam-distilled pro- 
duct and with only small losses. 


The National Research Council of Canada 


Tun “National Research Council Review”, 1956 
(pp. 284+16 plates. Ottawa: Queen’s Printer. 
- 75 cents), describes the work of the National Research 
Council of Canada during 1955, but includes some 
later work. It supplements the information already 
given in the annual report for the year ended March 31, 
1956 (see Nature, 179, 297; 1957). Besides the 
reports of the directors of divisions and heads of 
sections and of the work of the Council’s many 
committees, it includes a directory of the Council’s 
staff, numbering 2,125 on April 1, 1956, of whom 
558 were scientific "and 753 technical. The Review 
is distributed to scientists, research institutions and 
others who require more specialized information than 
is provided in the annual report. 


Special Schools for Handicapped Pupils 


Tue Ministry of Education has prodyced a new 
edition of its booklet describing special schools for 
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handicapped pupils (List of ‘Special Schools for 
. Handicapped Pupils in England and Wales. te 
~72. (London: H.M. Stationery Office, 1956.) 3s. 6d 

net). The schools are arranged according to the 
nature of the handicap for which they provide, and 
include those fcr the blind, partially sighted, deaf 
and partially deaf, educationally sub-normal, epilep- 
tics, maladjusted pupils, delicate and physically 
handicapped children, pupils suffering from speech 
defect, and hospital special schools. In each case the 
list includes desails of the organization responsible 
for the school and the age-range of pupils and 
indicates whether or not pupils may be drawn from 
any part of the country. The list should be invaluable 
to local education authorities, head teachers and 
many distressed parents of handicapped children. 


Museum of Applied Arts and Sciences, Sydney 


THE annual report for 1955 of this well-known 
Museum includes a record of many and varied 
activities. Although the Trustees sought a special 
grant of £16,000 to mark the seventy-fifth anniversary 
of the Museum by the purchase of a new Spitz 
Planetarium and an orrery, only £3,000 was forth- 
coming. Every effort was made by the Trustees to 
provide a new museum on another site in Sydney 
and thus enable them to carry out successfully their 
statutory obligations. An important addition to the 
electronics section was the installation of Foote’s 
induction phones. This instrument, which, resembles 
a stethoscope when placed in the ears, enables one 
to listen to the radio unencumbered by trailing 
wires. It operates by magnetic induction, and the, 
public are invited to listen-in with these instruments. 
The most impartant installation was that of an elec- 
tronic ‘brain’ which was constructed to allow visitors 
to participate ty operating as a game of ‘noughts and 
crosses’. The national character of the research 
work carried Dut by the staff is reflected in the 
published results, and in requests for information by 
overseas and local scientific colleagues, as well as by 
Australian industrial organizations. An example may 
be quoted in the advice and assistance furnished to 
an Australian irm which was attempting to establish 
a local peppermint and spearmint oil industry. The 
work of the scipntific staff consisted mainly in investi- 
gations concerning the essential oils of Australian 
plants and their physiological forms.- It is also 
reported that Mr. A. R. Penfold retired from the 
directorship on December 31, 1955, after thirty-seven 
years service. The Trustees pay a special tribute to 
him for the excellent results achieved during his 
administration by his initiative, enterprise and 
enthusiasm. 


Manchester City Library 


THE one hundred and fourth annual report of the 
Libraries Committee of the City of Manchester for 
the year ended March 31, 1956, points out that in 
the Reference Libraries, where the number of books 
issued increased by 114,842, the main development 
has been in meeting the growing demand on the 
Technical Litrary, for which more spacious accom- 
modation for users is required. There is also a 
growing demsnd for information calling for qualified 
staff, who must be sought in competition with 
industry, commerce and the teaching profession. 
Considerable progress was made during ‘the year in 
redeploying saff to ensure the use of varying grades 
to the best advantage. The City Librarian’s report 
records a book stock of 1,114,762 volumes in the 


898 


Manchester Public Libraries, of which 450,331 
volumes are in the Reference Libraries, The micro- - 
film of the Manchester Guardian was completed 
during the year. Books borrowed from the Special 
Collections Department decreased by nearly 2,000 
volumes, but the libraries deposited by sixteen Man- 
chester societies were well used. There was an 
increase of 27-5 per cent in the number of readers in 
the Technical Library and of 30 per cent in issues. 
The number of periodicals taken was increased to 
650 and the book fund increased to permit the pur- 
chase of all but elementary books on science and 
technology published in Britain and a high pro- 
portion of American publications, while seating 
accommodation for readers was also increased by 
50 per cent. Some 717 journals and books were lent 
to firms and research organizations, and the Tech- 
nical Library has established liaison with as many 
foreign organizations as possible, and it is now a 
depository for all non-secret reports from the national 
bodies concerned with nuclear energy research in the 
United Stetes, Great Britain and Canada. The 
Commercial Library now takes more than 600 
current periodicals, more than a quarter from over- 
seas, and is used by some 200,000 people, of whom 
40 per cent come from other towns in the conurbation 
and 20 per cent from outside the area. It includes 
1,800 current directories, 500 dealing with overseas 
countries. 


A ‘Radio Pill’ 

A Note released recently by the Rockefeller 
_ Institute of New York describes a small radio-trans- 
mitting capsule which can be swallowed like a 
medicinal pill and, as it passes through the body, 
signals the activity of the digestive tract. This ‘radio 
pill, as it is termed, was designed by Dr. V. K. 
Zworykin and developed by engineers of the Radio 
Corporation of America at Camden, New Jersey. It 
comprises a plastic capsule, 14 in. long and fy in. 
in diameter, containing a tiny transistor oscillator 
operating at a frequency of about one megacycle per 
second. In one end of the capsule is housed a minute 
replaceable storage battery which supplies the small 
amount of electrical power required and has a life of 
fifteen hours. The other end of the capsule is sealed 
by & flexible rubber membrane which transmits the 
pressure variations in the body to the armature of 
an inductance coil, and so varies the frequency of 
the radio signal generated.: When the ‘pill’ is swal- 
lowed by a patient and pursues its course through , 
the gastrointestimal tract, it transmits signals the 
frequency of which is varied ‘by the pressure éhanges 
in the tract. These signals from the capsule are 
picked up on a suitable receiver with an antenna 
held close to the body. The output responses of the 
receiver may be displayed on the screen of a cathode- 
ray tube or they may be used to operate a pen-type 
recorder. 

A demonstration of the device was given by Dr. 
Zworykin in co-operation with Dr. J. T. Farrar, 
assistant professor of clinical medicine at Cornell 
University College of Medicine. Dr. Farrar is also 
chief of the Gastroenterology Section of the New 
York ‘Veterans Administration Hospital, where 
clinical tests are being performed. 


Surface Growth In Plant Cells 


OBSERVATIONS on the neture of surface growth in 
plant cells have been reported on by A. B. Wardrop 
(Austral. J. Bot., 4, 193; 1956). Autoradiographs 
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were prepared from parenchyma. isolated from Avena 
coleoptile segments grown in a medium containing 
labelled glucose. The autoradiographs show that 
there is no concentration of radioactive material at 
the cell tips, and labelled cellulose appears to be 
uniformly distributed in the cell wall. Electron 
micrographs of similar material show that the 
cellulose microfibrils are almost transversely 
orientated on the inner surface of the cell wall 
but are considerably dispersed from this direction 
on the outer surface. From this evidence it is con- 
cluded that growth in coleoptile parenchyma is not 
of the ‘bipolar’ or ‘mosaic’ type previously sug- 
gested, but corresponds to the ‘multi-net growth’. 
In addition, a study has been made of the relation 
of microfibril orientation to cell form in the paren- 
chyma of onion roots and in roots after treatment 
with colchicine, from which it is concluded that the 
final microfibril orientation on the outer wall surface 
is determined by the extent and polarity of its surface 
growth. : 


Solar Radiation received by Vertical Walls 


A REPORT published by the German Weather 
Service (Berichte des Deutschen Wetterdienstes, 5, 
Nr. 29. K: Gräfe. “Strahlungsempfang vertikaler, 
ebener Flächen; Globalstrahlung von Hamburg”. 
1956) gives useful information on the total solar 
radiation received on clear days by -vertical walls 
facing the cardinal points of the compass, a surface 
inclined at 45° facing south, and a horizontal surface 
at Hamburg, lat. 53° 30’ N. The radiation was 
measured with a Moll-Gorcezynski solarimeter which 
recorded the totel short-wave radiation. This was 
composed of direct insolation, scattered radiation 
from the sky, and radiation reflected from the ground, 
the first of these not always being present. The 
readings are compared with the calculated direct 
radiation, and the most interesting result of the paper 
is the large contribution to the total made by radiation . 
scattered from the sky and that reflected from the 
ground. For a south wall the ratio of total radiation 
to calculated direct insolation varies from 1-7 in 
summer to 1-1 in winter. The ratio for an east- or 
west-facing wall is more constant, 1-5 in summer and 
1-8 in winter. For a north-facing wall the ratio is 
8-8 at mid-summer and 120 on April 1, while there 
is still appreciable sky and reflected radiation in 
‘winter when there is no direct insolation. The annual 
variation of the curves is of interest. A south wall 
receives maximum solar radiation at the equinoxes 
and decidedly less, because of the higher elevation of 
the Sun; at mid-summer. The wali at 45° to the 
horizontal facing south has constant radiation from 
the beginning of April to the end of August. The 
results are clearly of importance to building and 
agriculture. 


A New Variable Star 

TuE discovery of a probable nova in M31 on 
September 6, at the Haute-Provence Observatory, 
on photographs taken with the 120-cm. reflector is 
recorded in the issue of E’ Astronomie for November 
1956. The photographie magnitudes on September 5, 
8 and 12 were 18-0, 17-8 and 17-4, respectively. On 
November 7 another photograph showed that the 
star was at the limit of visibility for the 120-cm. 
telescope and in the neighbourhood. of magnitude 20. 
It is situated at 23” from the centre of M31 and its 
approximate co-ordinates are a = Oh. 36m. 03-8s., 
è = +40° 29-3’ (1900). 
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Oversea Service Division, Colonial Office 


Tu following appointments have recently been 
made in the Oversea Service Division, Colonial Office : 
J. K. Cox (senior agricultural officer, North Borneo), 
assistant director of agriculture, North Borneo ; 
P. A. Lowides (agricultural officer, class 1, Cyprus), 
senior agricultural officer (research), Cyprus; W. R. 
Mills (agricultural chemist, Uganda), officer in charge, 
Serere, Uganda; D. W. Winter (agricultural officer, 
Zanzibar), agricultural officer, Tanganyika; W. A. 
McD. Paterson (vice-principal), principal, Technical 
Institute and Trade Centre, Enugu, Eastern Nigeria ; 
I. G. Bulmer (assistant conservator of forests, Sierra 
Leone), senior assistant conservator of forests, 
Sierra, Leone; A. J. Fyfe (conservator of forests, 
grade B, Federation of Malaya), conservator of 
forests, grade A, Federation of Malaya; G. G. K. 
Setten (senior assistant conservator of forests, 
Federation of Malaya), chief research officer, Federa- 
tion of Malaya’; 1. P. Tamworth (senior assistant 
conservator of forests, Federation of Malaya), con- 
servator of forests, grade B, Federation of Malaya ; 
J. W. Pallister (assistant director of geological survey, 
Uganda), chief geologist, Somaliland Protectorate ; 
P. W. Hanney, entomologist, Western Nigeria; Mrs. 
C. M. Petrie, temporary records officer, Department 
of Agriculture, Federation of Nigeria; J. D. White, 
soil conservation engineer, Kenya; R. Edgley, 
chemist, Tanganyika; Bdr. A. A. Wood, assistant 
conservator of forests, Northern Rhodesia; E. P. 
Arnold, survey assistant, Grade 1, Kenya; A. G. 
Wright, surveyor, Northern Nigeria; J. S. Wyeth, 
staff surveyor, Kenya; D. F. Collings, vetermary 
officer, Tanganyika; A. H. E. Pederson, temporary 
veterinary officer, Northern Nigeria ; H. N. Chittick, 
antiquities officer, Tanganyika; J. H. L. Messing, 
soil scientist, British Guiana. 


Announcements 


Dr. Tuomas G. Fox, research executive m the 
Rohm and Haas Company, Philadelphia, Pa., has 
been appointed an assistant director of research in 
the Mellon Institute, where he will be in charge of 
the programme of research in polymer chemistry. 
Dr. Fox is best known for his researches on polymer- 
ization and kinetics, on studies in dilute solutions of 
molecular structure and thermodynamics, and on the 
physical chemistry of ‘amorphous and crystallme 
polymers. oe 

Dr, J. E. Keystrow has been appointed vice-chair- 
man of the Defence Research Board of Canada in 
succession to Mr, Hartley Zimmerman, who becéme 
chairman of the Board last year. Dr. Keyston was 
assistant director of scientific research at the Admir- 
alty and later deputy director of research programmes 
and planning during the Second World War. Later, 
he advised the Indian Navy on the establishment of 
scientific research, before moving to Canada in 1950 
to take up the position he has held since as chief 
superintendent of the Naval Research Establishment 
at Halifax. 


Pror. Wintiam Warpiaw has been elected presi- 
dent of the Royal Institute of Chemistry in succession 
to Dr. D. W. Kent-Jones, who now becomes a vice- 
president, ex-officio. Prof. H. V. A. Briscoe, Dr. J. 
idris Jones and Prof. R. G. W. Norrish have been 
elected as vice-presidents and will hold office with 
Mr. R. C. Chirnside, Dr. R. B. Strathdee and Sir 
Alexander Todd. Prof. Harold Burton has been 
re-elected as honorary treasurer. 


NATURE 


899 


Lorp Tepper, chancellor of the University of 
Cambridge, will open the new Metallurgical Labora- 
tories of the British Welding Research Association at 
Abington Hall, Abington, near Cambridge, on July 23, 
at 12 noon. In the afternoon, guests will be able to 
visit the new laboratory, where demonstrations will be 
given of the latest welding processes and control 
tests. 


Tx fourth international conference of the Inter- 
national Society of Soil Mechanics and Foundation 
Engineering will be held in London during August 
12-24. Further details can be obtained from the 
Society’s secretary, Mr. A. Banister, Institution of 
Civil Engineers, Great George Street, London. 


Tue Association of Universities of the British 
Commonwealth has issued invitations to its member 
institutions to appoint delegations to the Eighth 
Quinquennial Congress of the Universities of the 
Commonwealth to be held in Montreal during Sep- 
tember 1-5, 1958. This is the first time that the 
Congress will have met outside the United Kingdom 
since these meetings were instituted in 1912. 


THe sixth conference of the Society for Biological 
Rhythm is to be held during August 26-28 in Sem- 
mering, Austria. The theme will be ‘“Time in Biology”. 
Further details can be obtained from the secretary, 
A. Sollberger, Anatomical Department, Caroline 
Institute, Stockholm 60. 


In connexion with the International Congress on 
the Quaternary to be held in Spain in September 
1957 there will be a symposium on the ecology and 
biogeography of Spain, with special reference to the 
development of environmental conditions during the 
Quaternary. The symposium will probably be held 
at Barcelona during September 16-20. Further 
information can be obtained from Dr. S. V. Peris, 
Laboratorio de Faunística y Ecologia animal, 
Cj. Pinar, no. 21, Madrid, or Dr. E. Balcells, R. 
Universidad de Barcelona. 


A THIRD Conference on Carbon, co-sponsored by the 
University of Buffalo, the National ‘Science Founda- 
tion and the United States Office of Naval Research, 
will be held in Buffalo during June 17-21. Electronic 
properties of carbons will be treated in the first two 
days, and the following two days will be spent on 
compounds, reactions, effects of irradiation and heat- 
treatment, the last day on processing of carbons and 
on their high-temperature properties. There will be 
æ total of eighty papers presented, thirty-two of. 
them by speakers from overseas. The complete 
printed programme with abstracts will be ready 
for distribution before the Conference; the papers 
presented will be published in the second volume of 
the Proceedings of the Conferences on Carbon, some 
time after the Conference. Further information, 
registration and reservation forms can be obtained 
from the Carbon Conference, University of Buffalo, 
Buffalo 14, New York. 


Erratum. In the article entitled “Observations of 
Dislocations in Moiré Patterns on Electron Micro- 
graphs” in Nature of April 13, the spacing formula 
printed on p. 752, col. 2, 1s incorrect; for Ate. 
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THE SMITHSONIAN INSTITUTION 


REPORT FOR 1955-56 


‘HE report of the Secretary of the Smithsonian 

Institution* for the year ended June 30, 1956, 
which is accompanied by the financial report of the 
Executive. Committee of the Board of Regents and 
the usual reports on the library and on publications 
and of the several branches of the Institution, refers 
to plans for the new building of the Museum of 
History and Technology. Construction of the 
foundations is to commence in the spring of 1957 
and it is hoped that the building will be completed 
in 1960. Of other urgent building needs, the expan- 
sion of the Natural History Museum has the highest 
priority, but it is hoped that funds will also be pro- 
vided to permit construction of a suitable building 
for the National Air Museum in close proximity to 
other units of the Institution. The new bird hall of 
the Natural History Museum was opened to the 
public in March 1956. 

Special stress is laid by the Secretary on the 
expansion in the activities of the Smithsonian Astro- 
physical Observatory, the scientific headquarters of 
which have been moved to more adequate quarters 
in immediate association with the Harvard College 
Observatory in Cambridge, Massachusetts. As a 
consequence of this move, the Division of Astro- 
physical Research has re-appraised the basic scientific 
policies and objectives of the Observatory, and its 
broadened programme now includes research not only 
in solar activity and its effects upon the Earth but 
also meteoritic studies and studies of the upper 
atmosphere. In view of the deterioration in the 
atmospheric conditions caused by local smelting 
operations, the scientific equipment at Montezuma, in 
Chile was moved to Table Mountain in Southern 
California, but there too the skies are showing pro- 
gressive deterioration from smog from the urban area, 
of Los Angeles. Records at Table Mountain also 
showed the increased atmospheric opacity arising 
from the Alaskan volcano in 1953 and from the 
explosions of nuclear or thermonuclear bombs. 
Another new programme of research is concerned 
with the nature and distribution of meteoritic debris 
and miicro-meteorites ; 
craters; exterior and terminal ballistics and the 

. extraterrestrial life of meteorites, all from an astro- 
physical aspect. The Observatory has an important 
role in the artificial satellite tracking programme of 
the International Geophysical Year. 

The Division of Radiation and Organisms con- 
tinued its fundamental physiological and biochemical 
research on the role of light in regulating growth in 
higher plants. The action spectrum of the far-red 
reversal phenomenon observed last year in the 
excised stem hook or arch of seedlings of beans and 
other dicotyledonous plants that have been grown 
in complete darkness was completed and it has been 
found that the complete chlorophyll molecule is not 
formed ummediately on irradiation of leaves of plants 
grown in the dark. Further studies on the effect of 

* Smithsonian Institution. Report of the Secretary and Financial 
Report of the Executive Committee of the Board of ts for the 

ear ended June 30, 1956. . ix+211+8 plates, Smithsonian 


blication No. 4268.) (W: ton, D.C.: Government Prin 
Office, 1956.) B 


the nature of meteorite ` 


infra-red, far-red, and red radiant energy on the 
modification of chromosomal damage induced by 
X-rays using root tips of the horse bean, Vicia faba, 
mndicate that infra-red irradiation, from 820 to 1,350 
my, does not significantly increase X-ray damage, 
but that far-red at 710-820 my significantly in- 
creases the frequency of chromosomal aberrations 
induced by X-rays. 

The Bureau of, American Ethnology continued 


systematic studies in the archeological collections ` 


made m Panama, as well as archeological field-work 
in the Hudson Bay area. The La Venta excavations 
in Mexico were completed. Much assistance con- 
tinued to be given to the programme for salvage 
archeology of the River Basins Surveys in areas to 
be flooded or otherwise destroyed by the construction 
of large dams. By the end of the period under review, 
survey parties had located and reported 4,365 
archeological sites, of which 862 had been recom- 
mended for limited excavation, and 329 sites in 46 
reservoir basins in seventeen States had been tested 
or partly dug. 

Accessions to the United States National Museum 
totalled more than 900,000 specimens, imcluding 
valuable collections of mammals from Siam and 
Africa, more than 230,000 termites and more than 
10,000 mvertebrates from the Antarctic, as well as 
the James Smith Memorial Collection of fossil 


- diatoms from the Philippines and important lots of 


plants from Brazl, New Guinea, Australia, Idaho 
and Alaska. Field work was conducted in Peru, 
Europe, Canada, Palau Archipelago, Libya, the 
West Indies, Panama and many parts of the United 
States. The gallery exhibit of the section of scientific 
instruments now consists of twelve units devoted to 
various fields beginning with weights and measures 
and ending with astrophysics. 

Accessions to the National Air Museum numbered 
118 specimens, and all the Museum’s stored materials 
have now been moved to Suitland, Maryland. 
Reference is made to increasing demands on the 
Museum’s information service. In all, 1,710 animals 
were added to the National Zoological Park during 
the year, and although the Park has no general 
research programme as such, a considerable amount 
of more or less specific research is carried out. 
Visitors reached a record total of 3,788,299, while of 
the 440 visitors to the Canal Zone Biological Area, 
51 were scientists using the station’s facilities for 
special researches. 

The International Exchange Service handled 
1,161,855 packages of government, scientific and 
hterary publications, including 62 full and 42 partial 
sets of United States official publications, and con- 
signments were sent to all countries except China, 
North Korea, Outer Mongolia, Communist-controlled 
areas of Viet-Nam and -Laos and the Haiphong 
Enclave. The Library received 78,715 publications 
during the year and arranged 237 new exchanges. A 
full list of the 74 new publications appearing under 
the Smithsonian imprint during the year is included 
in the report, and in all 424,389 copies of publications 
were distributed. 


~ 
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UNIVERSITY GRANTS COMMITTEE 


REPORT FOR 1952-56 


AY interim report* recently issued by the Univer- 
sity Grants Committee supplies a factual record 
of the main developments. in the universities of 
Britain during the first four years of the quinquen- 
nium which began on August 1, 1952, and of the use 
made of their financial resources. It is intended to 
assist consideration of the provision which the Chan- 
eellor of the Exchequer indicated on March 14 that 
he proposed to ask Parliament to make for the five 
years beginning on August 1, 1957. Discussion of 
general problems is in the main reserved for the full 
quinquennial review which will follow later, but the 
trends in university development are indicated more 
clearly and fully in the interim report than is possible 
in the retums which are issued annually by the 
University Grants Committee. 

During the current quinquennium the universities 
„have been under pressure from two directions. The 
first was from the continued decline in the value of 
money. Although the grants announced in February 
1952 made no allowance for continuance of this 
decline after the end of the quinquennium 1947-52, 
the pressure from this cause was to some extent 
relieved by supplementary recurrent grants made in 
1954-55 to enable the universities to increase the 
salaries of their academic staffs. Much of the develop- 
ment which it had been hoped to achieve with the 
grants announced in 1952 was not in fact possible. 
The second factor was the need to increase the output 
of technologists, for which purpose supplementary 
grants were made to several universities. 

There are now twenty universities and only two 
independent university colleges on the Committee's 
grant list, and of the latter Leicester has since 
received its charter as a university ; Southampton, 
Hull and Exeter received charters during the quin- 
quennium. The University of St. Andrews has been 
re-organized in accordance with the recommendations 
of the Royal Commission which reported in 1952, 
the Manchester College of Science and Technology 
has become an autonomous institution, and the 
affiliation arrangements between the University of 
Glasgow and the Royal College of Science and 
Technology have been modified by mutual agreement. 

The total number of students in the autumn. term 
of 1956 was 88,701, compared with 50,246 in 1938-39 
and 83,458 in the first year of the quinquennium. 
Omitting the University of London with 19,403 full- 
time students, and the Universities of Oxford and 


Cambridge, with 7,740 and 8,295, respectively, and- 


counting separately the two Divisions of Durham 
University and the five constituent Colleges of the 
University of Wales, there are three institutions with 
4-5,000 full-time students, four with 34,000, four 
with 2-3,000, two with 1,500-1,999, eight with 
1,000-1,499, four with 500-999 and one with less than 
500. Outstanding features of the quinquennium have 
been the relatively small decline in student numbers 
on expiry of the Further Education and Training 
Scheme for those with war-service, and the growth in. 
student numbers which afterwards oceurred, due 
to the doubling of the numbers of pupils remaining 
at school to the age of 17 compared with before the 
War and to the great increase in the number of other 


* University Grants Committee. University Development: Interim 
ré on the years 1952 to 1956. Pp. 26. (Cmnd. 79.) (London: 
H.M. Stationery Office, 1957.) 1s. 3d. net. 
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university awards. The proportion of each age group 
which remains ai school to the age of 17 and over 1s 
now 7-9 per cent in England and Wales and 9-1 per 
cent in Scotland, while in England and Wales the 
number of advanced passes in the General Certificate 
of Education has increased by 27 per cent over the 
period. As a ccnsequence, the number of full-time 
students entering the universities for the first time 
has increased from 21,153 in 1953-54 to 25,113 in 
October 1956. j 

As regards distribution by facultiès, the trends in 
evidence five years ago have continued, science and 
technology gaining at the expense of arts and 
medicine; whik recently technology has gained 
relative to pure science (13-9 per cent m 1956, com- 
pared with 12-4 per cent in 1953-54, and for pure 
science 21-9 per zent and 21-1 per cent, respectively). 
The number of students that will be required to be 


‘takon into the Medical Schools in future is under 


examination by a Committee under the chairman- 
ship of the Right Hon. H. Willink. Lord MeNair’s 
Committee has zecently reported on the reasons for 
the lack of app-icants for training in dentistry. 

The proportions of outstandingly good and of out- 
standingly weak students remain lower, and that of 
good second-class students remains higher than before 
the War, and ar inquiry into the progress of students 
admitted to acedemic courses for first degrees and 
diplomas in 1953 showed that 87-4 per cent pro- 
ceeded to their second year without being required 
to repeat any irst-year work; 5-9 per cent were 


required to repeat the whole or part of the first-year 


course, 2-5 per cent were transferred to another 
course, and oniy 4'2 per cent did not re-enter in 
October 1954 on account of academic failure or for 
disciplinary ressons., The proportion of full-time 
advanced (mostly postgraduate) students continues 
to increase ; thay numbered 12,668 in 1955-56 com- 
pared with 11,644 in 1951-52, while the proportion 
of Ingher degreas to first degrees was 12-2 per cent 
in arts, 25-6 per cent in pure science and 20-6 per 
cent in technology. 

Of the 9,28€ full-time students who came from 
outside the United Kingdom (compared with 6,960 


.in 1951-52 and 5,213 in 1938-39) about 60 per cent 


were from within the Commonwealth. The proportion 
of full-time students living in colleges or halls of 
residence has risen from 25-1 per cent in 1938-39 
and 25-9 per cent in 1951-52 to 27-5 per cent in 
1955-56 ; the zorresponding figures for those living 
in lodgings being 33-2, 39-6 and 44-7 per cent, and 
for those at home, 41-7, 34:5 and 27-8 per cent, 
respectively. It appears, however, that in many 
universities saxisfactory lodgings are becoming in- 
creasingly diffizult to obtain and the expansion of 
many universities may depend on the provision of 
further facilities for residence. The University Grants 
Committee has appointed a sub-committee, under 
the chairmanship of Prof. W. R. Niblett, to inquire 
into the whole question of the role of halls of residence, 
including their administration and staffing. 

The staff-stadent ratio further improved during 
the present quinquennium. Academic staff totalled 
10,202, includmg 1,421 professors and 735 readers, 
assistant professors and independent lecturers, com- 
pared with 8,€52 in 1951-52 and 3,994 in 1938-39. 
In so far, however, as additional appointments are 
due to the grcwing needs of research and increased 
specialization, the beneficial effect of the increase in 
the overall staff-student ratio from 1:8 in 1951-52 
to 1:7 in 1955-56 is less than might appear. The 
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continued fall in the value of money and rise in 
remuneration in other professions necessitated a 
further review of academic salaries in 1954, as a 
result of which the basic salary for non-medical pro- 
fessors was raised from the figure of £1,600 fixed in 
1949 to £1,900, while for readers and senior lecturers 
a range of salaries up to £1,850 was provided in place 
of the previous £1,600. The scales for lecturers were 
raised from £650 to £1,350 and for assistant lecturers 
from £550 to £650. The additional recurrent grant 
for this purpose’ made it possible to give immediate 
increases averaging about 17 per cent. After con- 
sultation with the universities a scheme was devised, 
and approved by the Treasury and Inland Revenue 
Department, under which a supplementary pension 
can be given where the best single annuity pur- 
chasable with the proceeds of the -policies held on 
behalf of the retiring member of staff is less than a 
specified rate depending on his position and length 
of university service. 

Recently a further Increase in the salaries of 
university teachers has been announced in the House 
of Commons by the Chancellor of the Exchequer. In 
a written reply to a question on March 12, he said 
that from August 1 the salary range for non-medical 
professors would be £2,300—-£3,000 ; that for readers 
and senior lecturers up to £2,250; that for lecturers 
£900-£1,650, and that for assistant lecturers £700- 
£850. : 

Discussing technological development, the report 
recapitulates arguments and decisions already familiar 
to readers of Nature, and the section dealing with 
non-recurrent grants also summarizes the recom- 
mendations of the Gater Committee and the decisions 
regarding the expansion of the Imperial College of 
Science and Technology. Non-recurrent grants 
approved during the past four years, excluding 
capital grants of more than £1-5 million for the 
expansion of the Imperial College, totalled £23-8 
million. Of this sum, £18,972,000 was for buildings 
and £2,199,000 for sites and properties, the amount 
of new building work approved totalling about 
£17-25 million and general expenditure about £16 +25 
million, bringing the total spent on university building 


in the past nine years to about £31-25 million. If, . 


however, the universities could have built at the rate 
estimated in 1947 as necessary to meet their admitted 
needs at 1947 prices, their building expenditure 
should have amounted to about £92 mullion. Visits 
to all the universities and university colleges have 
impressed the Committee with the extent of over- 
crowding and congestion, and although the more 
generous provision of capital grants for buildings to 
be started in 1957 and later years, rising to £12 
million in 1958, will ease this situation, a steady 
concentration of building effort of much greater 
volume than in 1952-56 is required to realize the 


desirable expansion of universities. Of major building ‘ 


projects approved in the period, including that at 
the Imperial Gollege, 7 per cent is for arts, 62 per 
cent for science and technology, and 31 per cent for 
libraries, student unions, refectories, halls of residence 
and the like. 

The aggregate income of the universities rose from 
£25 -75 million in 1951-52 to £36-89 million in 1955-56 
and aggregate expenditure from £26-13 million to 
£38-07 million, the percentage of income from 
Parliamentary grants increasing from 66:5 to 72-7. 
That from fees fell from 14-8 per cent to 10-8 per 
cent, from endowments from 5-2 to 3-8 per cent, 
from local authority grants from 4-1 to 3-1 per cent 
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and from donations and subscriptions from 1-9 to 
0-9 per cent. Besides the recurrent grant for general 
purposes, including development in science and tech- 
nology, totalling £24,883,000 for 1956-57, recurrent 
grants for salary supplementation totalled £2,383,000 ; 
for pension supplementation £67,000 ; for the further 
expansion of technological education £570,000; and 
for the Institutes of Education at Liverpool and 
Reading £25,000. The Committee of Vice-Chancellors 
‘and Principals has framed proposals aiming at & 
greater uniformity of fees as between institutions and 
at producing an additional revenue of £5-600,000, 
which have been adopted by the universities and will 
come into force in 1957-58. The Committee believes 
that the way in which the universities have met 
the economic strains of the past five years should 
strengthen public confidence in their financial 
administration. 


PLANT-PARASITIC NEMATODES 


HE Linnean Society held a symposium on 

““Plant-parasitic Nematoda” on March 21, with 
the president in the chair. Introducing the sym- 
posium, Prof. B. G. Peters (Imperial College of 
Science and Technology) briefly outlined the charac- 
teristics of the group, pointing out that, although a 
pointed, hollow, protrusible spear or mouth-stylet 
had been independently evolved twice among the 
nematodes, most of the plant parasites were tylenchs. 
There were various types of association between 
plants and nematodes, with varying degrees. of 
dependency; also, the complex inter-relationships 
between parasite and host could be studied in many 
ways, three of which would be discussed by later 
speakers. Since two of these papers concerned species 
of Heterodera, he explained how “these cyst-forming 
species lent themselves to quantitative estimates of 
population density. 

N. G. Hague and J. J. Hesling gave a joint paper 
on population studies on cyst-forming nematodes, 
based on work with Heterodera rostochiensis at the 
Imperial College and with H. major at Rothamsted, 
respectively. By growing plants in pots of soil to 
which had been added cysts so as to form a geometric 
series of population densities, they studied the effects 
of increasing density not only on plant growth and 
yield, but also on the final population density itself. 
Thus, both rate of larval multiplication and mean 
size of cysts decreased with increasing initial density. 
There was a Gaussian relation between the logarithm 
of the initial density and the multiplication rate ex- 
pressed as a proportion of estimated maximum rate. 

For the potato root eelworm, decreasing multi- 
plication rate with increasing initial density leads to 
a maximum final density ; any larger initial density 
then gives a smaller final density. Therefore, unless 
great care is taken, experiments in which results are 
assessed by final densities may be completely mis- 
leading. 

A different approach to host-parasite relationships 
in Heterodera was outlined by T. D. Williams in a 
paper on “Potatoes Resistant to Root Eelworm”. 
In this he summarized both the recent work of the 
plant breeders, and his own investigations, at the 
School of Agriculture, Cambridge, on the influence of 
resistant strains on the hatching and root-penetration 
of H. rostochiensis larva. - 

An examination of the extensive Commonwealth 
Potato Collection by Ellenby led to his discovering 
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‘resistance in certain clones of Solanum andigenum (a 
tuber-forming tetraploid close to S. tuberosum) and 
“in the species S. vernet.(a wild diploid). Repeated 
back-crossing of the andigenum x tuberosum hybrid 
ad led to very promising results, but these hybrids 
roduced an active “hatching factor’ and the resultant 
larve readily. penetrated the roots, where 
ulated the formation of giant cells just as 
| potatoes. -Although only males completed 
elopment in hybrid roots, so that an eelworm 
lation would be rapidly reduced by a succession 
f these crops, nevertheless this mass invasion of the 
‘ots led to a reduced yield of tubers. Worse, there 
as now. evidence of an eelworm strain to -which 
these hybrids were not resistant. Thus, the (at first) 
less-promising diploid, S. vernei, might in the long 
run prove the more reliable source of resistance. 
n the third paper, R. 8. Pitcher and J. E. Crosse 
t Malling) discussed. a very different eelworm, 
the ectoparasitic leaf-eelworm, A phelenchoides ritzema- 
< ibosi, which causes trouble in strawberries and other 
plants. Some years ago, these two workers showed 
“that this eelworm could, in conjunction with Coryne- 
bacterium fascians, cause a curious condition called 
aulifiower disease. The interest of the phenomenon 
ay in the fact that both pathogens were required in 
T to get the very typical cauliflower symptoms in 
ë strawberry plant. On the present occasion, Dr. 
Pitcher went through the subsequent experimental 
> work which was necessary to prove the duplex origins 
of the disease. It was not enough to have the four 
ategories: with and without eelworm, with and 
without bacterium (giving either, both, and neither), 
ince in fact wild strains of the bacterium kept 
itiating results. In the end, strawberry seedlings 
had to be grown from sterilized seed by sterile culture 
methods and eelworms had to be rendered sterile also. 
“It was then possible to show that each pathogen 
could cause a characteristic symptom, but only 
together would they produce cauliflower disease. 
_ The ensuing discussion had the effect of under- 
ining the patchwork nature of present knowledge in 
this field. The plant-parasitic nematodes are not only 
of great academic interest, readily lending themselves 
to. experimental methods of investigation ; they are 
also of considerable economie importance. 
oe B. G. PETERS 


A NEW MICROWAVE AMPLIFIER 


OF. C. H. TOWNES and his associates at 
- Columbia University described in 1955 (Phys. 
Rev., 99, 1264) a new type of microwave amplifier 
for which they coined the name ‘maser’——microwave 
amplification of stimulated emission of radiation. 
_ The amplification is produced by stimulated emission 
of radiation from systems in which a higher energy 
level is more densely populated than a lower one. 
Townes first demonstrated such an amplifier using 
molecular beams in gases. Attempts to apply the 
principle to solids have until very recently met with 
only partial success. 
_ Last October, N. Bloembergen (Phys. Rev., 104, 
324; 1956) directed attention to the possible use of 
power saturation of one transition in a multiple 
energy level system to obtain a change of sign of the 
“population between another pair of levels. Now 
“paramagnetic substances are characterized by an 
“unpaired spinning electron and an invérsion of the 
spin levels can be obtained. The particular group 
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known as ‘ionically bound. paramagnetic salts’ are 
very suitable, and Bloembergen showed theoretically 
that crystals of nickel fluosilicate or gadolinium ethyl 
sulphate at liquid helium temperatures would be 
satisfactory to ase for a low noise microwave amplifier, 
or frequency 2o0nverter, that is, for a solid state 
‘maser’. i 





occupying state 1 (the lowest energy state) exceeds 
the number ix state 2; which in turn exceeds the 


number in state 3 (the highest energy state). By 
irradiating ths crystal with sufficient microwave 


power of the proper frequency, transitions from state 


1 to state 3 taxe place until the populations of these — 
two states are essentially equal (power saturation). 
Under these ecnditions, the population.of state 2 can 
be made greater than that of state 1, and if another, | 
smaller, microwave signal of frequency corresponding 
to the energy difference between the states 2 and 1. 
is applied, stimulated transitions will occur, giving 
rise to radiation with consequent. power gain. 9 oe 
In the experimental ‘maser’ a saturating magnetic 
field at 17-52 «Mc./s. was used to induce transitions — 


between the — 5/2 (the lowest) and the — 1/2 (the 


highest) energy states in the ground state of the 
gadolinium ion, and a signal at 9-06°kMe./s. was- 
applied. between. the — 5/2 and the — 3/2 states. 
The crystal was mounted in a wave-guide cavity 
which was simultaneously resonant to the two ` 
frequencies, and occupied about 8 per. cent of the 
cavity volume, being located at the point of maximum 
field intensity. Low-temperature operation is neces- 
sary in order that power saturation of the crystal 
takes place fcr a reasonable amount of energizing 
oscillator power and also to increase the population 
difference between the energy levels. For the required 
separation of the electron spin energy levels a d.e. 
magnetic field of 2,850 oersteds was applied at an 
angle of 17° to the normal to the crystal, but this 
magnetic field may be altered to change the electron 
spin energies and thus tune the frequency of the 
stimulated radiation. The graph of output power at. 
9 kMe./s. against input power at 17-5 kMe.js. shows 
an output of 15 microwatts for an mput of 200 
milliwatts, but the particular merit of the solid state 
‘maser’ is its very low inherent noise (corresponding 
to thermal noise of 5-10° K.) compared with ordinary 
electronic oscillators or amplifiers which depend. on 
the motion of charged particles at high temperatures. 
It should be possible with this device to amplify 
extremely weak radio signals—signals which may be 
several hundred times weaker than those at present 
usable—and w:th proper choice of solid-state materials 
and operating conditions, the solid-state ‘maser’ 
should be a valuable pre-amplifier in a wide variety 
of microwave applications. S. WEINTROUB 
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IN VITRO EFFECTS OF HEPARIN AND CALCIUM IONS ON 
LIPAMIC SERUM 


By Pror. THEODORE GILLMAN and S. S. NAIDOO 


Department of Physiology and Schlesinger Organization Medical Research Unit, Medical School, University of 
Natal, Durban 


j se lipemic clearing action of heparin, in vivo, 
is now fully established. However, the mech- 
anisms whereby heparin induces its effects on lipæmia 
are not fully understood. Most modern work in this 
field is directed towards elucidating the nature of the 
lipolytic enzyme (known to be liberated into the 
blood from the tissues following heparin injections), 
and the factors in blood and tissues influencing the 
action of this enzyme. Anfinsen? has recently 
reviewed some aspects of this field. 

The effects of heparin on lipemia (especially on 
chylomicron-rich plasma) other than through the 
` liberation of this lipid-clearing heparin-liberated factor 
have, however, been somewhat neglected, despite the 
facts shown by Weld?*, and later by Swank*, that 
prior to diminishing lipemia, injected heparin 
induced clumping of circulating chylomicrons as well 
as simultaneous agglutination of erythrocytes. Swank 
also showed that heparin could induce these same 
effects when added to lipemic blood in vitro, although 
to a much smaller degree than in vivo. Apart from 
this report of Swank’s, the studies by Chargaff* on 
the in vitro action of heparin on lipovitellin, and of 
French, Robinson and Florey* on artificial in vitro 
systems of chyle, very little has been done on the 
lipemia-clearing actions of heparin when added in 
vitro. As will be indicated, such studies may have 
much to contribute to our understanding of lipid and 
mineral metabolism, tissue polysaccharides, reticulo- 
endothelial activity and erythropoiesis. 

During the course of experiments on experimental 
cholesterol-induced atherosclerosis in rabbits, we 
observed that when the blood of such animals was 
collected, using potassium oxalate or ethylene- 
diamine tetraacetate as anti-coagulants, the chylo- 
micron emulsion remained stable and, in consequence, 
the plasma diffusely turbid. However, if heparin was 
used as an in vitro anti-coagulant, then, on standing 
at room temperature and especially at 5° C., or after 
centrifuging such lipemic blood, the emulsion was 
broken, with the resultant formation of a supernatant 
thick, creamy layer and an associated diminution of 
plasma turbidity (Fig. 1). These changes in lipemic 
plasma, and especially the formation of a creamy 
upper layer, are similar to those reported by French, 
Robinson and Florey* in artificial systems of lipid- 
laden chyle, treated either with citrate or with post- 
heparin plasma ‘factor’. These workers did not 
examine this in vitro settling out of lipid in any 
detail, although they did report that the chylo- 
microns clumped and became susceptible to some 
lipolytic factor in non-heparinized plasma. 

Further studies in our laboratories revealed that 
lipemic serum, to which heparin was added, did not 
react in the manner mentioned above, unless calcium 
ions were also made available in the form of calcium 
chloride, This indicated that the utilization of 
calcium ions, during clotting, had interfered with 
this chylomicron emulsion-breaking effect of heparin. 
Further experiments established that the ability of 
heparin, and of other sulphated hyaluronic acids, to 


produce this in vitro agglutination of chylomicrons, 
with consequent separating out of lipids from the ; 
chylomicronemic serum, was dependent, at least in 
part, on the availability of calcium ions (see Figs. 1 
and 2). Administration of cortisone, and of several 
other agents, did not influence the lipid-cream 
formation and consequent in vitro lipemia clearing 
effects of heparin acting in concert with calcium ions. 
Tt was further found that if the supernatant creamy 
layer described above was separated from the plasma 
or serum layer, the clumped lipid could be resus- 
pended into an emulsion by two or three washings 
with distilled water. This new artificial emulsion-in- 
water could not be broken by further additions of 
heparin, but could be broken, rapidly and com- 
pletely, by additions of calcium ions alone. This 
finding indicated that the washing of the lipid cream 
had leached out calcium ions, which apparently 
played a critical part in permitting the induction and 
maintenance of chylomicron clumping by heparin, 
and by several other sulphated mucopolysaccharides: 
thus far tested (Fig. 2). Our findings would also 
seem to support the suggestion of French, Robinson 
and Florey that one of the primary effects of in vivo 
heparin-released plasma ‘factor’ may be on the 





Fig. 1. (1) Oxalated plasma; no creamy layer; (2) heparinized 
plasma showing creamy layer + clearing of plasma; (3) lipwmic 
serum; (4) lipemic serum + heparin; (5) by a serum + 
calcium (0-1 ml. of 10 per cent calcium chloride); (5) lipemic 
s serum -+ heparin + calcium. 
Note creamy layer separation with clearing of serum with heparin 
and calcium ions only when present simultaneously 





1 2 3 4 
Fig. 2. In vitro ee cent and chylomicron 
effect of 


lutinating 

sulphated hyaluronic acid and calcium tons. (Tubes 1—4 

correspond to tubes 3-6 in Fig. 1, with sulphated hyaluronic acid 
as a substitute for heparin) 
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surface oeii of dyllans, However, it 
-seems that, even in vitro, heparin, in combination 
“with calcium ions at least, may have a direct effect 
the physical state of chylomicrons without. any 
ermediary - enzyme | heing liberated from the 


























: believed. that these findings, viewed in the 
f those of ‘Swank and others mentioned above, 
ther approach to several interesting 
e ‘interrelationships of lipemia, lipid 
and mineral metabolism, especially in 
ith the polysaccharides of connective 

generally. This includes the hemolytic effects 
high fat diet, reviewed and. reported on by 
ae swank®, ‘the severe anæmia and reticulocytosis in 
- many of our cholesterol-fed rabbits? and the pro- 
_ duction of spontaneous fractures in several cholesterol- 
abbits receiving repeated injections of heparin or 
sulphated hyaluronic acids over long periods 
Gillman, Hathorn and Penn, unpublished results). 
are now studying the possible effects of exogenous 
w endogenous heparin on in vivo clumping of chylo- 
erons and red cells, on phagocytosis of such maero- 
molecular masses of lipid by the reticulo-endothelial 
tem, and the stimulating effects of such phago- 
osis on the production. of some lipolytic enzyme, 
: ‘ae as on erythrophagocytosis of agglutinated red 
ce. 
"Since this communication was sent to press, Neveu 
et al.® have reported on the role of the reticulo- 
' endothelial system in the clearance of cholesterol 
m the circulation.. They demonstrated that the 
© of clearance of. injected” cholesterol could be 
speeded up 24 times by pretreating their rats with 
2 mgm. of heparin. They believed that heparin may 
act“... by dissolving the chylomicra and perhaps 
ay altering the size of lipoproteins”. The results 
resented here, together with those provided by 
‘Swank*, indicate that heparin (and probably other 
mucopolysaccharides) may expedite phagocytic clear- 
ance of lipid and other colloidal particles, not by 
issolving’ but rather’ by promoting intravascular 
iwelutination. and. increased ‘stickiness’ of such 



















Structure of the Silk of Chrysopa Egg-stalks 
HE colleterial glands of insects secrete proteins 
"A which show certain well-defined and particularly 
interesting features. The ribbon-like structures of 
_ the odtheca of mantids have been deseribed already! ; 
other materials. being studied are the egg-cases of 
_ Aspidomorpha, the cocoons of Hydrophilus, and 
the egg-stalks of Chrysopa. The last-named are fine, 
pontivyen birefringent fibres 15-20 thick and about 
_em. long, depending on the species. They give 
‘-ray diffraction diagrams and infra-red absorption 
ich suggest that 6-polypeptide chains lie at right- 
agles to the fibre axis; this resembles the cross-6 
onfiguration. produced by the thermal contraction of 
pidermal protein, myosin and fibrin‘. 

Prhe X-ray diffraction diagram of normal un- 










stretched Chrysopa egg-stalks is shown in Fig. 1, the © 


| fibre axis being vertical... There are four layer-lines 
corresponding to a period of 9-44 A. (a-axis), the 
-strongest being the second, and reflexions which 
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colloids, with coasequent speedy phagocytosis of the 
resultant sticky, agglutinated masses in a manner 
similar to that deseribed by Knisley and Warner? 
for india ink im frogs. Thus, the possible role of 
mucopolysaccharides, - in concert with calcium and 
perhaps other iomas, in modulating the phagocytic and 
metabolic activities of the reticulo-endothelial system. 
would seem to merit, intensive study in the light of 
these findings. and suggestions. ‘The intramural 
localization -of “ipid deposits in vessels. may ` also 
perhaps be a fuaction of the accumulation of muco- 
polysaccharides end minerals during repair of prev ious 
vascular injuries’, 

The latter aspect, of this problem is of spocial i 
interest to us ir the light of the effects on erythro- 
poiesis of other macromolecules, reported on pre- 
viously. The relation between: connective tissue 
polysaccharides and mineral metabolism in general, 
and of metastatic calcification and siderosis in par- 
ticular already demonstrated in this. laboratory, is 
also receiving sttention by our group, as are the 
alterations in electrophoretically determined mobility 
of plasma lipid induced by heparin. si 

We are glad to acknowledge the very generous 
grant from the Schlesinger Organization which made - 
the execution amd presentation of this work possible, 
We are also indebted to Dr. G. H. Berryman, of 
Abbott Laboratories, and Dr. R. L. Craig, of G..D. 
Searle and Co., for generous supplies of heparin and 
sulphated hyaluronic acids used in these studies and ` 
to Dr. M. up: for taking the photographs. 


1 Anfinsen, ©. B., Symposium on Atherosclerosis, U.S. Nat. Acad, 
Sci., Nat. Pen Council, 217. 

* Weld, C. B., quoted by}Swank, ref. 3. 

3 Swank, Re L., Amex. J. Physiol., 164, 798 (1961). 

‘ Chargaff, E., J. Bil, Chem., 142, 401..(1942), j 

* French, J. E., Robinson, D. 8., and Florey, H. W., Quart. J, Hep: mee 
Physiol., 38, 10° (1953). os 

* Swank, R. L., Bloo®, 9, 348 (1954). 

7 Gillman, T., Hathern, M., and Pena, F., 


Sciences, July 1356 (in the press); 

3 Neven, T., et al., Aners J. Phys., 187,269 (1956). 

è? Knisley, M. H., ane Warner, L., Kgl. Videnskabs, Selskab; Biologiske 
Skrifter, 4, No. 7 (1948). 


** Gillman, T., Acta Hoemat., 15, 364 (1956). 


THE SILK OF THE EGG-STALK OF THE GREEN LACE-WING FLY 


appear to be 290, 300 and 400 are present. On the 
equator the strongest reflexion is 002 at 5:42 A., and.. 
004 is also conspicuous, but no 0k0 reflexions have 
been detected en the equator except possibly 060 at 
1-15 A. Reflexions corresponding to 012, 022 and 
211 indicate a f-axis period of approximately 6:95 A., 
as is found in various fibroins®4. Reflexions of the 
type h00, hOl end 001 are sharp, whereas those with» 
a non-zero & index are broader. In many features 
Fig. 1 would be closely similar to the diffraction 
diagram of Aaxtheraca mylitta illustrated by War- 
wicker®, had this been available with rotation about 
his b-axis. Hewever, the c-axis repeat of 5-42 A. m 
Fig. 1 is a little greater than that found in other 
wild-type silks, presumably because of the’ larger 
side-chains of serine residues which have been found 
so abundantly in Chrysopa egg-stalks by Lucas, Shaw 
and Smith (see following communication). 

There are several features which have not been 
observed in other types of silk. Prominent reflexions 


Proc. Conf, on. Connective $ ii 
Tissues, "Council. for International ' Organizations of Medical iene 





at about 17 A., 10 A., 7-3 A. and 3-65 A. are found 
on the equator, and there are also a number on the 
first layer-line. Some of these are observed to increase 
by swelling in water, while the main fibroin pattern 
is not affected. Whether they represent a super- 
lattice or another configuration of the protein is still 
in question. 

The egg-stalks can be stretched quite readily both 
wet and at room humidity. When stretched in water 
to five to six times their original length, they become 
more strongly positively birefringent, and the dif- 
fraction diagram, Fig. 2, is recognizable at once as 
the usual fibre photograph of wild-type silks (rotation 
about the b-axis). This structure, with extended 
i ing parallel to the fibre axis, is 
el-8 form to distinguish it 
from the cross-8 form where similar polypeptide 
chains lie across or at right-angles to the fibre axis. 
The photograph of Fig. 2 was obtained from only 
five fibres which were stretched individually. Fibres 
could be highly stretched more successfully when 
recently produced by the insect—those stored for 
weeks became more brittle—whereas stretching a 
bundle leads inevitably to the inclusion of broken, 
partially-stretched fibres. To obtain the 
parallel-8 form of silk is thus difficult, but Fig. 2 is 
sufficient to establish the main features. Compared 
with Fig. 1, the reflexions are comparatively diffuse, 
especially the c-axis repeat, 002. This reflexion has 
an outer sharper zone corresponding to approx- 
imately 5-4 A., and the main area is spread inwards 
towards the central spot. The outer sharper region is 
partly, if not wholly, due to the incomplete pro 
duction of the parallel- form, since other reflexions 
show that some of the structure of Fig. 1 is still 
present in Tig. 2. It is noteworthy that, during the 
stretching, Fig. 1 changes over to Fig. 2 without 
intermediate orientations. Thus the change is like 
an intramolecular transformation rather than a 
rotation of micelles. There is no obvious long-range 
elasticity and the parallel- form does not contract 
significantly on release in water. 

Using unstretched egg-stalks, polarized infra-red 
absorption measurements were made on both squeezed 
and sectioned fibres. The C=O stretching vibeesion 
has a component of absorption at 1,625 cm.`* which 
can be ascribed with certainty to $-protein, and 
the dichroism of this band is parallel in the sense 
defined by Elliott®. There is also a considerable 
absorption at 1,650 cm, but this is not dichroic ; 
thus there is no direct evidence of an oriented 
«-protein fraction which, if present, might account 
for some of the additional X-ray reflexions. The 
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N—H stretching-vibrations occur at 
3,290 em. and 3,090 cm., and 
after partial deuteration they show 
a parallel dichroism of 5:1. There 
is an unusually large component of 
absorption centred about 3-0u which 

on deuteration, and this 
is reasonably attributed to the 
hydrogen-bonded OH groups of 
serine residues. The overtone 
spectrum of a thick bundle of 


4,860 cm.~ showed a strong 

dicular dichroism, whereas the band 
at 4,590 cm. showed two com- 
ponents, with that corresponding 
to $-protein having perpendicular 
dichroism. Single fibres which had been stretched 
300 per cent and then rolled flat showed a change to 
perpendicular dichroism of the N—H and C=O 
stretching absorptions in the fundamental region of 
the spectrum. ‘These observations thus support the 
picture obtained from X-ray studies. 

Two other features of note are as follows. The 
viscous protein within the colleterial gland gives rise, 
when dried, to the same type of diffraction pattern 
(Fig. 1) as the fibres 0 EE PAART 
Of especial interest is the structure of the basal 
pedestal of Chrysopa flava egg-stalks, which consists 
pf p Sino of paces Sere cen eee ee 

to the drawing of the fibres by the laying insect. 
This shows the polypeptide chains per- 
pendicular to the film, and the a- and c-axes lie in 
the plane of the film. Such an orientation has not 
been found when gland protein is dried as a film on 
glass ; so among other things it is necessary to con- 
sider the effect of spreading this protein on a waxy 
surface such as is presented by the cuticle of the leaf. 
The pedestal structure recalls Mitchison’s observation 
of a similar orientation of protein beneath the lipid 
layer of the red blood corpuscle*. 


K. D. Parker 
K. M. RUDALL 
Department of Biomolecular Structure, 
University of Leeds 
Feb. 14. 


* Rudall, K. M., “Scientific Basis of Medicine”, 5 (Athlane Press, 1956). 
P Golguriste (104; AG bg Troein: d: e Das aae 
Gane “Advances in Protein Chemistry”, 7, 255 
+ ware, J. 0 ge cpr 52, 545 (1956). 

* Marsh. 

Acta, Be i (ee); a Ps ee. S 718 (1968) e 
* Elliott, A., J. App. Chem., 6, 341 (1956). 

* Mitchison, J. M., J. Exp. Biol., 30, 394 (1953). 
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Amino-Acid Composition of the Silk of 
Chrysopa Egg-stalks 

We have recently carried out an amino-acid 
analysis of the egg-stalk of the green lace-wing fly 
(Chrysopa flava). Our attention was directed to this 
interesting protein fibre by Drs. K. D. Parker and 
K. M. Rudall, of the Department of Biomolecular 
Structure of the University ot Leeds, who kindly 
provided us with a sample of the material. The 
X-ray and infra-red findings of these workers are 
described in the preceding communication. 
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Table 1 





Amino-acid nitrogen (gm.} per 





































: 100 gm, protein nitrogen 
rine 40-7 
Glycine 23-5 
Alanine 20-2 
partic acid 5-7 
hreonine 3-0 
Arginine > ug 18 
Hutamic acid 5 0-8 
Toine * Oe 
Typtophan 3 

Lensing, isoleucine trace 
< Lysine sie 

Valine s | 

‘Total nitrogen 16-7 per cent 


* Determined by the method of Goodwin and Morton (ref. 4). 








‘The Chrysopidae are carnivorous in both the larval 
id imago stages, the food being composed mainly 
of aphids’. The female fly possesses a secretory gland 
in the form of an elongated oval-shaped sac, in which 
solourless viscous solution is secreted. During 
viposition, the fly exeretes a drop of this fluid on 
the underside of a leaf of the host-plant and draws 
m it a slender filament on the tip of which the egg 
posited and held until it is firmly attached 
gh the hardening of the filament. By repeating 
| process, the fly builds up a group of filaments 
1 with an egg on the tip, the filaments frequently 
forming a small bundle loosely held together. Their 
length varies with the species of fly, but for Chrysopa 
wa they are 8-9 mm, long. 

Employing a method developed. in these labor- 
tories*, we have carried out four amino-acid analyses 
the protein composing these ogg-stalks, using 
gether about. 6 mgm. of material. The mean 
aes of these analyses are given in Table 1. 





[ARLEY et al. have shown that excised mycor- 
'hizas of Fagus are able to accumulate more 
orus than non-mycorrhizal roots due to the 
f the fungal component for phosphorus'. 
‘hat phosphorus is transferred from the sheath 
to the host tissues in larger amounts than phosphorus 
absorbed by non-mycorrhizal. roots is not clear from 
their work. In early experiments they showed, in 
t, that “on an average the accumulation into the 
at tissue is twice as great in non-mycorrhizal roots 
1 mycorrhizal roots’’?. -They later demonstrated 
& gradual active transfer of phosphorus does 
cur from sheath to host tissue and is potentially 
pable under natural conditions. of transferring 
bstantial amounts of phosphorus to the host 
es". I have found that, using intact Pinus plants, 
t fourteen days exposure to phosphorus-32 
yeorrhizal plants showed a markedly greater uptake 
af this element. than did non-mycorrhizal plants‘. 





this result. — 
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Seedlings of Pinus radiata were. transferred to. — 
xpanded. ‘Perlite’ soon after germination. This was | 


07 


It is seen that the three amino-acids with the — 
simplest. side-caains (glycine, alanine and serine)” 
account for 84-4 per cent of the total protein. In the’. 
silk fibroin of Bombyx mort, the. total of the same 
amino-acids is elosely. similar at 86-2-per cent, but 
this total is made up of 441 per cent of glycine, 
29-7 per cent of alanine, and 12-4 per cent of serine. 
Attention may be directed to the very high serine — 
content of the egg-stalk fibre ; so far as we are aware, 
this is the highest serine content recorded for any | 
protein, : SNE i : : 

In the ordered crystalline part of Bombyx fibroin; 
which comprises some 60 per cent. of the protein, 
glycine accounts for half the total residues. We have 
recently shown that in this fraction glycine residues. 
alternate with those of alanine or serme”. 

In the. case of the Chrysopa fibre, the ratio of 
serine : alanine «glycine is approximately 2:1;1, 9. 
and it may well be that sequences of the form 
Ser.Gly.Ser.Ala occur in this protein. Studies of the © 
amino-acid sequence would undoubtedly yield inter- 
esting results, but the comparatively large amounts 
of material necessary for partial hydrolyses are nob. 
at present avaiable, : ; i 


F. Lucaso 
od. TAB Saaw 
8G. Surre © 
Shirley Institate; 
Manchester 20. 
Feb, 14.: 


4 Kiington; F.T., “British Neuroptera” (The Ray Society, London, 


Lucas, F., Shaw, J. T. B., and Smith, 8. G., Shirley Inst. Mem., 28,. oo 
77 (1955) J. Beat. Inst., 46; 1440 (1955). 


* Lucas, F., Shaw, J. T. B:, and Smith, 8, G., Nature, 178, 861 (1956) 
* Goodwin, T. W., aad Morton, R. A., Biochem. J.; 40, 628 (1948). ; 





-MYCORRHIZA AND PHOSPHORUS UPTAKE 
By T. M. MORRISON 


Soil Bureau, Department of Scientific and Industrial Research, Wellington | 


inoculated witk sterilized pine humus. to produce- 
non-mycorrhiza: plants or with unsterilized humus to 
produce mycorraizal plants. Nine weeks later, plants 
were transferrec to the experimental pots containing = 
sterile expanded: ‘Perlite’. Twelve. mycorrhizal and 
twelve non-myeorrhizal. plants were watered with 
culture solutions as shown in Table 1. After eight 
weeks in these pots, six plants from each of the 
treatments were harvested and analysed for total. 
phosphorus (Table 1). ; 


Table 1, PHosprorus CONTENT (MGM. P/100 GM, DRY WT.) AND ans 
Dry Weicut or SHoors or MYCORRHIZAL AND NON-MYCORRHIZAL, ` 


{Values are means from six plants} 




















i Non-mycorrhizal. a 
| Phosphorus Mycorrhizal plants plants , 
i level Phos- 
in solution Dry wi. Phosphorus | Dry we. phorus | 
` l 
130 s 6-160 gm. {105 mgm 
per cent recent 
181 mgm. 0-188 gm. | 116 mgm 
per cent percent 
401 mem. 9-189 gm. | 428 mgm. 
per cent per cent 
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n divided into two phases: (a) an 
initial rapid. uptake for 4-5 days, 
m the rate of which was inversely 
related to the phosphorus status 
of the plants; (6) a second period 
of slower uptake thereafter. 

ohm Uptake by the shoot tips of 
mycorrhizal plants, on the other- 
hand, consisted of a single phase, _ 
while the phosphorus” status of 
-the plants appeared to be of. 
no importance in the rate of: 


nineteenth day of the experiment... 
During the last few days of the 
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a oi WNg. 1; Activity of shoot tips of mycorrhizal (@—@) and non-mycorrhizal (O—O) plants 
y Tein (Ph), medium. (Pm) and low (P:) phosphorus status after addition of phosphorus-32. 
mes : Each graph represents the mean value from four plants 


The remaining plants were treated with phos- 
phorus-32 on the following day. Plants were trans- 
ferred to individual pots of 500 ml. capacity filled 
with expanded ‘Perlite’ and watered in with the 
following solution buffered to pH 5-5 with potassium 
hydrogen phthalate: 50 ml. Long Ashton nutrient 
solution’ + 50 ml. distilled water + 50 ml. of a 
‘solution of phosphorus-32 (as H,P*O,) having an 
- activity of lue. jml. on that date. This solution thus 


oo contained 14 p.p.m. phosphorus. Shoot tips of plants 


“were assayed for activity daily by placing each in a 
< fixed position in front of an end-window Geiger 
counter connected to a counting-rate meter, 30 that 
` emissions from the apical tuft of leaves reached the 
< counter while those from other parts of the plant and 
from the medium were effectively blocked. Six days 
after addition of phosphorus-32, two plants from 
each treatment were transferred to fresh expanded 
‘Perlite’ after careful washing and watered in with a 
nutrient solution lacking phosphorus. Daily readings 
of activity were continued on plants from both series. 
‘The. experiment was terminated 21 days after 
“application of phosphorus-32. 
“In Fig. 1, daily activities are shown of shoot 
tips of plants exposed to phosphorus-32 for 21 
. days. l 
e Uptake by. the shoots of non-mycorrhizal plants in 
the three phosphorus treatments can be clearly 
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Fig. 2. Activity of shoot tips of mycorrhizal (@-—@) and non- 

mycorrhizal (O--O) plants removed to phosphorus-free medium. 

after six days exposure to phosphorns-32. graph represents 
: -the mean valie from six plants t 
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experiment, however, 


be taking up less phosphorus-32 
than mycorrhizal plants of lower: _ 
phosphate status. ee 
In Fig. 2 daily activities are shown for the shoot 
tips of plants removed to phosphorus-free medium. _ 
after exposure to phosphorus-32 for six days. ‘Shoot 
tips of non-mycorrhizal plants ceased. uptake of — 
phosphorus-32 after two days, whereas shoot tips of _ 
mycorrhizal plants continued uptake at an unreduced 
rate for five days, and thereafter continued but ata 
slightly reduced rate. bag 
If, as seems reasonable, the activity of the shoot. 
tip is directly related to the amount, of phosphorus-3 
absorbed by roots of non-mycorrhizal plants or 
transferred to the host tissues from the fungus 


mantle in mycorrhizal plants, it is obvious that _ 
mycorrhizas of Pinus radiate form a barrier to phos- 


phorus uptake by the host during the first few days 
after application of phosphorus. Thereafter mycor-. 
rhizas enhance phosphorus uptake by the host tissues, 
as has also been shown by investigations based on 
chemical analyses of plants maintained for long 
experimental periods’. It would appear that in 
mycorrhizas there is an initial rapid absorption and 
accumulation of phosphorus by the mantle from the 
medium, and a slower but relatively constant transfer 
from the mantle to the host tissues after application > 


of phosphorus. This rate of transfer is markedly in’. 


excess of phosphorus supplied by non-mycorrhizal _ 


roots during the second phase and is less dependent _ A 


upon the accumulatory processes of the host — 
tissues than is absorption by non-mycorrhizal 
roots. 


This communication. shows that in this type of 


experiment rather different results may be obtained — 
depending upon the duration of the experiment. 

Thus during the first four days after application. of 
phosphorus-32 in this experiment uptake of phos- 

phorus by shoots of non-mycorrhizal plants was 

markedly greater than that of shoots of mycorrhizal 

plants. In the second period this relation has been 

reversed. This second period is important to the host, 

and it is the rates of phosphorus supply to the shoot 

during this period that are determined in experiments” 
of longer duration. 


1 Harley, J. L., and McCready, C. C., New Phytol., 49, 388 (1950); 
51, 342 (1952); 58, 92 (1954). 

2 Harley, J. L., and McCready, ©. ©, New Phytol., $1, 56 (1052). 

3 Harley, J. L., and Brierley, J. K., New Phytol., 58, 240 (1954); 34, 
296 (1955). 

4 Morrison, T. M., Nature, 174, 606 (1954). 

3 Hewitt, E. J., Commonwealth Bur. Hort. Plantation Crops, Tech. 
Comm. No. 22, 189 (1952). 

* Hatch, A. B., Black Rock. For. Bul., No, 6 (1937). 





phosphorus-32 uptake up to the — 


the shoot 
tips of mycorrhizal plants of high 
phosphorus status appeared to 
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EE Relativistic Ageing 
-Werra new Isaac Newton born to-day, we could 
send him space-travelling so as to return to us in 
_ thirty years time at, say, the age of three. This would 
be im accordance with the theory of relativity and 
with experimental tests of the theory'—and all we 
should get for our efforts would be a retarded child. 
_ Suppose now the possibility were the other way 
und. If we could get Newton II back in three 
ars time at the age of thirty, then we should 
expect to learn something. The discovery of a new 
theory of the nucleus or of the universe might be 
vanced by a couple of decades. But this possibility 
‘forbidden by relativity theory and by the experi- 
ental verification of the theory. 
“Many people are reluctant to accept the inference 
hat a space-traveller can return younger than his 
stay-at-home twin because the result is represented 
s implying some sort of unearned profit. They are 
convinced that there must exist some principle of 
‘Nature that forbids such profit. However, the 
retarded ageing is a loss and not a gain. Accelerated 
ageing would be a gain and, if we like to put it that 
way, there is a principle of Nature that forbids it. 
"The situation is illustrated by the example of Newton 
T, but it can be stated quite generally and precisely. 
The object of physics is to predict the results of 
iven experiments, that is, experiments concerning 
stated events. ‘The prediction can be thought of as 
being carried out by automatic computers. Suppose 
ù for a particular experiment to be performed in 
a terrestrial laboratory thirty years hence, the pre- 
dictions will be just ready if we keep two computing 
machines working to capacity until then. Let us 
ow give one of these machines its share of instructions 
and then dispatch it on the possible space-flight 
uggested above. It will come back having done 
only one-tenth of its allotted task. ‘Thus the loss I 
have mentioned, twenty-seven years worth of com- 
puting in this case, is a real one. Also it is some- 
thing about which all observers will agree. 
Stated generally, the conclusion is: If for any 
yhysical purpose we require physical results which 
cain i 

































































in in a freely moving laboratory, then we 

ays place ourselves ab a disadvantage, in 
regard to the same purpose, by using a laboratory 
constrained to move in any other way. 

-Thus the properties of relativistic ageing may be 
summed up as a ‘principle of impotence’ in the style 
of those noticed by the late Sir Edmund Whittaker? : 
it is impossible by any departure from free motion 
to improve our ability to predict the consequences 
of a physical experiment. There is no particular 

hilosophical significance in our being able to state 
the conclusion in this way; but it is helpful in 
bringing it into line with other broad physical 
principles. f 
In the usual language of physics, a freely moving 
laboratory means one that romains in (or simply 
constitutes) an inertial frame. A constrained lab- 
oratory is one that does not remain in (or does not 
constitute) a single inertial frame. The distinction 
is absolute because we must take some deliberate 
action, such as operating a jet engine, in order to 
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depart from an nertial frame. It is to be emphasized 
that we consider a particular experiment concerning _ 
particularized vents, not merely some class of 
experiment. 

Tt is interest-ng, though not surprising, that the 
relativistic conclusion is consistent with thermo- 
dynamical principles. For example, we may consider 
two similar black bodies at a given temperature which 
are cooling by radiation inte free space. If one is 
kept at rest in an inertial frame while the other is 
dispatched on  space-flight and brought back, then 
the latter on its return will have cooled less than the 
first because it- has had the shorter proper-time in 
which to do so. This is thermodynamically admissible, 
since the same- outcome could have been achieved 
by keeping this body at home and painting it white. 
On the other hend, were it possible to send the body 
on a round trip of longer proper-time than that for 
the first body, we should have a means of causing ` 


a black body to radiate faster than the maximum = 


rate permitted by standard thermodynamics, 
As regards actual 
part and re-join, then the totality of events accessible 
to their observation during the interval is the same 
for both. This is because at parting and re-joining 
they have common backward light-cones, and the 
region of spacetime between the two common cones 
is completely filled by the intermediate backward 
cones of each observer. On his return, the space- 
traveller has therefore seen no more of the universe 
than has his twin. The fact that he has not seen less 
does not contradict the stated principle, because the 
present remarke concern only the passive observation 
of events, not the use of the observations. ae 
Those who deny the possibility of asymmetric 
ageing assert in effect that we must always ultimately 
break even, in the sort of situation I have envisaged, — 
whatever intermediate action we take. But Nature — 





does not work that way; it never hinders us from = 


getting less than full marks. ‘In any event, the 
impossibility of asymmetric ageing would . violate 
relativity theory by requiring the restoration. of 
universal time, as I have pointed out elsewhere’, 
The train of shought followed here was started by 
Dr. J. S. Courmey-Pratt, of Cambridge, remarking 
to me that, if asyrametrie ageing is possible, a space- 
traveller could zet his problems solved more quickly 
than he could do them himself by getting an earth- 
dweller to do his thinking for him. ‘This is clearly 
valid. But it made me realize that, at.a given event, 
that is, as regards predicting the result of a given > 


experiment, the space-traveller is at a disadvantage — o 
in that ho has to get his information from the Earth, 


and not vice versa. (Dr. Courtney-Pratt did not 
suggest otherwise ; he used his inference in a different 
application.) This is not to deny that the possibilities 
of space-travel could in pringiple be exploited so as 
to take accouns of human frailties. Had Newton I 
in his prime set off on the trip suggested by Sir 
Ronald Fisher’, he would be arriving back just about 
now aged abous forty-five. If his powers of assimila- 
tion were adequate, his views on present problems 
would be valuable. Nevertheless, as compared with 
Newton II, this would be on account of Newton T's 
past personal experience. Had he left behind a 
sufficient recorc. of that experience for Newton II, the 
returning Newton I would have no advantage over 
Newton I. 

= Although this communication contains nothing 
essentially new: it is thought that the view of asym- 
metric ageing as essentially involving a sacrifice of 


observations, if two observers 
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information may make the concept less repugnant 
to some minds. ‘The situation is ibed for cases 
where gravitational effects are of minor significance 
for the phenomena considered, as they probably are 
in the actual universe. If they are not, similar results 
would still hold good, but with some general re- 
strictions on the statements. The principle of 
impotence, for example, would apply to any not 
too great departure from free motion. 
W. H. MoCrea 
Royal Holloway College, 
Englefield Green, 
Surrey. 
Feb. 16. 
‘Crawford, F. S., jun., Nature, 179, 35 (1957). 
* Whittaker, E. 'T., Phil. Mag., (7), 88, 353 (1942) ; 
. 61, 160 (1942); sce also Thomson, Sir George, 

Foresteable Future” (Cambridge, 1955). 
* McCrea, W. H., Nature, 177, 784 (1956). 
‘Fisher, Sir Ronald, Discovery, 18, 56 (1957) 
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Some Properties of Neptunium Metal 


A PRELIMINARY study has been made of the 
properties of a small piece of neptunium prepared 
elsewhere in these laboratories by a bomb reduction 
process. The principal impurities present in the 
metal were, by weight per cent, as follows: caleium, 
0-34; uranium, 0-22; nickel, 0-06; magnesium, 
0-03; chromium, 0-03; plutonium, 0-03; alum- 
inium, 0-02; molybdenum, not more than 0-05; 
vanadium, not more than 0-06; figures for 
fluorine and oxygen, which were probably also 
present in small quantities, are not available. A 
powder photograph on unannealed filings agreed 
with that previously reported! for the orthorhombic 
a-phase stable at room temperature. 

The density of the i was found to be 
20-2 gm./c.c. at 20°C. Three determinations of its 
specific heat by immersion in water were highly 
consistent and averaged 0-0319 cal.gm.-? ° C.-1, the 
range being 29-99° C. Allowance for specimen cooling 
during transfer might lower this figure by 1-2 per 
cent, whereas correction for impurities might raise 
it by 1-2 per cent. It lies in any event between 
published figures for uranium and plutonium. 

A representative section was prepared for metallo- 
graphic examination in a ‘glove box’ using standard 
methods. Inclusions were present to the extent of 
about 3 per cent by volume and at least two types 
were recognized, although not positively identified. 
‘The larger inclusions had segregated to a narrow band 
at one surface whereas the remainder, in the main 
body of the material, appeared to outline a dendritic 
structure. Porosity was mainly confined to a single 
cavity, probably produced by contraction during 
solidification, and was estimated at less than 0-1 per 
cent of the specimen as a whole. ‘The difference 
between the observed density and the theoretical 
(20-45 gm./e.c.) is, therefore, attributed mainly to 
the p of impurities. Reasonably good grain 
contrast Wis obtained under examination in polarized 
light after the specimen, in the mechanically polished 
condition, had been allowed to oxidize for some hours 
in air. ‘There appears to be a close relationship 
between these grains and the original dendritic 
structure. The grains, which had a mean diameter 
of about 0-3 mm., were very irregular in size and 
shape and somewhat similar to those in cast uranium, 
although no clear evidence of sub-grains was obtained. 
Deformation twins observed near hardness impressions 
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were long, thin and parallel-sided, and were frequently 
restricted to a single system in a given grain. 

A Meyer hardness analysis? with a 1-mm. steel ball 
under various loads from 1 to 120 kgm. gave the 
following relationship between the load L (kgm.) and 
the diameter d (mm.) of the i ion for loads 
greater than about 15 kgm.: L = 360 d*!*. The 
Meyer index is thus 2-19 and the ultimate ball 
number is 458. Diamond pyramid indentations with 
loads greater than 10 kgm. gave a Vickers hardness 
figure of 355. The metal therefore appears to be 
considerably harder than uranium in a similar 
condition. On the basis of the derived stress-strain 
curve and the semi-empirical relationships between 
hardness and tensile strength, these results suggest 
that the ultimate tensile strength of neptunium in 
this condition is in the region 80-90 tons/sq. in. 

Dr. J. F. Walker, Mr. H. R. Horton and Mr. A. E. 
McIntosh assisted with this work. We are grateful 
to the Managing Director, United Kingdom Atomic 


Energy Authority, Industrial Group, for per- 
mission to publish this communication. 
V. W. ELDRED 


G. C. Curtis 
Research and Development Branch, 
Windscale Works, 
Sellafield, Cumberland. 
March 12. 
1 Zachariasen, W. H., Acta Cryst., 5, 600 (1952). 
* Tabor, D., “The Hardness of Metals” (Oxford, 1951). 


Annular Detonation in Cast T.N.T. 


WHILE studying the setting up of detonation in 
cylindrical T.N.T. charges initiated by relatively 
weak primers, we have repeatedly observed the 
immediate appearance in the charge of an annular 
detonation wave. The wave originates near the 
surface of the charge, grows in width as it is propa- 
gated through the charge, and finally coalesces over 
the full charge-width. 

The charges were cast. by pouring the molten 
explosive into cylindrical metal moulds at room tem- 
perature, and had the crystal structure shown in 
Fig. 1. Three regions of particular relevance to our 
work are the finely crystalline surface-chilled layer, 
the axial and radial crystal systems originating at 
the mould surfaces and the conical surface along — 
which these systems meet. à 

Bare charges of this type, 1-25 in. in diameter 
and of various lengths, were initiated in the axial 
direction by the shock from one or more }-oz. tetryl 
pellets of the same diameter and 0-25 in. long. A 


sy 
rA 






2o mwlsbdmist eso: 7 P E 
Fig. 1. Section illustrating the pe er eee ae TRT: 
charge: ía) finely crys surface-chilled layer; (6) conical 
volume of axial crystal system; (c) radial system ; 


(d) ‘cast end’ of charge formed at the base of the mould 
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Fig. 2. Growth of annular detonation at cast end of charge. 


(a) 3/16 in.; (b) 3/8 in.; (c) 5/8 in. 


rotating mirror camera with its field of view re- 
stricted to a plane containing the axis and one 
diameter of the charge recorded the luminous events 
accompanying the arrival of the shock front at the 
end face. 

When a 0-5-in. long primer was detonated in 
contact with the cast end of a charge 1/16 in. long, 
the record showed a strongly luminous narrow 
annulus at the edge of the shock front. As the 
charge was progressively lengthened this annulus 
grew in width and intensity while the central section 
of the shock faded (Fig. 2). The annular part of the 
shock front, which is effectively an annular detonation 
wave, coalesced over the full charge-width after 
travelling one inch from the cast end and thereafter 
the shock was propagated stably through the re- 
mainder of the charge. The velocity of detonation of 
the growing annular wave was little different from 
that of the subsequent propagation and both were 
of high order. 

A similar type of annular detonation was observed 
in charges containing radial crystals only, but its 
generation required a minimum primer length of 
1-25 in. Annular detonation once again appeared 
at the edge of the shock front and its subsequent 
development closely followed the pattern already 
described. 

The occurrence of the annular detonation wave is 
closely associated with the crystal structure existing 
in the cast charge. It is well known? that the 
sensitiveness of a cast charge to shock initiation is 
related to crystal size, the finer granulations having 
the greater sensitivity. In our charges there is a 
progressive coarsening in crystal size from the surface 
to the interior, so that the most sensitive regions lie 
very near the surface. The cylindrical symmetry of 
the castings results in the sensitive region appear- 
ing as an annulus in a transverse section of the 
charge. 

By using primers of minimum length, the intensity 
of the initiating shock has been kept to such a low 
level as to cause reaction in only the most sensitive 
regions. In charges containing radial crystals only, 
the sensitive region extends uniformly down the full 
length of the charge, approximating in shape to a 
hollow cylinder situated at the charge surface, and 
requires a primer 1-25'in. long to cause preferential 
reaction in it. In the cast end of a charge (Fig. 1) 
the sensitive region again lies near the curved surface 
of the charge, but is restricted in the axial direction 
to an annulus which our experiments have shown to 
lie within 1/16 in. of both the end face and the 
cylindrical wall. ‘This region contains the terminal 
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ends of both axial and radial 
crystals in their most sensitive 
size, and the particular conditions 
which result cause an annular de- 
tonation to be set up by a primer 
only 0-5 in. long. In both cases 
the development of the annular 
wave takes place in radially crystal- 
lized T.N.T. à 

We have also examined charges 
in which the distribution of crystal 
size has been altered by casting in 
chilled or heated moulds. A chilled 
mould results in a charge having 
an overall decrease in crystal size. 
Such a charge exhibits an increase 
in shock sensitiveness, a 0-25-in. 
primer at the cast end or a 0-5-in. 
primer at the racially crystallized end being sufficient 
to set up annuler detonation. In moulds heated to 
moderate temperatures (40°C.) the surface-chilled 
layer of crystals is reduced in thickness and the 
overall crystal size in the cast is larger. Such charges 
show a reduced gensitiveness to shock, annular 
detonation at she cast end requiring a primer 
0-75 in. long. 

We wish to thank the Chief Scientist, Department 
of Supply, for permission to publish this communica- 
tion. 


Charge length 


D. J. Davis 

D. M. Doveras 
E. D. TREHARNE 

Weapons Researsh Establishment, 
Department of Supply, 
Box 1424H, G.P.O., 
Adelaide, South Australia. 
Jam 31. 


* Eyring, H., Powell, R. E., Duffey, C. H., and Parlin, R. B., Chem. 
Rev.. 45, 69 (1948). 


Determinaticn of Hydrogen in Mine Airs 
using a Gas Chromatographic Technique 


Tue determinstion of hydrogen in mine airs using 
conventional vo.umetric combustion technique is 
both tedious and time-consuming; in addition, these 
methods are not very sensitive and their specificity 
is affected by the presence of other combustible gases. 
J. Janak has reported! that gas chromatographic 
methods have been applied to the determination of 
methane in mine airs, and he has developed? a rather 
lengthy techniqus for the determination of hydrogen 
in other gases. 

An apparatus as been developed in these labora- 
tories for the repid determination of hydrogen in 
mine airs by gas chromatography. This mstrument 
will analyse minə airs for hydrogen content at the 
rate of one sample every three minutes. 

Separation of kydrogen from the other components 
in the sample is affected by means of a column of 
active carbon, 7 ft. long, contained in an annealed 
copper tube of 16 in. bore. An identical column 
through which orly reference gas is passed serves to 
compensate for slight changes of inlet pressure. A 
twin-cell platinum-wire katharometer and its asso- 
ciated bridge circait are used as the detecting device, 
each cell receiving gas from one of the columns. 

A platinum-wice katharometer was preferred to 
one of the thermistor type* because of the more 
linear response and lower noise-level. The signal 


912 





obtained from @ platinum-wire katharometer is 
weaker than that from a thermistor device, but can 
be applied to a spot galvanometer or a recording 


|| potentiometer of 1 mV. span, without pre-amplifica- 
‘tion. The columns and katharometer are immersed in ~ 
oah oil-bath which is maintained at 30 + 0-05° C. Tt 


has been claimed that if the current flowing through 
the bridge circuit is kept constant, the response ob- 
tained from the katharometer is independent of 
‘temperature. While this appears to be true for certain 
gases, of which hydrogen is one, in practice it has 
been found to be very difficult to maintain the 
current within the necessary limits, as a small error 
in setting the current produces a magnified error in 
the response.. In order to obtain a high degree of 
reproducibility, the alternative procedure of main- 
taining the apparatus at a constant temperature has 
been adopted. 

Oxygen-free nitrogen is normally used as the 
carrier and reference gas. In cases where a particu- 
larly high sensitivity is required, it has been found 
advantageous to use argon for this purpose on account 
of its lower thermal conductivity. The pressure drop 
across the columns is maintained at 14 cm. of mercury, 
this being equivalent to a flow-rate of about 50 ml./ 
min, through each column. A 10-ml. sample is taken 


for each analysis, hydrogen being eluted from the - 


separating column after 40 sec. For gases which 
are eluted from the column very rapidly, it is per- 
‘imissible to assume. that the peak height is propor- 
tional to the amount of the component present, over 


>o e wide range of concentrations; thus the recorder 


¿vean be calibrated directly in terms of hydrogen. 
Determinations can be carried out with an accuracy 
better than + 0-005 per cent of hydrogen, and 
amounts down to 0-005 per cent can be detected. 
This instrument was primarily designed for the 
determination of hydrogen, but methane can also be 
determined, being eluted from the separating column 
in 2 min. 30 sec. As would be expected from the 
lower thermal conductivity of methane, the sensit- 
ivity of the instrument to this gas is rather lower 
than in the case of hydrogen. For methane, the 
precision. and sensitivity are rather less than that 
obtainable with the Haldane apparatus; but the 


extreme rapidity of gas chromatography makes the 


method useful when the saving of time is an important 
: consideration. 
genes P. WHarMouGcH 
<07 Seientifie Department, Central Laboratory, 
< North Western Division, National Coal Board, 
eon =o o Shade House, 
Bolton Road, 
Pendlebury, Manchester. 
March 5. 


iJanak, J., Chem. Listy, 47.(6), 828 (1953). 

. 4 danak, J, Chem. Listy, 47 (6), 337. (1953). 

3 Ambrose; D., and Collerson, R. R., J. Sci. Instr., 82, 323 (1955). 
4 Percival; W.; Analyt. Chem., 20 (1), 20 (1957). 


Discovery of Radon 

Tus books on radioactivity and physics agree in 
attributing the discovery of radium emanation to 
E. or F. Dorn, giving as a reference either Abhl. 
Noaturf.. Ges. -Halle (1900) or (such as “Geiger and 
Scheel” and “Wien-Harms”) the same publication, 22, 
155 (1960). Mellor adds, “E. Dorn, Ueber die von 
-radioaktiven Substanzen ausgesandte Emanation, 
Stuttgart, 1900”. The volume of the Abhandlungen 
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der Naturforschenden Gesellschaft zu Halle mentioned, 


mamely, 22, is dated 1900-1, and p. 155 is 
in the middle of a long article on the flora of- 
“Scandinavia. 


There are three papers by E. Dorn in the volume, 
none of ‘which contains any ‘mention of radium 
emanation. Dorn’s announcement of the discovery of. 
this is contained in the Abhandlungen dated 1901, 
23, and is the first paper, of 15 pages, the communica- 
tions being paginated separately. The Abhandlungen 
were published in Stuttgart and the title of the paper 
is (with “Uber” instead of “Ueber”) the same as 
that given by Mellor for what might be thought to 
be a separate publication. At the end of the paper. 
is: “Zum grossten Teil vorgetragen in der Sitzung 
von 23 Juni, 1900”, so that the discovery should be 
dated 1900. 

Dorn used apparatus very like that used by Ruther- 
ford in his earlier discovery of thorium emanation, - 
which Dorn mentions and confirmed. Dorn used 
radium bromide and found that the emanation did 
not penetrate aluminium, as Rutherford stated was 
the case with thorium emanation. The E. and F` 
Dorn mentioned by various authors are the same | 
person, Friedrich Ernst Dorn, born in 1848, professor 
of physics in Halle. 

J. R. PARTINGTON 
211 Mill Road, 
Cambridge. 


Lattice Constants and Magnesium 
Contents of some Naturally Occurring 
Whitlockites : 


Catctum phosphates occurring in Nature are in 
general of the apatite type, more or less crystalline. _ 
So far, in only one domain have calcium phosphates 
of the whitlockite type been found to be common-—- 
in the calcified deposits found on human teeth? and 
in the adjoining salivary ducts and glands*. We have | 
recently examined a large number of samples of 
dental calculus and some other natural and synthetic 
whitlockites®. E 

Lattice constants and rhombohedral unit cell 
volumes for various types of whitlockite are set out: 
in Table 1. For comparison, the corresponding data _ 
are given for magnesian and ferroan whitlockites 
(containing respectively 9-5 atom per cent substitu- 
tion of magnesium or ferrous iron for calcium), and 
for B-tricalcium phosphate. All these were prepared. 
by sintering at 1,100°C. The pathological calcifica- 
tions are practically iron-free ; hence their low lattice 
constants and unit cell volumes must be due ‘to: 
substitution by magnesium. It does not seem 
feasible to distinguish by X-ray methods between _ 
magnesian and ferroan whitlockites. we 

Examination of a series of synthetic magnesian ” 
whitlockites has shown that the displacement of the — 
lines in the powder diagram is roughly proportional _ 
to the magnesium content up to 9-5 atom magnesium 
per cent in the cation. The latter figure represents 
the solubility limit of magnesium in the whitlockite 
lattice and corresponds to the substitution of two 
of the calcium atoms in the unit cell. [Ca,,(PQ,)4] 
by magnesium. The magnesium. contents of the 
whitlockite samples given in the final column of 
the table have been calculated from the displacement 
of five (or six) characteristic lines. The magnesium 
contents of the mineral whitlockites have not: been 
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eggs ae Table 1 
aoe Le | Lattice constants Unitech | Magnesium con- 
E S Specimen | Source “-yolume | tent (atom per 
pee ced E i arh (A.) e {A3} | cent of cation) 
“Pathological | Dental caleulus (59 samples) Copenhagen area 13-77 aged’ 
calcifications | Salivary calculus (5 samples) a + 13-77 44°19" 
< | Urinary caleulus (1 sample) px WA o 1876 42°15" 
<f Phiebolite* Bas : 2 » | 13:79. 44° 2 
"| Whitlockite (Frondel, ref. 5) | North Groton, New Hampshire 1B-75 o eae] 
| Rock phosphate Curacao 13-80 44° 20! 
‘Magnesian whitlockite | 48-78 4er 
Ferroan whitlockite 18-81 44°10" 
13 85 DE X E M 


























* From the pelvic region of 


culated since the line displacement may be due 
part to iron-substitution. 
The preponderance of magnesian whitlockite in 
Nature is in accordance. with Trautz’s finding’ that 
hitlockite is formed from ‘magnesium-containing 
systems at lower temperatures than from magnesium- 
free systems. a 





“A. TOVBORG JENSEN 
SoL. Rownes 


Chemistry Laboratory, 
‘Royal Veterinary and Agricultural College, 
es i Copenhagen. 

Jan. 30. 


Jensen, A. Tovborg, and Dang, M., J. Dent. Rer. 88, 741 (1954). 
ni, A. Tovborg, and Dano, M., J, Dent. Rès., 31, §20 (1952). 
nh Tovborg, and Rowles, S. L., Acta Odont. Scand. (in the 


itz, O, R., Fessenden, E., and Newton, M., J. Dent. Res., 38, 
687 (1954). 


a 


rect Recording Instrument for Size 
Analysis of Coarse Granular Material 


ve constructed a modified form of Emery’s 
nentation tube’, by the help of which a direct 
ure of the size distribution of particles of coarse 
ular material can be obtained without recourse 
o calculations, computations and graphical repre- 
sentations. ‘The new instrument consists mainly 
of a special form of long settling tube and a constant- 
peed revolving drum as shown in Fig. 1. The success- 
e cumulative heights of the sedimentation column, 
aver the entire period of analysis, are recorded on 
photographic paper wrapped over the cylindrical 
rum. This photographic record “at the successive 
stages of analysis presents a direct. picture of the 
gize-distribution character of the particles of the 
roaterial analysed. 

In the photographic record, the height of any nth 
column’ represents an amount of material equal to 
the original 




























a female skeleton found in the hospital graveyard of a medieval monastery. 
+ Calculated from the chemical analyses quoted by Frondel (ref. 5). ` e DA a 


Fig 
mentation tube: F-F', sample fe 








the record. As the height of each column on the 
chart represents the camulative heights of ‘all the 
preceding columns, it is more like a histogram where 
one histogram block is set above and to the right: 
of its predecessor, so that the base ‘of each block is. 
the total height of all preceding blocks that. are less. 
high than itself. Suck a histogram, being directly 
related to à cumulative curve, provides 4 fairly. 
recognizable picture of the continuous ize-distribu- 
tion character without modification. Bee E E 
Results on the size-cistribution character of any 
material obtained by such a recording sedimentation _ 
apparatus are comparable if the length and diameter ` 
of the large settling tube, the length and diameter 
of the end sedimentation tube, the amount of material 
analysed, the nature, length and temperature of the 
liquid column in the settling tube and the speed of 
the revolving drum are kept 





taining a uniform compaction, within practical limits, 





of the material accumulating in the end s 


mentatio 
tube. ` oe 





1. A, recording drum; B, slit shutter; C, lamp ; D, sedi- 
eeding tube; G-@", magnetic ` 


striker 


constant, besides main- .. 
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A paper giving a full description of the instru- 
ment and the technique will be published else- 


where 
N. SATHAPATHI 


* Emery, K. O., J. Sed. Petrology, 8, No. 3, 105 (1938). 


Effect of Radioactive Colloidal Gold on 
the Mast Cells of Bone Marrow 


AN increase in the number of mast cells has been 
reported in the thymus, spleen and bone marrow of 
mice exposed to long-continued gamma irradiation’. 
Hypoplasia of the bone marrow has been reported 
in animals and man following the administration of 
radioactive colloidal gold (gold-198)*, but no refer- 
ence is made to any change in the mast cells. In 
the course of an investigation of the general histo- 
pathological effects of colloidal gold-198 admin- 
istered to rats, we have found an increase in the 
mast cell population of the bone marrow. 

The colloidal gold was supplied by the Radio- 
chemical Centre, Amersham, and consisted of a 
colloidal suspension of metallic gold stabilized with 
gelatin. The particle-size was stated to be approx- 
imately 20-25 mu. Twenty-one male rats, of the 
highly inbred ‘August’ strain, weighing 80-90 gm., 
were given 15 uc. per gm. of body-weight of colloidal 
gold-198, seventeen animals being injected intra- 
venously and four intraperitoneally. Three animals 
died within 30 days of injection, fourteen between 
60 and 90 days and four between 90 and 120 days 
after injection. Autopsies were performed on nineteen 
of the animals, and in every case extensive necrosis 
of the liver was found. In twelve animals hemorrhage 
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into the gastro-intestinal tract, lungs and testes was 
observed, and in seven animals a considerable amount 
of fluid was present in the pleural or peritoneal 
cavities. Sections were prepared from liver, spleen, 
lung, kidney, testis and bone marrow (femur). 

The bone marrow of the animals which died within 
thirty days of injection showed the typical recovery 
pattern which is observed after irradiation ; the total 
cell population was below normal, the sinuses were 
dilated and congested and there was a high propor- 
tion of fat cells. In addition, the number of mast 
cells was found to be increased and this increase was 
still apparent in the bone marrow of the animals which 
died at all times up to 120 days. In the bone marrow 
sections of each animal studied, the number of mast 
cells in ten high-power (450 x) fields was estimated 
by summing the individual mast cell counts for each 
of ten high-power fields, selected at random, in the 
marrow in the middle of the femur shaft. The average 
number of mast cells in ten high-power fields was 257 
(range 159-329) in the irradiated animals compared 
with 32 (range 18-39) in normal animals 

In the irradiated animals 


the mast cella were more : 


abundant in the marrow in the middle of the femur — 
shaft and were located predominantly along the walls 


of the sinuses. They were consistently larger, and 
vacuolation and dilaceration were more conspicuous 
than in the mast cells of normal animals (Figs. 1-3). 
No evidence of mitosis was found among mast cells 


in any of the many sections examined, and there were 


no significant differences between the animals in- 


jected intraperitoneally and intravenously. The mast 


cell population of the spleen was apparently un- 
changed, although histological signs of irradiation 
damage were present ; the thymus was not è i 
We can offer no plausible explanation for this 
increase in mast cells. It seems, on morphological 
grounds alone, that the mast cells are produced 
locally, and their increase does not result from an 
invasion of cells from outside. The remarkable 
absence of mitosis suggests that the increase is not 





(1) Normal rat bone-marrow; six mast cells can be seen in this field. Toluidine blue, x 350 
(2) Bone marrow from an animal which died 90 days after on beef 7 The mast cells are swollen and dilacerated. Tolui- 
dine blue, x 350 


(8) Bone marrow from same animal as (2). Mast cells are located along the sinus wall, Toluidine blue, 


x 350 
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the consequence of a proliferation of existing mast 
cells but more probably results from transformation 
and differentiation of primitive reticular cells; the 
localization of the cells along the sinus walls is highly 
suggestive of this. 


Mast cells are considered to be related to the- 


production of heparin®, and the occurrence of a 
circulating ‘heparin-like’ substance, related to an 
increase in blood-clotting time, has been reported in 
acutely irradiated dogs‘. The prolongation. of clotting- 
time occurred before the platelet count was appre- 
ciably reduced, and had decreased to a normal value 
before platelet recovery could be demonstrated in 
the peripheral blood. 3 

It has been suggested’ that the increase in mast 
cells in the thymus of X-radiated hamsters may 
augment the effects of the thrombocytopenia which 
occurs in these animals. It should be emphasized 
that, in twelve of our animals, abnormal bleeding 
into the gastro-intestinal tract was observed at @ 
time when, the bone marrow was apparently fully 
recovered and the platelet count could be expected 
to have returned to normal. 

It would seem that the role of mast cells in the post- 
irradiation hemorrhage syndrome deserves a careful 
study. ` 7 


We wish to thank Prof, D. W. Smithers, in whose 


Department this work was carried out, and to the 
National Research Council of Brazil (C.N. Pq) for 
financial assistance to one of us. 
; : J. P. GUIMARAES 
Division of Pathology, 
Instituto Oswaldo Cruz, 
D. Federal, Brazil. - 
-< > : D. M. Taynor* 
, „Radiotherapy Department, - f 
Institute of Cancer Research : 
Royal Cancer Hospital, 
London, 8.W.3. 
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Ecological Rules and Body-heat Regulation 
in Man - 


As I was able to demonstrate some years ago, the 
ratio of body-weight to body-surface decreases more 
or less regularly from the northern to the southern 
hemisphere’?. These first findings, obviously related 
to. Bergmann’s and Allen’s rules, have since been 
confirmed partly by me, partly by other workers. 

Further studies, concerning about forty African 
samples, show now that the matter is a little more 
complicated. There seem to be at least two inde- 
pendent clinal gradients, the first one for the White 
racial group, extending from Northern Ireland 
(38-3 kem.j/m.*) to the Sahara (35-4-33-9 kgm./m.*) 
and Southern Arabia (36-0 kgm./m.*); the second 
for the Black racial group, beginning approximately 
in the Upper Volta basin (where some averages just 
below 38 kgm.jm.* are to be found) and ending in 
South-East Africa, (36-1-32-8 kgm./m.*), perhaps in 
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Somalia (35-1-34-4 kgm./m.*) where it merges with 
the White gradient. ‘The anthropological status of 
There are, to be sure, 
Europoid and Negroid strains, but dark-skinned 
anatomically Europoid groups may belong to an 
undifferentiated stock!4, For anthropological reasons, 
I do not include in the Black gradient Congo pygmies 
and Kalahari bushmen, whose averages are also very 
low (31:5 and 30-2 kgm./m.* respectively). 

Nevertheless, the high averages of some West 
African samples may appear anomalous. ‘This 
‘anomaly’ can be explained in different ways. In 
Negroes, perspiration seems to be more intermittent 
and of shorter duration than in White people. In 
spite of this fact, when exposed to heat stress, they 
maintain the same rectal temperature as the latter. 
Therefore, as I have pointed out elsewhere, their 
perspiration is more efficient and physiologically less 
disturbing (see ref. 3d). Perhaps this is due to a 
higher density of swest glands per surface unit 
mentioned by some anthropologists. I hope to 
elucidate this question histologically. g 

But there is @ second compensatory factor which 
favours thermolysis: the length of the limbs. 
According to anthropological data, West African 
Negroes have very long upper limbs, a fact which is 
not reflected by the Du Bois formula I used to estim- 
ate body surface. Moreover, as was shown a long 
time ago, limbs are particularly efficient refrigeratmg 
If instead of estimated body surface we 
take the whole length of the limbs: 


‘(acromion-dactilion + symphysion height) x 2 


the ratio of limbs to weight again shows: a geo- 
graphical gradient, independent of general body-size, - 


' go far as the latter is represented by body-height ; 


Table 1. Ratio or Lutes ro WEIGHT (0M./KG3M.) 


Average o Body-height 

73 French workers 4-88 0-47 168-8 : 
80 French soldiers (1940) 4-91 0-47 166-2 
800 British soldiers* 5-00 > — 1709 
118 French soldiers (1950) 5-02 « 0-41 68°5 
504 Ukrainians* 6-08 —, 167-3 
100 Indo-chinese (Tonkin) 5'87 0:36 + 1609 
82 Otomi (Mexico) 6-51 0-49 1676 
31 Arabs (Yemen) 5:83 0 47 162-2 
18 Asheraf (Somalia) 5°64 0-66 1709 
119 Nhungues (Mozambique) 5-66 0-52 167-9 
123 Darod (Somalia) ' 574 0 54 722 
119 Rahanaween (Somalia) 5:83 0-59 169-4 
51 Gobaween (Somalia) 5 90 0 61 68 +4 
47 Dir (Somalia) 6 01 0-49 172'9 
26 Antumba (Mozambique) 6-06 0-64 164:9 
87 Hawiyah (Somalia) 8-21 0-51 170-0 
ka Pygmies (Congo) 8:98 0'87 144-1 
115 Basua Pygmies (Congo) 7-08 0:77 14438 


`> Calculated from published averages. All other figures calculated 
from individual data. 


These figures show biametrically that Allen’s rule 
(relative or absolute increase of protruding organs 
in warmer parts of a homeotherm species range) does 
apply to Homo sapiens. The general trend is obvious. 
I have not tried to correlate ratios with regional 
temperature averages as ‘some authors do with 
weight/surface ratio or other data, because such 
correlations are statistically unsound : meteorological 
averages are calculated for arbitrarily sized areas and 
we can obtain any correlation value, perhaps from 
0 to 1, according to the territorial unit chosen (in 
connexion with ‘modifiable units’, see ref. 6). 

A larger number of samples would probably show 
that for the limbs/weight ratio there are, as for the 
weight/surface ratio, two or more distinct gradients. 
If, as I think, these gradients have an ecological 
meaning, they must be dependent not only on heat 
stress, but also on cold stress, according to local 
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climatic conditions. I must emphasize this point 
because it has sometimes been misinterpreted by 
authors who have not read my papers in French®. 
Experimentally, both ratios are related to body- 
heat regulation. As previously shown, according to 
tests performed in a hot room and on & tread-mill, 
the weight/surface ratio gives moderate but significarit 
correlations with body temperature’. The limbs/ 
weight ratio also correlates significantly with the 
latter. x . 
Table 2. CORRELATIONS BETWEEN LIMES/WHIGHT RATIO AND Bopy- 


TEMPERATURE OF YOUNG FRENOH SOLDIERS. ERATURE TAKEN 
AT THE FORTIETH MINUTE IN THE HoT Room 


Environmental 


temperature range No. of individuals r P 
850-38" 44 —0:31 <0-05 
850-37 -9° 40 —0:33 <0-04 
85 0-36-9° 34 —0 38 <0-08 


The correlation attains its highest numerical value 
when the experimental conditions are better standard- 
ized. With a shorter environmentel temperature- 
range and a longer duration of the test, the correlation 
would be probably higher. Perhaps even now it is 
high enough to be taken into account for some 
practical purposes. But there is no reason for 
supposing that it must be very high. Anatomical 
factors do not explain the whole mechanism of body- 
heat regulation. We must keep this in mind when 
we find ‘anomalous’ data which seem to contradict 
ecological rules. 

A more detailed’ account of the ecological and 
experimental date, as well as a discussion of nutri- 
tional interferences®, will be published later. I wish 
to thank Dr. L. Pales, deputy director of the Musée 
de Homme, who kindly put at my disposal his 
“ unpublished -individual ‘data concerning thirty "West, 
African samples (2, 000 adult men). 

Evelyne Somnetoxn 
Laboratoire d’Anthropologie Physique, 
1 rue René-Panhard, 
Paris 13. 
‘Nov. 10. 
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l Elaboration of Protective Antigen of Bacillus 
- anthracis under Anaerobic Conditions 


ELABORATION én vitro of the protective antigen of 
Bacillus anthracis in serum and plasma was first 
demonstrated by Gladstone’, Elaboration of the 
antigen in chemically defined, non-protein media was 
reported by Wright et al.2*. The non-protein media 
facilitated practical production of the antigen, and 
permitted a basic study of its accumulation and 
properties. Antigen ın the culture filtrate was 
precipitable with alum; the precipitated product 
was effective in immunization of animals and was 
well tolerated in man‘-*. Elaboration of protective 
antigen in chemically defined media was confirmed 
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Table 1. IMMUNIZING ACTIVITIES FOR GUINEA Plas OF FILTRATES 
OF CULTURES GROWN UNDER AEROBIO AND ANAEROBIC CONDITIONS 


Survival ratios* obtained 
Incubation | with immunizing doses 
hey as follows 


15 mi. per 
animal 


0/8 (4, 4, 4, 
6 


Cultural 
conditions 


Strain of 
B. anthracis 


pints 








R1l-NP 5/8 (Ay, 


6/8 (4, 7) 


aerobic 


anaerobic 
: 4, 4, 4, 5, 5) 


3/8 (4, 4, 5, 
6/8 (5, 5) 
oe 8 (b 6, 8) 


8 (4, 6, 7, 
7) 


V770-NP1-R | aerobic 29 and 48t 
anaerobic 50 


26 and 48t 
50 


6/8 (5, 5) 
718 (9) 


aerobic 7/8 (9) 
8/8" 


anaerobic 


107~NP2-R1 


Unimmunized contrals 0/8 (8, 8, 3, 4, 4, 4, 4, 4) 








* Survival ratios are recorded as the number of animals surviving 
divided by the number of animals challenged. Numbers in Parenthesis 
refer to the days after challenge on which deaths occurred. The 
results of two complete e eriments have been combined ın the table. 

+ One culture was incubated for each period. Antigen activities 
were not significantly different. 


by Belton and Strange’, who also devised a casein 
hydrolysate medium suitable for production of 
antigen. 

These studies indicated that protective - ‘antigen 
accumulated only under particular cultural conditions. 
Relatively aerobic conditions of growth have usually 
been employed; the limiting factor in aeration of 
the medium appeared to be avoidance of excessive 
loss of.carbon dioxide from the bicarbonate-containing 
medium. Our previous observations suggested that 


a relatively thin layer of medium was desirable for 


optimum accumulation of antigen in static cultures?. 

Observations on the metabolism of B. anthracis 
indicated that in appropriate media this organism 
is capable of satisfactory growth under strictly 
anaerobic conditions’. The possibility that antigen ` 
was elaborated under these, conditions was therefore 
investigated. - 

Cultures were grown in 968 medium at 37°C. for 
the times indicated in Table 1. This medium con- 
tained amino-acids, glucose, guanine, thiamine and 
inorganic salts, and was a modification of the 599 
medium of Puziss and Wright®. The modifications, 
to be described elsewhere, consisted of addition of 
small amounts of adenosine, glycine and [-alanine, 
reduction in the concentration of ferrous sulphate 
and omission of cysteine. Glucose was autoclaved in 
the medium. 

Aerobic cultures were grown statically in 500-ml. 
volumes of the medium in 4-litre Fernbach flasks. 
These conditions had proved most satisfactory m 
previous work, Anaerobic cultures were grown in 
400-ml. volumes of medium in 600-ml. bottles. The 
latter medium was cooled ‘rapidly after autoclaving, 
the sodium bicarbonate, ferrous sulphate and inocula 
were added, and the bottles were incubated in 
desiccator jars under nitrogen. Ferrous sulphate 
concentrations were 0-00005 M for aerobic cultures 
and 0-00001 M for anaerobic cultures. The strains 
used were non-proteolytic, non-encapsulated mutants 
of the virulent ‘Volum’, 7770 and 107 strains*. The 
inoculum consisted of 500 spores per ml. of medium. 

After growth, the cultures were adjusted to pH 8 
with normal sodium hydroxide and filtered through 
ultra-fine sintered glass filters. The sterile filtrate 
containing the antigen was lyophilized. The product 
was reconstituted in water at three times the original 
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concentration of the filtrate and ım- Previous i 
jected into groups of four guinea pigs 09 Metaphase 
in. doses of 0-5 or 0-1 ml. Five in- ! od 


jections were given on alternate days, 
so that the total amount of original 
filtrate per animal was 7-5 and 1-5 ml. 
respectively. The animals were chal- 
lenged seven days after immunization 
by intracutaneous injection of 1,000 
spores of the ‘Vollum’ strain. The 
challenge dose represented approx- 
imately 200 LD50. Animals were 
observed daily for fourteen days after 
challenge. 

Representative experiments com- 
paring antigen production under aero- 
bie and anaerobic conditions are sum- 
marized in Table 1. It is evident 
that elaboration of protective ‘anti- 
gen under anaerobic conditions was 
at least equivalent to that obtained sociieay. 
Growth was somewhat slower anaerobically, but: at 
the time of filtration the final turbidity was ap- 
proximately the same as in the aerobically grown 
cultures. ` 

Preliminary results ‘suggest that the anaerobic 
‘culture method will simplify large-scale production 
of the antigen. Bight-litre volumes of medium in 
10-litre bottles have yielded satisfactory results, and 
considerably larger volumes appear feasible. Thus 
fer no major differences have been noted in the 
cultural conditions that are necessary for elaboration 
of antigen during anaerobic and aerobic growth. 
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- Additional details and discussion will be presented 


in a subsequent paper. 
ae : re GEORGE Q. Waicut 
; ‘Mizton Puziss 
Chemical Corps, - 
Fort Detrick, 
Frederick, Maryland. 
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Mitotic Delay induced by Gamma 
Radiation in Broad Bean Root Meristems 


In attempting to interpret quantitative data on 
the yield of structural changes induced in chro- 
mosomes by radiation, the difficulty arises with 
material containing cells in random stages of develop- 
ment, as in root tips, that a given dose of radiation 
delays the arrival of cells at metaphase to an un- 
known extent. There is thus an uncertainty as to 
the developmental stage at the time of irradiation 
` of those cells observed m metaphase at æ particular 
fixation time. If sensitivity to induction of structural 
changes varies with the stage of cell development’, 
then this uncertainty may make a precise interpreta- 
tion of the dose-yield relationship impossible, for the 


amount of mitotic delay is itself dependent upon _ 


dose?. In such asynchronous cell populations, an 
approximate picture of mitotic delay has usually 





Delay due to irradiation (hr.) 


20 


16 19 5 0 
Normal development time to metaphase (hr.) 


Fig. 1. Delay in reaching metaphase of cells irradiated at various stages of nternnase. 


Normal mitotic cycle time, 25 hr. (ref. 3) 


been obtamed by comparing mitotic index values of 
control and irradiated tissues. This method, however, 
falls short of giving an accurate determination of 
the delay, as of necessity mitotic index depends 
partly upon the length of time taken by a cell to 
pess through mitosis and this has also been shown 
to be affected by irradiation’. 

In view of the many advantages of Vicia faba root 
tips for studies of chromosome structural changes, 
a method has been devised for determining the actual 
mitotic delay. The.principle of our method is to 
accumulate cells at metaphase by means of a spindle 
inhibitor such that all calls, or a constant proportion 
of the. cells, are blocked at metaphase and .the rate 
of entry of cells into mitosis 1s unaffected. The cells 
accumulated in a given time are then representative 
of a portion of the initial population of cells at the 
commencement of treatment. If cells were originally 
uniformly distributed with respect to developmental 
time (measured back from the observed metaphase), 
the number accumulated will be proportional to the 
developmental time of tine last cell to arrive. In fact, 
cells may not be uniformly distributed with respect 
to developmental time, for example, in a multiplying 
tissue* ; but provided tne form of the distribution is 
known, the number accumulated will still be an 
implicit measure of the developmental time. 

We have shown that colchicine possesses the 
properties postulated above for the spindle inhibitor 
when aqueous solutions of strengths 0-025-0-1 per 
cent are used for periods of not more than 6 hr. °. 
In practice, we apply colchicine for only 2 hr. and 
compare the rate of accumulation of cells at meta- 
phase in normal ‘control material with the accumula- 

~ tion-rates in the irradiaczed material at various times 
after irradiation. The total theoretical accumulation ` 
for any period is then obtained by integration of the 
rate curves. 

It is assumed that the idea of developmental time 
is meaningful, that is, we are using a clock model for 
cellular development and not a stochastic model. 
Further, it is assumed that the delay is such that 
no cells arrive at metaphase out of turn, that is, 
before cells which were originally in a more advanced 
stage of development. If such ‘leap-frogging’ of 
development occurred‘, sudden discontmuities in the 
accumulation curve would be expected. There is no 
obvious evidence of this process in our data, but 
very great precision would be required to reveal it. 
The amount of delay in reaching mitosis (metaphase) 
as @ function of normal developmental time is shown 
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Fig. 2. Relative rate of passage of cells through metaphase after irradiation 


in Fig. 1 for doses of 54 r. and 99 r. of cobalt-60 
gamma-rays given in 5 min. at 19°C. and under 
conditions of aeration. ¥ 

With the colchicine method, it is also possible to 
deduce the time spent by the irradiated cells in 
_ passing through the metaphase followmg irradiation. 
The reciprocal of this quantity, that is, the rate of 
passage through metaphase, is shown as a fraction 
of normal in Fig. 2. 

It is hoped that the method briefly outlined here 
will be of use not only for determining mitotic delay 
in plant cells, but also in animal tissues. A more 
detailed account of these experiments will be pub- 
lished elsewhere. x . 

` ; f G. J. NEARY 
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i Effect of Very- Large Doses of Bacterial 


Antigen on Antibody Production in New- - 


born Rabbits 


THE injection of large doses of antigen into very 
young animals results in a weakening of the anti- 
body response when a further dose of antigen is ad- 
ministered to the adult animal. This phenomenon has 
been described as acquired tolerance’, immunological 
approximation? or immunological unresponsiveness*. 
It is not yet clear whether the administration of large 
doses of bacterial antigen during embryogenesis or 
the first days of postnatal life can also inhibit 
immunity responses in adult animals. Buxton found 
a suppression of antibody formation to Salmonella‘, 
and Kerr and Robertson’ to Trichomonas foetus. 
Cohn and Smith and Bridges’, on the other hand, 
found no inhibition of antibody production after the 
injection of bacterial antigens. 

In the present work, five-day old rabbits were 
injected by the intravascular or intraperitoneal routes 
with a medium-sized dose (10° micro-organisms) of 
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heat-inactivated antigen of Salmonella 
paratyphi B. Further groups of 
animals were given excessive amounts 
of the same antigen, the largest 
possible dose being 4-6 x 10° organ- 
isms for five-day old rabbits and 
2 x 10° orgamsms for new-born rab- 
bits. It is evident from Table 1 
that the medium-sized dose of 108 
organisms caused an antibody re- 
sponse to appear, on the average, 
at the thirtieth day post-naially. In 
both groups given excessive doses 
of antigen, antibody formation was 


25 speeded up significantly. 
Four months later, all surviving 
animals were re-vaccinated with 10? 
' organisms S. paratyphi B (Table 2). 
Only where excessive doses of antigen had been 


given to five-day old animals was there a sig- 
nificant inhibition of antibody formation. New- 
born rabbits injected with 2 x 10° organisms imme- 
diately after birth showed no such inhibition on 
re-vaccination. ; 
These results show that inhibition can be achieved 
with bacterial antigens, but only when admunistered 
„in amounts which are very near the lethal dose. The 
negative results of Cohn! and Smith’? may have been 
due to the injection of msufficient amounts of bacterial 
antigen. , 
Complete inhibition of antibody formation has 
been achieved with serum albumin, and after the 
first injections no antibodies were found m the serum 
„Of infant animals*1°,- The present experiments show 
that not even the injection. of excessive doses of 
corpuscular antigens can inhibit an active immunity 
response in young animals ; on the contrary, antibody 
formation was faster than in the animals given 
- smaller doses. There thus appears to be a difference 
between the development of antibody reactions to 
antigens that do’ little damage (for example,’ serum 
proteins) and that of antigens (of endotoxic nature) 
that do a lot of damage. 


Table 1. POSTNATAL DAY ON WHICH ANTIBODIES WERE FOUND FOR 
THE FIRST TIME IN INFANT RABBITS AFTER INJECTION OF DIFFERENT 
AMOUNTS OF ANTIGEN (S. paratyph B) 











To 5-day- | To 5-day- To 5-day- 
oid, 10° |. old, 10? old, 4-6 x 
micro- mira- 10° Intra- 
organisms peritoneal 
(intraper- f 
itoneal) 
No. of 
animals 12 
<| Median 29 29<M<36 
Min. 29 21 
Max. 38 





‘Statistical analysis using Wilcox’s Test and White’s Tables (ref. 8) 
at a 5 per cent level of significance. s 


Table 2. HIGHEST TITRES RHACHED DURING 21 DAYS AFTER ER- 


VACOINATION (WITH S. paratypht B) OF 4-MONTH-OLD RABBITS IN- 
JECTED DURING THE FIRST DAYS OF LIFE WITH DIFFERENT AMOUNTS 
OF THE SAME ANTIGEN 






To 1-5-day-old, 
4-6 x 10° 
intraperitoneal 


0-1-day-old, 
x 10° 
intraperitoneal 
No. of animals 
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Similar results were obtained in puppies. Full 
details of the present work will be given elsewhere™!. 


J. Srerzu 
g Z. TRNKA 
Division of Immunology, 
Institute of Biology, 
Czechoslovak Academy of Science, 
Praha, 6. 
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Polysaccharide containing Amino-Sugar 
from Bacillus subtilis 


SEVERAL polysaccharides containing amino-sugars 
have been isolated from strams of Bacillus anthracis 
which contain polyglutamic acid in their capsular 
material?. However, no polysaccharides of a similar 
type have as yet been reported from the related 
B. subtilis strains which produce polyglutamic acid 
extracellularly. 

The present communication deals with the isolation 
and some properties of an amino-sugar containing 
polysaccharide obtained from such a strain of B. 
subtilis, 

Cells of B. subtilis ATCC 9945 grown for three to 
four days at 36° C. in Sauton’s medium were extracted 
in the cold with 10 per cent trichloracetic acid 
solution. The trichloracetic acid was removed with 
ether and the polysaccharide precipitated with 3 
volumes-of alcohol, deproteinized by the Sevag pro- 
cedure and further purified by treatment with a 
mixture of Lloyd’s reagent and kaolin in acetic acid. 
The polysaccharide solution was dialysed, repre- 
cipitated with alcohol in the presence of acetic acid 
and sodium acetate, washed with alcohol and ether 
and finally dried in vacuum. The yield was about 
4 per cent of the dry weight of the cells. 

The material dissolved in water after swelling, 
giving a highly viscous solution, of a pH close to 7. 
An ultracentrifuge analysis indicated the presence of 
a single component, with a molecular weight of 
100,000—200,000. It gave a negative biuret reaction, 
and no significant absorption m the ultra-violet 
range. The indole and tryptophan reactions for 
polysaccharides? were positive, and the carbazole 
reaction for hexuronic acids as well as the Dische 
primary cysteine reaction for methyl pentoses* proved 
to be negative. No colour reaction was observed. with 
iodine. An elementary analysis revealed the presence 
of 0-9-1 -1 per cent phosphorus, 3-8 per cent nitrogen 
and no sulphur. About 20 per cent of the nitrogen 
was in the form of bound amino-acids, as shown by 
paper chromatography of acid hydrolysates, as well 
as by the fact that part of the NH, (Van Slyke) groups 
released upon hydrolysis were «-amino groups (nin- 
hydrin-carbon dioxide). The material, after hydro- 
lysis in 1 N sulphurie acid at 100°C. for 4 hr., gave 
values of 60 per cent reducing sugar (Somogy’), 
calculated as glucose. The acetyl content, calculated 
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from the volatile acid found in p-toluensulphonic 
acid hydrolysates, was 19-5 per cent. 

For a study of the carbohydrate components, the 
sulphuric acid hydrolysates were neutralized with 
barium carbonate and chromatographed on paper m 
n-butanoljacetic acid/water (26:6: 25).. Spraying 
with alkaline silver natrate* revealed the presence of 
two spots of equal mensity, one of which moved 
the same distance as galactose, gaye a positive 
reaction with aniline phthalate, and was identified 
as galactose by chromatography in ethyl acetate/ pyri- 
dine/water (2: 1 : 2), phenol/water (3 : 1) and butanol/ 
pyridine/water (45:25:40). The other spot, which 
gave no reaction with aniline phthalate but positive 
ninhydrin and Elson-Morgan® reactions, when re- 
chromatographed according to the method of Stoffyn 
and Jeanloz® behaved as an equimolar mixture of 
galactosamine and glucosamine. Chromatograms of 
the hydrolysates gave a negative reaction with the 
naphthoresorcinol spray for ketoses®. 

Thus, the polysaccharide appears to be composed 
mainly of galactose, N-acetyl glucosamine and N-acetyl 
galactosamine, apparensly in a molar ratio of 2:1: 1. 

NATHAN SHARON 

Department of Biophysics, 

Weizmann Institute of Science, 
Rehovoth, Israel. 
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Squalene Content of Various Shark 
Livers 


Since the demonstration that squalene might be 
an important precursor to cholesterol in endogenous 
synthesis!-°, ıb was felt that ıb would be useful to 
have available an adequate supply of carbon-14- 
labelled squalene. It has been shown that synthetic 
squalene does not act aè a precursor for cholesterol, 
whereas the biological squalene does**, The difference 
is apparently due to the high degree of stereo- 
specificity. It was decided, therefore, to attempt to 
obtam carbon-l4-labelled squalene by biological 
synthesis. The only known adequate biological pro- 
ducer of squalene m ths northern hemisphere is the 
basking shark, and since the adults are large, some 
being well over 30 ft. lang, the difficulty of injecting 
carbon-14-labelled acetate in such an animal and 
mamtaining the animal alive for three days for 
adequate synthesis of squalene is obvious. 

Tt was decided, therefore, to search for other sharks 
of @ more suitable sizə which might also have a 
significantly high content of squalene in the liver. 
The search was conducted primarily on the west and 
east coasts of Florida, the Caribbean and the Gulf 
of Mexico. As soon as a shark was caught, ib was 
killed and 15 gm. of the liver was ground in a mortar 
with 30 gm. of sodium sulphate. The mixture was 
then extracted with cnloroform and subjected to 
infra-red analysis for its squalene content. In many 
cases, both males and females of different ages were 
tested. In addition, different lobes of the liver and 
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Table 1 
Elasmobranchs Squalene content 
of liver oil 
(per cent) 
Eulamia milbertr <1 
Eulamia floridanus <1 
peace a 
olamiops manuz 
Carcharhinus leucas <1 
Sphyrna zygaena <1 
Sphyrna tibure <i 
Isurus oxyrinchus <1 
Ginglymostoma cirratum <1 
Nareine brasiliensis <i 
Scyliorhinus retifer <1 
papier feng oreng < 1 
egaprion bremrostris < 
Galeocerdo cuvier <1 
Squalus cubensis <1 
Squalus fernandinus <1 
Dalatias licha 70 
Centrophorus uyato 90 


different portions of different lobes were assayed. 
There was no significant difference in squalene content 
as a function of sex, size or area of the liver sampled. 
Table 1 shows the squalene content of the livers 
of the elasmobranchs caught. It will be noted that 
squalene is a relatively uncommon constituent ; but 
when it occurs, it is present in huge amounts. It 
should be noted that m one of the squalene-rich 
sharks, Dalatias licha, considerable oil was found in 
the stomach with no other undigested material. This 
oil had a squalene content of 45 per cent. Occasionally, 
it had been observed by one of us (8. S.) that other 
sharks of other species had their stomachs full of oul 
without any other undigested material. The source 
of this oil is unknown. Indeed, the function and 
purpose of such a large amount of squalene in the 
livers of Dalatıas licha and Centrophorus uyato is also 
unknown. 
J. H. HELLER 
M. S. HELLER 
S. SPRINGER 
E. CLARE 
Division of Physiology, 
New England Institute for Medical Research, 
Ridgefield, Connecticut ; 
Fish and Wildlife Service. 
U.S. Department of the Interior ; 
and the Cape Haze Marine Laboratory, 
Placida, Florida. 
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Monosaccharide Composition of the 
Antigenic Polysaccharide of Pasteurella 
pseudotuberculosis rodentium 


Ir has been reported by Uetake and Nakano! that 
five strains of Pasteurella pseudotuberculosis rodentium, 
all of which were isolated in Japan from man or 
monkeys, possess the O antigenic factor 9° which is 
characteristic and common to group D Salmoneliae. 
This suggested to me the comparative study. of the 
monosaccharide compositions of the O antigenic 
polysaccharide of group D Salmonella and that of 
Past. pseudotuberculosis rodentium, since such a study 
might be expected to throw light on the chemical 
composition of the O antigen 9. Very little work has 
been reported on the sugar components of the anti- 
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genic polysaccharide of Pastewrellae, though several 
reports? have been published on chemical studies of 


the O antigen of Pasteurella. 


Extraction, purification and analysis of mono- 
saccharide components of the O antigenic poly- 
saccharide preparation were carried out according to 
the procedures which I employed in the studies of 
the Ô antigenic polysaccharides of Salmonellae® and 
Shigellae*. O antigenic polysaccharide was successfully 
prepared by trichloroacetic acid extraction, though 
Davies? has recently réported that he failed to 
prepare somatic polysaccharide of Past. pestis by this 
method. Acetone-dried cells of Ikegaki strain of 
Past. pseudotuberculosis rodentium, prepared. from the 
culture grown on nutrient agar at 27°C. for three 
days, were extracted with 0-5 N cold trichloroacetic 
acid and the supernatant after centrifugation was 
dialysed against distilled water, mixed with three 
volumes of acetone and kept in the refrigerator for 
about five days. The resultmg flocculant precipitate 
was collected by centrifugation. 

This O antigenic preparation was found to be @ 
complex of polysaccharide-protein-lipid, of which 
polysaccharide is a major and serologically specific 
component, by various tests for sugar and protein 
and by ethyl ether extraction. The antigen reacted 
with anti-O serum against Ikegaki strain at a dilution 
of 1: 30,000 by precipitin reaction. 7 

. The constituent monosaccharides of this antigen 
were analysed by paper chromatography, using 
Töyö No. 52 filter-paper. The monosaccharide com- 
ponents in acid hydrolysate of the antigen were 
separated on one- or two-dimensional paper chromato- 
grams, using the following three solvent systems: 
(1) phenol/water (4:1, v/v), (2) n-butanol/acetic 
acid/water (9: 1:17, v/v) and (3) ethylacetate/acetic 
acid/water (3: 1:3, v/v). Aniline phthalate reagent 
was sprayed on the paper to develop the spots. As 
shown in Fig. 1, glucose, galactose, xylose, arabinose 
and rhamnose were found m the hydrolysate. Glucos- 
amine and ribose, both of which were found in 
traces, are not considered to be essential components. 
The specific colour reactions, such as the Elson and 
Morgan and/or ninhydrm tests for hexosamines, the 
naphthoresorcinol test for hexuronic acids and the 
orcinol test for ketoses were also employed, and con- 
firmed the above findings. 

For further purification the antigenic preparation 
was treated with dilute acetic acid on a boilmg 
water-bath for 8 hr. under reflux, and thereafter was 
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Fig. 1. Two-dimensional paper chromatogram of the hydrolysate 
of the O antigenic polysaccharide prepared from Past. pseudo- 
tuberculosis sodentives. First it was run vertically in butanol/ 
acetic acid, 

1, Glucosa 


ater and then horizontally in phenol/watei. 
ne; 2, glucose; 8, galactose; 4, xylose; 5, arabin- 
ose: 6, ribose; 7, rhamnose 
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extracted with ethyl ether for about two days in a 
Soxhlet apparatus to free it from lipid components. 
After spinning down acid-soluble substances, the 
supernatant was dialysed against distilled water, and 
the polysaccharide component was precipitated with 
acetone or alcohol. The process of dialysis and 
precipitation with acetone or alcohol was repeated 
several times. 

The resultant polysaccharide fraction, æ white 
amorphous powder, was different from the complex 
antigen referred to above in that it lacked lipid as 
well as almost all protein components, and that ıt 
could be.precipitated with the antiserum only at low 
dilutions. The aqueous solution of this preparation 
showed no absorption either at 2600 A. (nucleic acid) 
or at 2800 A. (protein). - 

The paper chromatograms of the acid hydrolysate 
of the purified polysaccharide showed the same kinds 
of mondsaccharide components as those of the com- 
plex antigen preparation, with the exception of 
glucosamine and ribose, which were detected on the 
paper chromatograms of the complex antigen. 

These findings seem to indicate that the O antigenic 
polysaccharide of Past. pseudotuberculosis rodentium 
is composed of the following five monosaccharide 
components: glucose, galactose, xylose, arabinose 
and rhamnose. i 

In 1951, Sealt reported that a polysaccharide which 
yields an osazone resembling that of arabinose was 
isolated from both virulent and avirulent plague 
strains, whereas he failed to isolate the same poly- 
saccharide from the two strains of Past. pseudo- 
tuberculosis. Afterwards, Ormsbee, Bell and Larson’ 
demonstrated that a purified lipid-free antigen pre- 
paration of B. tularense formed an osazone resembling 
closely that of cellobiose from acid hydrolysate, and 
that containing a sugar -component which may be 
the N-acetyl derivative of D-glucose (-D-gluco- 
pyranoside). More recently, chemical studies of the 
O antigenic polysaccharide of Past. pestis were 
described by Davies*, who has shown that the 
hpopolysaccharide contains glucose, glucosamine and 
unidentified aldoheptose which is a major component 
of the polysaccharide moiety. 

On the other hand, in group D Salmonellae, the 
analysis of constituent monosaccharides of O antigens 
has been reported m S. typhi?®, S. gallinarum’, 
S. dar-es-salaam® and S. enteritidis®. In these reports 
it has been shown that sugar components common to 
all these strams are hexosamine, glucose, galactose, 
mannose, rhamnose and tyvelose. Among them glucose, 
galactose and rhamnose are also common to the 
O antigens of Past. pseudotuberculosis rodentium as 
described above. Hence some of, or all, the common 
monosaccharides are components of the O antigen 9. 

A quantitative analysis is now bemg carried out, 
and the details will be reported elsewhere. 


TELICHI SASAKI 
Department of Microbiology, 
Sapporo Medical College, 
Sapporo. 
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Differentiation of White- and Brown-Rot 
Fungi by an Oxidase Reaction 


ALTHOUGH most wood-destroying fungi of the 
white- and brown-rot type may be differentiated by 
the Bavendamm test, which depends on the oxidative 
browning of tanzic and galhec acid agar by fungi of 
the white-rot” type, certain inconsistencies in this 
reaction have been noted by Davidson, Campbell and 
Blaisdellt. Recent investigations by me? have shown 
that fung: of the brown-rot type, and certain species 
meapable of causing decay under laboratory con- 
ditions, also can produze a positive oxidase reaction 
on these substrates. These mconsistencies were not 
encountered when wood-meal first treated with ether 
and acetone to remove the phenolic substances was 
used as a substrate. 

Finely divided wood-meal {< 60 mesh) obtamed 
from air-dry samples of white spruce (Picea glauca 
(Moench) Voss) was extracted with cold water, ether, 
and finally with acetone in a glass percolator at 
room temperature until the acetone which drained 
off was colourless. Tests were made with 1-gm. 
samples of wood-meal in 100-ml. flasks containing 
5 ml. of the followmg nutrient solution: casein 
hydrolysate, 120 mgm.; KH,PO,, 1-5 gm.; MgSO, 
7H,0, 0:5 gm.; thiamin hydrochloride, 1 mgm. ; 
glucose, 20 gm.; yeast extract, 100 mgm. ; water to 
1 litre. The flasks were sterilized at 20 ib./sq. m. for 
20 min. and inoculated by placing agar plugs from 
actively growing plate cultures of the fungi in the 
centre of the thin layer of wood-meal on the bottom 
of the flask. Tho cultures were incubated: ab room 
temperature and the reaction (the appearance of a 
brown diffusion zone in. the wood-meal) was recorded 
at the end of 10 days by measuring the diameter of 
the zone from the underside of each flask. 

Thirty-four isolates representing ten species of 
fungi that occur in the heartwood of trees were 
screened for their ability to produce the browning 
reaction under these conditions. Positive reactions 
were obtained with each isolate of the species of white- 
rots, whereas thre isolates of Coniophora puteana 
(@ brown-rot species), a single isolate of Stereum 
sulcatum, and ten isolazes of Coryne sarcoides did not 
cause browning. Each of the isolates grew on the 
extracted wood-meal end produced changes in the 
pH of the media. 

The abihty to produce an oxidase reaction on the 
Bavendamm substrates (tannic and gallic acid) and 
on extracted wood-meal was also compared. The 
Bavendamm reaction was tested by growing the 
fungus on 1:5 per cent malt extract agar containing 
0-5 per cent tannic or gallic acid. The wood-meal 
reaction was better for differentiating white-rot fungi 
from the brown-rot fungus C. puteana, and was 
also found to be a better indicator of the decaying 
power of the fungi. For example, cultures of C. 
sarcoides and S. sulcazum did not cause decay in 
laboratory tests? and gave a negative reaction in the 
wood-meal tests, but hey gave a positive reaction 
on one or both of the Bavendamm substrates. 
Generally, however, cultures which reacted strongly 
on tannic and gallic acid media also produced a 
strong reaction on the wood-meal. 

In view of the possible role of lignin in the oxidative 
browning of the wocd-meal, preliminary ‘oxidase 
tests were carried ous with a sample of ‘native’ 
lignin prepared by Breuns’s* method, which gave a 
strong positive reaction when tested for lignin with 
phoroglucinol and hydrochloric acid. The tests were 
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made with filter-papers (Whatman No. 40, 5 cm.) 
soaked in a concentrated solution of the unpurified 
lignin m dioxane, dried at room-temperature, placed 
on glass beads m 100-ml. flasks containing 5 ml. of 
the casein hydrolysate medium desenbed earher, and 
autoclaved at 15 Ib.jsq. in. for 15 min. An agar 
plug from a culture of a white-rot fungus was placed 
on the centre of each lignin-impregnated filter paper. 
At the end of two weeks a faint, but distinct, brown 
reaction zone had formed around the moculum on 
the filter-paper contaming the lignm, but not on 
untreated paper. 

The pertinent results are : (a) the browning reaction 
on wood-meal can be used as a simple and rapid test 
for the differentiation of white- and brown-rot fungi ; 
(b) the reaction on wood-meal may indicate a specific 
test for lignin oxidation; and (c) phenolase(s) pro- 
duced by isolates of C. puteana, C. sarcoides and 
S. sulcatum can oxidize either tannic or gallic acid 
but are not able to oxidize extracted wood-meal 
(lignin ?). While 1t is possible that the hgnin-oxidizing 
enzyme is also a phenolase, it appears that further 
information on its specificity can only be gained by 
testing the activity of a purified preparation of the 
enzyme. 

The results of confirmatory tests and investigations 
dealing with the ability of the fungi to cause decay 
will be published elsewhere. 

Davin E. Evrsertpen* 
Imperial College of Science and Technology, 
London, S.W.7. 

* Present address: Forest Biology Laboratory, 102 Eleventh 

Avenue East, Calgary, Alberta, Canada. 
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Mechanism of Inhibition by Acetic Acid of 
the Germination of Spores of Aspergillus 
niger 

Ir was shown in a previous paper! that lower fatty 
acids in molasses inhibit in their undissociated form 
the germination of Aspergillus niger spores. It ıs 
therefore not possible in the production of citrice acid 
by fermentation of sugars from beet molasses to start 
with an acid substrate, ag is usual in synthetic media ; 
the acids present, already at pH. nearmg 4:8, inhibit 
spore germination. Acetic acid shows the greatest 
differences in effect when changing from a neutral 
to an acid medium. 

The mechanism of action of acetic acid has been 
studied on spores at different pH. It was found that 
a pH less than 6-0 stops germmmation if the molar 
concentration of acetic acid m the undissociated form 
is about 2-5 x 10-2. This effect is mdependent of 
the concentration of acetate ions. Durmg the first 
three hours, respiration of spores and glucose assim- 
lation are not inhibited and the respiratory quotient 
remains unchanged. At higher concentrations of 
acetic acid respiration is decreased, and at pH 4-0 a 
2 per cent solution of acetic acid was fungicidal. 
Inhibition of respiration is reversible and disappears 
uomediately on neutralization. It may therefore 
be concluded that acetic acid acts on the cell surface, 
smce removal of the inhibition by a change m pH of 
the medium from 4-2 to 5 5 cannot be accompanied 
by such a change in hydrogen ion concentration 
within, the cell as would cause immediate - dis- 
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Table 1. EFFECT OF UNDISSOCIATED AORTIC ACID ON THE ASSIMILA- 
TION OF PHOSPHATE, SULPHATE AND POTASSIUM IN SPORES OF A. 
niger IN A CZAPEK-DOX MEDIUM aT pH 40 








Experiment Element added | No of impulses/min 
Spores ın medium SP. 1,143 
without acetic acid aS 441 
“ak 770 
Spores in medium with nP 62 
acetic acid 388 26 
ek 947 





Final concentration of acetic acid: 3 x 10-* mol. 


sociation of acetic acid and thus cancel its effect. 
For the same reason, it cannot be accepted that 
undissociated acetic acid enters the spores more 
rapidly and acts within them as the acetate, as 1s 
assumed by Samson et al.? in yeast. Removal of 


- accumulated acetate would require a certain amount 


of time and this would be reflected in a delay m the 
restitution of respiration. 

Inhibition of spore respiration. with higher con- 
centrations of acetic acid is partly removed by 
phosphate. Growth factors, excess of potassium, 
sodium and ammonium ions are without effect. 

Using radioactive sulphate (35S), phosphate (2P) 
and potassium-42, it has been shown that assmulation 
of anions 1s inhibited by more than 90 per cent, 
assimilation of sulphate being independent of that 
of phosphate. Transport of cations was not affected. 
It ıs probable that acetic acid is fixed to the cell 
surface and thus changes the potential of the cell 
membrane. The latter is then umpermesble to anions 
or inhibits enzymatic systems takmg part ın the 
transport of anions from the medium into the cell. 
The effective concentration of 2-5 x 10-* seems to 
be too high to act as an enzymatic inhibitor. 

Acetic acid inhibits swelling of spores before 
germination. It may therefore be assumed that 
accumulation of water m spores is not mechanical 
but ıs an active process tied up with reaction withn 
the cell. Preliminary expermments indicate that, 
during swelling, morganic phosphate must be present 
in the medium. 


Z. FENOL 
Institute of Biology, 
Czechoslovak Academy of Science, 
Prague. 
J. LEOPOLD 


Bıochemical Research Department, 
Chemical Works of J. Fučík, 
Kaznějov. 
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Growth and Chemical Composition of 
Mycorrhizal and Non-mycorrhizal Apples . 


Desrrre much conjecture, there is almost no direct 
evidence of the effect of endotrophic mycorrhizal 
infection on plant growth. It may therefore be 
appropriate to give the results of some preliminary 
experiments designed to compare the growth of 
mycorrhizal and non-mycorruzal apples. 

The test plants used were either apple seedlings 
or apple leaf-bud cuttings! rooted in vermiculite and 
later transplanted. Such material is initially free from 
mycorrhizal infection. The spordcarps of an Endogone 
sp. the ability of which to produce vesicular-arbuscular 
mycorrhiza has been demonstrated? were used as 
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Fig. 1. cal endotrophic infection produced in apple roots 
by soil inoculation with sporocarps of an sp. 


inoculum. The method employed was to autoclave 
a loam and sand mixture in pots and to store the 
covered pots, protected from dust and soil contamina- 
tion, for six weeks before planting. Each treatment 
pot was then inoculated with 20-30 Endogone sporo- 
carps. No attempt was made to sterilize the sporo- 
carps since their loose structure makes this almost 
impossible. Pots were placed individually on sterilized 
bricks on a bench in an insect-proof cool greenhouse, 
and each pot was covered with a half-inch layer of 
sterilized sand to reduce the risk of chance infection. 
Ordinary tap water was used for watering. Plants = 
were observed during the growing period and their Fig. 2. Sample of clonal apple leaf bud cuttings (7) with, and 
weight, height, number of leaves and in some cases (C) without, mycorrhiza 

chemical composition were recorded at the endofthe . ; ‘ 
experiment. Examination showed that all plants in for about six weeks longer and were finally the bigger 
inoculated treatments were strongly mycorrhizal plants, ‘The mean weight and the results of a spectro- 
(Fig. 1 shows a typical infection), whereas with one graphic analysis of roots, stems and leaves of 
exception the controls had remained free from mycorrhizal (J) and non-my: corrhizal (C) seedlings 
tnfeotion. $ are given in Table 1. 

The results to be discussed were obtained from The most important differences shown by these 
five experiments conducted over a period of three figures are the higher potassium, iron and copper 
years. In every experiment the mean size of mycorr- content and the strikingly lower manganese content 
hizal plants was greater than that of non-mycorrhizal of the mycorrhizal seedlings. ‘These results are con- 
controls. Because variability was high and the firmed by the spectrographic analysis of three 
number of plants in the earlier experiments was small, mycorrhizal and three non-mycorrhizal apple hard- 
the increase in size was significant in only three of wood cuttings which had a significantly higher 
the experiments, and then only at the 5 per cent potassium, iron and copper content in the roots, and 
level. When, however, the separate probabilities for mats 1 asker E 
a obras s Aa pairons Oe teal tho differ- Moontinat Ax Duy Waiomt awn Miwanat ConTATe OP SEEDLINGS 
mycorrhizal plants is highly significant, with a prob- 
ability level of nearly 0-1 per cent. The mean 
oven-dry weight (gm.) of roots, stems and leaves of 
eleven mycorrhizal and eleven non-mycorrhizal clonal 
leaf-bud cuttings gives some measure of this difference. 








Roots Stems Leaves Total 
Mycorrhizal 25 06 0:7 3-8 
Non-mycorrhizal 21 0-3 0-6 2-9 







bnormally short internodes and very dark green, 
leaves, and they were soon overtaken by the 
Anycorrhizal cuttings. A representative sample of 

infected and a control population is shown in 








, 2. Total — 
e : f r pian 
In the case of seedlings, the uninfected controls Tmgm.) 2-61t 1-49 [oze rig }o2t on 
extended rapidly for the first eight weeks, but were = |——_____— À i 
gradually overtaken by the more sturdy darker green * Significantly different from control, P < 0:05 
mycorrhizal seedlings which continued apical growth E oe " DS gaat 


| 
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a significantly. lower manganese content in the leaves. 


of infected plants. These cuttings showed no obvious 
growth differences. 
- While it would’ be premature to attempt an 
interpretation of these results, it may be concluded 
|. that inoculation with the sporocarps of an Endogene 
“sp, produced endotrophic mycorrhizal infection, and, 
either directly or through its influence on the soil, 
affected the growth. of plants, the balance of nutrient 
uptake from the soil, and the mineral consent of both 
root and shoot.’ 
. I thank the Plant Analysis Section of this Station 
for the spectrographic analysis. 


P B. Mosse 
East Malling Research Station, 
> Maidstone, Kent. 
Jan, 25. 
Larner, R. J., Hatcher, E. 8. J., Nicoll, C. P., Rep. East Malling 
Res. Sta. for 1953, 158 (1954). 
3 Mosse, B., Nature, 171, 974 (1953). 
3 Mosse, B., Ann. Bot., 20, 349 (1956). 


-Spectral Sensitivity of an Echinoid 


` IN @ paper published in 1954, I showed that the 
echinoid Diadema antillarum Philippi reacts to 
shading by spine movements’. 

The sensitivity of isolated pieces of test-bearing 
integument, spines and radial structures was. de- 
‘termined in the region of the- spectrum between 
400 and 600 mu by means of interference filters 

transmitting wave-bands 8-11 my wide and a lamp 
of known colour temperature, placed at a finite 
distance from the test. The centre of the emitted 
beam was radial with respect to the curvature of 
the test and its intensity was controlled by neutral 
filters. The light beam, projected for 3 min. on to 
the inside or outside of the preparation, was inter- 
rupted by releasing a spring-loaded shutter and the 
resulting spine movement was recorded photographic- 
ally. The minimal light-energy required to elicit 
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Fig. 1, Speztral sensitivity of Diadema antillarum, determined 

by stimulating the inside of the test. The vertical lines inter- 

aecting the curve show the maximum range of variation recorded 
at-each point 


“spine movement on cutting off the beam was de: 
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termined for each wave-band ; the reciprocal of this 
value is an index of sensitivity. Energy distribution — 
over the spectrum was obtained from Wien’s radia- 
tion formula, appropriate corrections being made for- 
the characteristics of the optical system employed.: 
One hour after removal, the sensitivity of each- 
preparation to light of a given wave-band was found 
to be constant. 
Sensitivity was consistently. maximal in the blue: 
region of the spectrum, falling off steeply on either _ 
side, so that the animal appeared relatively insensitive 
to wave-lengths shorter than 440 and longer than 
530 mu. ase 
When the test was stimulated internally, sensitivity 
was maximal at 465 my. The action spectrum is 
shown in Fig. 1. When stimulated externally, the . 
results were inconsistent, but most pieces showed- a 
maximum at either 465 or at 475 my. The results 
of external stimulation. must. be regarded with 
caution, since unavoidable changes in the stance of 
the spines. must necessarily affect the amount of _ 
light reaching the outside. surface. we 
A full account of this work will be published later, 


M. Yosmpa o 
























Department of Zoology, 
Bedford College, 
Regent’s Park, 
London, N.W.1. 
Jan. 28. 


1: Millott, N., Phil. Trans., B, 288, 187 (1954). 










Simuliidae attracted at Night to a Trap using 
Ultra-Violet Light ; 


Since the end of May 1955, a light-trap for insects __ 
has been in use every night at Kincraig, in the Spey | 
Valley of Inverness-shire, as part of an investigation — 
of the relationship of weather conditions and insect 
activity. This work is being carried out on behalf of 
the Agricultural Research Council. 

A remarkable feature of the catches has been the. 
large numbers of bloodsucking Diptera of the family: 
Simuliidae, a group of great medical and veterinary 
importance in many parts of the world. This indicates _ 
that Simuliidae exhibit considerable night activity, | 
a fact not hitherto recognized. Se 

The captures during the two years have been as 
follows : 4 

1955: May (last 10 nights only), 3; June (20 
nights), 50; July, 105; August, 274; September, | 
191; October, 214; November, 176; December, 20, 
the last captures being 12 on the night of December 6, 
Total for year, 1,033. ‘ i 

1956: April, L on April 30; May, 30; June, 5 
July, 155; August, 482; September, 1,419; Oct 
ber, 1,360; November, 557; December, 156 {i 
eluding 95 on December 4}. Total for year, 4,211 

1957: January, 3; February, 1; March, 13. . 

The type of trap used is the Rothamsted. tra; 
which is particularly good for Diptera? The sour 
of light was a 200-W. ‘Sicray’ Dual lamp whieh has — 
a mercury vapour circuit, but fits into an ordinary 
240-V. supply without accessory apparatus, . The 
lamp is at a height of about four feet from the ground, 
overlooking open birch—-heather association, and: is: 
about a quarter of a mile from the nearest running 
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water. It i is working from half an hour after sunset 
until half an hour before sunrise. 

The catches_so far have included ten species, and 
both sexes are present in varying proportions. On 
certain nights the catch has included gravid and 


freshly blood- engorged females, and im the latter it - 


has been possible in certain instances to identify the 
source of the blood. 

Work on the seasonal history of the species, and 
the relation of their numbers to weather conditions, 
is being continued and will be published later. This 
communication is to direct attention to the value of 
the technique. 

Since the end of June 1956, a small suction trap 
with a fan 9 in. in diameter and sampling about 
300 cub. ft. of air per min. 3 has been in use in the 
same garden, but out of'sight of the light trap. 
The numbers taken are much smaller; for example, 
221 in October (as compared with 1,360) and 87 in 
November (as compared with 557). 

Particulars of the light-trap will be sent to anyone 
who cannot consult the papers quoted, on application 
to C. B. Williams. ` 
- C. B. WOLams 

Ard Insh, 
Kincraig, 
Inverness-shire. _ 
~ L. Davres 
Zoology Department, 
Durham Colleges, 

University of Durham: 

1 Williams, C. B., Proe. Roy. Ent. Soc. Lond., A, 28, 80 (1948). , 


‘Williams, C. B., Bull. Ent. Res., 48, 108 (1955). , 
> Johnson, G. Q., Ann. App.’ Bwl., 87, 80 (1950). 


A Record of the Lungworm Cystocaulus 
ocreatus in Sheep in Great Britain 


Ar least fourteen species of lungworms have been 
described from domestic sheep in different parts of 
the world. Of these, only’ three are recorded as 


occurring in Great, Britain, namely, Dictyocaulus - 


filaria, Muellerius capillaris and Protostrongylus 
-rufescens. A fourth lungworm, identified as Cysto- 
caulus ocreatus, has recently been found in sheep 
lungs examined at Weybridge. 

This lungworm was first observed in lungs received 
from Watford abattoir, to which sheep had been 
sent from various parts of’ the country within the 
range Devon to Northumberland. C. ocreatus was 
found in only twenty-two of 310 lungs examined, 
whereas M. capillaris, the common lungworm `of 
sheep in Britain, was present in 293. A higher per- 
centage infection with C. ocreatus has recently been 
observed in sheep on the Wiltshire Downs. 
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are also the ‘appropriate’ iritermediate host. As these 


< snails inhabit arid, open land such as cliffs, dunes 


and downs, it 1s not surprising that C. ocreatus has 
been frequently found m lungs from shéep which 
have been grazed on the Wiltshire Downs. 


. J. H. Ross 
Veterinary Laboratory 
(Mimstry of Agriculture, Fisheries and Food), 
New Haw, 
Weybridge. 
Jan. 28. 


1 Gerichter, Ch. B., Parasit., 41, 108 (1951). 


, Neoteny in a Lamprey 


SPONTANEOUS and artificially induced neoteny are 
well known in Amphibia, and full sexual maturity 
appears to be attained by the. parr stage of Salmo 
salar. But, so far as I am aware, neoteny has never 
been recorded in the cyclostomes. Young! has 
directed attention to the fact that some lampreys 
show a speeding up of the time of sexual maturity 
relative to the time at which metamorphosis takes 
place (pzedomorphosis), but there are no records in 
the literafure of sexually mature ammoccete larvæ. 

On March 18, 1955, I collected some two hundred 
ammoccetes from & small stream, the Fibbio, which 
18 a tributary of the River Adige, near Verona in 
Italy. These were larva of a species of Lampetra’ 
found in the Po flood plain district of northern 
Italy. They were described by Vladykov?, who 
named them. L. zanandreat. Of these ammocctes, 


_ twelve showed well-developed ovaries’ containing 


This lungworm has been recorded from paris of i 


central and southern Europe, Asia and North Africa. 
In both Palestine and Turkey it is the commonest 
of the lungworm ‘species found there. 

The percentage of sheep infected 18 partly de- 
pendent upon the distribution and frequency of the 
intermediate host. Gerichter has shown that m 
Palestine development of the lungworm larvae can 
take place in a number of species of land snails and 
slugs. The rate of larval development varies in 
different species of molluscs, being most rapid in 
Helicella spp.; he has classified these snails as 
‘appropriate’ intermediate hosts. It seems reasonable 
to assume that in Great Britain species of Helicella 


eggs which were “macroscopically visible on dissection ' 
and ‘obviously in an advanced state of maturity. 
Artificial fertilization of the eggs was not attempted, 
though they had apparently reached a stage at which 
this would have been possible. One larva. showed 
well-developed principal secondary sexual characters, 
namely, enlargement cf the two dorsal. fins and 
fusion of these fins, development of the anal pseudo- 
fin, and transparent body-wall through which the 
eggs could be seen. Such characters are normally 
only associated with adults which are about to spawn. 
The neotenic spécimens, which were all females, were 
collected during the spawning season. It was con- 
firmed by histological exammation that the endo- 
style was mtact and that no post-metamorphic 
features were present other than the well-developed 
ovaries. ‘No environmental peculiarities were identi- 
fied which might account for this manifestation of 
neoteny, though it should be recorded that some 
2 km. upstream from the locality in which the 
neotenic specimens were taken the effluent from a 
tannery enters the Fibbio. 

Attention has already been directed by Leach? to 
an important difference between parasitic and non- , 
parasitic lampreys, namely, the tendency towards 
precocious sexual maturity in, the latter, in which 
there is no growth phase interpolated between meta- 
morphosis and the assumption of full sexual maturity. 
The present record of neoteny might be mterpreted 
as an extreme example of this general tendency. 
It also demonstrates inter alia that sexual maturity, 
at least in the female, can be attained in the absence 
of a definitive thyroid gland. The absence of this 
gland in neotenic lampreys bearing mature eggs 
assumes an added importance, since Gorbman and 
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Creaser* and Leloup and Bergë have shown that 
the ammoccete endostyle can fix iodine in an organie 
state. ` 

The discovery of neoteny in the cyclostome, has 
special significance in view of the somewhat dis- 
cordant results which have been obtained by various 
_ workers who have attempted to stimulate precocious 
sexual maturity in ammoccete larve and immature 
adults of various lampreys. Calvet? claimed that 
gonads and secondary sexual characters of female 
ammoccetes were stimulated by treatment with human 
pregnancy urine. Similar results were obtained by 
‘Damas’, though in Jater work® he, and all subsequent 
authors (Young and Bellerby®; Knowles!’), have 
been unable to produce gonadal stimulation by 
treatment of larval and immature adult lampreys 
with mammalian gonadotrophins. However, Young 
and Bellerby® and Knowles? have demonstrated a 
striking effect of various gonadotrophins and sex 
steroids on the secondary sexual characters of 
ammocœtes and immature adults. The present 
finding of sexual maturity m ammocecetes in Nature, 
together with the well-recognized variability in 
degree of sexual development within populations of 
ammoccetes, might well account for some of the 
discordant results and certainly indicates the need 
for adequate control groups in any experimental 
endocrmological studies. 


GIUSEPPE ZANANDREA 


Istituto Anatomia Comparata, 
Université di Bologna. 
Jan. 20. 


3 Young, J. %., “The Life of Vertebrates” (Oxf. Univ. Press, 1960). 
3 Viadykov, V. D., Copeia, No. 3, 215 (1955). 

» Leach, J. W., J. Morph., 89, 217 (1951). 

*Gorbman, A., and Creaser, C. W., J. Exp. Zool. $8, 391 (1942). 

+ Leloup, J., and Berg, O., C.R. Acad. Sci., Paris, 238, 1069 (1954). 
* Calvet, J., C.R. Soc. Biol., Paris, 108, 595 (1932). 

? Damas, H., Bull. Soc. Sci. Lidge, 2, 94 (1933). 

® Damas, H., Ann. Soc. Zool. Belg., 81, 151 (1950). 

* Young, J. Z., and Bellerby, C. W., J. Hap. Biol., 12, 246 (1935). 
1 Knowles, F. G. W., J. Hap. Biol., 16, 535 (1939), 


Australasian Floras 


Tue distribution of plants in Australasia, and 
especially in that part of it comprismg New Guinea, 
New Caledonia, New Zealand, Tasmania and 
Australia, has long revealed problems which still 
await a generally satisfactory solution. 

This was, perhaps, not surprismg m earlier days, 
when a belief -in the immovability of large land- 
masses was unquestioned, because even partial 
explanations based on this assumption mvolved the 
establishment of hypothetical land-bridges on & large 
scale; but it is remarkable that the more recent 
theories of continental displacement, with ther 
obvious potentialities m this connexion, have also 
failed to provide any broadly applicable explanation 
of the facts. Doubtless there are various reasons for 
this, but what would seem to be two of the most 
unportant call for some comment. 

‘The more general of these two reasons 1s that the 
chronology and course of continental displacement 
or drift, as outlined by leading protagonists of such 
theories, do not accord well with the phytogeograph- 
ical facts, and aggravate, rather than simplify, many 
of the difficulties : the more particular reason is the 
treatment of New Guinea in these theories. 
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Wegener himself! regarded New Gumea- and 
Australia as constituents of æ single land-mass, now 
flooded locally and thus divided into two_separate 
emergent parts by the very shallow epicontmerttal 
sea of the Torres Straits, and he supposed that this 
great land-mass had drifted into and disrupted the 
easternmost parts of Malaysia. This conception seems 
never to have been seriously challenged, although 
more than one later writer has modified it in one 
way or another. Du Toit, for example*, suggested 
that New Guinea might be *‘a slice of eastern Queens- 
land that has become displaced to the north with 
anti-clockwise rotation . . .; while others have 
referred to the Merauke and Oriomo ridges in 
southern New Guinea as the northern edge of 
the Australian shield. But these leads have not 
been followed up very far, and it is still not clear 
whether there 1s, in fact, any positive or direct 
evidence that New Guinea and Australia are now, 
or ever have been since the time of origin of the 
flowering plants, parts of one and the same greater 
primeval land-mass. 

Yet an answer to this question may mean a great 
deal to biogeographers. If New Guinea and Australia 
are indeed parts of the same pristine land-mass,” 
with such concordancy of history as must result from 
this, then a solution of many of the chief problems 
of plant distribution in connexion with them remains 
elusive. If, on the other hand, there is no real evidence 
of such an association, and it is permissible to suppose 
that New Guinea and Australia owe their present 
contiguity, not to community of origin, but to a 
gradual relative drift of the latter towards the former 
over a long period of time (perhaps since the early 
Tertiary) and from a more westerly and southerly 
position, then there is introduced into the situation 
a new, and probably variable, element of gradual 
approach which brings many apparently discordant 
facts into line, and which is capable of affordmg an 
explanation of much in the phytogeographical rela- 
tionships of Australasia (and it is safe to say in the 
zoogeographical relationships also) that has hitherto 
seemed almost inexplicable. 

RONALD Goop 

Department of Botany, 

University of Hull. 
March 27, 


1 Wegener, A., trans. Skerl, J. G. A., “The Origin of Continents and 
Oceans”, 67 (1924). 
2 Du Toit, A. L., “Our Wandering Continents”, 190 (1937). 


Nature of the Spawning {Area of Herrings 


Tx recent communication by Bolster and Bridger? 
records a very valuable observation. The first para- 
graph, which states that -herrmg spawn has been 
collected only by trawl or from fish stomachs, is, 
however, misleading. Herrmg spawn has been 
successfully collected by dredge®, by Petersen grab*4, 
and by a modified tow-nettimg technique’. 

A. B. BOWERS 

Marme Biological Station, 

University of Liverpool, 
Port Erin, Isle of Man. 


2 Bolster, G. C., and Bridger, J. P., Nature, 179, 638 (1957). 

? Marshall, 8. M., Nicholls, A, G., and Orr, A. P., J. Mar, Biol, Assoc. 
U.K., 22, 245 (1937). 

3 Runnstrém, S., Rep. Norwegian Fish and Mar. Invest., 6 (8) (1941). 

* Fridrikason, A., and Timmerman, Q., J. du Cons., 17, 172 (1951). 

5 Bowers, A. B., Proc. Trans. Liverpool Biol, Soc., 58, 47 (1952). 
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_ (Meetings marked with an asterisk * are open to the publio) 


: : Monday, May 6 
INSTITUTION OF Pos? OFFIOE ELEOTRIOAL ENGINEERS (at the 
Institution of Electrical Engineers, Savoy Place, Victoria Embankment, 
London, .W.C.2: , at 5 p.m.—Mr, A. Cook and Mr, L, L. Hall: “The 

= Rugby SB H: - Radio Transmitting Station”. ` 
UNIVERSITY OF LONDON (in the Physiology Theatre, University 


College, Gower Street, London, W.C.1), at 5 


(Wisconsin): “Kinetic Studies of 


p.m.—Prof. E. A. Alberty 
a30”*, 


British SOOIETY FOR THE HISTORY oF Sorpnon (in the Lecture 
Theatre of the Science Museum, Exhibition Road, London, S.W.7), 
at 5.30 p.m.—-Annual General Meeting with Presidential Address. 


SOOTY OF ENGINEERS (at the Geological Society, Burlington 
House, Piccadilly, London, W.1), at 5.80 p.m.—Sir Graham Sutton, 


F.R.S.: “Meteorology To-day”. 


‘INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISOUSSIOX 
CIRCLE (at Savoy Place, London, W.C.2), at 


“The Co-ordination of Education and Practica! 


8 Peewee ak pal on 
1 Training in Sandwich 


Courses”, opened by Mr. C. Grad and Mr. A. Draper. 

SOCIETY or CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, 8.W.1), at 6 p.m.—Annual General Meeting, followed 
by Dr. A. C. Monkhouse. “The Combustion of Coal”, 


Tuesday, 


May 7 


x 


PHOTOBIOLOGY GROUP (in the Chemistry Lecture Theatre, Birkbeck 
College, London, W.C.1), ‘at 2.15 p.m.—Discussion on “xcitation 
and Energy Transfer Processes and their Significance’, opened by 
Prof. R. G. W. Norrish, F.R.S., and Dr. L. 


Y OF LONDON (at the Wright-Fleming Institute of 


Gray. 


UNIVERSIT 
Microbiology, St. Mary’s Hospital Medical School, Paddington, 
11 Hinshelwood, F.R.S.: “Some 
Qubntitative Aspects of Bacteriology”.* 


London, W.2), at 5.p.m.—Sir 
Wright Lectures.) 


(First of tour Almroth 


INSTITUTION OF ELECTRICAL ENGINEERS, MpaSUREMENT AND 
CONTROL SEOTION (at Savoy Place, London, W.,2), at 5.30 p.m.— 
Mr. F. W. Meredith: “Invention and Nature”, 


Soorwry OF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 


Add regs). 


Sauare, London, 8.W.1), at 6 30 p.m.—Annual General Meeting, Mr. 


. Turner; “A Pilgiim’s Progress from Corrosion” (Chairman’s 


Tuesday, May 7—Friday, May 17 
INSTRUMENTS, ELECTRONICS AND AUTOMATION EXHIBITION (at 


Olympia, London, W.14).* 


Wednesday, May 8 

UNIVERSITIES FEDERATION FOR ANDIAL WELFARE (in the Harkness 

Hall, Birkbeck College, Malet Street, London, W.C.1), at 9.45 a.m1.— 
Symposium on “Humane Technique in the Laboratory”. 


BOCIETY OF CHEMIOAL [LNDUSTRY, VORROSION GROUP-——-KDUOATION 
PANEL (at 14 Belgrave Square, London, 8.W.1), at 11 a.m.—Annual 


General Meeting. 


PHYSICAL Sootery, Acoustics Group (ın the Physics Lecture 


Theatre, Imperial College, Imperial 


Institute 


Road, London, SWD, 


at 5.80 p.m.—Mr. E. Halfpenny: “Tonal Evolution of Wood-Win 


Instruments”, 


SOCIETY FOR ENDOCRINOLOGY (at the Royal Society of Tropical 
Medicine and Hyglene, Manson House, 26 Portland Place, London, 
W.1), at 5.30 p.m.—Prof. C. de Duve (Université de Louvain): “The 


" Present Status of Glucagon’”.® 


SOCIETY OF CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave ` 
Annual General Meeting, 7 p-m. 
nee and the Food Gr 


Square, London, W.1), at 6.45 


.m,—. 
—Dr. A. J. Amos: “Food, Food Scie: 


25-Year Review". 


Thursday, 


May 9 


‘oup—a 


i 


ROYAL Sooety (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Meeting for the Election of Foreign Members, followed 
poe Spence . ‘Chemical Research at the Atomic Energy Research 


ent”, a 


ROYAL SOCIETY OF ARTS, COMMONWEALTH SECTION (at John Adam 
Street, Adelphi, London, W.C.2), at 5.15 p.m.—Dr, Otto Holden: 
“The St. Lawrence River Power Project” 

INSTITUTION OF ELECTRIOAL ENGINEERS, [UTILIZATION SECTION 
(at Savoy Place, London, W.C.2), at 6.30 p.m.—Alr. H., J. Miller: “The 


World’s Copper Resources”. 


ROYAL AERONAUTICAL SOCIETY (at the institution of Mechanical 
- Engineers, Birdeage Walk, London, S.W.1), at 6 p.m.—Dr. Theodore 
von Karman: First Lanchester Memorial Lecture. 


CHEMICAL SOOIRTY (at Burlington Hou se, Piccadilly, London, W.1), 


at 7.80 p.m.—Prof. Dr. O. Hassel 


: “Structural Evidence Regarding 
the Sold Addition-Compounds of Ethers and Amines with Halogens: 


and other Molecules Acting as Electron Acceptors”. 


Friday, May 10; 
ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 


9 p.m.—Sir Harold Spencer- Jones, 
ariums”, 


F.R.S.: 


“Orreries and Planet- 


P 


a “Friday, May 10—Saturday, May 11 


British Soomry FOR IMMUNOLOGY (in the Meyerstein Theatre 
of the Westminster Medical School, Horseferry Road, London, S.W.1) 
Spring Meeting. š 


Friday, May 10 - 


At 2 p.m.—Symposium on “Non-specifo' Immunity” ; Chairman— 
Prof, A. A. Miles. He a 


. Saturday, May II 


ASSOCIATION OF OLINIOAL BIOOHEMISTS, SOUTHERN REGION. (at 
St. Bartholomew's Hospital, London, E.C.1), at 2 p.m.—Symposium 
on “Toxicological Analysis”. ' 

BRITISH PSYOHOLOGICAL SOJRTY (in the Gustave Tuck Theatre, 
University College, Gower St-eet, London, W.0.1), at 2.80 p.m.— 
Prof. W., S. Verplanck: “Human Thinking". 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT (8vuB-Epiror) (with practical experience of work m 
medical bibliography, a wide knowledge of medical terms and accuracy 
in detailed work) on the Staff of the British Medical Bulletinin London, 
for duties which include marking all copy for printers, and checking 

roofs—The Director, Personnel Department, British Council, 65 

avies Street, London, W.1 (May 8). 

HEAD OF THR FACULTY OF ENGINEERING; a SENIOR LECTURER 
and an ASSISTANT LECTURER IN MECHANICAL ENGINEERING; and a 
LEOTURER IN OIVIL OR MECHANICAL ENGINEERING, at the Royal 
Technical College of East Africa, Nairobi—The Secretary, Advisory 
Committee on Colonial Colleges, 1 Woburn Square, London, W.C.1 


10). 
ony. ) (with a good physics degree or Corporate member of 
th cInstitute of Physics, and l proforab y some teaching experience) 
IN Paysios—Tho Principal, North Staffordshire Technical College, 
Stoke-on-Trent (May 10). 2 
Assistant LECTURER or LEOTURER IN THB DEPARTMENT OF IN- 
ORGANTO AND PHYSIOAL CHEMIBTRY—The Registrar, The University, 
Liverpool (May 11). bj z 
LEOTURER (with a university degroo in agriculture or science and 
“ asound knowledge of agricultural biology) IN AGRIOULTURAL BIOLOGY 
—-Tho Principal Agricultural Officer, Lancashire County Institute of 
Agriculture, inmarleigh, nesr Garstang (May 11). 


TMENT 
of the General Hospital, Nottirgham—The Group Secretary, Notting- 
Hor No. 1 Hospital Management Committee, Nottingham (May 11). 


(May 11). 

SENIOR LECLURER (highly qualified in mathematics and its applica- 
tions and with good tea and preferably research experience) 
IN MATHEMATIOS—'The Principal, Derby and District College of Tech» 
nology, Normanton Road, Derby (May 11). ý 7 

LECTURER {vith special qualifications ın mineralogy and a working 
knowledge of X-ray techniques) IN GEOLOGY—The Registrar, The 
University, Bıistol (May 15), ‘ ane 

LECTURER (Grade It) IN AEPLIRD MATHEMATIOS—The Registrar, 
The University, Bristol (May 17). łž 

ASSISTANT LHOTURER (with special qualifications in pure mathe- 
matics) IN MAaTHEMATIOS—The Registrar, The University, Man- 
chester 18 (May 18). 

JUNIOR RESEARCH FELLOW IN Paysios—-[he Registrar, The 
University, Sheffield (May 18). 

LECTURER IN Paysios—-The Secretary, Durham Colleges in the 
University of Durham, 38 North Bailey, Durham (May 18). 

PHYSICIST (with a first- or second-class honours degree or equivalent 
ın physics) at the Ministry of Supply Clothing and Stores Experi- 
mental Establishment, Farnborough. Hants, primarily to design 

„apparatus for a group engaged on applied physiological and psycho- 
logical research on the design of mili equipment, military clothing, 
and general stores—The Minissry of Labour and National Service, 
Technical and Scientific Register (K), 26 King Street, London, S.W.1, 
quoting A.112/7A (May 18). $ 

SENIOR LECTURER or LEOTUEER IN ANATOMY at the University of 
Khartoum—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.O0.1 (May 21). 

ASSISTANT LEOTURER or LESTURER IN APPLIED MATHEAMATICS— 
The Registrar, University College, Singleton Park, Swansea (May 23). 

ASSISTANT LECTURER IN PRILOSOPHY—-The Registrar, University 
College, Aberystwyth May 25). 

ASSISTANT LEOTURER (with qualifies tons in petrology) IN GEOLOGY 
—The Registrar, The University, Hull (May 25). 

LECTURER or ASSISTANT LECTURER (preferably with special Interests 

-ın electrochemistry or reaction kimetics) IN PHYSICAL CHEMISTRY— 
The Secretary, The University, Exeter (fay 25). 

READER IN GROGRUeHY at Birkbeck College -The Registrar, 
University of London, Senate House, London, W.C.1 (May 29). 

.GEASS-BLOWER IN THE DEPARTMENT OF CHEMISTRY, for duties which 
will include givin instructioas in glass-blowing—The Registrar 
{Room 9, O.R.B.), The University, Reading (May 31). 

JUNIOR ASSISTANT (with an Ronours degree in physics or mathe- 
matics) at Dunsink Observatory—The Senior Clerk, Dublin Institute ' 
for Advanced Studies, 64-65 Merrion Sanare, Dublin, Ireland (May 31). 

LECTURER IN Puysios—The Registrar, The Manchester College 

of Science and Technology, Marchester 1 (May 31). 
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RESEAROH ASSISTANT (holding or about to hold a Ph.D. degree, or 
with equivalent research experience) IN THE DEPARTMENT oF CHEM 
ISTRY, for work on the semiconducting properties of compounds 
between Group ITI and Group V elements—Prof. C. Kemball, The 
Queen’s University, Belfast (May 81). , 

DEMONSTRATOR (preferably with a special interest in mycology) 
IN THE DEPARTMENT OF BoTaNy—~The Registrar, University College 
of North Wales, Bangor (June 1). 

SENIOR LECTURER (holding a Doctorate of Philosophy or Science, 
awarded for research in theoretical physics, and preferably with 
previous lecturing erience) in THEORETICAL Prysics at the Univer- 
sity of Queensland, Australia—The Secretary, Association of Univer- 
alt ee of the Fea Commonwealth, 86 Gordon Square, London, W.C.1 

ia, June 7). 

LECTURER or ASSISTANT LECTURER IN BIOCHEMISTRY at the Univer- 
sity of Malaya, Singapore—The Secretary, Inter-University Council 
tor i aa Education Overseas, 29 Woburn Square, London, W.C.1 

LECTURER (with an honours degree In mathematics, and preferably 
a higher degree) IN MATHEMATICS at the University of Queensland, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 86 Gordon Square, London, W.C.1 (Australia, 


June 30). 

ASSISTANT LECTURER (graduato in pharmacy of a British university) 
IN THE DEPARTMENT OF cEUTIOS-——The Clerk to the Council, 
School of Pharmacy, University of London, 17 Bloomsbury Square, 
London, W.C.1. 

ASSOOIATE PROFESSOR or PROFESSOR OF ELECTRICAL ENGINEERING— 
Prof. G. A. Wallace, McGill University, Montreal, Canada. 

Bioonk MIST, NON-MEDIOAL (Basic grade), IN THE GROUP LABORA- 
tory, d—The Hospital Secretary, St. Luke’s Hospital, Guld- 


GRADUATE (with a knowledge of dairy husbandry, and preferably 
with a knowledge of, or willing to learn, foreign languages, especially 
German and/or Italian) to join a team on information work and 
abstracting—The Director, Commonwealth Bureau of Dairy Science 
and Technology (Commonwealth Agricultural Bureaux), Shinfield, 


g. 
HEAD OF THE METAT: PHYSICS SECTION in the British Iron and Steel 
Research Association's Battersea Laboratories, to lead a grou 
undertaking a varied research programme on the properties of totals 
in the solid and'the liquid state—The Personnel Officer, B.I.S R.A., 
11 Park Lane, London, W.1, quoting ‘H.M. P.’. 

LECTURER (with teaching, industrial or research experience) IN 
Puysics at Eastham Carlett Park Central College of Further Educa- 
Hon- The Director of Education, County Education Officer, City Road, 


eater, 
LECTURERS (2), Grade IT (with a suitable degree and industrial or 
research experience, and an interest in the application of scientific 
prinoiples in industrial metallurgy), IN THE DEPARTMENT OF INDUS- 
TRIAL METALLURGY—The Registrar, The University, Birmingham 15. 
Master (with a good honours degree) TO TRACH PHYSIOS to “S” 
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level—The Headmaster, King Edward VII School, Lytham. Mog 
Puysicist, Experim erimental Office: 
grade (with at least H.S 


ental Officer/Assistant E: 
.C, (science) or equivalent), 


assist in research: 
the physical and mechanical 


info igh explosives—The 


properties of 


» Senior Recruitment Officer, Atomic Weapons Research Establishment, 


~ engineering, or equivalent qualification) in the Scientific Adviser's 


- graphy) IN THR SURVEY DEPARTMENT, G 


Aldermaston, Berks, quoting Ref 1480/84. . 
RESEARCH ASSISTANT in microbiological and biochemical aspects 
of work on megaloblastic ansmias—The Registrar, King’s College, 
Newcastle-upon-Tyne. ‘ 
SENIOR SCIENTIFIO OFFICERS and SOIENTIFIO OFFICERS (with a 
first- or second-class honours degree in mathematics, science or 


Organization, Air Ministry, for work on 
tactics, technical development and lo: 
and National Service, Technical and Scientific Register (K), 26 King 
„Street, London, §.W.1, quoting A 88/7A. 

TECHNICAL OFFICER (female, age 22-55 years, with a degree 
(preferably with honours) in mathematics, physical science or geo- 
, Government of Kenya, to 
-check survey plans—The Director of Recruitment, Colonial Office, 
London, §.W.1, quoting BCD.108/7/09. 

-JUNIOR PHYSICIST: (preferably with some 


operational research including 
tics—The Ministry of Labour 


experience of hospital - 


~ physics or electronics) to assist with clinical applications and research 


D 


`r 
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“using the X-ray and electron beams from the 8 MeV. linear accelerator 
The Director, Radiotherapeutic Research Unit, Hammersmith 
Hospital, Du Cane Road, London, W.12. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


a Great Britain and Ireland 


-The Christian Person and Morality. By Prof. K. H. Farmer. (Alex 
Wood “Memorial Lecture, 1957.) Pp. 28. (London: Fellowship of 
Reconciliation, 1957.) 1s. 6d. 143 

Ministry of Agriculture, Fisheries and Food. Bulletin No. 164: 

and Drying. By Dr. A. H. Burgess. Pp. vi+62+16 
pla (London: H.M. Stationery Office, 1956.) Bs. net. (143 

Institute of Personnel Management. Occasional Papers, No. 12: 
The Role of the Personnel Officer: a Group Review. By Guy Hunter. 
Pp. 21. (London: Institute of Personnel Management, 1957.) 4s. [143 

The Harwell Reactor School. Pp. 16. The Atomic Energy Research- 
Establishment, Harwell: a Brief Guide. . 32. 28. 6d. (Harwell: 
Atonic Energy Research Establishment, 1957.) 143 

Combustion and Flame: quarterly Bete of the Combustion 
Institute. Vol. 1, No. 1 (March, 1957). P: 128. Annual subscription 
ineluding’postage: U.K. 105s.; U.S.A. 16 dollars. (London: Butter- 


worths Scientific Publications; New York: Interscience Pubiianers. $ 


Ince., 1957.) 

University of Oxford: Agricultural Economics Research Institute. 
Notes for Post-graduate ‘Students. By K. E. Hunt. . 11i+42, 
(Oxford : Agricultural Economics Research Institute, 1956.) 3s. [143 
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The Carnegie United Kingdom Trust. 43rd Annual Report, 1956. 
T ae (Dunfermline: Carnegie United Kingdom Trost. 


- 143 

Aero Research Technical Notes. Bulletin No. 170 (February, 1967) . 

Flush Door Manufacture: Use of “Aerolite” by F, Hills and Sons, Ltd. 
Pp. 6. (Duxford: Aero Research Limited, 1957.) ~ {143 
Discovery Reports. Vol. 29. Pp. 129—140 : 

the Aberrant Medusa Tetraplatia volitans Busch. 

and Ernest White. 


New Observations on 
By William J. Rees 
(Cambridge: At the University Press, 1957.) 


8s. 6d, net. `à ~ B8 
Aenean pa ae Transactions of thé Royal Society of London. Series A : 
Mathematical and Physical Sciences. No. 968, Vol. 249 (14 March, 
1957): The Constitution of Alloys of Iron and Manganese with 
- Transition Elements of the First Period. By A, Hellawell and 
W. Hume-Rothery. Pp. 417-459. (London: The Royal Society, 
1057.) 138. 8d.. {148 
Universi 2 _ Inte 


Grants Committee. “University Development rim 
Report on the years 1952 to 1956. (Cmnd. 79.) Pp. 26. (London: 
HM, Stationery Office, 1957.) 1s. 8d. net. 203 

British Electrical and ied Industries Research Association. 
Technical Report G/T307 : A Four-Channel Cathode-Ray Oscillograph 
with Automatic Brilliance Control. By M. T. Cree. Pp. 3+2 figures. 
6s. Technical Report L/T329: Electrical and Optical Characteristics 
of D.C. Corona Discharges in Air at Atmospheric Pressure, By Dr. B. 
Murphy. Pp. 30+20 figures 2is. (Leatherhead: British Electrical 
and Allied Industries Research Association, 1956 ) {203 


Other Countries i 


Canada : Department of Mines and Northem Affairs and Natura 
Resources. National Museum of Canada. Bulletin No. 143: Tho Birds 
of Banks Island. By T. H. Manning, E. O. Hohn and A. H. Macpherson. 
9 plates). 2.50 dollars. Bulletin No. 144: The Northern 
Red-Backed Mouse, Clethrionomys rutilus (Pallas), in Canada. By T. H. 

Pp. iv+67+1 plate. 2 dollars, Bulletin No. 145: The 
Reptile Champsosaurus natator Parks.: By L. S. Russell, 
+651 (12 plates). 1.50 dollars. Some Canadian Birds. By W. Ear} 
Pp. 44. 85 cents. A Guide to Eastern Canadian Mammals. 
Cameron. Pp. vi+72. 50 cents. (Ottawa : Queen's Printer, 


Manning. 

Sree coos 
Godfrey. 
By A. W. 


1956.) x r 
Acia Embryo et Morphologiae Experimentalis. Vol, 1, No. 1 
(Febbraio, 1957). Pp. 104. "Rubecription (for a volume, of about 800 
pages) 12 dollars; 6,000 lire. (Palermo: G. Denaro, 1957, pe 
National Institute of Genstics, Japan. Annual Report No. 6 (1955). 
. iv+102. (Misima, Sizuoka-ken: National Institute of Genetics. 


Centro Brasileiro de Pi Fisicas. Notas de Fisica, Vol. 8, 
No. 7: Ona Non-Local Relativistic Quantum Theory of Fields. By 
G. Wataghin. Pp. 13. Vol.3, No. 8: Isotopic Exchange and Evolution 
of Metal Surfaces in Electrolytic Solutions. By U. Camerini, J. Danon, 
and M. Malagolowkin. Pp. 18. (Rio de Janeiro: Centro Brasileiro de 
Pesquisas Fisicas, 1956:) (148 

New Zealand Forest Service: Forest Research Institute. Technical 
Paper No. 9: Australasian Cyttariaceae. By G. B. Rawlins. > 
10+4 plates. (Reprinted from the Transactions of the Royal Society of 
New Zealand, Vol. 84, Part 1, October, 1956.) (Wellington: Govern- 
ment Printer, 1956. (148 

States Department of Agriculture. Technical Bulletin No. 
1153 : Bracon lissogaster Mues : a Parasite of the Wheat Stem Sawfly 
By H. W. Somsen and Philip Luginbill. Pp. 7. 10 cents. Technica} 
Bulletin No. 1155: Relative Importance of various Host Plants of the 
Beet Leafhopper in Southern Idaho. By J. R. Douglass and H. O. 
Hallock. Pp. il. 10 cents. (Washington, D.C.: Government Printing 


isheries Research Board of Canada. Buletin No. 109: The 
Bonavista Longlining Experiment, 1950-1958. By Wilfred Templeman 
aad H 9: Fleming. Pp. v+55. (Ottawa: Queen’s Printer, 1058.) 
cents. 

Bulletin of the American Museum of Natural History. Vol. 112, 
Article 1; The Spider Genera Enop! Pheridion, and Patdisea 
in America North of Mexico (Araneae, Theridiidae). By Herbert W. 
Levi, Pp. 1-124. (New York: American Museum of Natural History, 
1957:) 1.75 dollars. - , {148 

Contributions from the Institute of Geology and Palaeontology, 
Tohoku University. No. 47: The Structural History of the Northern 
Part of Iwate Prefecture. By Nobu Kitamura, Tamio Kotaka, and 
Shéz6 Hayasaka. Pp. 20. (Sendai: Institute of Geology and 
Palaeontology, Tohoku University, 1956.) (243 

Food and Agriculture Organization of the United Nations. Yearbook 
of Forest Products Statistics, 1956. Pp. vi+-170. (Rome: Food and 
Agriculture Organization of the United Nations; London: H.M. 
Stationery Office, 1956.) 12s. 6d.; 2.50 dollars. 143 

Commonwealth of Australia: Department of External Affairs. 


* Office, 1956 and 1957.) 


1955 and 1966.) 
Laboratoire d’Astronomie de Lille. Astronomical News Letter 
No. 88. Pp.i+88. Dictionnaire Russe-Francais. Traduit de “Russtan- 
sh Vocabulary” of the American Mathematical Society, par 

V. Kourganoff. (Supplément à I’Astronomical News Letter, Ni 


0. 88 ) 
Pp. 1i+80, (Lille: boratoire d’Astronomle de Lille, 1956.) 
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N on ves ll Mr. D. Le Donnelly asked the 
Prime Minister whether he would recommend 
the appointment of a Select“ Committee to review 
and inquire into the working of the present system 
of government in “Britain with the view of reducing 
the burden on Ministers and securing the more 
efficient working of Parliament, Mr. Harold Mac- 
millan replied that he intended. to give the idea 
behind the suggestion ‘further consideration. Mr. 
Macmillan added that. very large questions were 
raised as to the functions of Ministers and their 
duties to Parliament and the great increase in work 
with the complexity: of modern, government. Mr. 
Emrys -Hughes suggested: ‘that a committee system 
rather than a Cabinet: system might decrease the 
burden on Ministers; but ‘Mr. Macmillan pointed’ 
out that before the system-of collective responsibility 
of the Cabinet ‘could be abandoned, a certain amount 
of study would. be required. He indicated that he 
proposed ` to consult experienced Ministers and 

ex-Ministers on both sides of the House who, from a 
detached position and because of their long service, 
might be able to offer suggestions to make the work 
easier and, to that extent, more fruitful. 

One name immediately suggested in this connexion 
was Lord Salisbury ; but it is precisely in respect of 
the office of the Lord President of the Council, lately 
held by Lord Salisbury, that increasing concern has 
been expressed in recent years, particularly in regard 
to the co-ordination of the scientific and technical 
effort of Britain. In a recent party political broad- 
cast, Lord Brand attributed the rapid increase in 
general well-being in Britain not to any great extent 
to the Welfare State or to legislation, but to the 
altogether exceptional advance in scientific know- 
ledge, technology and invention in the past generation. 
or two. When challenged as claiming too much, he 
maintained that it is self-evident that science, 
mvention and technology are much the most im- 
portant elements in increased material welfare. 
Without such advances it is true that nothing that 
governments themselves could have done would have 
raised the standard of living to anything like the 
same extent; but none the less, the way in which 
government is organized, and especially the means 
for relating knowledge and action, are important 
factors, and there is evidence that the present 
arrangements are neither so effective nor so efficient 
as they might be. 

_~ Lord Salisbury’s recent resignation in itself 
prompts fresh examination of the position which the 
Lord President’s office occupies in that respect; and. 
the Prime Minister's assumption, under an Order in 
Council, of the functions- formerly exercised by the 
Lord President of the Council in relation to nuclear 
energy, taken with his reply on April 11 already 
noted, suggests that Mr. Macmillan may be now 
sufficiently in touch with one aspect to have personal 
experience of its importance. He is to be assisted in 
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the discharge of „these functions by the Paymaster- 
General; but even with such assistance, doubts will 


remain as to -how far they can be efficiently dis- ` 


charged by the Prime Minister in addition to- his 
other responsibilities as head of the Government.. 
That Cabinet Ministers are grossly overworked is 
undeniable ; but that is only one of the reasons why 
the position of the Lord President of the Council has 
been regarded with some concern in recent years. 
The debates on the Department of Scientific and 


Industrial Research Bill last year, and the earlier- 


debates on the Atomic Energy Authority Bill which 
led to the Lord President of the Council being made 
responsible for the Atomic Energy Authority, 
indicated a growing concern with the organization of 
Britain’s effort in scientific and industrial research, 
and also with the distribution of scientific and tech- 
nical man-power. Moreover, the piecemeal approach 
to scientific and technical matters, in which the 
present Government and its predecessors have per- 
sisted, has steadily undermined the confidence of the 


scientific community about the competence and. 


sincerity of the Government in such matters. 

Such a position is fasal to the co-operation and 
understanding required both in the giving and use of 
scientific and technical advice. If the scientist is to 
co-operate, the Government must inspire his respect. 
This is not to say thas the proper- application of 
science to the needs of tne nation can be determined 
by’scientists alone; rather, the best scientific advice 
will not be available unless due regard is had to the 
conditions under which such advice can be secured 
and made effective. r 


With the increasing complexity óf E E goveri. 
ment and the extent to which scientific and technical. ` 
factors enter into public affairs, this question of.’ 


scientific and technical advice has- “assumed: an. im- 


portance paralleled only by defence, = which, is, of: zy 


course & field where it is now-of prime importance., 
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Indeed, it may well be that there is something to be .»_, 


learned from the Services in this matter which*cotild `~ i 
help to establish the appropriate system. Nearly ` 
forty years ago, a committee under Lord Haldane. 


reported on this question of how Ministers were to 


be enabled to keep abreast of departmental matters `.. - 


and the issues that muss come to Cabinet-level, and 
still find time for such forward thinking about policy 
that they are not caught unprepared by sudden 
crises. Little came, however, from the Machinery of 
Government Report; but in the field of defence 
there has been thrown up a system designed to meet 
& very similar position. 

Sir John Slessor made some suggestive comments 
on this system in his recent book “The Central Blue : 
Recollections and Reflecitions”*. Sir John, who’ has 
had extensive experience of the Chiefs of Staff Com- 
mittee, vigorously refutes the attempt to condemn 
` >The Central Blue: Recollections and Reflections. By Sir John 
Slessor. Pp. xiv+709. (Cassell and Co., Ltd., 1956.) 80s. net. 
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the system as “nitfing war by committee”. On the 
contrary, thirty years experience leads him to believe 
‘thatthe system as developed and matured durmg 
that ‘period is about as good a method as could be 
devised for the 2 higher direction of defence policy in 
Britain. His analysis i is of interest in connexion with 
the organization, if not the direction, of the scientific 
effort of Britain at the present time for two reasons. 
He’ recognizes that the British people, by tempera- 
ment and experience, may well be better at working 
in committee than other peoples, and he enunciates 
somé principles which are as sound in the working of 
a system of control in science as in defence; and 
further, but in the same context, he makes at least 
one suggestion which seems to bear on the particular 
position of the Lord President. z 

In the Chiefs-of-Staff system described by Sir John, 
the three Chiefs of Staff are collectively responsible 
for offermg military advice to the Cabinet while at 
the same time, as individuals, they are the pro- 
fessional heads of their Services, responsible for their 
fighting efficiency and the direction of their operations 
in war. In that is implicit the golden rule that is 
the sine qua non of any sound system, whether it be 
for the direction of defence, the development of nuclear 
energy, or any other comparable field, that the man 
who gives the advice to the Cabinet must be the same 
man who has the ultimate responsibility for putting 


. it into effect. Neglect of this principle, which never- 


theless was stressed in the White Paper outlining the 
Central Organization for Defence more than ten years 
ago, is largely responsible for the shortcomings in the 
application of science and technology m national 
affairs. 

To take first, however, the question of science and 
defence: the Defence Research Poley Committee 
was set up ten years ago to facilitate the continued 
and complete integration of military and scientific 


` thought at all levels, and to ensure that in planning 


- deféncé research as a whole, account is taken of the 
` acientific effort of the country in other fields in order 
~ that resources may be efficiently and economically 
_ used, - The Committee itself consists of those re- 


we E + sponsible; both from the operational and scientific 
‘<i, angles; for research and development in the Service 


Departments and the Ministry of Supply, and its 
chairman has also been the chairman of the Advisory 
Council on Scientific Policy. It has been responsible 
for advising, on operational questions, the Chiefs of 
Steff and, on wider aspects, the Defence Committee 
ane the Minister of Defence. 

` Neither its functions nor its personnel thus conform 
_ ently to the principle laid down by Sir John 
: ‘Slessor, particularly with the increasing complexity 
of-modern weapons and the extent to which the 
whole. field of production is interwoven with the civil 
economy. Here indeed there is apparent the import- 
ance and value both of the suggestion he makes for 
the inclusion in the Chiefs-of-Staff system of a chief 
staff officer to the Minister of Defence, as was intro- 
duced during the War in the person of General Ismay, 
and of the principle of the predominant partner. This 
staff officer is a carefully chosen man with the right 


t 
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background of experience, and Sir John points out 
that he can make all the difference to the value of 
the committee, particularly by facilitating the reach- 
ing of decisions, both in committee and by tactful 
discussion behind the scenes. 

Sir John Slessor’s clear recognition that there are 
other factors than the Service point of view’ that 
may determine decisions even in matters of defence 
gives the greater point to an argument which is by 
no means new. Both Sir John, Anderson (as he then 
was) in his Romanes Lecture in’ 1946, and Mr. H.R. G. 
Greaves in his “The Civil” Sérvice in the Changing 
State” (1947), examined the Chief of Staffs system 
and the defence organization’ and discussed its 
application to, at any rate, economic affairs; but 
Sir John brings out a little more clearly the value 
of this idea of a chief staff officer in developing 
an impartial, inter-departmental outlook, initiating 
action on aspects of a problem overlapping or falling 
between departments, and suggesting methods of 
reconciling conflicting points of view.. Such functions 
are particularly needed in the scientific field, for 
scientific developments are not confined to depart- 
ments; further, as Sir Henry Tizard has rather 
trenchantly remarked, scientists are not given to 
compromise, and a committee consisting solely of 
scientists is likely to be an ineffective instrument of 
policy. Any device that assists them to work. suffi- 
ciently close together is to the public advantage, and 
if the central scientific staff, engaged only in studying 
questions of policy, under the immediate direction of 
the Advisory Council on Scientific Policy, which Sir 
Henry suggested in his Haldane Memorial Lecture, 
did no more than throw up scientific admin- 
istrators of this calibre, it would be well worth 
while. 

The principle of the predominant partner, according 
to which in joint operations the command of such 
an operation is entrusted to a commander from the 
Service which has the major interest in the operation, 
though only in the sense of co-ordinator or chairman, 
has also something which bears on the utilization of 
science by government, neglect of which in matters 
like nuclear power, transport, fuel, water supply, and 
the like could easily have serious consequences to 
the national economy. The belief, rightly or wrongly, 
that, even when the scientific aspect represents the 
predominant factor in determining policy in a par- 
ticular problem, science is not given due weight, is 
largely responsible for dissatisfaction with the present 
system, in which ministerial responsibility for the 
formulation and execution of the Government scien- 
tific policy is vested in the Lord President of the 
Council. The other ministerial responsibilities which 
the Lord President has carried and the absence of an 
adequate staff in his office have added weight to this 
conviction. 

Mr. H. R. G. Greaves’s analysis did not touch 
specifically on the problem of science as such in 
Government, though the stress he places on flexibility 
and on the need for an informed public, with, as 
corollary, a deliberate effort to inform the public, 
with channels of information providing an adequate 
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flow upward as well as downward, is highly pertinent. 
He does not, however, carry it, as did Sir Henry 
Tizard, to the point of displaying the bearing of educa- 
tion on this gap. To close the gap and to remove 
the present Jack of understanding, by ensuring that 
far more administrators have had a scientific educa- 
tion and that there is a much wider public compre- 
hension of the nature and limits of scientific effort, 
are fundamental contributions to the more effective 
use of scientific knowledge in public affairs and the 
wise use of our resources. ‘If the Lord President is 
in any sense, however. informal, a Minister of Science, 
that is one sphere in which his influence should be 
direct and decisive.. 

The improvement of public education in this way 
bears powerfully on this question of relieving the 
burden on Cabinet Ministers for another’ redson. 
“Everything depends, in administration and in high 
politics, upon the extent to which thoso who govern, 
and those who are governed, are able, to some extent 
at any rate, to put themselves in each other’s places.” 
That remark of Mr. Joseph Chamberlain at Bloem- 
fontein in 1903 is manifestly largely untrue in the 
scientific field, and because of it there is danger that 
too rigid an organization may be developed ; rigidity 
would handicap both scientific work itself and the 
communication and application of its responsibilities 
in government and the public service. Even an 
American observer, Prof. S. H. Beer, has recently 
remarked that no formal arrangement of committees 
and staffs could quite free British government of its 
dependence for co-ordmation upon the common 
rooms and lunch tables of the clubs of Pall Mall, 
nor would any unifying set of directives take the 
place of the strong corporate life of the higher Civil 
Service in Britain. One of the important reasons 
for seeing that the scientist and technologist receive 
a broadly based education is to enable them to take 
pert on equal terms in such discussions with men 
from other walks im life. 

Lord Waverley, in the Romanes Lecture already 
noted, expressed strongly the view that the general 
model of the Chiefs-of-Staff system might be followed 
with great advantage in relation to scientific services, 
though he did not advocate the organization of 
a Joint Scientific Staff; he suggested instead that 
a section of the Cabmet Secretariat might be 
organized to assist the Lord President as the Minister 
responsible for the general aspects of scientific 
investigation, and that thereby provision would be 
made without prejudice to the work of departmental 
scientific staffs for enlisting scientific advice on the 
highest level for the guidance of Ministers. In this 
Lecture Lord Waverley was advocating a system of 
Cabinet committees, such as Mr. Macmillan may now 
be presumed to be examining; but although Lord 
Waverley then emphasized the importance of securing 
flexibility in any such system, and stressed the prac- 
tical importance of adequate provision to make 
collective responsibility real, he forbore to discuss 
further- the provision of scientific advice on the 
ground that the whole matter was under considera- 
tion by a government committee. 


W 


NATURE > >- : 


931 

EJ = 

No such report has been fortheoming in the past 
decade, and it appears that no “publication of any 
such report is contemplated. The Prime Minister's 
reply, however, gives fresh interest to -Prof. "K. S. 
Wheare’s essay on- the British Constitution entitled 
“Government by Committee’* published two years 
ago. Prof. Wheare diseussed the functioning of six 
different types of committee; but although he 
brings out some sound points about the relation 
between layman and expert and the functions of a 
chairman, it is his two chapters on committees to 
inquire and committees to advise which are most 
relevant both to this problem of the organization of 
science in relation to government and to that of light- 


ening the work of Cabinet ministers. The chapter in 


which he' discusses the functions of a committee in the 
conduct of administraticn is almost entirely concerned. 
with local government. 

Prof. Wheare notes that the work of some depart- 
ments requires that their scientific and technical 
experts should be more than advisers to officials and 
should undertake admmistration themselves, much 
of which could not be carried out unless the ad- 
ministrator had a specialized knowledge of the fields 
with which they deal. Again, in discussing the 
qualities of a good layman in committee work, he 
points out that a good layman ought to be know- 
ledgeable—not necessarily an expert on the matter 
with which the committee is concerned, but preferably 
an expert in something relevant ; thus he supports all 
that Sir Henry Tizard and Mr. Walter Elliot have said 
as to the importance of a broadly based education. 
The scientist, no less than the administrator, needs 
an education which develops not simply a questioning 
and critical temper but also common sense and balance. 

So far as membership of committees is concerned, 
Prof. Wheare considers the place for the expert is 


,upon committees to advise, and that for the layman 


upon those to legislate; to administer, and- to serut- i 
inize and control; but he promptly concedes that _ 
there is a place for laymen upon committees which 
advise and for mdependent experts upon committees . 
which negotiate. He emphasizes the supreme im- 
portance of wise leadership if the best is to be.made. 


out of committees; and if government by committee ` ‘este 
is to ensure that the best use is made both of .`-- 
‘democracy and of buresucracy, the system of edu- 


cation in Britain must be such as to throw up an 
unfailing succession of chairmen and officials able to 
fulfil their vital and difficult roles with skill and success 
in a world in which science ang technology are 
increasingly important. 

We are thus brought back once more to the primary 


importance of the system of higher education. What- . 


ever improvements can be devised in the organization ' 
of the system of government in Britain and in -the 
provision made for advice on scientific and technical 
problems in public affairs, the application of scientific 
and technical knowledge in defence or in civil affairs, 
or the’ continuous scientific study of such matters, the ` 


* Government nt by ae Committee: an Essay on the British Constitu- 
tion, By K. C. vii+264. (Oxford: Clarendon Press ; 


«London: Oxford Gaiveretty 3 Press, 1955.) 25s. net. 
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effectiveness of any organization depends ultimately 
on the men who use it. A rigid system of organization 
may easily defeat its own object and hinder scientific 
and technical advance ; whereas with flexibility and 
clear mutual understanding on the part of the Minister 
and official or administrator, the scientist and the 
technologist, it may well be possible to achieve the 
wisest and most effective deployment of resources 
in materials and man-power with much less strain on 
Ministers and a minimum of formal organization. 
It ıs to be hoped that the examination the Prime 
Minister 1s now conducting will pay particular atten- 
tion to the Lord President’s office and its staffing, 
and to this whole question of the organization of the 
scientific and technical effort of Britain, in relation to 
the communication of scientific and technical know- 
ledge and advice, its continuous acquisition and the 
traming and deployment of scientific and technical 
man-power. The results of that section at least of 
his inquiry should be made available for informed 
discussion; meanwhile, the Parliamentary and 
Scientific Committee and some of the learned and 
professional societies associated with it could well 
examine some of the issues which were brought to 
light m the debates on the Department of Scientific 
and Industrial Research Bill, the importance of which 
has been emphasized since ın connexion with nuclear 
energy and other matters. 


THE HISTORY OF THE 
MICROSCOPE 


Microscopium 
By Maria Rooseboom. Pp. 60. (Communication 
No. 95 from the National Museum for the History of 
Science, Leiden, Holland.) (Leiden: National 
Museum for the History of Science, 1956.) n.p. 
HIS is, in effect, a brief history of the chief 
development of the optical microscope, from 
Robert Hooke and Leeuwenhoek to the phase-contrast 
instrument for which Prof. Zernike received the 
Nobel Prize in 1953. It is particularly notable for 
the superb full-page illustrations, of which a number 
are in colour. As the size of the page is roughly 
12 in. x 8 in. and the reproduction excellent they 
repay careful study. The instruments represented 
are mostly in the Dutch National Museum for the 
History of Science at Leyden and it is flattering to 
our national pride that so many of them should be 
of English origin, as is also the fact that the book 
appears in English and is adorned with well-chosen 
quotations from early English writers. 

These quotations give mse to a httle riddle. The 
book begins and ends with an extract from a poem 
“In Commendation of the Microscope’? by Henry 
Power, dated 1661. Now the only printed book by 
Henry Power is his “Experimental Philosophy m 
Three Books”, 1664, the first book of which deals 
with microscopical observations, but does not con- 
tam the poem, which, so far as I know, existed only 
in the Sloane MS. at the begining of this century, 
although it may have been printed since.: The 
author gives no indication of the source of the 
poem, but shows the extracts in what would appear 
to be facsimile reproduction of seventeenth-century 
printing. I suspect an amiable mystification. Again, 
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if it is not ungracious to raise triflmg criticism of 
what is in so many ways a delightful book, the text 
is introduced by an English passage, in quotation 
marks, followed by ‘‘With these words Pierre 
Borel ...”. But Borel’s book was in Latin. The serious 
student, whom there 1s so much to please in this 
work, would have appreciated references, which are 
everywhere lacking, to indicate the sources of the 
various mteresting and apposite citations. 

The text ıs in the nature of illuminating notes 
concerning the development of various parts and 
functions of the mucroscope. For example, one 
section deals with the evolution of the modern 
apochromatic objective from the little-known achro- 
matic design of Beeldsnijder, of about 1791, to 
modern times, illustrated with excellent pictorial 
diagrams; another section deals with methods of 
illumination, often neglected; other sections with 
focusing and with the movement of the stage. One 
interestmg page shows, in silhouette, the pattern of 
selected typical microscopes from 1800 to 1900. The 
binocular microscope, from Chérubin d’Orleans to 
Zeiss—Winkel of 1954, also has its couple of informative 
pages,-with a colour plate of the R. and J. Beck 
instrument of 1876. f 

To be effective, a brief survey of this kind demands 
wide knowledge, good taste, fine drawing, excellent 
technique of reproduction and considerable financial 
support. The National Museum for the History of 
Science at Leyden is to be congratulated that all these 
have been forthcoming to help in the production of the 
elegant record before us. 

E. N. pa C. ANDRADE 


TECHNICAL APPLICATIONS OF 
RADIOACTIVITY 


Die Technischen Anwendungen der Radioaktivität 
Von Dr. Engelbert Broda und Dr. Thomas Schonfeld. 
Pp. x+313. (Berlin: Veb Verlag Technik; Mun- 
chen: Porta-Verlag, 1956.) 19 D.M. 


RODA AND SCHONFELD have written a most 
valuable book. It is the first of its kind in which 
the technical applications of radioactivity are com- 
plete with many hundreds of references, and the 
discussion of the whole subject is done extremely 
well, There are thirteen main chapters. After the 
mtroduction comes a very well-written chapter on 
the fundamentals of radioactivity which includes 
discussions on such subjects as ions, molecules, 180- 
topes, fission, radiations and their absorption and 
radiochemical equilibrium. ‘The third chapter deals 
with the measurements of radioactivity, giving a very 
concise picture of counting techniques. The next 
chapter deals with the production and chemical 
purification of radioisotopes. This chapter 1s very 
short but gives in ten pages all the relevant facts. 
Chapter 5 deals with isotopes used as indicators and. 
gives details of the rare occasions where the emana- 
tion method can be used. 

The next six chapters form the mam part of the 
book (comprising 220 pages) and deal with the 
application of radioactivity or the radiation of radio- 
isotopes in different fields. This is extremely well 
organized according to subjects and should be of 
equal mterest to the chemist or to any scientist 
working in a research laboratory, irrespective of the 
subject he is dealing with. 
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The use of radioisotopes in chemical analysis is 
dealt with in great detail. For example, the chapter 
on “Activation Analysis” gives in eighteen pages 
every detail of this “application, which 1s becoming 
more and more of general interest., Other chapters 
deal with radioactivity m mining and the metal and 
heavy industries and the application m the chemical 


industry. Special applications are mentioned in the- 


rubber, plastic, textile and, pharmaceutical mdus- 
tries. Apphcations in agriculture, genetic effects of 
radiation and many other interesting uses of radio- 
activity are described. The desermptions generally 
are accurate and concise, and a great effort has been 
made to brig out the essentials. The authors should 
be congratulated that they have succeeded so well in 
doing this. 

One chapter deals with isotopes in process control, 
such as thickness gauges, etc.; and Chapter 12, 
occupying some 75 pages, is devoted to the application 
of radioactive rays on materials. The production of 
sources for high ionizing radiations is mentioned, and 
thé application of these radiations, which is perhaps 
the latest and newest chapter in “Isotopery’”’. is 
covered fully up to 1956. The last short chapter 
summarizes the health precautions necessary when 
working with radioactive materials. 

A great effort has been made throughout to give a 
complete picture in each field by quotmg all relevant 
references. The authors have benefited a lot from 
the papers given at the Geneva Conference, which 
are frequently referred to in this book. It is especially 
gratifying to see for once a scientific book which 1s 
really international in its outlook and references. 
All too often, especially in the American literature, 
in books and articles covering certain fields, one 
finds that only the national hterature is referred to. 
The quahty of production ıs not outstanding; the 
print, for example, is rather small and there are 
no illustrations and very few diagrams. This 1s most 
likely intentional m order to keep the price of the 
book reasonable. 

It is only to be hoped that this very useful and 
well-balanced book, which gives a precise summary 
of all radioactive applications, will be translated 
into other languages so that ıt can be made avail- 
able to scientists all over the world. 

HENRY SELIGMAN 


POLIOMYELITIS 


Management of Life-Threatening Poliomyelitis, 
Copenhagen, 1952-1956 

With a Survey of Autopsy Findings in 115 Cases. 

Edited by Prof. H. C. A. Lassen. Pp. xi+180. 

(Edinburgh and London: E. and S. Livingstone, 

London, Ltd., 1956.) 22s. 6d. net. 


Handbook on Poliomyelitis 

By Dr. Joseph Trueta, A. B. Kinnier Wilson and 
Margaret Agerholm. Pp. vu +139. (Oxford: Black- 
well Scientific Publications, 1956.) 20s. net. 


N 1952 Denmark sustamed an epidemic of polio- 

myelitis in which the attack rate was higher and 
the disease more severe than that country had ever 
previously known. Among other cases there were 
345 patients with more or less severe respiratory 
disabihty for whom the available supply of con- 
ventional respirators’ (tanks and cuirasses) was 
utterly inadequate. The method of treatment 
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mprovized in this emargericy not only saved many 
lives at the time but also paved the way for further 
technical advances. High tracheotomy was per- 
formed, a cuffed tracheotomy tube being used for 
preventing pharyngeal secretions from reaching the 
lungs, and mtermittens positive pressure respiration 
was applied manually from*an anesthetic bag via 
the tracheotomy. Efforts were made to keep the 
lungs dry by mtensive physiotherapy and aspira- 
tion. 

“Management of Life-Threatening Poliomyelitis” 
is devoted mainly to a description of the clinical 
state, investigation and treatment of these respira- 
tory cases. An initial difficulty is that the class- 
ification of patients is partly clinical and partly 
anatomical and is wholly confusing, at least to me. 
This is regrettable as so much of the book is well 
worth reading. The chapters on ‘The Anesthetist 
and Artificial Ventilation”, on lung physiotherapy 
and on de-cannulation and the compheations of 
tracheotomy are particularly good. There ıs a short 
but interesting account of renal calculus formation 
and artificial ventilation, and the various investi- 
gations which were carried out are fully discussed. 
One criticism ıs that, havmg initiated a form of 
treatment of great value in certam circumstances, 
these workers have failed to accept its limitations in 
other circumstances. Too little regard is paid to the 
lessons learnt smce 1952 and this diminishes, the 
value of an otherwise excellent book. 

The am of Prof. J. Trueta and his co-authors is to 
give a concise account’ of the mam probléms related 
to pohomyelitis and in this they have been entirely 
successful. This is a straightforward and readable 
book which could profitably be read by anyone 
interested ın the subjecs. These authors also discuss 
fully the treatment of patients with respiratory dis- 
ability and their outlook is surprisingly different 
from that of the Danish writers. It is more in accord 
with. that of most British clinicians to-day, although 
probably few would agree that “the cabinet type of 
respirator is the only satisfactory one in the acute 
stage” (p. 64). Most of them would agree that 
tracheotomy should now be undertaken lightly, but 
may be unavoidable for a patient with both respir- 
atory and swallowing weakness and that, in such 
circumstances, positive-pressure breathing may be 
indicated. The sections on management in the later 
stages of the illness are balanced and informative ' 
and the clnical descriptions are very good. It 1s a 
disadvantage that there is no list of contents and too 
many misprints have escaped detection, but these 
are details which can be corrected if, as seems likely, 
further editions are needed. T. GEFFEN 


BACTERIAL MAP MAKING 


Bacterial Anatomy 

Sixth Symposium of the Society for General Micro- 
biology, held at the Royal Institution, London, 
April 1956. Edited by E. T. C. Spooner and B. A. D. 
Stocker. Pp. vili+360+23 plates. (Cambridge: At 
the University Press, 1956. Published for the 
Society for General Microbiology.) 30s. net. 


T is not many years since the bacterium was 
considered to be made up wholly of nuclear 
material and only the outside or capsule had much 
interest for bacteriologisis and immunologists. Now- 
adays the bacterial cell is studied by almost anyone 
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who can handle a microscope, optical or electronic, 
and @ camera, and the list of contributors shows that 
biochemists, cytologists, geneticists and physicists 
contribute more than bacteriologists to this sym- 
posium. The symposium itself was notable for the 
attacks made by: Drs. Bisset and Robmow on Dr. 
DeLamater, who holds that mitosis occurs in division 
of the bacterial nucleus ; the papers published in this 
book (which were taken as read at the meeting) 
show how irreconcilable the views of these workers 
have become. 

There were fewer dialectics and more progress was 
reported in the study of other parts of the bacterial 
cell. Salton has contributed much to our knowledge 
of the chemistry of the cell wall, which varies not 
only between Gram-positive and Gram-negative 
bacteria, but also between different genera, within 
these major groups. The cell wall, made up of amino- 
acids, amino-sugars and lipids, forms a rigid skeleton 
of the intact cell; without it the cell (protoplast) 
assumes & spherical shape. Lysozyme has proved an 
effective agent in removing the cell wall of susceptible 
strains without damaging the underlying structure, 
and the studies of Weibul and McQuillan have added 
a great deal to what is known about the protoplast 
Protoplasts derived from flagellated cells retam the 
flagella but are non-motile; presumably the absence 
of a cell wall deprives the flagella of fixed points on 
which thrust can be exerted. Multiplication of 
protoplasts has not yet been shown conclusively but 
the development of pear-shaped protoplasts suggests 
that this may occur. 

The symposium papers unfortunately perpetuate 
Tomesik’s error in distinguishmg a strain of Bacillus 
megaterium, referred to as Bacillus M, from other 
strains of the species. This strain does not merit the 
particular attention ıb received in the symposium or 
elsewhere. 8. T. Cowan 


THE ECHINODERMATA 


The Invertebrates 

By Libbie Henrietta Hyman. Vol. 4: Echinoderm- 
ata, The Coelomate Bilateria. (McGraw-Hill Publ- 
cations in the Zoological Sciences.) Pp. vii+763. 
(London : McGraw-Hill Publishing Company, Ltd., 
1955.) 75s. 


T Echmodermata, a large and important 
invertebrate phylum, has always stimulated the 
interest and attention of every kind of investigator. 
The amateur naturalist is attracted by the beauty and 
variety of its members and by thew suitability for 
dried preservation. The general zoologist finds m 
them uniqueness of structure demanding probmg of 
their origins and relationships. ‘The physiologist studies 
their peculiar reactions, based on an apparently 
primitive nervous system, coupled with a lack of 
osmotic regulation. ‘The ecologist works in a restricted 
field, since echinoderms, although world-wide in 
distribution, are exclusively marine. The embryo- 
logist explores the clues provided during their 
development that may link them with the great 
chordate phylum, and the paleontologist has at his 
disposal one of the most extensive fossil ranges in the 
whole animal kmgdom. From all this work it might 
be thought that here is a phylum the study of which 
will produce results, yet Miss L. H. Hyman’s con- 
clusion, after all the labour she has put into the 
production of her volume, is: “I here salute the 
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echmoderms as a noble group especially designed tc 
puzzle the zoologist’’. 

The plan of the book ıs much the same as m previous 
volumes. The author deals with the structure, 
physiology, development, classification, habits and 
behaviour, geographical distribution, parasites anc 
fossil history of the five classes of echinoderms 
possessing living representatives, and with what ic 
known, m a shorter form, of the five wholly extinct 
classes. Much of the book consists of abstracts of the 
very numerous papers that have been written by 
specialists. This makes the book valuable to the 
lecturer for its comprehensiveness, but difficult for 
the student to grasp, especially as the latter may be 
misled by lack of correlation between papers quoted. 
Thus on p. 553 it is imphed that Psammechinus 
miliaris is an algal feeder (Milligan, 1916), but on p. 554 
Eichelbaum (1910) is quoted as saying that it 1s 
mainly carnivorous, which Milligan confirms. 

The author apologizes for mcludmg geographical 
distribution and wonders whether it will be “worth. to 
readers the labor it cost and the space it occupies”. 
On the contrary, this makes the book more acceptable 
to readers m the Old World, for they will find species 
living in the coastal waters of their own countries 
set alongside the New World species which the author 
almost invariably uses for her ulustrations. More- 
over, the convergence in form and habitat is striking, 
as anyone who compares the littoral inhabitants of 
both areas knows. Compare, to take one example, 
Patiria miniata (p. 345) from California with our 
own Asterina gibbosa. 

The illustrations are partly collected from original 
works, while many have been drawn by the author. 
In the former group some of the blocks are worn, 
for example, Stichopus, p. 179; m the latter most 
are good and very clear, but a few, for example, 
Psolus, p. 127, are poor. Magnifications have been. 
omitted, the author considering them ‘of no con- 
sequence”. This is debatable, especially when similar 
structures are magnified to different degrees on the 
same page, as has been done with pedicellariae on 
p. 414. 

The literature quoted is immense. Unfortunately, 
spelling errors have escaped the proof reader, such as 
Elmhurst (pp. 588, 734), Seelmger (pp. 75, 716), 
Colman (p. 176), and such names as Malgrenia 
(p. 585), brachiolara (p. 301) and Pelamatozoa 
(p. 700). 

‘There is a concluding chapter dealing with problems 
posed by the phylum. It is teresting that not only 
does embryology lead us to link the ophiwroids with 
the echinoids and the asteroids with the holothurians, 
but physiologically the sterols of these classes belong 
respectively to Type 1 (cholesterol, etc.) and Type 2 
(stellasterol, etc.), The paleontologists, however, 
lnk asteroids and ophiuroids in one class, Stellaster- 
oidea, which is incompatible with modern evidence. 
The crinoids stand apart. Semon’s dipleurula theory, 
taken up by Bather, is not of much use in determining 
the origin of the phylum, although there is no doubt 
that bilateral symmetry preceded radial symmetry 
in their evolution. But why five rays? To call the 
primitive form a pentactule is merely to add another 
hy pothesis to mitigate but not expla our ignorance. 

The book is excellently produced and there is a 
good index. May we in return salute Miss Hyman 
for the untiring energy, wide knowledge and clear 
judgment she has displayed in the preparation of 
this her fourth volume on the-invertebrates. 

N. B. Bares 
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Atlas of Representative Cofetary Spectra 
: By P. Swings and L. Haser. Pp. 37+23 plates. 
(Liège: Astrophysical Institute, The University.) 
HE spectra of comets present many problems of 
interpretation which are of interest not merely 
to astrophysicists but also to workers im several 
related fields. Few comets that have appeared since 
the advent of modern stellar speetrographs have, 
however, become bright enough to allow the collection 
of as many spectrograms as one would wish; and 
few reproductions even of those that do exist have 
been. published. The appearance of this compilation 
will therefore be welcomed by astronomers, spectro- 
-scopists and physicists alike. It consists of 23 plates, 
‘each 12 in. by 16 in, chosen to illustrate as many 
aspects as. possible of representative cometary 
< spectra. and related laboratory spectra. An effort 
has been. made to include spectra of many different 
“comets (for each displays its own individuality as 
well as exhibiting features common to all) secured 
_ on different telescopes and dispersions and at different 
liocentric distances: The reproductions are, in 
act, a selection of the best cometary spectrograms 
aver obtained anywhere. Though the authors dis- 
im ‘any intention of providing a general exposé 
One physics, their introductory text- of 
28 pages is in fact a useful summary of present 
- knowledge of the subject. In this they first discuss 
“the spectra of various parts of the typical comet ; 
xogo on to compare these with the spectra of aurore, 
the airglow and various combustion phenomena ; 
and. finally list important data concerning laboratory 
spectra relevant to cometary work. The spectra are 
‘il-reproduced, but the text is marred by frequent 
misprints, and the review copy has been bound with. 
Plate I missing. A. HUNTER 


























-Last of the Curlews 

< By Fred Bodsworth. Tllustrated. by T. M. Shortt. 
Pp 123. (London : Museum Press, Ltd., 1956.) 
o Jos. 6do net. 

‘HE story of man’s reckless attacks on wild-life 
ever makes sad reading, whether it be the 
i éxtermination of the once almost numberless pas- 
| senger pigeon flocks, or the near extermination of 
dhe great bison herds. North America has been the 

scene of much destruction among birds and mammals 
and Mr. Bodsworth has an especially grievous story 
to tell of the beautiful Eskimo curlew that once flew 
m Patagonia to the tundras which slope into the 






the last individuals, profacing his first 
> chapter with the following words “. ~ . the Eskimo 
_eurlew, originally one of the Continent’s most abun- 
-dant gamebirds, flew a gauntlet of shot each Spring 
and Autumn, and, flying it, learned too slowly the 
-C fear of the humter’s gun that was the essential of 
survival. Now the species lingers on precariously at 
= extinetion’s lip”. 
- The tale is beautifully written and charmingly 
illustrated by T. M. Shortt, but it is a sorrowful story 
< down to its last line, which depicts a male, whose 
-meate has lately been shot, returning to his home 
‘corner of the Arctic tundra and there waiting for her. 
The story assumes. that a few individuals of 
Numenius borealis do. still survive, but let-us not 
forget that this assumption may be over-optimistic 
and that the Eskimo curlew can already have joined 











the great auk and the passenger pigeon in the limbo - 


of things wiped out by man, Frances. Prrr - 
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The Status of Animals in the Christian Religion 
By Major C. W. Hume. Pp. x+102. (London: 
The Universities Federation for Animal Welfare, 
1956.) 8s. 6d. net. 


HIS is a courageous, good, and in many ways 

delightfully heartening books to be recom- 
mended without hesitation to any thinking Christian 
concerned, however remotely, with the: welfare of 
animals, The first part deals with the historical 
origins and development of the present apathetic 
theological attitude towards pain. and suffering in 
animals other than man. This, Major Hume traces 
to the effect of Platonic thotght on science and 
Christianity, in arguments admirably set out and both 
lucidly and -readably expressed.. I would contend 
that the continued necessity of slaughter for the 
protection and feeding of man has probably contri- 
buted as much to this state of affairs as Platonism. 
However, views on its origins inno way diminish our 
proper concern with the problem itself.. Some must 
feel it logically unsound to maintain the sinful nature 
of cruelty while nicely distinguishing this from 
killing, even if it is a matter of expediency dependent 
upon the impossibility of forcing vegetarianism on 
mankind. Yet who can resist the argument when St. 
Chrysostom and Darwin combine to demonstrate 
that we should show animals “‘great kindness and 
gentleness... because they are of. the sam? origin as 
ourselves” ? 

The second half of the book comprises an excellent 
exposition of the ‘proper status of animals’ and of the 
proper attitude of Christians towards them. Both 
the present policies of several Christian bodies and 
possible improvements in the official Anglican, views 
on the matter are considered. The hundred-odd — 
drawings by Fougasse, illustrating biblical referenci 
to animals, are a little disappointing. * They charm 
of course, but the poor quality of the reproduction at 
so small a size makes many of the lines far too heavy ; 
and they do little to supplement the text: 2 

RICHARD. BAINBRIDGE 








Rare Earths in Biochemical and Medical Research 
Edited by Granvil ©. Kyker and Elizabeth B. 
Anderson. (A Conference sponsored by. the Medical. 
Division, Oak Ridge Institute of Nuclear Studies, 
October 1955.) Pp. xviii+468. (Washington, D.C. : 


‘Office of Technical Services, Peperonont of. Com- 


merce, 1956.) -2.20 dollars. 


HE chemistry of the rare earths their scpasaticn 

and their radio toxicity have assumed consider; 
able importance with the rapid development of nuclear 
power during the past ten years. Thus, of the thirty- 
five or so elements produced in fission, the rare earths 
form an important part. The appearance of this 
unique collection of reports from nearly fifty investi- 
gators from the United States, together with the 
conference discussions, is therefore most: timely. The 
reports are divided into five parts: chemical, radio- 
isotopes of special interest, pharmacology, bio- 
chemical and metabolic and possible medical appli- 
cations and dosimetry. A subsection on radiotoxicity 
studies of the rare-earth fission products is included 
and many articles are terminated by a list. of refer- 


for special mention, for the whole collection must 
surely be a most valuable source of reference to all 
whose interests are in this field. Indeed, the only- 
regret is that the costs of production of such a report 


should not permit of a more durable binding. 
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THE BAGHDAD PACT NUCLEAR TRAINING CENTRE 
By SR JOHN COCKCROFT, O.M., K.C.B., C.B.E., F.R.S. 


HE Baghdad Pact Nuclear Training Centre was 

formally opened by H.M. King Feisal II on 
March 831 in the presence of Ambassadors, Ministers 
and members of the Scientific Council of the Centre. 
The Centre has been founded by the Pact countries, 
Britain, Iraq, Iran, Pakistan and Turkey, to provide 
training in radioisotope techniques for scientists from 
the Pact countries and possibly other countries in 
the region. The laboratory has been provided by the 
Government of Iraq and was intended originally for 
date research. It is a pleasant building on two 
floors, adequately equipped for its purpose, with 


laboratories, lecture room, library and staff offices. 

first technical director, Mr. W. J. Whitehouse, 
together with four other staff, have been seconded 
to the Centre by the Atomic Energy Authority in 
Britain. Eight staff from the Pact countries were 
trained at Harwell during 1956 and are now at their 
posts. The staff now cover the following fields : 
nuclear physics; radiochemistry; electronics ; 
medical applications; and agriculture. 

The equipment has been supplied by the United 
Kingdom, largely through Harwell, and consists of 
standard equipment of a radioisotope school adequate 
for twenty students together with the necessary 
supply of ioactive isotopes, text-books and 
reports. All oe countries are contributing to 
the running e 3 

The first course for twenty students started in 
mid-April and will be similar in content and length 
to the Harwell Isotope School course. The present 
intention is to have three or four courses a year, 


& 





some of which might be more specialized. For 
example, a course on the application of radioisotopes 
to medicine is contemplated. For this purpose the 
training staff would be strengthened by specialists 
from the United Kingdom, 

It is intended that the Centre should promote the 
application of radioisotopes and atomic energy in the 
region by collaborating with existing laboratories 
and research groups. 

A start will at once be made to collaborate with 
medical centres on the introduction of radioisotopes 
for diagnostic and therapeutic work. Other studies 


[Central Office of Information : Crown copyright reserved 
m Fig. 1. The Baghdad Pact Nuclear Centre in the district of Salchiyah in Baghdad 


will be made in connexion with the oil industry 
and agriculture, and water conservation and 
control. 

The Baghdad Museum, which has an extremely 
interesting collection of antiquities, is interested in 
obtaining help in establishing the carbon-14 dating 


method. The electronic specialists of the Centre may~ 


be able to help. 

The application of nuclear power will not be worth- 
while in Iraq and Turkey in the foreseeable future, 
owing to the abundant supply of oil and hydro power. 
Iran and Pakistan are, however, interested in the 
potentialities of nuclear power units of medium out- 
put for some areas, and the Centre will help by 
advice to promote this development. 

The foundation of the Centre is an experiment in 
introducing the new techniques of radioisotopes to 
an important group of Middle East countries. 
Britain’s role is to help by advice and by the pro- 
vision of a few key staff. 


1 
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A NEW 75-IN. TELESCOPE FOR SAINT MICHEL OBSERVATORY, 
BASSES ALPES 


By G. M. SISSON 


Sir Howard Grubb, Parsons and Co., Ltd., Newcastle upon Tyne 


HERE are still those who believe that astronomy 

is largely concerned with the careful compilation 
of star positions and magnitudes, whereas in fact it 
has become as diversified and specialized as any 
other branch of science. It is therefore rather 
surprising that the only major development in the 
optical design of large astronomical telescopes since 
the seventeenth century has been the family of 
catadioptric systems based upon Schmidt's first 
camera made in 1930. However, this new arrival 
is far from displacing the conventional parabolic 
reflector, which remains in the opinion of many the 
most useful general-purpose type of telescope ; the 
advances in observing technique have been chiefly 
concentrated upon improving the quality of the 
images, the mechanical precision of the mounting, 
and the sensitivity of receivers. ‘The large telescope 
mounting which has just been completed in the 
works of Sir Howard Grubb, Parsons and Co., Ltd., 
for the Centre National de la Recherche Scientifique, 
Paris, exemplifies these trends; it is arranged for 
work at the prime, Newtonian, Cassegrain or coudé 
focus, and will now be installed 
at the St. Michel Observatory near 
Fourcalquier in the Basses Alpes 
(Fig. 1). Apart from normal photo- 
graphic procedures, the telescope 
will be used by Prof. A. Lallemand 
in conjunction with the new type 
of image receivers which he is 
developing. 

The mirrors will be made at the 
Observatoire de Paris under the 
direction of Dr. A. Couder, who 
already has a large disk for the 
main mirror which will-be 75-9 in. 
in diameter and 7-2 in. thick, with 
a focal length of 378 in. This is 
exceptionally thin for its diameter, 
and will be difficult to support 
properly in its cell on the telescope 
and during working. The cell hold- 
ing the mirror on the telescope is 
insulated internally and closed by 
day with a petal-type of shutter 
having insulated flaps; by this 
means the mirror can be held at a 
reasonably constant temperature 
near the average night temperature. 
The mirror is carried upon three 
concentric rings of support pads 
1-6 in. in diameter the axial force 
of which is applied in each case 
through a vertical toggle by a lever 
and counterweight with lever ratio 
5:1 (Fig. 2). In the outer ring there 
are three rather larger rigid supports 
which locate the mirror and afford 




















Table 1 
i 
No. of No. of Load Load 
Ring Radius floating fixed per pad | per ring 
position | (in.) | pads pads (Ib.) (Ib.) 
Inner | 128 6 Nil | 110 
Middle 25-4 12 Nil 108 
Outer 36-6 12 3 46 





Tol | — | % | 8 = 





a squaring on adjustment. Table 1 shows the details 
of these supports. 

Radial support and location are afforded by three 
lead-faced pads bearing upon the circumference of 
the mirror over an area of 7-9 in. circumferentially 
by 5-6 in. axially, located in the plane of its centre 
of gravity. Each of these pads is held against the 
glass by a screw with a flat end, and between this 
screw and the pad there is a ball to permit alignment 
and a small amount of axial translation. In use, 
the screws will be set hand-tight until the pads just 
hold the mirror comfortably. The arrangement of 





Fig. 1. A general view of the completed telescope mounting assembled in the m akers’ works 
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Fig. 2. 


Underside of the mirror cell showing the levers supporting 
the mirror 


back supports is conventional for flexible mirrors, 
but the very simple type of edge support has not 
been tried before on anything approaching this size 
of telescope. All the support system was decided in 
principle by the French astronomers and designed 
in detail to meet their requirements. 

The general form of the mounting is ‘modified 
English’, a well-proved conventional arrangement. 
To permit the coudé beam to pass down the polar 
axis, the declination axis is necessarily shorter than 
one would wish, having regard to the overhung weight 
of the main tube. Two taper roller bearings are 
used with an axial separation of 22 in., the inner one 
being 26 in. in diameter to the rollers and the outer 
42 in. in diameter. These bearings are preloaded on 
assembly to a load of 15} tons, and in service have 
to carry an overhung load of 14 tons at a distance 
of 54 in. beyond the outer bearing. The taper roller 
bearings together with a number of spur-gear engage- 
ments in the quick-motion driving system result in 
a frictional stiffness to turn of some 500 Ib./ft., 
corresponding to a force of 20 lb. at the end of 
the re SSe tube. By using the guiding motion of 
30° of are per min., the end of the tube can be 
adjusted reliably to within 2 x 10‘ in., corresponding 
to an angular accuracy of 0-14” of are which may 
be needed if the good-seeing expectations are realized. 

The final drive to the polar axis is imparted by a 
worm driving a worm-wheel 8 ft. in diameter having 
960 teeth; the combination gives a smooth drive 
with an accuracy within 4” of are over a period of 
several hours. ‘The input to the gear train is a 
conventional MeMath—Hulbert system controlled by 
a tuned oscillator constant to within 1 part in L0* at 
any selected frequency over a range of —1 per cent 
of sidereal rate. 

However, the most notable innovation in the 
design is the use air-conditioned telescope tube. 
Astronomers haw x long tolerated the image 
enlargement which results from disturbances and 
unequal temperatures in the air through which the 
light to the telescope must pass. The effect of these 
is to produce a spurious enlargement of star images 
called the shimmer disk, varying from 2” of are down 
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to perhaps }” of are in the most perfect ‘seeing’. The 
shimmer, which is far larger than the Airy disk, 
results in a loss of speed and resolution, and improve- 
ment in seeing has been sought by the selection of 
favourable sites where good air conditions for 
observatories are known to exist. Within the past 
few years, opinion has been growing that much of 
the trouble is caused by local air conditions in the 
immediate neighbourhood of the dome opening and 
telescope tube. The subject was discussed by 
Couder at the Rome meeting in 1952 of the Inter- 
national Astronomical Union, and from the first it 
has been intended to arrange the St. Michel telescope 
for air-conditioning of the dome and tube. The 
dome opening is fitted with a circular aperture which 
rises and falls in the slit with blinds above and 
below ; this aperture will normally be set centrally 
in front of the telescope tube, Air will be drawn into 
the dome by large fans in the building and some of 
this air will flow past the outside of the telescope 
tube, so preventing any warm air in the dome from 
rising into the light path; the rest of the air will 
enter the open end of the tube itself (Fig. 3). The 
tube has a double wall, the outer one of sheet dural- 
umin and the inner one composed of panels carrying 
fine woven nylon. The panels are easily removable 
for cleaning or renewal of the nylon, and the weight 
of weave in each was selected to give the desired 
air-flow pattern inside the tube. Extraction through 
the cloth drops from 3 ft. per sec. near the upper 
end to 0-2 ft. per sec. at the lower end; some of 
the panels were sprayed with a uniform pattern of 
black cellulose paint spots to modify their per- 
meability. Eight 15-in. propeller fans are arranged 
around the base of the tube just above the centre- 
piece, and each of these exhausts a manifold formed 
between the two walls and reaching nearly to the 
top of the tube. A further four 12-in. fans are 
arranged around a manifold which girdles the centre- 
piece, and three 9-in. fans are mounted behind the 
mirror cell. Of these last three, two draw air through 
a circumferential slot between the face of the mirror 
itself and its cell, while the third draws air through 
a similar slot surrounding the central hole in the 
mirror. 





Fig. 3. Top end of the telescope tube with streamlined air entry 





“face of the mirror through both the inner and the 
_ outer slots. All the fan speeds are adjustable at will 
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over a wide range, and working trials will determine 
the best settings. 

Experiments made at the Cambridge Observatories 
during the past year have shown that air-conditioning 
even of a comparativelysimple nature can give. it 
great improvement in seeing conditions there; a 
remains to be seen how effective a carefully planned 
system can be when applied to a large telescope at 
a favourable observing site. 


SCIENCE IN HUNGARY 
By Pror. J. D. BERNAL, F.R.S. 


ACLIENCE teaching and research have been fully 
restored in Hungary. The damage caused in the 
fighting last autumn was, fortunately, on the whole 
slight. The only serious loss was the almost complete 
destruction of the natural history collections in the 
burnt-out National Museum [see following article]. 
The damage to the University was largely confined 
to the Geology Department. The material damage 
has been restored ; but there is a serious loss of books 
on stratigraphy and palxontology. In the University 
it is estimated that by lightening the courses and 
extending the term resumed in February, it will be 
: ible to complete the work of the session. 
“The course of research work has been even less 
‘interrupted. The Academy and its institutes under 
‘the direction of Prof. Rusznyák are in full activity. 
In the Institute of Physics, the building for the 
nuclear research pile is nearing completion, and 
“researches on nuclear physics, magnetism, spectro- 
scopy and solid-state physics are being carried out. 
Prof. Jánossy is continuing his study of extended 
— cosmic-ray showers and the phenomena of inter- 
ference at low intensities. 
There is much activity in the University research 
departments such as those of Prof. Erdey-Gruz and 
“Dr. Lengyel in electrochemistry and the properties of 
_ concentrated ionic solutions. Prof. Straub is extending 
| his work on enzyme synthesis by nucleic acid frac- 
tions, particularly for bacterial penicillinase, in con- 
_ junction with one of his students at present at the 
` Medical Research Council laboratories at Mill Hill. 
In the Geology Department, Prof. Szadeczky-Kardoss 
is obtaining very interesting results in the high- 
pressure and temperature modifications of lignite and 
shales. At the Technical University, Prof. Gyulai, 
cone of the first to study the properties of crystal 
‘whiskers’, has discovered new related phenomena 
“involving dislocations. 
















































HE collections of the Zoological Department of 
(Í the Natural History Museum in Budapest, built 
-up over the past hundred and fifty years, are well 
known; they represent the life-work of scientists 
- guch as János and Imre Frivaldszky, Janos Salamon 
_ Petenyi, Géza Fejérváry, Géza Horvath, Sándor 
Mocsáry, Emé Csiki, Kalman Kertész, Gyula 
Madarász, to mention but a few. The collections 












Birkbeck College, London 


More significant, however, than the continuation 
of work in progress is the effort that is now being 
made to re-organize the whole scientific activity of 
the country to eliminate the errors and distortions of 
the past and to bring it into relation with a more 
realistic planning of industry and agriculture. In: 
this replanning, scientists are playing a much. more 
important part than formerly, for it is realized that: 
the undertaking of the over-ambitious and mis- 
directed industrial enterprises of the former regime 
could have been avoided if responsible scientific and 
technical advice had been taken in the first place. 
Seientists and engineers such as Dr. Gillemot, the 
rector of the Technical University, and Dr. Zentai 
and Dr. Valko, prominent in -M.E.T.E.Sz., the 
organization of the scientists and technicians, are 
putting forward a scheme of central and specialized — 
research and development. councils on lines some- 
what similar to those of the Department of Scientific 
and Industrial Research. They are also helping to 
draw up plans for Hungarian industry aimed at 
making fuller use. of the special natural resources of 
the country, such as bauxite and uranium, and of its 
established industrial lines of production such as 
diesel engines, communication equipment and instru- 
ments, This would bring Hungary more in line with 
other small countries with specialized. economies, 
such as Switzerland and Denmark, which would 
make it correspondingly more dependent on external 
trade and technical and scientific relations, with 
other countries. i = 

Hungarian scientists are anxious to renew 
and extend the contacts with British scientists 
broken off by the recent troubles. They would 
welcome an exchange of letters and reprints and 
also of individual visits which could now take 
place, thanks to the resumption of the tourist 
traffic. 





THE HUNGARIAN NATURAL HISTORY MUSEUM 


: ungarian, that. 
very rich in 
gical: material 


contain not only the most compl 
is, Carpathian fauna, but ar 
palzarctic and exotic material.’ 
gathered by the collecting exped 
explorers have been deposited’ in 










: the Museum ; th 
names Janos Xéntus, Lajos Biró, Kalman (Katona) 
Kittenberger are well known. in- scientific circles. 
Xéntus brought home a great deal of material — 
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including examples of all animal groups from Eastern 
Asia. Six years collecting in New Guinea by L. Biró 
produced many species, especially of insects, that 
were new to science. Kálmán Kittenberger explored 
the big game and ornithological fauna of East Africa. 
Nothing now remains of a large part of the collections. 
The events in Hungary during October 23 and 
November 4, 1956, are well known. In the first stage 
of the revolution the building of the National Museum, 
situated on the Museum Boulevard, and the col- 
lections stored in it were badly damaged. This 
historic building, which is more than a hundred years 
old, received heavy gunfire from tanks during the 
battle for the broadcasting station near by. As a 
result, the building caught fire and a part of it was 
destroyed, The fire originated in the rooms of the 
Mineralogical Department. Conditions prevented the 
fire brigade from taking effective action, and 
eventually the Mineralogical and Palontological 
Departments, and also a large part of the exhibitions 
of the Zoological Department, were completely 
destroyed. 
The exhibits in the Zoological Department, all of 
which had beén constructed within the past eight 
. yearg, were widely known. The African exhibit, with 
its great dioramas, drew numbers of visitors every 
day. The diorama of the Ruwana steppe, which was 
25 metres long, always aroused admiration, for the 
team of preparators had succeeded in conjuring up a 
true picture of Nature. All these exhibits have been 
destroyed or so badly damaged that their repair is well- 
nigh impossible. The big diorama was burnt down, 
together with the elephant, gazelles, zebras, gnus, 
boars, etc. Even the iron framework supporting the 
lion, chimpanzee, white rhinoceros and ostrich 
dioramas melted in the heat. The crocodile diorama 
was destroyed by a shell from a tank. The intro- 
ductory part of the African exhibit, with its trophies, 
was not burnt, but the heat and smoke have damaged 
it so badly that a great deal of the material has 
become useless. A mortar exploded in the inverte- 
brate exhibition, destroying most of the tropical 
display material. 
At this stage of the revolution no damage was 
done to the scientific and research material of the 
u Zoological Department. But during the artillery 
and mortar barrage on November 5 the Museum 
building was again hit. The first mortar went 
through the window of the herpetological collection 
on the second story of the Museum during the morn- 
ing. The explosion set fire to the alcohol pouring 
from the broken jars, and within a few minutes 
the. entire contents of the large room housing the 
` collection were in flames. Then a mortar exploded 
in the ichthyological collection. This shell brought 
down ‘the wall of the ornithological collection and 
the flames were able to spread unhindered. In a few 
hours the whole of the second floor of the Museum 






was’ in flames: The main staircase was partly 
destroy: d part also of the back stairs. Burning 
alcohol © to the third floor and the roof. Con- 






tinual shell-fire prevented any attempt at rescue. By 
great self-sacrifice arid much hard work, it was possible 
to save-one..win the Museum, and also the front 
of the third f e buildin: 


stroyed down to the last specimen: the herpeto- 
logical collection of about 30,000 specimens, the 
. ichthyologieal collection of ‘about 10,000 specimens, 
the ornithological collection containing about 40,000 
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skins, 30,000 eggs, and 2,500 skeletons, the big-game 
bone collection, mainly African mammal material, 
the mollusecan collection of about half a million 
specimens, the collection of lower invertebrate ` 
animals, echinoderms, corals, worms, etc., housed in 
ten cases, the water mite collection which contained ~ 
many thousands of preparations and preserved- 

material, and included all the type material of Szalay, 


and the identified Orthopteroidea and Neuropteroides. 


collections consisting of 400 boxes in ten cabinets and `- 
including many hundreds of types, among them the 
Orthoptera collection of K. Brancsik. 
greatest loss of all, from a scientific point of view, is. 
the Diptera collection, containing the types of many 
thousands of species; only three cases of Acalayptrata 
material escaped destruction because it was stored. 
elsewhere owing to lack of space in the main room. > 

The collections which were spared also suffered’ 
some damage. The collections stored on the first © 
floor were flooded with water from the fire-fighting 
operations, and the greatest losses were suffered by 
the Hemiptera—Homoptera collections. Almost 10 per 
cent of the famous Horváth material was destroyed, 
and a further 10 per cent was damaged by water. 
In the same collection, mortar fragments damaged 
two cases and the contents of several boxes were 
pulverized. Part of the Coleoptera collection, the 
biggest in Europe (the number of types in the col- 
lection exceeds 10,000), was also soaked, but luckily... 
only Hungarian material was stored in the boxes © 
that became very wet, and it should prove possible — 
to replace these specimens. Some boxes of the Reitter 
collection became wet, and some types were lost. ; 

The departmental libraries were lost, together with _ 
the collections. In the Diptera section alone 6,000 
reprints and 1,500 books were destroyed. In tho 
Hemiptera~Homoptera section the reprints were torn 
by shrapnel and some 1,000 copies became useless. 
The library of the Lepidoptera section was drenched __ 
with water, and valuable books, colour charts, ete., 
made useless. 

The Lepidoptera collection escaped by a hair’s- 
breadth ; the window frames and door caught fire — 
and half the T. Koy collection which stood near the 
door was burnt. ‘This collection is of historical. — 
importance since it dates from 1800. The backs of 
some of the cases containing exotic butterflies were 
charred; the boxes and cases were scorched, but — 
the collection was saved. The collection also suffered — 
from the fire-fighting operations, and some dozens of. 
boxes were drenched with water so that more than 
10,000 butterflies and moths will have to be reseb. 
Many boxes were broken when the ceiling fell on. 
them. Only the Hymenoptera, Crustacea and 
Arachnoidea collections escaped intact. ; 

Every effort was and is being made to secure the- 
safety of the collections that have survived. Every — 
research worker and the entire staff of the Museum — 
co-operated in rescuing unharmed and damaged 
collections from the ruins of the building, often. 
endangering their lives, and as a result the surviving» 
collections are safe. 

The replacement of the destroyed collections, their 
reorganization, the acquisition of equipment and. 
scientific instruments and the replacement of the 
libraries is now the first task of the Zoological 
Department. The burden imposed on the Depart- 
ment is greater than it can bear alone. Scientific 
institutions, museums, scientific societies and found- 
ations and also private individuals are asked to help 
the Museum with specimens, books, reprints, ete. - 


But the: 
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MACROMOLECULES IN CELL STRUCTURE* 


: By Pror. A. FREY-WYSSLING 


Swiss Federal Institute of Technology, Zurich 


URING the present century biology has devel- 
oped along three different lines, so that—by 
analogy with Casar—we can say: Biology est omnis 
divisa in partes tres, quarum una Taxonomia aliaeque 
_ Morphologia et Biochimia. As in pre-Roman Gaul with 
T particularism, there has not been much co- opera- 
n between those branches. Especially microscopic 
morphology (cytology and histology) and biochemis- 
try (or physiological chemisiry), which ought. to 
represent general biology together, were divided into 
two almost hostile camps... The chemist laughed at 
the descriptive methods of histology, and the his- 
_ tologist thought very poorly of the chemist’s endeav- 
ours: to draw physiological conclusions. from the 
analysis of disintegrated and badly intermingled 
systems such as their homogenates. As a. matter of 
fact, the two sciences were too far apart for fruitful 
k discussion, 1 i i i 
objects and the other with amieroscopie molecules. 
However, in between those domains the.colloidal or 
_8ubmicroscopic range is inserted, which had to be 
dged before reciprocal understanding and apprecia- 
tion between morphologists and biochemists was 
possible. 

















the First. World War, Ambronn. developed 
methods for getting an insight into the submicro- 
scopic arrangement of colloidal particles in gels with 
the polarizing microscope. When. I. used those 
methods for the elucidation of the fine. structure of 
plant cell-walls, starch grains and chloroplasts, one 
of my older colleagues disdainfully remarked that 


“mine was a hybrid science. Fortunately, hybrids — 
often show the phenomenon of heterosis, which has. 


effectively: worked ‘in the case. of submicroscopic 
morphology by the. introduction of such elegant 
me as X-ray analysis and electron microscopy. 


To-day, biophysics permits the macromolecules to be 


traced in many biological objects, and if their mole- 
cular structure is known, morphology can be extended 
own into the chemical range ; and on the other hand, 
chemistry 3 may learn from the arrangement of macro- 
molecular apoenzymes how chain reactions, which 
are blocked in a homogenate, proceed in the intact 





cell structure. In this way submicroscopic morpho-. 


logy can be appealed to to unify the morphological 
and the chemical branches. of general biology into a 
‘single and undivided science, of the problems of 
ish the following instances may be presented. 


Plant Cell: Walls 


| Mecistemstic: plant cell walls represent a mixture 
of an amorphous pectic matrix in which submicro- 
scopic fibrils of cellulose are embedded, comparable 
to the structure of the connective tissues with collagen 


_ ® Substance of three lectures at University College, ondon, on 
March 12, 13 and 15, based on the two monographs, Frey-Wyssling, A. 
Die submikroskopische Struktur des Cytoplasmaa” {Spri 
1955) and “Macromolecules ind Gell Structure” (Harvard niverai 

= Cambridge (Mass. ), in the 1a proes). 
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tonofibrils reinforcing a hyaluronic ground-mass. 
The microfibrils have diameters of approximately 
250 A. They consist of a bundle of parallel molecules 
of cellulose, the chemical structure of which has been 
found to be a straight unramified B-1-4-glucosidic 
chain of more than one thousand glucose residues and 
a length of up to several microns. Since the micro- 
fibrils are crystalline, their internal structure can be 
determined by X-ray analysis, A monoclinic lattice 
is found with an antiparallel arrangement of the cellu- 
lose chains (Fig. 1). 

This antiparallel orientation indicates that poly- 
merization of glucose or some other precursor to . 
cellulose and crystallization into microfibrils must take — 
place at the same time, since it seems i ible that 


free diffusible chain molecules with a width/length _ 


ratio of 1: 1,000 would become arranged. spontane- 
ously in such a manner. 

The amount of cellulose, microfibrils in primary 
walls is astonishingly small. It.covers only a few: 
per cent by volume of the fresh wall taken from living 
cells. This compares favourably with about 5 per 
cent of reinforcing iron in concrete, so that the prim- 
ary wall is obviously sufficiently reinforced by so 


small an amount of skeleton maternal to give it ae 


strength. 


In primary walls the microfibrils’ are originally es 


dispersed at random. Extension growth or growth in ~ 
surface may orientate them to some extent. More. 


conspicuous changes occur by differentiation n a 
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. 1, Macromolecular structure-of rands, The arrows 
the direction of the anti visti: The 
body represented contains the cross-section of four unit geli 
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Fig. 2. Electron micrograph of the so-called margin of a nascent 
~ bordered pit. x 15,000 
mena. When plasmodesmata or pit membranes of 


bordered pits are formed, certain microfibrils are 
pushed aside or gathered into coarser strands, so that 
open holes result through which the protoplasts of 
two neighbouring cells can join. Fig. 2 shows how, 
in an annular zone around the so-called torus of a 
bordered pit, radial microfibrils coalesce into coarser 
strands, while tangential microfibrils do not associate. 
In this way radially arranged pores originate in the 
young pit niembrane and later unite into radial 
splits’. 

In the secondary plant cell wall the content of 
cellulose is considerably higher than in the primary 
wall. It can rise to more than 90 per cent of the dry 
wall, as, for example, in cotton hairs. Therefore the 
microfibrils appear in dense parallel packing and touch 
one another, so that they aggregate laterally and form 
fasciations. The resulting submicroscopic sheets 
have a characteristic crystallographic orientation in 
the cell wall. The diagonal plane (101) of the chain 
lattice, which contains the shortest chain distances 
(5-4 A.) and is, therefore, the most hydrophilie one, 
runs parallel to the surface of the plasmalemma of the 
protoplast. As a result the plane of the cellulose 
chains, which are flat bands of approximately 4 A. x 
8-4A. cross-section, is diagon- 
ally orientated in the cell wall 
(Fig. 1). 

Another amazing fact is that 
only cellulose of the secondary 
wall reacts with cellulose dyes, 
as, for example, iodine, which do 
not stain the microfibrils of the 
primary wall. This is due to 
cleavage cracks in the secondary 
microfibrils into which iodine can 
penetrate and react in a co- 
ordinative way with the sur- 
rounding hydroxyl groups. As a 
consequence of this defective 

stalline structure, cellulose 
of secondary walls can be split 
by ultrasonic waves into strands 


f 


, 


NATURE 


May ll, 1957 VoL. 179 


finer than microfibrils, which are called micellar 
strands. ‘lhey contain an ideally crystalline core 
and probably a surface layer of less orderly arrange- 
ment (paracrystalline cellulose), According to their 
cross-section of 30 A. x 100 A. to 50 A. x 60 A. 
they contain about 100 cellulose chains. The coarser 
microfibrils with 250 A. diameter already hold 2,000 
chain molecules. Since the texture of the microfibrils 
and their relations to the microscopic morphology of 
the plant cell wall are established, the structure of the 
cellulosic component of this wall is known from the 
macromolecular chain molecule up to the macro- 
scopically visible plant fibre. ‘Therefore. in the case of 
cotton hair, which is almost pure cellulose, we are 
dealing with a biological object the structure of which 
is thoroughly well known throughout the domains of 
morphology from the macroscopic and microscopic 
down to the submicroscopic and amicroscopic level?. 


Chloroplasts 


The chlorophyll-containing chromatophores or 
chloroplasts have a submicroscopic layered structure. 
This has been proved by the establishment of their 
lamellar form birefringence’, by X-ray analysist and 
finally by direct electron microscopic evidence®-’. 
In higher plants the chlorophyll is not evenly dis- 
tributed throughout the chloroplast, but is restricted 
to tiny flat bodies which are called grana. In the light 
microscope they seem to be suspended in the colour- 
less stroma, but in the electron microscope they 
appear to be layered in disks. These are flat bags 
which originate by local splitting and duplification 
of the stroma layers. They grow into fairly inde- 
pendent and firm bodies (Fig. 3) because, on ultrasonic 
distintegration, they resist whereas the layered stroma 
is completely destroyed*. High-resolution electron 
microscopy shows that these disks have a granular 
structure. The constituent globules have a diameter 
of approximately 65 A. which corresponds to their 
thickness on ultrathin sections (Fig. 3). From this 
I concluded that they represent. globular protein 
macromolecules. Their size corresponds to about 4 
Svedberg units. At their surface chlorophyll and 
lipids may be inserted to form chromo- and lipo- 
proteins. It has been claimed that the tiny lines which 
bisect the spaces between and inside the disks 
(Fig. 3) represent the delimitation of lipidie surface 
layers’. The material inside the disks is very sensi- 
tive to swelling and the disks can be inflated into 
balloons’. Calculations show that about sixteen 
chlorophyll molecules must be associated with such a 
particle. Since it has about the same weight as 





Fig. 3. Macromolecular structure of a grana disk shown in cross-section, [~, chlorophyll 
molecules 
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hæmoglobin (mol. weight 68,000) 
with only four hæms, the hypothet- 
ical chromoprotein of the chloro- 
plast must be four times richer in 
pigment than hæmoglobin. The 
outer surface of the densely packed 
particle is of the order of (65 A.)? 
and that of a porphyrin ring 
(15 A.)*, so that the sixteen chloro- 
phyll molecules mentioned can 
easily be located at the outer surface 
of these macromolecules. However, 
since the dichroism of the chloro- 
plast is very weak’, there cannot be 
a plane surface film, but some 
undulating arrangement as indic- 
ated in Fig. 3. 

Proplastids are amceboid in char- 
acter and do not show a lamellar 
structure. They include a tiny body 
which contains nucleic acid’, It has 
been called a primary grain by its 
discoverer Strugger™. In the elec- 
tron microscope it displays a struc- 
ture similar to that of protein 
erystals'*, High-resolution an- 
alysis shows, however, considerable differences as eom- 
pared with a crystal lattice (Fig. 4). The globular 
particles do not touch one another and they seem to 
have a hollow core. This centre produces the sub- 
microscopie layers when the proplastid evolves and 
then differentiates into a chloroplast. It seems plaus- 
ible that this organizer produces new macromolecules 
by autoreproduction, and apparently a beautiful ob- 
ject is found to follow that mysterious process in the 
electron microscope. But the situation is compli- 
eated by the fact that, as with the erythrocyte, the 
full-grown chloroplast is very poor in nucleoprotein'’, 
Therefore, the macromolecular lamellæ produced by 
the primary grain cannot consist of autoreproduced 
nucleoprotein. Since they represent lipoproteins 
capable of producing chlorophyll, we are observing 
the formation—not of identical daughter molecules— 
but of a new type of macromolecules. This neoforma- 
tion of specific protein molecules, which were not 
present in the cell beforehand, is a phenomenon far 
more exciting even than the much discussed problem 
of autoreproduction, 


Fig. 4. 


Cytoplasm 


Depending on its functions, cytoplasm displays a 
granular, fibrillar or lamellar aspect in the electron 
microscope. In many cases it could be shown that 
protein microfibrils (collagen**, muscle", flagella'*) 
and lamelle!® are composed of globular or rod-like 
particles. Accordingly, the basic element of the living 
substance seems to consist of particulate macro- 
molecules which are capable of aggregating into 
reticulate, fibrillar or lamellar structures. As 
macromolecules of protein, they have a helical 
internal structure? which shows regularities similar 
to certain macroscopic helical arrangements in 
biology*’. 

The pressing problem of biochemistry is to estab- 
lish how those particles associate with lipids, pigments 
or carbohydrates to form lipoproteins, chromo- 
proteins and mucoproteins, while submicroscopic 
morphology has to find out how such macromolecules 
aggregate into one-, two- or three-dimensional patterns. 
‘Lhe forces which cause these associations and aggre- 


NATURE 


943 





Electron micrograph of the so-called primary granum ee a proplastid (from 
Perner, ref. 14); by courtesy of Prof. S. Strugger, Münster. x 86,000 


gations are rather weak, because the bonds resulting 
from their activity are easily broken. This explains 
why cytoplasm can freely and reversibly change 
from the state of plasma sol, which is a non-New- 
tonian liquid, into that of a rigid and elastic plasma 
gel*?, 

The formation of a linear aggregation into fibrils 
requires two polar fields of attachment, that of a 
macromolecular film of three or six fields lying in one 
plane, and that of a reticular system of at least four 
such fields at the surface of each particle. In protein 
crystals with dense packing, this number is even 
twelve. The figure which indicates how many 
fellow globules are needed to build a plasma structure 
around a particle may be called its co-ordination 
number, 

It is thus possible to explain the various and mani- 
fold structural manifestations of cytoplasm in sub- 
microscopic morphology by a uniform principle. 
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A MEETING of the Nutrition Society was held on 
March 23.at the Royal Society of Medicine. It 
took the form‘of a symposium on “Man’s Need for 
Water”, and members of the Institution of Water 
Engineers were present. Prof. R. A. MeCance was in 
the chair. 

The symposium was opened by Dr. W. H. Cremer, 
who discussed the ‘Water Requirements of the 
Modern State”. He spoke of the large reservoirs and 
long pipe lines necessary to provide enough water 
for some large industrial cities, but he had to admit 
that this was all very costly and not always popular 
where the reservoirs had to be built. - 

Dr. Cremer also spoke of the possibility of replen- 
ishing underground supplies of water by suitable 
filtration through the soil. This is an interesting 
prospect, but he did not touch upon the expense. 
Re-charging these underground supplies is evidently 
being investigated actively at the moment. The 
industrial demands for water are becoming more and 
. more difficult to meet and the contamination of the 
water by the industries brings further problems. 
w Chlorination still seems to be the sheet anchor against 

~ bacterial infection, and people do not seem to mind 
i: the taste of chlorine, although they object to that of 
many organic compounds which can get into a water 
supply in all sorts of ways. Those present were sur- 
prised when Dr. Cremer tried to persuade them that 
something like half the water distributed in America 
is used, not for industry, but for agricultural 
irrigation, The audience felt they were being taken 
over more familiar ground when Dr. Cremer spoke 
about fluoridization of water and iodine deficiencies. 
He said little about metallic poisoning, but the 
detergents that are now used so freely and run away 
down the sink are likely to cause water engineers 
some very serious difficulties. After a word on radio- 
active poisoning, Dr. Cremer concluded his remarks. 
He seems to see.no problem over the supply of water 
in Britain in the foreseeable future in spite of the 
_ cost and. organization involved. Some of us would 

dike to have heard more about the problems created 
_ by the rising populations in other parts of the world, 
_ and. the industrial development of dry parts of 
America, Confident. as Dr. Cremer appeared to be in 


5 the future, one could not help thinking about the 
“great. aqueducts and storage tanks built in, Ceylon, 


Central America, Italy and other parts of the world 
by past civilizations, and hoping that a fate similar 
to theirs would not befall our own. > 

Dr. J. R. Robinson gave an elegant account of the 
functions of water in the body. The extracellular 
* fluids or ‘middleman fluids’ of the body he likened to 
a pond in which the cells lead an aquatic existence ; 
but the cells are not quite like amceebe in a fresh- 
water pond, for the pond in the body is warm and 
salt. It is, moreover, small in volume, so that the 
activity of the cells affects the composition of the 
pond. The cells are intolerant of changes in external 
composition and temperature and ‘a great part of 
physiology is concerned .with mechanisms which 
enable the little over-crowded pond under. our skins 
to maintain our cells as though it had an unlimited 
volume”. ; 
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Dr. Robinson then pointed out that some cf the 
chief functions of water in the body could only~ be 
fulfilled by losing it through the kidneys, lungs and 
skin, These losses must be made good if the cells are 
to function normally, for water is the great vehicle. 
of transport in the body, and transport will break... 
down if the volume of the blood, and of the extra- 
cellular fluids as a whole, is reduced. Dr. Robinson 
reminded his audience that, generally speaking, cell 
membranes are permeable to water, so that the 
volume of a cell in equilibrium with an environment 
with a constant osmotic pressure will be proportional 
to the quantity of solutes inside it, and this is pro- 
foundly affected by metabolic activity. Here Dr. 
Robinson was touching on a subject to which he has 
made major contributions, for he himself has shown 
that interruption of cell respiration by chilling, 
anoxia or poisoning with cyanide causes cells to 
swell. So long as metabolism is proceeding normally, 
however, the osmotic pressure of the extracellular 
fluid is the most important factor in controlling the 
net exchange of water between the cells and extra- 
cellular fluid. This being so, thirst and water diuresis 
are really the means by which the volume and 
osmotic pressure of the extracellular fluids and also . 
the volume of the intracellular fluid are both kept 
constant. Dr. Robinson concluded with the thought- 
provoking remark : “The kidneys control the volume 
of water inside the cells by excreting water, and the 
volume outside the cells by excreting salt”. a 

Dr. J. R. Elkinton, of Philadelphia, gave the next 
paper, which was on the relationship of water and 
salt. He took his audience into the realms of the. | 
paleochemistry of the earth and its relation to the 
evolution of body fluids. He compared the com: 
position of the extracellular fluids with that of ses: 
water and described the suggestion made more than _ 
fifty years ago that the composition of vertebrate _ 
extracellular fluid is a heritage of the ancient seas in... 
which such organisms first evolved. . He referred to 
Conway's calculations concerning. the. chemical 
evolution of the ocean. As the rain dissolved. the 

















original igneous rock of the Earth’s surface, washing —_ 
the solutes into the sea,.sedimentary rock was _ 
formed by precipitation. In this rock was the potas- 
sium, magnesium and calcium, whereas sodium salts- 
remained in solution in the sea water. Whether the 
mechanisms responsible for depositing potassium in | 
the cell are similar to those involved in depositing it 
in the soil is a matter for speculation, but the fact is. 
clear that. potassium and sodium are distributed _ 
differentially in geochemical as well as in biochemical 
systems. i : Bape 
Dr. Elkinton then. discussed what happened when 
organisms which began life in a salty sea found them- 
selves in a hypotonic medium of fresh-water. They 
had to develop such mechanisms as water-tight skins —__ 
and glomerular kidneys to prevent themselves from 
becoming over-hydrated. If they chose to return'to | 
the hypertonic oceans they were then forced to — 
protect themselves against dehydration, and various 
methods of doing so appeared, such as the physio- 
logical uremia of the elasmobranchs, salt-secreting 
gills and so on. Animals and birds on dry land ° 
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acquired the ability to secrete a hypertonic urme, 
so that they were able to regulate their salt and 
water balance, and hence the composition of the 
internal environment. 

Dr. Elkinton next posed the question, “How does 
the kidney know how much sodium and potassium 
to excrete ?’’, and he mentioned some of the mech- 
anisms, the secretion of aldosterone, for example, 
which are known to play a part, but it is still not 
known what tells the adrenal cortex how much 
aldosterone to secrete. He concluded by describing 
some experiments of his own, In pure dehydration 
the concentrations of sodium and chloride in the serum 
rises, but the excretion of the two ions mm, the urine 
falls, whereas the excretion of potassium mcreases. 
This he interpreted as a conservation of extracellular 
fluid at the expense of intracellular water. In con- 
trast, a deficiency of salt leads to a fall in the con- 
centration of sodium and chloride in the extracellular 
fluids, and to a fall in their volume with a movement 
of water into the cells. 

Dr. E. M. Widdowson opened the afternoon session 
with a paper on ‘Water Equilibrium in Health”. 
She first described the sources of water, from drink, 
from food, and from water of oxidation, and the four 
routes by which water is normally lost—through the 
lungs, the skin, the intestme and the kidneys. A 
healthy person’s kidneys can easily excrete all the 
excess of fluid he or she 1s likely to drink, but a 
shortage of water may be disastrous, and dehydration 
is always due to the losses of water from the body 
exceeding the intake. The losses by the lungs and 
skin go on whatever the supply of water and the state 
of hydration of the body may be ; only the losses by 
the kidneys vary with the intake and the require- 
ment. 

A baby loses more water by all routes than an 

adult in proportion to its body-weight and it there- 
fore needs more fluid. If a man drank as much as a 
baby per pound of body-weight he would have to 
consume two gallons a day. Dr. Widdowson raised 
the question as to which would be able to survive 
longer when deprived of all water, an adult or a 
baby. Conventional teaching suggested that the 
baby would die sooner, but Dr. Widdowson was not 
so sure. 
- The effects of experimental dehydration were 
described, and Dr. Widdowson told the story of ‘The 
Welsh Fasting Gurl’, who was in the news nearly a 
hundred years ago. She was supposed to be able to 
live without any food or water, but when ‘four 
reliable nurses from Guy’s Hospital” were sent to 
watch her night and day to prove or disprove the 
muracle she lived only eight days. Many at the time 
assumed that starvation had been the cause of 
death, but the records clearly pomt to dehydration. 
Dr. Widdowson concluded with a reference to the 
castaway at sea. Records collected from members of 
the Merchant Navy whose ships were sunk during the 
Second World War provide convincing evidence of the 
disastrous effects of drinking sea water. 

The last two speakers handled the problem of the 
metabolism of water in disease. By a series of witty 
little rationalizations, Dr. D. A. K. Black managed 
to exclude salt from his programme and to limit his 
responsibility to water depletion and water intoxica- 
tion. As has happened before, both these departures 
‘from the normal were well characterized experi- 
mentally before they were recognized to be relatively 
common in the wards. Even with water beside ther 
beds patients may take far less than they need if 
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they are comatose, letnargie or simply too weak to 
make the necessary effort. Cisophageal obstruction 
may have the same effect. Sweating and hyperpnea 
may increase the loss and so may various renal 
abnormalities such as diabetes insipidus or, much 
more commonly, an inability to produce a concen- 
trated urme. This can follow potassium deficiency as 
well as the more, classical forms of nephritis. Dr. 
Black then made the pomt that the recognition of 
clinical dehydration demanded considerable funda- 
mental knowledge coupled with a study of the 
patient’s history and his disease. 

Water intoxication remained a clinical rarity for 
many years after its first recognition and description 
by Rowntree in 1922. It has, however, recently been 
accepted as a dangerous feature m the treatment of 
patients who have for some reason ceased to pass 
any urine. Such patients often recover if given time, 
but the temptation to try to improve their chances by 
giving them water in large amounts by mouth must 
be avoided at all costs. Only enough water should be 
given to meet the losses by the lungs and skin, 
and even less than this is desirable because of the 
water which is always being produced inside the 
body by the oxidation of protein, fat and carbo- 
hydrate. 

With years of experience behind her, Dr. Winifred 
Young gave the meeting a masterly exposition on 
the restoration and maintenance of water equilibrium 
in sick children. She went into the question of how 
to decide how much waier and salt ought to be given 
within a few hours of admission to hospital, and then 
passed on to discuss the assessment of the infant’s 
maintenance requirements. She touched upon the 
thorny question of how much, if any, potassium 
should be given mtrevenously, and stressed the 
mmpossibility of getting results back, even from a 
well-equipped laboratory, in time to do more than 
give one confidence, or the reverse, in what one had 
already done. She illustrated this by a vivid deserip- 
tion of a dehydrated child which had been treated 
with too much water and not enough salt in pre- 
paration for an emergency operation. The child 
developed water intoxication, which was recognized 
clinically and treated. The surgeons did their part— 
and all was well. 

A lively discussion followed both the morning and 
afternoon sessions. Dr. W. S. S. Ladell demonstrated 
from his own experience that troops in moderately 
hot climates might lose almost ten litres of water a 
day. Whether to drink sea water or to chew fish if 
cast away m a rubber dinghy received a good deal of 
attention, and questions were answered by Dr. J. R. 
Elkinton, Dr. Q. R. Hervey and the chairman. 

Dr. Windle Taylor, director of Water Examination 
at the Metropolitan Water Board, asked how much 
salt would be permissible in water which was pro- 
vided for a patient on a salt-free diet, and was told 
that in the majority of cases the amount of sodium 
m tap water would not matter. 

Dr. Cicely Williams suggested that in the tropics 
one of the chief causes of malnutrition was often 
gastro-enteritis and dyspepsia, which arose because 
water was not easily available, and the staple food 
was inadequately cooked in insufficient water. 

Other people takmg part in the discussion were 
Prof. J. Yudkin, Dr. R. J. L. Allen, Mr. A. L. 
Bacharach, Dr. D. C. Wilson and Miss D. Hollings- 
worth. 

R. A. McCanon 


E. M. Wippowson . a 
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NEWS and VIEWS, 


Chemistry at Birkbeck College : 
Prof. W. Wardlaw, C.B.E. 
To the very large number of scientists who know 
him personally, it will come as a real surprise that 
Prof. William Wardlaw has reached the age of retire- 
ment. Educatéd at Rutherford College, Newcastle 
upon Tyne, and at the University of Durham, he 
joined the staff of the Department of Chemistry at 
the University of Birmingham after the First World 
War and in 1937 he was appointed professor of 
physical chemistry in the University of London at 
Birkbeck College. For more than forty years Prof. 
Wardlaw has done valuable research in the chemistry 
of the transition metals, especially of molybdenum. 
His studies in structural inorganic chemistry, 
especially in the stereochemistry of metal complexes, 
have been important contributions in the field. His 
recent work on the esters of titanium and other 
elements of Groups IV and V has had important 
influences in the development of modern views on 
the relationship of certain physical properties and 
molecular complexity. Distinguished as a teacher, 
he has also given other unstinted service to his fellow 
chemists and other scientists. During the Second 
World War he was a jomt secretary of the War 
Cabinet Scientific Advisory Committee, and since 
. shortly after the War he has been scientific adviser 
to the Department of Appointments in the Ministry 
of Labour and National Service, where his wise 
counsel has been of great national benefit. He has 
rendered very distinguished service to the Chemical 
Society, being a member of Council during 1934-37, 
honorary secretary 1940-48, and its president m 
1954-56. Likewise he has served the Royal Institute 
of Chemistry. He was on the Institute’s Council 
during 1929-32, and again during 1933-36, was 
an examiner for the Institute from 1936, a censor 
from 1948, and now he is president. He was made 
C.B.E. in 1949. Scientists, especially chemists, 
owe Wardlaw a great deal. Huis shrewd evalua- 
tion of the importance of their relation to the 
community at large explains the active part he 
has taken in the affairs of the British Association. 
He has been secretary of Section B (Chemistry), was 
Section B president at the Belfast meeting in 1952, 
and since 1955 has been a general secretary of the 
Association. In this and other capacities, and 
especially as president of the Royal Institute of 
Chemistry, he will continue his active and beneficial 
participation in the scientific affairs of Brita. 


Dr. W. G. Overend 


Dr. W. G. OvERz=ND has been appointed to succeed 
Prof. William Wardlaw in the chair of chemistry at 
Birkbeck College. Born in 1921, he received his 
early education at the Priory School and at the 
Technical College, Shrewsbury, whence he pro- 
ceeded to the University of Birmingham. He gradu- 
ated with first-class honours m 1944, was awarded 
ius Ph.D. in 1947 and his D.Sc. in 1954. In his first 
researches he was closely associated with the late 
Sir Norman Haworth and Dr. L. F. Wiggins in the 
Colonial Products Research Council’s scheme for the 
utilization of cane suger, specializing in the synthesis 
of heterocyclic compounds of potential pharmaco- 
logical value. He joined the staff of the University 
College, Nottingham, in 1946, and in 1947 he was 
appomted a research chemist with the Dunlop 
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Rubber Company. In 1949 he returned to the 
Chemistry Department of the University of Birmmg- 
ham as a Fellow of the British Rubber Producers’ 
Research Association and later as a lecturer. At 
Birmingham, in collaboration with Prof. M. Stacey, 
he directed a succession of research students engaged. 
on the synthesis of deoxy sugars and on the structure 
and physical chemistry of nucleic acids. He has made 


-notable contributions to the chemistry of anhydrous 


sugars and sugar phosphates. In 1951-52 he was 
associate professor at Pennsylvania State University - 
with Prof. R. Pepinsky. In 1955 he was appointed 
reader in organic chemistry at Birkbeck College, 
where he.has already built up a flourishing Depart- 
ment. At the present time his research interests 
are in conformational analysis and in reaction mech- 
anisms in the carbohydrate group. 

He takes a great deal of interest in extra-mural 
teaching for the Royal Institute of Chemistry and 
for the Society of Chemical Industry. He is a member 
of Council of the latter body. His great industry is 
shown by the fact that already he has more than a 
hundred papers to his credit, published mamly in the 
Journal of the Chemical Society. Mrs. Overend is a 
graduate chemist of the University of Birmmgham 


-and has shared in some of her husband’s researches. 


National Metallurgical Laboratory, Jamshedpur : 
Dr. B. R. Nijhawan 


Dr. B. R. Ninawan has been appointed director 
of the National Metallurgical Laboratory of India 
in succession to Dr. E. H. Bucknall. Dr. Nijhawan 
graduated in metallurgy from Banaras Hindu 
University in 1936 and after two years with the Tata 
Iron and Steel Co., Ltd., was awarded a Federal 
State Scholarship to conduct research work in 
Britain. He proceeded to the University of Sheffield, 
where, for the next four years, he did metallurgical 
research under the supervision of Prof. J. H. Andrew. 
After gaining his Ph.D. degree, Dr. Nijhawan was 
recalled to India as research officer in the Government 
Metallurgical Inspectorate at Tatanagar, in which 
capacity he worked for more than six years. Dr. 
Nijhawan is well acquainted with the work of the 
National Metallurgical Laboratory, for he has taken 
an active part in its affeirs since 1948, when he 
became an assistant director. After five years in 
that post he was promoted -deputy director, and 
since Dr. Bucknall’s resignation about a year ago he 
has been acting director. In 1951, as United Nations 
Fellow, Dr. Nijhawan toured European research 
laboratories and metal production centres. In 1953 
he toured the Commonwealth of Australia as Indian 
delegate to the fifth Empire Mining and Metallurgical 
Congress. Dr. Nijhawan is the author of numerous 
papers on a variety of metallurgical subjects. He is 
a fellow of the Institution of Metallurgists and of the 
National Institute of Sciences of India, 


Wistar Institute of Anatomy and Biology : 
Dr. H. Koprowski 
THE appointment of Dr. Hilary Koprowski as 
director of the Wistar Institute of Anatomy and 
Biology, Philadelphia, is announced. Dr. Koprowski 
received his M.D. degree from the University of 
Warsaw in 1939. In 1940 he went to Brazil as a 
member of the staff of the Yellow Fever Research 
Service which was supported by the Rockefeller 
Foundation, and he remained there for six years. 
Since 1946 Dr. Koprowski has been assistant director 
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of the division of viral and rickettsial research of the 
Lederle Laboratories, American Cyanamid Company. 
In this position he has played an important part m 
the development of attenuated strams of virus suit- 
able for use as virus vaccines. He is particularly 
well known in connexion with the development of 
the Flury strain of chick-embryo adapted rabies 
virus, which is now widely used as a vaccine against 
rabies. Dr. Koprowski was also the pioneer in 
preparing and testing attenuated strains of polio- 
myelitis virus and he has campaigned vigorously for 
the use of live avirulent virus as an immunizmg 
agent agamst poliomyelitis. In addition, Dr. 
Koprowski has worked recently on the appleation 
of the technique of inducing immunological paralysis 
to the problem of the resistance of animals to 
experimental tumour grafts. He plans to contmus 
his researches along similar lines m his new position. 


Commonwealth Fund Fellowships 

Tue Committee of Award of the Commonwealth 
Fund Fellowships has made the following elections, 
among others, for 1957-58. General Fellowships : 
J. F. Adams, Trmity College, Cambridge (mathe- 
matics); B. J. Birch, Trinity College, Cambridge 
(mathematics); J. N. Bradley, Birmmgham (chem- 
istry); J. C. Clarke, King’s College, Durham (nuclear 
engineering); Miss Jean La Fontaine, Newnham 
College, Cambridge (anthropology); J. G. Phillips, 
Liverpool (endocrinology); D. R. Sweetman, Bir- 


mingham (nuclear physics); R. D. Sykes, St. 
John’s College, Cambridge (philosophy); A. M. 
Wetherell, Liverpool (physics); B. R. Wilson, 


Leicester and Leeds (sociology). Home Civil Ser- 
vice Fellowships : H. W. Evans, Mmistry of Labour 
and National Service; Mrs. P. B. M. James, 
Board of Trade; D. N. Rhodes, Department of 
Scientific and Industrial Research ; C. H. E. Warren, 
Ministry of Supply. Oversea Civil Service Fellowships : 
K. ©. W. James, Nigeria (engineering); K. Sargent, 
Kenya (forestry). 


Membership of the Nature Conservancy 

Colonel H. Morrey Salmon and Prof. J. A. Steers, 
of the University of Cambridge, have been appointed 
members of the Nature Conservancy. The vacancies 
have arisen through the retirement of Sir William J. 
Pugh, who remains a member of the Scientific Policy 
Committee, and of Prof. V. C. Wynne Edwards, who 
remains a member of the Scottish Committee and the 
Scientific Policy Committee. Prof. F. W. Shotton, of 
the University of Birmingham, has joined the Com- 
mittee for England in succession to Sir Wilham Pugh. 
Prof. E. W. Knight-Jones, of University College, 
Swansea, and Prof. D. Wuliams, of the Imperial 
College of Science and Technology, London, have 
jomed the Committee for Wales in succession to Mr. J. 
Challinor and Mr. E. H. Chater, who have retired 
from it. There has been no change m the composition 
of the Scottish Committee. 


Institution of Chemical Engineers: Royal Charter 


Tum grant of a Royal Charter of Incorporation to 
the Institution of Chemical Engineers has been 
approved by H.M. the Queen. At the thirty-fifth 
annual corporate meeting of the Institution on 
April 30, the retiring president, Mr. John Oriel, also 
announced that H.R.H. Prince Philip has consented 
to become Royal Patron of the Institution. At the 
meeting the following officers were elected : President, 
Sir Hugh Beaver; Vice-Presidents, Dr. E. H. T. 
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Hoblyn, G. U. Hopton, H. P. Weber and A. 8. 
White; Joint Hon. Secretaries, F. E. Warner and 
R. C. Odams; Hon. Treasurer, F. A. Greene. 


John Wiley and Sons, Inc. 


In 1807, Charles Wiley opened a modest business 
as a publisher—printer—bookseller in Reade Street, 
New York; from this venture grew the present firm 
of John Wiley and Sons, Inc., which is celebrating 
its 150th anniversary this year. To mark the occasion 
æ luncheon was arrarged m London on May 3 by 
Messrs. Chapman and Hall, which have been the 
British representatives of the American house since 
1895 ; those present meluded Mr. E. P. Hamilton 
(chairman), a great-grandson of the founder, and Mr. 
W. Bradford Wiley (president), who represents the 
fifth generation of the family. In connexion with 
the celebration, Messrs. John Wiley have produced 
an illustrated survey of the history of the firm which 
is well worthy of the occasion. Faced with the 
problem of preparing such & record, the first difficulty 
arose from the fact that the founder did not keep 
any records; but b is known from advertisements 
which have survived that the earlier published books 
were mainly literary, Fenmmore Cooper and Washing- 
ton Irvme being among the authors. Charles Wiley 
was succeeded by his son John, who was joined by 
George Putnam, the partnership lasting until 1848. 
Technical books had been published during this 
period, but from the middle of the nineteenth century 
the firm turned more and more to scientific and tech- 
nical publications. John Wiley’s two sons entered the 
business in due course, and the firm received its 
present name. 

The anniversary volume consists principally of 
chapters by various authors, each devoted to a par- 
ticular topic and surveymg briefly Messrs. Wiley’s 
contributions to the literature of the subject: the 
list of subjects alone, covering both pure and applied 
science, wlustrates tke comprehensiveness of the 
firm’s activities—and as the years went by, it 1s 
noteworthy that the appearance of new fields of 
interest were met by appropriate text-books and 
larger works. Of the authors who have been associated 
with Messrs. Wiley, it will be sufficient for the 
scientist to mention J. D. Dana, the second edition 
of whose “System of Mineralogy” was produced m 
1844; Elsworth Huntington, known for his work 
on human geography; L. E. Dickson, who wrote on 
the theory of equations; A. F. Holleman, author of 
“A Text-book of Organic Chemistry” ; and Asa 
C. Chandler, author of “Animal Parasites and Human 
Disease”. John Wiley and Sons have served science 
and technology well m the past, and can look to the 
future with confidence. 


The Irish Naturalists’ Journal 


The Irish Naturalists’ Journal is the only periodical 
published in Ireland which is devoted exclusively to 
natural history. This Journal has been published 
regularly in Belfast sirce 1925 and caters for a wide 
field of interests. It publishes articles on the fauna, 
flora and geology, records new to Ireland, and field 
notes on birds, fishes, insects and plants. Reports 
from various natural history societies are included 
at regular intervals. The current issue is æ special 
Nature protection number, containing an article 
specially written by Michael O’Ruadhain on the 
position of Nature protection in Ireland in 1956 with 
an extensive and useful bibliography. Shorter notes 
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included in this issue discuss the breeding of shelduck 
at Maguligan, the status of the smew, the occurrence 
of a sea-horse off the coast of County Clare, and 
botanical notes. The Journal is published quarterly 
by a committee of naturalists under the editorship 
of Miss M. P. H. Kertland, the annual subscription 
-being 10s. Copies may be obtained from E. L. 
Calvert, Plant Pathology Field Station, New Forge 
Lane, Belfast. 


Use of the National Land Fund 


In the Budget debate ın the House of Commons 
on April 15, Mr. H. Dalton made a number of pro- 
posals regarding the National Land Fund, from 
which the Chancellor of the Exchequer is proposing 
to take £50 million. Mr. Dalton recapitulated the 
use which has been made of the Fund smce it was 
created ten years ago to acquire properties which 
have been placed in the care of the National Trust 
and other suitable bodies; he urged that the Fund 
should be used on a much greater scale to prevent 
the destruction or spoiling of some of the better 
country and similar houses m Britain, and also wide 
areas of beautiful and often mountainous country, 
by placing them in the hands of some body which 
could be trusted to serve national as opposed to 
private interests. Specifically, he urged that the 
Fund should be used to provide the National Parks 
Commission with the finance it needs. The Chancellor 
agreed to study Mr. Dalton’s suggestions, but 
observed that money for such purposes is in general 
best voted in Supply; in his view, it should be on 
the vote of a Minister and debated m the House of 
Commons. 


Thames Basin Archaological Observers Group 

In London, Middlesex, Hertfordshire and Essex a 
group of archæologists, largely amateurs, has been 
formed to examine deposits in the Thames Basin 
area, and thereby to prevent archxological and geo- 
logical knowledge from being lost irrevocably through 
quarrying, building operations and various civil 
engineering projects. Thus, gravels, ‘peats’, river 
terraces, cuttings and other deposits are being 
diligently examined, principally for Stone Age and 
Pleistocene remains. Members of the group have 
already begun sending details of finds, including 
Levallois flakes from near St. Albans, bones of a 
pachyderm from near West Hyde, a pagan Saxon 
spht-socket spearhead from the Cheshunt area, and 
an Acheulean hand-axe of known provenance m the 
possession of @ small boy at Croxley Green. Wherever 
possible, details of finds in private hands are being 
entered on cards. The group arranges lectures and 
outings for its members. Mr. A. D. Lacaille, author 
of the “Stone Age in Scotland” and an authority on 
the Stone Age in the Thames Valley area, has con- 
sented to be honorary adviser to the Thames Basin 
Archeological Observers Group, which has been 
affiliated to Group 10 of the Council for British 
Archxology. It is hoped that geologists, students of 
natural history and others will pass on information 
to the group’s acting recorder, Francis Celoria, 
519a Finchley Road, Hampstead, N.W.3. 


British Conference on Automation and Computa- 
tion l 
Tuar rapid growth of the new industrial techniques 
known as automation, which also comprise com- 
putation, process control and data processing 
generally, and of the many persons likely to be 
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affected by thew application, has given rise to an 
urgent need for the establishment of some central 
organization to afford liaison between all the mter- 
ested institutions. At the invitation of the Institution” 
of Civil Engineers, the Institution of Mechanical 
Engineers and the Institution of Electrical Engin- 
eers, exploratory conferences were held on March 6 
and April 16, as a result of which representatives of 
some twenty organizations with interests in the fields 
of automation and computation, meluding most of 
the major professional engineering and management 
institutes, approved proposals for closer collabora- 
tion, and agreed to recommend them to their Councils 
for adoption. The proposals, if accepted by the 
bodies concerned, will result m the setting up of a 
British Conference. on. Automation and Computation 
which will be organized ın three groups of societies, 
having the following fields of mterest: (A) the 
engineering applications of automation techniques ; 
(B) the development and application of computers, 
automatic controls and programming techniques ; 
(O) the sociological and economic aspects of auto- 
mation and computation procedures. At the ex- 
ploratory conferences there was unanimous agreement 
that the setting up of a new and all-embracing society 
to be concerned with automation is not required, 
but that great advantage to Britain would ensue 
from the measures of collaboration now proposed, it 
being fully recognized that, m the framework of 
automation, the importance of the human side is 
equal to, if not greater than, that of the purely 
technological aspects. All societies and institutions 
interested in the subject will be welcome to sup- 
port the activities of the conference by applying 
for membership of the appropriate group or groups. 
Further mformation can be obtained from the 
Secretary, Institution of Electrical Engineers, Savoy 
Place, W.C.2. 


Society of Indexers 

A NEW Society of Indexers, to encourage the pub- 
lication of indexes, not only to books and periodicals 
but also to documents and archives, to improve the 
standard of indexing and to secure some measure of 
uniformity m technique, was founded at an inaugural 
meeting at the National Book League on March 30. 
The Society is to set up a panel of indexers special- 
izing in various fields, from which authors, editors, 
publishers and others may be furnished with suitable 
names on application. It hopes to issue occasional 
papers and notes on mdexing, and also to act as an 
advisory body on the qualification and remuneration 
of indexers. Membership of the Society is open to all 
bona fide indexers, librarians, cataloguers, archivists 
and others interested in promoting its objects, on 
payment of an annual subscription of two guineas. 
institutional membership is open to non-profit- 
making organizations (two guineas) and other bodies 
(minum of four guimeas). Further details and 
forms of application for membership can be obtained 
from the Hon. Secretary, the Society of Indexers, 
4 Fitzroy Street, London, W.1. 


National Museums of Southern Rhodesia 


THE annual report of the National Museums of 
Southern Rhodesia for 1955 records the activities of 
the National Museum at Bulawayo and the Queen 
Victoria Museum at Salisbury. The most important 
work during the year has been the preparation of 
plans for the new museum building at Bulawayo. 
The report also records that Lieut.-Colonel H. L. 
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Boultbee took up his appointment as keeper of the 
Queen Victoria Museum in November. He states 
that the existing building 1s entirely unsuitable for 
museum purposes and that the only possible solution 
is to rebuild. The problem is fully appreciated by 
the Trustees, and negotiations with the City of 
Salisbury for a site in the new Civic Centre are in 
progress. 


Field Studies Council Courses 


Tur Field Studies Council is to hold a course on 
“Weather and Flght’’ at Preston Montford Field 
Centre, Montford Bridge, near Shrewsbury, during 
July 3-10. This course, which is to be directed by 
Dr. R. S. Scorer, lecturer m meteorology in the 
Imperial College of Science and Technology, Lon- 
don, is designed particularly for pilots of gliders 
and other aircraft to whom observation and inter- 
pretation of weather are of practical importance ; 
but ıt should also be of mterest and value to ornith- 
ologists, entomologists and others concerned with the 
effect of weather on animal flight. Elementary 
meteorology and aerodynamics will form the basis 
of the course, for which a knowledge of advanced 
mathematics 1s not necessary. The emphasis of the 
course is upon observation out of doors, and par- 
ticular attention will be paid to weather photography 
and the recognition of clouds. It is hoped to arrange 
a visit to a gliding club where there will be oppor- 
tunity to take to the arr. 

The Field Studies Council, in association with the 
Royal Meteorological Society, has also arranged a 
Short Vacation Course in Meteorology, to be held at 
Malham Tarn Field Centre, near Settle, Yorkshire, 
during August 21-28. The course will be directed by 
C. D. Ovey, lecturer in geography in the University 
of Cambridge, and by Dr. R. S. Scorer. The emphasis 
will be on practical aspects of meteorology, and 
previous experience is not essential. Forms of 
application and further particulars about the courses 
can. be obtained from the Wardens of the respective 
Field Centres. 


Fishery Research Training Grants 


Tux Development Commissioners, m association 
with the Ministry of Agriculture, Fisheries and Food 
and the Scottish Home Department, are to award 
two-—-or if there are sufficient applicants of excep- 
tional merit three-—-postgraduate training grants m 
fishery research tenable from October, These training 
grants are intended to enable selected candidates to 
undergo a specified course of training to fit them for 
the investigation of problems in marine or fresh- 
water science. The course will not normally enable 
the holder of an award to qualify at the same time 
for a higher degree, but the Commissioners would 
consider applications from candidates for permission 
to register for a higher degree in circumstances where 
this seems likely to be consistent with the require- 
ments of the approved fishery research training pro- 
gramme. The traimng which students will recerve 
should fit them for employment either m the Fishery 
Research Service of the Ministry of Agriculture, 
Fisheries and Food and the Scottish Home Depart- 
ment or in a marine or freshwater biological research 
institution. Candidates must be British subjects and 
graduates with honours in science or possess equiva- 
lent qualifications. Further details and forms of 
application, to be returned by May 27, can be obtamed 
from the Secretary, Development Commussion, 3 
Dean’s Yard, Westminster, London, S.W.1. 
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Zoological Nomenclature 


Tue International Commission on Zoological 
“Nomenclature gives notice thet as from September 
29, 1957, it will start votmg on the followmg cases 
involving the possible use of its plenary powers for 
the purposes specified. Full details were published 
on March 29 in the Bulletin of Zoological Nomenclature 
(13. Double-Part 2/3 and Part 4): (1) Viviparidae 
Gray (J. E.), 1847, validation and counter-proposal 
for suppression of Viviparus Montfort, 1810 (Cl. 
Gastropoda) ; (2) mississyppiensis (omend. of mississt- 
piensis), validation of, as specific name for North 
American alligator (Cl. Reptilia); (3) Muntiacinae 
Pocock, 1923, and Odobenidae Allen (J. A.), 1880, 
validation of for the barking deer and walrus 
respectively (Cl. Mammalia) ; (4) Dictyoploca Jordan, 
1911, validation (Cl. Insecta, Order Lepidoptera) ; 
(5) Staphylinus Linneus, 1758, designation of 
Staphylinus erythropterus (omend of erytropterus) 
Linnæus, 1758, as type species of (Cl. Insecta, Order 
Coleoptera) ; (6) Anopheles Meigen, 1818, designation 
of type species for (CI. Insecta, Order Diptera) ; (7) 
picta Walckenaer, 1802 (Aranea) and Theridium 
(emend. of Theridion) Walckenaer, 1805, validation 
(Cl. Arachnida); (8) Vespertilio murinus Linnzeus, 
1758, type species of Vespertilio Linneus, 1758, 
clarification of mterpretation of (Cl. Mammalia) ; 
.(9) Toxorhynchites Theobald, July 1901, validation 
(Cl. Insecta, Order Diptera); (10) truncatula Bru- 
guère [1792] (Bulla), interpretation of and umbilicata 
Montagu, 1803 (Bulla) validation (Cl. Gastropoda). 
Comments should be sent as soon as possible and 
m duphecate to Francis Hemming, Secretary to the 
Commussion, 28 Park Village East, Regent’s Park, 
London, N.W.1. 


National Institute of Agricultural Botany 


A RECENT issue of the Journal of the National 
Institute of Agricultural Botany (1, No. 3; 1957) 
contams reports on trials of winter wheats, sprmg 
oats, spring barleys, first early potatoes, sugar beet, 
lucerne and winter cauliflower which demonstrate 
how carefully the varieties are studied before recom- 
mendations are made. The question of mmpurities 
in the wheat variety “Yeoman’ is discussed by A. F. 
Kelly, who concludes that during the period 1948-53 
mutation of one or more characters has occurred, 
although out-pollination may be responsible for 
some of the variation. F. L. Squibbs describes the 
characters of 21 varienes of dwarf beans which have 
appeared in British catalogues between 1950 and 
1953, and a key, including 28 varieties previously 
described, incorporates 48 types, with illustrations 
of the seeds of each. The long series of lucerne strain 
trials bring out clearly the fact that yield is influenced 
by season ‘and management more than by variety. 
Nevertheless, two strains of the earlier type 
‘Chartrainvilliers’ and ‘Du Puts’ showed consistent 
superiority in yield snd agronomic behaviour over 
the other strains in these trials. The report records 
that a further edition of ‘Varieties of Potatoes and 
ther Synonyms” has been prepared, and the type- 
script is available for reference in the library of the 
Institute. 


Soils and Manures for Fruit 


For profitable fruict-growimg, the selection of the 
right type of soil is as essential as good management 
and proper manurial treatment. Knowledge of the 
basic nutrient requirements of fruit trees is relatively 
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recent, and extension of fruit-growing to new districts 
continues. The second edition of the Ministry of 
Agriculture Bulletin No. 107, by Prof. T. Wallace, 
now renamed ‘Soils and Manures for Fruit” (pp. 
iv+41+412 plates. London: H.M. Stationery Office, 
1956. 3s. 6d. net), will therefore be welcomed both 
by the established and intending fruit-grower, as it 
brings together for the first time the results of the 
fruit soil surveys carried out in the inter-war years, 
and the accumulated experience of the manurial 
requirements of trees and soft fruits on different soils. 
For the new grower, information is provided both 
regarding the suitability of soils for fruit in general 
and the particular requirements of individual crops. 
Mineral nutrition is dealt with m some detail and 
advice given as to how symptoms of deficiency may 
be recognized and remedied. The two sections on 
manuring consider the subject on a wide basis, 
taking into account the many aspects of orchard 
practice, such as planting and cultural systems and 
time and method of application, as well as the 
special needs of each crop. Photographs illustrating 
symptoms of various mineral deficiencies and un- 
thriftiness due to unsuitable soil conditions add 
considerably to the value of the bulletin. 


The Imperial Forestry Institute, Oxford 


Tue thirty-second annual report of the Imperial 
Forestry Institute for 1955-56 (pp. 28. Oxford: 
Holywell Press, Lid., 1956) gives evidence of con- 
siderable activity in both forestry education and 
research and of the recognition it is receiving from 
other countries. One of the chief features of interest 
was the twelfth Congress of the International Union 
of Forest Research Organizations held at Oxford 
during July 6-14, 1956. Forty-one countries were 
represented by two hundred and thirty-seven dele- 
gates; in addition, five representatives of the Food 
and Agriculture Organization of the United Nations 
attended. For the first tıme in our history, Britain 
is now included, among those countries m which 
scientific forestry is part of the admumistration of 
the State in the mterests of its people and their post- 
erty. Last May the French Director General of 
Eaux et Foréts and a party of his officers, on the 
invitation of the Forestry Commussioners, visited the 
New Forest and other areas in Britam. Under the 
auspices of the Institute, a study tour in western 
England and Scotland was arranged for a party of 
foresters from the Swedish State Forester Training 
School at Skmnskatteberg. 

The number of students at the Institute attending 
the courses throughout the year was forty-eight, of 
which nineteen obtained the forestry degree. Some 
of the students were from the Commonwealth 
and Colonies. India was represented by three forest 
officers, and Pakistan and Ceylon by ‘one each. 
Under arrangements made with the British Council, 
ar professional forester from Finland, two students 
from Burma and two forest officers from Thailand 
spent the year at the Institute. A comprehensive tour 
for those taking courses was carried out in Sweden in 
addition to student’s tours in Britain and France. 
It is of interest that the Institute and Forestry 
Department are takmg an active part m the planting 
of hardwoods, so much neglected in England in the 
past, including the planting of twelve acres of mixed 
hardwoods and conifers in Wytham Woods. This 
primary work of regenerating the large areas of 
open and scrub woodland will contmue for some 
years. ` 
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Research at the Forestry Research Institute, Dehra 

Dun, India 

THE systematic study of the strength properties of 
Indian woods was practically unknown until after 
the First World War and was commenced at the 
Dehra Dun Research Institute in 1921 in accordance 
with certain established standards then oxisting in 
the United States and Canada. Now some 156 
species have been tested, and the, results pub- 
lished in Indian Forest Research. Some further ten 
species are recorded in Indian Forest Research, 1, 
No. 3 (Office of Survey of India, Dehra Dun, 1956). 
The species dealt with are of considerable interest, 
consisting of species of the genera Ougeinia, Chlor- 
oxylon, Cryptomeria, Altingia, Canarium, Myristica, 
Lophopetalum, Anrsoptera, Cinnamomum and Mall- 
otus. The tests undertaken were of greon and 
air-dried material and in kiln-dry condition. 

The Indian Forest Bulletin, No. 197 (1956), on 
cellulose and paper, deals with laboratory experi- 
ments on the production of pulps from twisted chir 
pine (Pinus longifotic). This tree occurs in the 
Punjab, the United Provinces and Kashmir. Rail- 
way sleepers are made from it. In Kumaon in the 
United Provinces the tree has at times a twisted 
grain which renders it unfit for timber. This has 
been long known, such trees having no economic 
importance. ‘The extent of forest covered by such 
trees is unknown. Owing to the waste entailed 
in such trees standing in the forest, it was con- 
sidered desirable to make experiments at the 
Research Institute at Dehra Dun to investigate its 
suitability for wrapping paper, of which such enor- 
mous amounts are used in India. Since the twisted 
chir pine is long-fibred, the effect of the admixture 
of groundwood pulp and bagasse pulp to chir pulp 
on the strength properties of the resulting wrapping 
papers was also studied, the results being described 
in the Bullet. The investigation has shown that 
twisted chir 18 useful fibrous raw material for the 
manufacture of wrapping paper. So a very unex- 
pected use has been found for a previously useless 
and annoying member of the forest. 


Comet Arend—Roland 

Numerous observations of this comet have now 
been reported in Circulars of the International 
Astronomical Union and of the British Astronomical 
Association. It is clear that the comet has come up 
to expectations. It has proved a striking object in a 
dark sky, with a very bright small nucleus and a 
tail more than twenty degrees long. The comet was 
observed by a New Zealand amateur astronomer, 
Dr. J. G. Gow, on April 2, when it was of the second 
magnitude. It was also observed by the New Zealand 
and French Antarctic Expeditions. It was first 
seen from the United Kingdom on the evening 
of Apri 20. Observations by Mr. M. J. Hendrie 
and by Dr. R. L. Waterfield on April 21 agreed 
m indicating a brightness close to zero magnitude, 
as predicted. In addition to the ordinary tail, the 
comet showed an unusual extension, stretching for 
some thirteen degrees towards the Sun. This ‘beard’ 
mcluded a bright long jet. The beard faded rapidly 
as the comet receded from the Sun. Spectrograms 
of the head of the comet obtained at the Hamburg 
and Haute Provence Observatories showed a very 
strong continuum, a strong CN band at 38834A. 
and very strong sodium D lines, - 

Comet ‘Arend—Roland was detected by Dr. J. D. 
Kraus at Ohio State University as a weak radio 
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source on March 10, using for this purpose a frequency 
of 28 Mce./s. Other radio observations have been 
made on the same frequency on later dates. The 
intensity received has fluctuated from day to day, 
attaining a maximum of 5 x 10-*? watts per square 
metre per cycle per second. The source of the radia- 
tion seemed to be m the tail of the comet. Radio 
radiation at a frequency of 600 Mc./s. was detected 
-by Mr. Koeckelenbergh on April 9 at the Humain 
station of the Royal Observatory of Belgium. 
The comet is not expected to remain visible to the 
naked eye beyond the third week in May, and earlier 
in the month observation will be very difficult 
because of moonlight. The comet remains a circum- 
polar object for observers in Britain and it will be 
possible to follow it for some weeks with moderate 
telescopic aid. 


Royal Institution: Officers 

Ar the annual meeting of the members of the 
Royal Institution, which was held on May 1, with 
the president, Lord Brabazon, in the chair, the fol- 
lowing officers were elected: President, Lord Brabazon 
of Tara; Treasurer, Mr. W. E. Schall; Secretary, 
Mr. S. Robson; Managers, Mr. J. F. Coales, Dr. A. 
Clow, Mr. E. R. Davies, Dr. P. Dunsheath, Sir Alfred 
Egerton, Prof. James Greig, Mrs. H. K. Hawkes, 
Prof. A. V. Hil, Brigadier H. E. Hopthrow, Mr. 
L B. W. Jolley, Dr. A. R. Kagan, Dr. L. H. Lampitt, 
Mr. James Lawrie, Dr. H. Lowery, Prof. W. D. 
Wright; Visitors, Mr. W. W. Abson, Mr. H. E. 
Baker, Mr. F. G. Brown, Dr. F. H. Cotton, Sir 
Graham Cunningham, Captain H. L. Hitchins, Miss 
E. H. Jebens, Dr. L. A. Jordan, Mr. G. Parr, Mr. 
J. D. Peattie, the Hon. Philip E. H. Samuel, Mr. 
Neville Shepherd, Miss Daphne Sidebottom, Mr. 
W. R, Stevens, Dr. Norman Stuart. 


Announcements 

Dr. D. MoKr, reader and head of the Department 
of the History and Philosophy of Science in University 
College, London, has been appointed Chevalier de la 
Légion d’ Honneur. 


Tur Duke of Northumberland has been appointed 
charman of the Agricultural Research Council in 
succession to Lord Rothschild, who retires on 
June 30 after ten years service. 


Tux Society of Chemical Industry ints acquired 
new headquarters premises m London at 14 Belgrave 
Square, S.W.1. 


THE Challenger Society 1s prepared to make small 
grants for research in marine biology or oceanography 
at a recognized laboratory during the year June 
1957-June 1958. Applications, accompanied by 
details of the proposed research, should reach the 
Hon. Secretary, Challenger Society, National In- 
stitute of Oceanography, Wormley, ur. Godalming, 
Surrey, not later than May 25, 1957. 


Tus Halley Lecture on Astronomy and Terrestrial 
Magnetism for 1957 will be delivered by Dr. Walter 
Baade, of Mount Wilson and Palomar Observatories, 
ım the lecture theatre of the Physical Chemistry 
Laboratory at the University of Oxford on May 16, 
at p.m. The subject of the lecture will be “Galaxies 
and thew Stellar Populations”. 

Tux Association of Applied Biologists has elected 
the following officers: Dr. W. P. K. Findlay (presi- 
dent); G. G. Samuel (vice-president) ; Dr. I. Thomas 
(president-elect); and new members of Council for 
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1957, P. Aitkenhead, Dr. M. T. Franklin, Dr. A. H. M. 
Kirby and M. E. Solomon. 


TuE International Corresponding Club for Pre- 
ventive and Social Medicine is organizing an inter- 
national study group on ‘Current Epidemiological 
Research”, to be held in Holland during September 
1-6. Sessions will be devoted to cancer and mental ill- 
ness, and one day will be given to a consideration of 
the evaluation of health needs and health services by 
epidemiological research methods. Further details 
can be obtained from Dr. J. Pemberton, Depart- 
ment of Social and Industrial Medicine, University 
of Sheffield. 


Tue British Society of Rheology is organizing a 
conference on “Rheology of Disperse Systems”, to . 
be held at the University College of Swansea on 
September 19 and 20. Contributions are invited for 
this conference, and intending speakers are asked to 
write first to the conference secretary, Mr. C. C. Mill, 
Patra House, Randalls Road, Leatherhead, Surrey. 


Tue International Society of Bioclimatology and 
Biometeorology will hold its first scientific congress 
in Vienna during September 23-27. There will be 
sessions on general, phytological, zoological, human 
and cosmic bioclimatology. ‘Those interested in sub- 
mitting papers or attending the congress should 
write to Dr. S. W. Tromp, Hofbrouckerlaan 54, 
Oegstgeest (Leiden), Holland. 


Tue twelfth Symposium of the Society for Experi- 
mental Biology wul be held in University College, 
London, during September 16-20, the subject being 
“The Buological Replication of Macromolecules”. 
Non-members of the Society may attend on payment 
of a registration fee of two guineas. Further mforma- 
tion can be obtained from the honorary symposium 
secretary, Dr. R. L. Billingham, Department of 
Zoology, University College, Gower Street, London, 
W.C.1. 


A MEETING of the Radiofrequency Sao 
Group is to be held at the University of Southampton 
during September 19-21. The symposium will be 
divided into three main sections on: (1) crystal 
structure analysis by alectron resonance; (2) the 
investigation of free radicals by electron resonance ; 
and (3) atomic and molecular standards of frequency 


-< and time. Further details can be obtained from Dr. 


D. J. E. Ingram, Radiofrequency Spectroscopy Sym- 
posum, The University, Southampton. 


A CONFERENCE on “Automatic Measurement of 
Quality in Process Plants”, organized by the Society 
of Instrument Technology, will be held at the 
University College of Swansea during September 23— 
26. Residential accommodation will be available in 
the College hall of residence, Neuadd Gilbertson. 
The main object of the gathering is to provide an 
opportunity for the users and makers of automatic 
measuring equipment, and those concerned with 
research and developments in this field, to meet and 
discuss their work. Topics to be covered will include: 
Chemical quality: chromatography, mass-spectro- 
graphy, pH measurement, spectroscopy and titration ; 
and Physical quality: density, moisture content, 
refractive index, and viscosity and ‘consistency’. It 
is hoped that the papers will ultimately be published, 
together with discussion submitted in writing after 
the conference. Jnquimes should be addressed to the 
Secretary, Society of Instrument Technology, Ltd., 
20c Queen Anne Street. London, W.1. 
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EAST AFRICAN TRYPANOSOMIASIS RESEARCH ORGANIZATION 
REPORT FOR 1955-56 


EMARKABLE advances in knowledge of try- 
panosomiasis and tsetse flies and in techniques 
for studying them are recorded in the latest report 
of the East African Trypanosomiasis Research 
Orgamization*. It is clear that the data provided by 
the new methods of study are throwing fresh light on 
old problems and revealing subjects for investigation. 
One of the difficulties of tsetse control has been to 
locate the fly. Some species are not attracted to 
. man, such as Glossina pallidipes, and so have been 
difficult to capture, while among those that are 
easily caught only some 10 per cent join in the 
attack, and these are usually males. The use of traps 
has been reinvestigated and the ‘Morris’ trap has 
yielded mmportant results. Fifteen traps caught many 
more G. pallidipes in a day than three boys in one 
hour. The proportion of females trapped was 80 per 
cent—as compared with 25 per cent caught by the 
boys—which is believed to be a near approximation 
to the percentage of females in a normal population. 
Furthermore, trap catches revealed a definite cycle 
of activity with a marked peak, which was not 
evident on hand-catching, and showed that the 
females attacked at different times of the day from 
the males. Investigations are being made into the 
design and use of traps, because siting and manipule- 
tion are proving to be skilled techniques. 

Very imteresting results are being provided by a 
study of tsetse blood meals. “Nearly 1,500 blood 
meals from seven different species of tsetse have been 
examined, the most complete data being from G. 
morsitans and G. swynnertoni. Nearly half the blood 
meals in these species are now found to be from 
wart-hog ; tsetse seldom feed from zebra and harte- 
beest, and rarely from impala even when these were 
abundant. G. morsitans will feed mainly on hippo- 
potamus if this host is available, as. will also G. 
brevipalpis. G. palpalis feeds mainly on reptiles, and 
nine meals tested from G. longipennis were all from 
thimoceros. In the case of G. pallidipes, forty-three 
of fifty-two meals were from bush-buck and none was 
from the buffalo present. It is not clear whether the 
predominance of blood of the Suidae is due to prefer- 
ence on the part of the tsetse or to the ready avail- 
ability of this host. In Zanzibar, G. austeni is found 
to feed only on bush-pig and domestice cattle in spite 
of the presence of small antelope, and elimination of 
the bush-pig, which ıs an agricultural pest, might 
result ın eradication of the fly and the cattle trypano- 
somiasis it carries. Important practical conclusions 
may be expected to follow further studies in this 
field, because the rate at which the fly acquires 
infection must be related to its host preference, and 
this will influence understandmg of epidemiology and 
the proper use of chemo-prophylaxis. 

The results so far obtained may be affected by 
various factors requiring study, including the diffi- 
culty. of capturing recently fed fly. New methods of 
capturmg gorged male and female tsetse have been 
employed and in the first sample caught 86 per cent 
and 87 per cent, respectively, were found to have fed 
on Suidae, whereas previous methods gave 64 per 


* East Africa High Commission can Trypanosomiasis 
Research Organization Annual Rep sort, be Be. Pp. 50. (Nairobi: 
Government inter: 1956.) 7.50 Shs.” 


cent- for males alone. Another interesting finding is 
that when tsetse are maintained in the laboratory it 
is advantageous at intervals to change the sheep on 
which they are fed. The number of feeds taken is 
not affected by the change, but there is a considerable 
increase in larviposition and a reduction in abortions. 
The effect appears to be due to a reaction on the 
part of the host animal and it raises the possibilty 
that in Nature there may be a limit to the number 
of tsetse which one animal host can support. 

Observations made previously at Shinyanga in- 
dicated a ten-year cycle in the prevalence of G. 
swynnertoni. Similar cycles have now been shown to 
oceur in @. morsitans and Q. pallidipes, but they do 
not coincide with that of G. swynnertonii at Shinyanga, 
and the cycle noted m G. pallidipes seems to be of a 
different length. 

Most knowledge concerning tsetses has been the 
result of catches of males, mainly those in the later 
stages of the hunger cycle. It has recently been 
noted that tsetse can be caught resting on trees at a 
distance between 3 and 15 ft. from the ground. A 
new technique is to mark flies with a paint fluoreseng 
in ultra-violet light, which can be used for revealing 
their resting places. Tsetse reaction to atmospheric 
humidity is being studied, and it has been found 
that they are more active m drier atmospheres. It 
was held that they would, therefore, move until they 
reached an environment with a higher humidity. 
Studies of water-loss from adults, however, reveal a 
very efficient system of regulation, and when offered 
a choice the flies moved to drier air, particularly 
from very humid conditions. Field work m the past 
hes been largely confined to the wet season, and the 
flies have been found in exposed but shaded habitats ; 
dry-season studies may reveal a different type of 
resting place. Sense organs of adults and larvæ are 
being investigated, and the larva has been shown to 
possess @ tactile organ anteriorly. 

Research in relation to the trypanosomes has 
lagged behind that on tsetses, and the report indicates 


. ® number of interesting lines of investigation under- 


taken in this sphere. The whole cycle of development 
of the polymorphic trypanosomes is being studied. 
Experiments show that the metacyclc forms in- 
oculated by the fly appear to develop directly into 
the blood forms without passing through any tissue 
phase. Trypanosomes were constantly shown by 
sub-inoculation to be present in the blood of an 
animal from a few minutes after intravenous in- 
oculation of a large dose of metacyclic trypanosomes 
until they were detectable by microscopic exam- 
ination on the fourth day, and this was corroborated 
by other experiments. It has been observed that on 
oceasions Trypanosoma rhodesiense fails to complete 
development m vector flies after reaching the short 
crithidial stage which has been shown to occur 
between the proventriculus and the glands. 

A possible source of error in fly-infection experi- 
ments has now been eliminated ; newly mfected flies 
can be maintained by feeding them on baboons which 
are refractory to all trypanosomes, and these feeds 
do not reduce the incidence of infection in the 
flies. The strain of T. rhodesiense isolated nearly 
twenty-two years ago and since then maintained in 
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sheep by cyclical passage through G. morsitans has 
been proved still infective to man. Cyclically trans- 
mitted and syringe-passaged strains of trypanosomes 
have been shown to differ in their oxygen metabolism. 
These studies are being pursued in the hope of dis- 
tinguishing between T. rhodesiense and T. brucei 
without recourse to human volunteers. The effect of 
cortisone on T, rhodesiense in rats has been investi- 
gated. After a heavy infectmg dose, cortisone 
increased the initial parasitemia, which declined 
about the twelfth day. The animals died more 
rapidly than controls, but death resulted from causes 
other than trypanosomiasis. In more lightly mfected 
rats the incubation period was prolonged and para- 
sitemia remained at a lower level than in controls. 
Cortisone appears to have two effects: an mter- 
ference with the acquired immunity in the host, and 
also an inhibiting effect on the trypanosome. 

The earliest known epidemic of sleeping sickness 
occurred ın 1374 in the Upper Niger and the disease 
spread thence to the French Congo and in 1885 had 
reached Stanley Pool. In 1900 it had invaded Lake 
Tanganyika and Lake Victoria. Its subsequent 
course in Uganda and Tanganyika is being studied. 
One interestmg phenomenon 1s the change from the 
Gambian to the Rhodesian type of infection which 
occurred in Uganda between 1901 and 1940. The 
latter infection is now spreading slowly into Kenya, 
replacing T. gambiense. An animal reservoir of T. 
rhodesiense m wild game has been postulated by 
some authorities on epidemiological grounds. This 
has never been proved, and ıb 1s now bemg investi- 
gated by testing the infectivity to man of polymorphic 
trypanosomes collected from shot animals. 

This brief résumé of the more importent results of 
the year’s work shows that the new methods of 
investigation are providing maproved data which 
explain tsetse behaviour and will lead to better 
understanding of the fly and more efficient control. 
Studies of the trypanosome are not so far advanced, 
but gaps in knowledge of their development are being 
filled and methods are bemg investigated for drffer- 
entiating trypanosomes, particularly the polymorphic 
species. These are achievements on which the 
Director and huis staff are to be congratulated. 

T. H. Davey 


No. 4567 


CARNEGIE UNITED KINGDOM 
TRUST 


REPORT FOR 1956 


HE forty-third annual report* of the Carnegie 

United Kingdom Trust for 1956 refers to the 
disappomtment of hopes entertained a year ago of 
some response by the Government to the Museums 
Association’s efforts to attract assistance for the 
smaller museums of Britain. The Association 
did not accept the Government’s view that there 
were imsufficient grounds for providmg financial 
assistance from the Exchequer and that museums 
and galleries should look to the local authorities. 
The 'lrust reiterates the hope that the Association 
will be able to convince the Government of its 
responsibility in regard to saving a vitel national 
heritage. The Trust 18 convinced that the mere 


* Carnegie United Kingdom Trust. 43rd Annual Report, 1956. Pp. 
vin+53. (Dunfermline: Carnegie United Kingdom ‘Trust, 1957.) 
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location of a specimen of historical significance in any 
field of science or technology or of a work of art does 
not determine its value or umportance m the cultural 
life of the nation, nor, m spite of the enlightened 
action of Durham County Council m acceptmg 
responsibility for the Bowes Museum at Barnard 
Castle, does it suggest that ıb 1s the normal function 
of a local education authority to acquire and 
admimister a museum. Sir George Dyson, the chair- 
man of the Trust, was even more forthright on this 
question of museums in askmg, at a meeting of 
the Trust in Dunfermline on March 8, for a compre- 
hensive and sympathetic examination of all relevant 
factors and for a broad national policy supported by 
adequate resources. During the year, twenty-three 
museums took advantege of the report service under. 
the Trust’s present policy to obtam grants totallmg 


' £4,849, while eleven museums completed their 


schemes of reorgamzation with the aid of earlier 
grants. Travel grants enabled thirteen junior mem- 
bers of the museum profession to attend the Museums 
Association Conference m Holland. 

The Trusts largest new commitment is a policy 
of making grants-in-aid to re-equip pre-war village 
halls, under which an allocation of £100,000 is expected. 
to be distributed durmg the present qumquennium. 
For approved schemes, grants up to three-quarters 
of the cost will be made to villages of less than 500 
people, and up to half the cost for larger villages up 
to 1,000 people, with a lmit of £200 for any one 
scheme and assurance of a matchmg local contribu- 
tion. A sum of £26,000 has been set aside for 
distribution in grants towards the cost of building 
new halls when a scheme for Hire, where public funds 
for this purpose are not available to the same extent, 
has been approved. Grants were made during the 
year towards the installation of film projectors for 
Fair Isle and the islend of Foula and a sum of 
£2,500 has been set aside for projector grants to be 
distributed in consultation with the Highlands and 
Islands Film Guild. 

A grant of £1,000 was promised towards a survey 
of rural industries in Northern Ireland, and the 
mquiry mto the problems of families with handi- 
capped children, approved last year, has now begun 
with teams in Shropshire, Sheffield and Glasgow. 
The Glasgow Society of Social Service was promised 
a grant of £8,000 for a small building to serve as a 
branch office in Drumshapel and towards adminis- 
tration for five years, and a further commitment of 
up to £8,000 was accepted to assist the National 
Association for the Paralysed’s scheme to demon- 
strate the service which the State might provide for 
such young people. A supplementary grant of £6,500 
was made to the Brentwood Recuperative Centre for 
Young Mothers, and another supplementary grant of 
£2,000 to the Famuy Discussion Bureau has enabled 
the Bureau to develep into an organization for 
helping those in difficulty with family relationships. 
The Trust’s only financial interest m the Family 
Service Units during 1956, apart from a final grant 
to the research project, was m the trammg, of social 
workers in this technique. 

In education the Trust has been considermg a 
policy of grants-in-aid of amateurs interested in those 
branches of science best studied m the countryside, 
and hopes to prepare a scheme which will take 
account of the local, regional and national societies 
for natural history and archzology to which amateur 
scientists belong. Promising progress is reported 
with plannmg a scheme for one of the national 
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to make some contribution to its amenity so that 
more people may be encouraged to discover, enjoy 
and understand the benefits and privileges of such 
an area. A very encouraging report was received 
from the London School of Economics on the second 
year of the one-year course in applied social studies. 


HEALTH OF SCHOOL CHILDREN* 


eae improvement in the health of school 
children in Britam ıs recorded in the report of 
the Chief Medical Officer of the Ministry of Education 
for 1954 and 1955. In 1955, for example, only 
1-46 per cent of school children were considered to 
be in poor physical condition comparéd- with 2-55 per 
cent as recently as 1952. In<1954,.21,000 London 
children were weighed and measured, and it was 
found that, since 1949, boys of all ages had gained 
on the average 0:59 in. in height and 3-3 Ib. in 
weight, while the girls had gained 0-39 m. in height 
and 2-2 Jb. in weight; the marked differences 
between the measurements of children in different 
districts of London noted in earlier surveys had 
“largely disappeared”. 

In Sheffield, on the other hand, there was still a 
progressive diminution in the heights and weights of 
boys and girls from “good” to “medium”, and from 
“medium” to “poor”, districts. 

_ A 20 per cent sample of boys and girls of all age- 
groups in two contrasting areas m Manchester was 
specially examined in 1955, and it was discovered 
that those from a good residential area had a higher 
heemoglobin-level than those from a poor area where 
housing was substandard. ‘There is evidence that 
children who nowadays are considered to be of poor 
condition are, in fact, heavier and taller than their 
predecessors of 25-30 years ago. In Liverpool, for 
example, the average weight of 12-year-old boys of 
poor physical condition was 78:1 lb. in the years 
“1953-55 compared with 70-7 Ib. in the period 1925- 
27; for 8-year-old boys the average weights were 
56 Ib. and 60-9 lb., and for 5-year-old boys 41 Ib. 
and 40-3 Ib. The figures for the girls were broadly 
sunilar. Another interesting fndimg ın Liverpool was 
that the average weights of 8- and 12-year-old boys 
and girls considered to be of good physical state in 
1925-27 were less than those of boys and girls of 
similar age but considered to be of poor physical 
condition in 1953-55. For the overwhelming majority 
of children, under-nutrition 1s no longer a problem. 

Considerable attention was given to children with 
defective hearing. Audiometry is bemg used in- 
creasingly, and the pure-tone mstrument 1s displacing 
the gramophone and audiometer ın aural examina- 
tions. It is, however, exceptional for school children 
tested with an audiometer to be found for the first 
time with hearmg so defective that they require 
education in a special school. In view of this, some 
doctors are doubtful of the value of the routine 
audiometric examination of children in age-groups 
and are considermg reserving this form of examina- 
tion for children with speech defect, for those with a 
history of ear disease, or for those who are not making 
satisfactory educational progress. Other doctors are 
of the opmion that audiometry has been used for 

* The Health of the School Child: Report of the Chief Medical 


Officer of the Ministry of Education for the years 1954 and 1955, 
Pp. 187. (London: H.M. Stationery Office, 1956.) 6s. net. 
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too short a period to come to firm conelusions about 
how it should be used by the school health service, 
and that its main purpose may be the detection not 
of children in need of special educational treatment 
but of those with slight deafness who may be 
improved by medical or surgical treatment. 

About half a million school children with defective 
vision, including squint, were dealt with in 1955. 
Special investigations have shown that about 3 per 
cent of 5-year-old children require spectacles, and 
the Chief Medical Officer recommends that the vision 
of children should be tested as soon as possible afte 
they first enter school. : 

The decrease in juvenile rheumatism has been 
remarkable and is reflected in the reduction in the 
number of children with rheumatic heart disease in 
special schools. There are still, however, local 
fluctuations in prevalence ; from experience m areas 
where the disease is compulsorily notifiable it is 
probable that in England and Wales there are about 
2,000 new cases a year, only a small minority of 
whom are left with a permanently damaged heart. 

Bed-wetting among school children has interested 
a number of school doctors for many years and in a 
few areas special clinics are held for them. It has 
been found that about 2 per cent of 12- to 13-year- 
old children still wet the bed at night. Apart from 
its social consequences, bed-wetting 1s distressing to 
children: they and their parents need all the help and 
encouragement that the school health service can give. 

For the first time in the history of the school 
dental service, the total equivalent of whole-time 
dentists employed in it exceeded 1,000; at least 
twice that number is required for a complete service. 

There were more than 130,000 fewer verminous 
children in 1955 than in 1950; even go, it 1s deplor- 
able that 267,681 boys and girls were mfested in 
1955. In some areas only a handful of children were 
affected, whereas m others 15 per cent or more were 
involved. This is, essentially, a family problem. 

The mortality of children continued to decline. In 
1955, 2,753 children aged 5-14 years died; in 1938 
the number was 9,047. In the past few years there 
has been a spectacular reduction in the number of 
deaths from some of the diseases that used to kill 
@ great many children. Compared with 1938, for 
example, the number of children aged 5-14 years 
who died m 1955 from respiratory tuberculosis fell 
from 277 to 11, from other forms of tuberculosis from 
693 to 43, and for diphtheria from 1,733 to 6. In 
grim contrast, however, are the figures showimg the 
number of children dying as the result of accidents : 
in 1955, 404 died in motor-vehicle accidents and 485 
in other accidents. Almost twice as many children 
aged 5-14 years now die annually from violence as 
die from all the infectious and respiratory diseases 
put together. To these figures must be added those 
for children under 5 years of age: in 1955, 209 died 
in motor-vehicle accidents and §79 m other accidents. 
Since accidents are preventable, it is deplorable that, 
in 1955, 2,000 boys and girls of less than 15 years of 
age died from this cause. 

A new factor with which school medical officers 
have had to contend is the effect of television on 
child health. Several ophthalmologists reported upon 
the number of children attendimg eye clinics com- 
plamimng of headaches. Although thew vision’ was 
described as normal, investigation showed that they 
had been watching television when sittmg on the 
floor, looking at the screen from an angle and sitting 
much too near the screen. i 
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To combat television headache ıt is recommended 
that “children should sit not less than 6 feet away 
from the sereen, which should be a little above eye 
level, and as nearly as possible directly m front. A 
low light should be kept on, placed behind, or'to the 
side of the viewers, to reduce the glare produced 
which is so tirmg to the eyes”. 


-THE MAGNETIC MOMENT OF 
THE NEUTRON 


NEW measurement of the magnetic moment 

of the neutron to & greater precision than 
before has recently been performed by V. W. Cohen, 
N. R. Corngold and N. F. Ramsey (Phys. Rev., 104, 
283 ; 1956). Of the simpler nucle: and nucleons, the 
neutron is the one the magnetic moment of which 
has been measured with least precision. The general 
method used in the past by Bloch and co-workers 
employed the reorientation of the moments in a 
beam of polarized neutrons by an alternatmg mag- 
netic field in resonance with the Larmor frequency of 
precession of the neutrons in a superimposed uniform 
magnetic field, but the accuracy was lumited by the 
degree of polarization of the neutrons attainable by 
transmission through magnetized iron, the low 
neutron flux and the short path of the neutrons in 
the magnetic field. 

In 1950, N. F. Ramsey showed (Phys. Rev., 78, 
695) that the separated oscillatory field method of 
observation of resonance in a beam of magnetic 
particles produces & very narrow resonance line, thus 
permitting a precise measurement of the position of 
its centre, and in the followmg year D. J. Hughes 
and M. T. Burgy (Phys. Rev., 81, 498; 1951) dis- 
covered that neutrons reflected from cobalt mirrors 
magnetized to saturation are polarized to well over 
90 per cent. These new developments -have been 
incorporated in Cohen, Corngold and Ramsey’s 
apparatus. A. beam of slow neutrons obtamed from 
the Brookhaven National Laboratory reactor was 
polarized by reflexion from a magnetized cobalt 
mirror and then reflected from a simular mirror used 
as an analyser. Between the two mirrors the neutrons 
pass through a region of uniform magnetic field 
where they may be depolarized by a resonant radio- 
frequency magnetic field, thus resulting in a drop in 
intensity of the neutrons reflected from the second 
mirror. The resonant frequency for depolarization is 
compared with the proton moment resonant fre- 
quency in the same transition region. For high 
resolution of the neutron resonance the path-length 
of the neutrons in the uniform magnetic field was 
made 110 cm. 

Full details of the apparatus together with the 
experimental procedure and the results obtained are 
given. The measured ratio of neutron and proton 
resonant frequencies was va/vp = 0:685057 + 
0-000017, which may be compared with the last 
published value by Bloch of 0-685001 + 0-000030. 
This leads to a value for the neutron magnetic 
moment of un = —1-913148 + 0-000066 nuclear 
magnetons. It-is clear from the discussion that the 
neutron resonance measurement is more precise than 
that for the proton; some indication is also given of 
how, with improvement of technique, the ratio of 
neutron to proton moment may eventually be 
measured with an accuracy better than one part 
in a million. 
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MICROCLIMATE OF THE AFRICAN 
SAVANNA 


HE hterature on the climate of the lowest layers 

of the atmosphere in the tropical grassland 
regions is small. A notsble contribution has, however, 
been made in the publication of the report ‘“Explor- 
ation du Pare National de la Garamba”* by A. 
Noirfalise, of the Institut des Parcs Nationaux du 
Congo Belge. The area described lies in the extreme 
north-east of the Belgian Congo in latitude 4° N. on 
the border of the Sudan. It is in the savanna country 
of extensive grasslands varied by clumps of bush and 
scattered trees, with forests of larger trees along the 
river valleys. The paper describes first the maoro- 
climate. The:months from December to February 
constitute the.“dry.-hos season. There are rainfall 
maxima in May.and:August as the sun passes over, 
but the intervening “dip in the rainfall variation is 
not very pronounced. In the dry season, temperature 
in the screen rises to 38° C. by day and falls to 15° C. 
at night, while in the cloudy ramy season the cor- 
responding temperatures are 23° C. and 17° O. The 
relative humidity falls below 30 per cent at midday 
in the dry season, but to only about 60 per cent in 
the wet season. During the night it is more than 80 
per cent throughout tae year. 

The most interesting part of the book deals with 
the microclimate of the great grasslands. In the first 
half of the rainy season when the grass has a height 
of 40-90 cm. the presence of the grass makes little 
difference to the temperature of the surface under 
the midday sun. ‘The temperature at midday 
increases slowly downwards to about 5 cm. above the 
soul where the temperature 1s about 2 deg. C. above 
screen temperature. Between 5 cm. and the surface, 
temperature rises by about 10 deg. C. to give surface 
maxima of about 42° ©. This is.the same as the 
temperature reached by a grass-covered surface on a 
clear midsummer day in England. As the rainy 
season goes on, the grass grows more thickly and 
exercises a pronounced shading effect on the soil. 
This is illustrated by comparative curves of the 
vertical distribution of temperature over a bare and 
@ grassy surface on a clear day in August 1952. 
Over the bare surface the distribution was as de- 
scribed before, with a surface maximum of 45°C. On 
the other hand, over the surface covered by thick 
grass the maximum temperature, 32° C., occurred at 
10 cm. above the surface and the surface temperature 
was only about 27° C. ‘There are large patches, 
ancient termitiaries now levelled, of bare soil m the 
savanna and the extremely high temperature which 
they reach tends to prevent the growth of grass over 
them. The thick grass of the rainy season has also 
a strong sheltering effect on the surface durmg rain- 
fall, as the catch of a gauge at 20 cm. is reduced by 
some 60 per cent fram that of a gauge clear of 
grass. 

The paper also describes the microclimate under 
clumps of shrubs and trees in the savanna and m the 
forests which still exist along the rivers. The vege- 
tation produces a smoothing of the diurnal variation 
of température m proportion to its density. Under 
the dense riverside forests there ıs very little variation 
indeed. 

* Institut des Parcs Nationaux du Congo Belge. Exploration du 
Pare National de la Garamba. Fascicule 6: Le Milieu Climatique. 


Par Albert Noirfalise. Pp. 75. (Bruxelles: Institut des Parcs Nation- 
aux du Congo Belge, 1956.) 
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THE QUESTION OF CORRELATION BETWEEN PHOTONS IN 
COHERENT BEAMS OF LIGHT 


By Dr. PETER FELLGETT 
The Observatories, Madingley Road, Cambridge 


T seems appropriate to begin with two general 
remarks. In the first place, an elementary cal- 
culation shows, as has been pointed out by Hanbury 
Brown and Twiss! and by Purcell, that the experi- 
ments of Brannen and Ferguson? and of Adam, 
Jénossy and Varga‘ lacked the sensitivity required 
to detect the correlation claimed to have been 
observed by Hanbury Brown and Twiss*s*; con- 
sequently the negative results do not conflict with 
the reality of the effect observed. Secondly, photon 
correlations of the kind involved are well known in 
the theory of fluctuation of radiation’. 

Historically, Hanbury Brown and Twiss’s experi- 
ment arose from the desire for very high angular 
resolution in radio astronomy at a time when it was 
supposed that the bright discrete radio sources were 
of stellar size. In all kinds of radio (and indeed 
visual) telescope, angular resolution is obtamed 
essentially by measuring the degree of coherence of 
the illumination from the source as a function of 
distance in the approximate plane of the wave-fronts. 
The angular brightness distribution ıs then the 
Fourier transform of this coherence. High resolution 
demands a knowledge of coherence over a large 
number of wave-lengths. 

Hanbury Brown and Twiss pomted out® that if the 
. radio-frequency fields at two antenne are coherent, 
there will also be coherence between rectified ‘video’ 
signals of limited band-width derived from the two 
antennz, and that in this way coherence could be 
investigated over much longer base-lines (much 
greater than 1 km.) than can conveniently be done 
by ordinary radio-frequency mterferometry. This 
method having served its purpose of confirming® that 
the discrete radio sources in question were not in 
fact of very small angular subtense, it has since been 
little used in radio astronomy because its signal-to- 
noise relations make it suitable only for the most 
intense sources. 

They also pointed out that masmuch as the 
antennas are used only as energy detectors without 
mvoking their phase-sensitive properties, the same 
method could in principle succeed when the antennæ 
are replaced by photocells and visible radiation 1s 
observed; the required correlation is, however, 
masked in this case by a large amount of ‘shot’ noise 
which may be ascribed to the random rate of arrival 
of photons. Thus the Hanbury Brown and Twiss 
experiment‘»*, like that of Forrester, Gudmundsen 
and Johnson!*, belongs to the class in which an effect 
dependent on the ‘wave’ properties of light is observed 
in circumstances where the ‘particle’ properties pre- 
dominate, and therefore a refined experimental 
method is necessary to detect the effect sought for. 
As Gabor has pointed out, wave properties are 
predominant when there are on average many 
photons per Bose cell, and particle properties when 
few cells are occupied by more than one photon. 

The presence of correlation between the emission 
at two photocells can readily be understood in a 

semi-elassical way. The square of the electric vector 


ascribed to a light beam varies m a random manner, 
and it is assumed that the probability of emission of 
a photoelectron ıs proportional to this quantity. If 
therefore in some time interval ¢ an unusually large 
(say) number of electrons is emitted by one cell, a 
presumption is created that the mean square electric 
vector at this cell has been unusually large. If a 
second cell is subject to illumination coherent with 
that at the first, the same presumption applies to the 
second cell and hence the probability is enhanced 
that an unusually large number of electrons is 
emitted by this cell in the interval ż. 

This point of view illustrates that correlation may 
arise in an elementary way due to accidental fluctua- 
tions in the brightness of the source, or in the refrac- 
tion of the air in the light-path (‘seeing’), as well as 
in a more fundamental way from quantum effects. 
Hanbury Brown and Twiss have not perhaps com- 
pletely excluded the possibility of such elementary 
effects in their experiments, although the case for 
considering their observed correlation to be funda- 
mental is a strong one. The proposed astronomical 
application of their work would not be vitiated by 
the presence of non-fundamental correlation of some 
kinds. 

Hanbury Brown and Twiss base their formule on 
the assumption, which will be referred to here as the 
‘semi-classical assumption’, that photons ‘arrive’ at 
random, subject to the probability of their arrival 
being proportional to the square of an electric vector 
which itself has a Gaussian probability distribution 
of amplitude. This assumption is a natural one to 
make when the question is approached from a radio 
point of view, and it is known to be very successful 
m predicting mean behaviour; but I wish to point 
out that it is inadequate to predict fluctuations in 
general, and that in certain cases it apparently con- 
flicts with arguments of a thermodynamic nature. 
What, in my opinion, is in question in the Hanbury 
Brown and Twiss experiment is not the reality of the 
effect, but the magnitude of the effect to be expected 
on theoretical grounds. 

To show the madequacy of the semi-classical 
assumption by itself, it ıs only necessary to point out 
that an identical assumption is equally successful in 
predicting the mean behaviour of electrons, but that 
the fluctuation-level of an assembly of fermions 
differs from that of an assembly of bosons. It may 
also be remembered that the electric vector is not 
an observable in optics, and that photons are not 
identifiable entities which can be observed travelling 
from source to receiver ; semi-classical ideas, in fact, 
do not include the totality of our knowledge about 
the properties of radiation, and there is precedent for 
@ more subtle theory being needed to predict fluctus- 
tions than suffices for mean values. Purcell? uses 
semi-classical methods with reserve, and in particular 
by saying that we would not be entitled to treat the 
wave function as a classical field in the case of elec- 
trons, he implies that justification is required for so 
treating ıb in the case of photons; we must ask in 
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what way both cases differ from that of ‘classical’ 
-distinguishable particles associated with a probability 
wave, 
The usual formula’ for the fluctuation in the 
density n of photons in a temperature enclosure is : 


An? =n (1 +F) = (1) 


where N = 8ry?/c" is the density of Bose distinguish- 
ability cells, c is velocity of of light and v is wave 
ency. The first term An? = n can be regarded 
lassical ‘particle’ noise, and the second term 
= n/N can be interpreted either as classical 
‘wave’ noise or as a statistical tendency of bosons to 
bunch together. Lewis'* used this result to derive 
_ the fluctuation in the number m of photons absorbed 
iby a black body i inan enclosure, and found : 








Don? = mQ + S) (2) 
Using the Einstein-Fowler formula" : 
OE E e 
AE = kT ar (3) 


for the fluctuation. in the energy E of a body at 
temperature T, Clark, Jones and Fellgett found 
the corresponding fluctuation for the number m of 
photons absorbed by a body of emissivity s in an 
enclosure to be: — 


m 2nd vê aN 
Amia E A TN/ (4) 


=z ml -+ z) 


where k is a Boltzmann constant, h is a Planck con- 
stant, A is area of a body. 

For a black body, this result agrees with equation 
2. On. the semi-classical assumption that the photons 
absorbed in the general case are a randomly-selected 
fraction. = of a stream obeying equation 2, one 
obtains : 


(4a) 


INFRA- SLOW RHYTHMIC OSCILLATIONS OF THE STEADY 
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which differs from equation 4 unless s= 1. If 
equation 4 is not valid, then unless there is an 
undetected mistake in the arguments used to derive 
this equation it follows that equation 3 is also not 
obeyed. By connecting @ thermo-junction to a grey 
body which exchanges heat with its surroundings 
partly by radiation, it would. then be possible to 
obtain available energy from a constant-temperature 
enclosure at a rate of the order of &T per unit band- 
width. Whether this is regarded as impossible is 
perhaps a matter of point of view; but it appears 
physically very unpalatable ‘and would, of course, 
raise the question why equation 3 should fail in this 
particular instance. 

In view of these difficulties, it seems that the 
formule purporting to predict fluctuations outside 
a cavity cannot be considered. to be well founded. 
(This does not, of course, exclude the possibility that 
they may eventually prove correct.) Elementary 
methods may not. be adequate to solve the problem, 
but one would guess that an adequate quantum- 
mechanical treatment has been, or could be, made. 
If this is so, it would be of service if attention could 
be directed to the result, as it does not appear to be 
well known in a form suitable for applications, and 





apart from its intrinsic interest the matter is of some. 


importance in connexion with: the. noise-level of” 
radiation detectors. 


1 Hanbury Brown, R., and Twiss, R. Q., Nature, 178, 1447 (1956). 

> Purcell, E. M., Nature, 178, 1449 (1956). 
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POTENTIAL OF THE CEREBRAL CORTEX 
By N. A. ALADJALOVA 


Institute of Biophysics, Academy of Science of the U.S.S.R., Moscow 


TEADY potential differences can be observed 
between every two of several cerebral cortical 
loci and is found to be in some correlation with the 
electrical activity of the cortical neurones. ‘The 
steady potential does not remain quite constant, 
depending upon the condition of the cortex*, and it 
is referred to as quasi-constant. 
We have shown previously* that the value of the 
steady potential of the cerebral cortex in certain con- 
ditions suffers continuous slow periodic oscillations. 


Iwo general rhythms were observed : the period of- 


one is equal to 7-9 see. and the amplitude to 0-2-1 
mV: (Fig. 1); corresponding parameters of the other 





are: 1-1-5 min. and 1-2 mV. (Fig. 2). According to 
this, the frequencies of the steady potential varia- 
tions are: 6-8 eyeles per min. and 0-5-2 eyeles per 
min. In certain cases intermediate frequencies may 
also be observed. We denoted these rhythms as 
‘infra-slow’ in order to distinguish them from the 
‘slow wave’ of the electrocorticogram. 

Eighty-four unanesthetized rabbits with implanted, 
electrodes were examined. The electrodes generally” 
used were silver plates 4 mm. in diameter and about 
6 mm. between their centres. Four electrodes were 


implanted on the surface of each hemisphere, two in 


the frontal and two in the occipital area. 
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‘ig. 1. The infra-slow rhythms: 1 
irritation of t 


infra-slow wave. Bipolar electrodes were used 


In most cases the infra-slow rhythms were observed 
only in one or two areas of the cortex. While the 
7-9 ¢./min. rhythm was noticed, for example, at the 
frontal area of one hemisphere, the 1—2 c./min. rhythm 
could be recorded from the occipital area of one of 
the hemispheres. In some cases only one rhythm was 
observed. The parameters of the infra-slow waves in 
both hemispheres (two-channel record) were not 
.... identical and their phases did not coincide. 

- It should be noticed that the patterns of the 
infra-slow waves were not always regular and dis- 
tinctive. In these cases the regularity, the frequency 
and the amplitude of the infra-slow oscillations could 
be increased by certain external influences. The fol- 
lowing intensifying factors were used : (1) metabolic 
disturbance*4, such as poisoning, or a prolonged 
asphyxia, repeated several times®, and others; 
(2) prolonged irritation of some subcortical struc- 
tures; (3) prolonged afferent stimulation (illumina- 
tion of retina by flickering light, stimulation of 
n. sciatic, n. vagus). 

Fig. 3 a, b illustrates the increasing of the fre- 
quency and amplitude of infra-slow rhythmical 
potential. variations resulting from injection of 
strychnine. Instead of the irregular 5 c./min. rhythm 
(a), the 11 ¢./min. rhythm appeared (b). In this 
case a subcutaneous injection (0-4 mgm. per kgm.) 

‘was given three times during a week. 

The records taken from the frontal area (Fig. 4 
a, b) show that the regular infra-slow 8 ¢./min. 
rhythm can be obtained after a prolonged (one week) 
mechanical irritation of one region of the hypo- 
thalamus by the nichrome needle of about 0-3 mm. 
in diameter. The insertion of the needle only to the 
lateral nuclei of the thalamus does not produce 
such an effect. 

In most cases the, prolonged influence was neces- 
sary to obtain the regular rhythm increased in fre- 
quency. For example, brief asphyxia on one occasion 
changes the patterns of the electrocorticogram but 
dees not affect the infra-slow waves. When it is 
repeated several times, asphyxia produces the regular 
infra-slow oscillations with. great amplitude which 
are maintained for a long time after cessation of 
asphyxia. 

‘The frequency and amplitude of infra-slow potential 
variations may be decreased in experiments by 

„ several kinds of external influences. (1) Complete 
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3 8 c/min. in motor cortex; 2, 1-7 c./min. in striate 
cortex; 3 a,b, before and after strychnine poisoning; 4 a,b, before and after a prolonged 

he region of hypothalamus ; 5 a,b, before and in two hours after the injection 
of luminal; 6a, from the superficial layer of the sensory cortex, and b, from the depth 
1-2 mm, (recorded by means of non-polarizable microelectrodes); 7, the speed of record 
and amplification is increased; the bursts are correlated with the rising phase of the 
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disappearance of the infra-slow 

rhythm was observed curing a deep 

ether anesthesia. (2) The infra- 

slow rhythm became invisible after 

a strong electrical stimulation of the 

cerebral cortex’; it did not appear 

for 20-36 min, after the spon- 

taneous activity of the cortex had 

become normal. (3) The infra-slow 

rhythms of decreased frequency 

and amplitude were observed dur. ` 
ing luminal sleep (Fig. 5 a, 6). In| 
two hours after subcutaneous in- 

jection of luminal (100 mgm. per 
kgm.) the frequency had decreased. 
from 8 c/min. (a) to 3 ¢./min.”. 
ib}. 

The parameters of infra-slow 
rhythms vary not only in different 
areas of the cortex, but also in 
different layers of the cortex. The 
infra-slow waves have been analysed 
throughout measured depths in 
the cortex by means of non-polarizable microelec- 
trodes® in rabbits immobilized by d-tubocurarine. In 
most cases the frequency was higher in the super- 
ficial layers of the sensory cortex (I-IV layers) 
(Fig. 6a) than in deep-lying layers (V-VI) (Fig. 
6 6). 

There is a relationship between the phase of the: 
infra-slow wave of the steady potential and the _ 
patterns of the olectrocorticogram’, especially when _ 
spindle bursts appear. The intense burst activity 
takes place in the moment when the front (rostral): 
end of the hemisphere is negative relative to. the ` 
back (caudal) end. This is illustrated by the records 
of Fig. 7; amplification having been increased, the 
fast electrical activity superposed upon the infra-slow. 
wave Is seen. 

Nevertheless, we have encountered many situa- 
tions in which there has been no correlation between 
the observed steady potential wave and the patterns. .. 
of the electrocorticogram. We are sceptical of any- 
simple relation between steady potential state and’. 
the activity of neurones. 

In order to examine the relationship between the © 
infra-slow rhythms and the excitability of the cortex, . 
some experiments were carried out with simultaneous | 
determination of a cortical response to afferent _ 
stimulation®. As a result of the prolonged flickering 
illumination of the retina, the regularity of evoked. 
potentials in striated cortex is periodically replaced 
by the disturbing rhythm of the response potentials. _ 
Instead of a response reaction to each flash, the 
potential is being evoked only by every second | 
flash. This disturbance was found’ to be related to. 
decrease of cortical excitability. The infra-slow | 
1-2 c./min. rhythm tends to appear simultaneously 
with the appearance of such periodical changes in 
the regularity of evoked response. The period of 
disturbance of evoked rhythm was associated with — 
an increase in the negativity of the striated- 
area, 

From the evidence presented here it is suggested 
that the events of the excitability change are associ- 
ated in certain cases with intra-slow rhythmical 
change of the steady potential of the cerebral cortex. 
We consider these phenomena to be connected 
through a reaction complex that is probably chem- 
ically coupled. Many other aspects of the infra-slow — 
rhythmical potential change also indicate that a 
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“metabolic mechanism should be considered. How- 
ever, brief changes of metabolism of the cortex do 
not affect infra-slow rhythm although they influence 
the patterns of the electrocorticogram (the case of 
short asphyxia). In order to change the infra-slow’ 
oscillations it is necessary to use a prolonged stimulus 
and to. affect the state of subcortical structures (by a 
direct or indirect route). While there is no direct 
evidence that the infra-slow rhythmic changes of the 
steady potential of the cortex are partly associated 
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with the functional state of the subcortical structures, 
this view is in accord with the observations presented 
above. 
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oe 4 PREPARATION FROM BAKER’S YEAST OF CRYSTALLINE 
_ CYTOCHROME “b, HAVING NO LACTIC DEHYDROGENASE ACTIVITY 
By JINPEI YAMASHITA, TANEAKI HIGASHI, TATEO YAMANAKA, MITSUHIRO NOZAKI, 


HIROSHI MIZUSHIMA, HIROSHI MATSUBARA, TAKEKAZU HORIO and 
Pror. KAZUO OKUNUKI! i 


Department of Biology, University of Osaka 


HE first solubilization of cytochrome b was 
Å reported from baker’s yeast by E. Yakushiji and 
T. Mori On re-examination, their method with 
slight modification was found suitable for the ex- 
traction of cytochrome c and cytochrome b, without 
lactic dehydrogenase, but not cytochrome b, which 
emained tightly bound to the cellular particles. 
‘heir work was therefore regarded as the first 
detection and partial purification of cytochrome b, 
without lactic dehydrogenase. The cytochrome b, 
btained by us showed absorption bands at 557 my 

















eytochrome with no enzyme activity was expressed. 
as cytochrome ba and the cytochrome with activity 
as yeast lactic dehydrogenase. We have already 
reported the crystallization of cytochrome ¢ from 
 baker’s yeast? This communication is concerned 
With the isolation and crystallization of cytochrome 
6, from. the same source. : 
8 kgm. of pressed baker’s yeast (Oriental Yeast 
Co, Ltd, Japan) was washed with a large amount 
of tap water, kneaded with 500 ml. of ethyl acetate 
and made fluid, and allowed to stand for 1 hr. at 
oom temperature (10-15° C.). To the liquid was 
added 5 L of tap water, and extraction was allowed 
to continue in a refrigerator (5-7° C.) for one week ; 
the pH was occasionally adjusted to 8-5 with 5 N 
ammonium hydroxide. The extract separated from 
e cellular debris showed a broad absorption band 
545 my to 565 mp on addition of dithionite, 















‘The inner solution was then passed through a column 
of ‘cation-exchange resin (100-150 mesh), “Duolite 
CS8-101', buffered at pH 5-0. If buffered at pH higher 
khan 6-0, and also in the case of a very impure 


sample, the resin failed to adsorb cytochrome be . 


Buffering at too low pH caused denaturation. 


and 528 my when it was reduced by dithionite. The. 


The ‘solution was almost the same brownish-red 
colour before and after passage through the column. 
The cytochrome b, was adsorbed as a coral-pink 
colour at the top of the column. The charged column 
was washed with distilled water until the eluate 
became completely clear. The elution proceeded, 
using 0-4 M ammonium phosphate buffer (pH 7-4). 
Immediately after the pink substance (cytochrome 
ba), a brownish-yellow substance flowed out which 
was removed with loss of a small amount of cyto- = 
chrome by R pi 

The pink-coloured fractions were mixed with 30 gm.. 
ammonium sulphate per 100 ml. After centrifuging, 
the supernatant was treated with 20 gm. ammonium 
sulphate. The precipitate was collected by centri- 
fugation, dissolved in a small amount of distilled 
water and dialysed against. distilled water in the 
refrigerator. ‘The inner solution after centrifuging to 
remove insoluble matter was passed through the 
‘CS-101° column by the same method as described 
above, The fairly pure cytochrome b, was adsorbed 
as a pink colour on the top of the column. After 
washing with distilled water, the column was treated 
with 0-4 M ammonium phosphate buffer (pH 5:0). 
for each l-ml. fraction (Fig. 1). To the best fractions 
(B(411 my)/E(278 my) > 1-30) collected was added 
finely powdered ammonium sulphate to. 60 per cent 
saturation. The mixture was centrifuged and the 
precipitate. dissolved in the minimum amount of 
distilled water. After removing the insoluble matter 
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Fig. 1. ‘Duolite €8-101' chromatography of fairly pure cyto- 
T chrome b.. The solid line expresses the optical density at 278 my 


and the broken line that at 411 my in oxidized form 
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by centrifugation, finely powdered ammonium sul- 
phate was carefully added little by little to the 
pinkish-red solution until it became slightly turbid. 
The turbid solution gradually increased in turbidity 
and crystallized after standing in the refrigerator for 
a few days. Recrystallization was carried out with- 
out loss of cytochrome b, by the same method. The 
above procedure was quite reproducible and provided 
1 mgm. of crystals per kgm. of the pressed baker's 
east. 


yeast. 

The isolated crystals (Fig. 2) were shown to be 
a homogeneous protein by electrophoretic and 
chromatographic criteria, and had no yeast lactic 
dehydrogenase activity. The absorption spectrum 
of the crystalline cytochrome b, was measured by a 
Beckman spectrophotometer as shown in Fig. 3. 
The positions of the absorption bands are as follows : 
in oxidized form, 563 mp, 411 my, 359 my and 278 
my; in reduced form, 557 mu, 528 mu and 422 my. 
The band at 563 my is measurable only in concen- 
trated solution. ‘lhe yeast lactic dehydrogenase 
purified by the method of S. J. Bach, M. Dixon and 
L. G. Zerfas* slightly modified by us (Yamanaka, T., 
Higashi, T., Matsubara, H., Horio, T., and Okunuki, 
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Fig. 2. Crystalline cytochrome b, Crystallization was alwa; 

carried out from the solution of ‘Bers my > 20. Each of 

crystals is composed of a bundle wv slender needle-like 
ones, x 1, 
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Fig. 3. Anapon spectrum of crystalline cytochrome bs. It 
was measured in 0-1 M phosphate buffer (pH 8-0) using twice- 
recrystallized bee Reduction was carried out by the 
addition of a few pieces of dithionite. The solid line refers to 


the oxidized form and the broken line the reduced form 


250 


K., unpublished work) from the same source (in- 
volving grinding the cells with sand in the first stage 
and precipitation of the enzyme by dialysis of the 
fairly purified and concentrated enzyme against 
de-ionized water in the refrigerator with loss of a 
large amount of the total activity) was very similar 
to that of C. A. Appleby and R. K. Mortont in 
respect of specifie activity and adsorption bands, 
except for that at 258 mu, which is approximately 
twice as high. Though cytochrome b, could be 
isolated from the enzyme solution, the yield was 
markedly less than by the method described above. 

The cytochrome b, did not restore yeast lactic 
dehydrogenase activity on the addition of flavine 
mononucleotide, flavine adenine dinucleotide, and 
heat-denaturated enzyme solution, but was reduced by 
lactate in the presence of a small amount of the yeast 
lactic dehydrogenase in anaerobic condition, stimu- 
lated by the addition of flavine mononucleotide. The 
enzymic reduction of cytochrome b, by reduced tri- 
and di-phosphopyridine nucleotide will be reported 
elsewhere. 


3 Yakushiji, E., and Mori, T., Acta Phytochim., 10, 113 (1937), 

£ ihara, B., Horio, T., Yamashita, J., Nozaki, M., and Okunuki, 
«, Nature, 178, 629 (1956). 

3 Bach, S. J., Dixon, M., and Zerfas, L. G., Biochem. J., 40, 229 (1946). 

* Appleby, C. A., and Morton, R. K., Nature, 173, 749 (1954). 


REVERSIBLE CONFIGURATIONAL CHANGES IN POLY-L-LYSINE 
HYDROCHLORIDE INDUCED BY WATER 


LTHOUGH the molecular configuration of pro- 

teins cannot yet be specified exactly, it jis 
known that water plays an important part in 
determining the properties of many protein mole- 
cules'. In this communication we describe reversible 
configurational changes induced by water in a syn- 
thetic poly-x-amino-acid which may be analogous to 
those occurring in certain proteins. High-molecular 
weight poly-L-lysine hydrochloride (ysp/e = 1-05, 


c = 0-2 per cent in 2 M aqueous sodium chloride ; 
Idelson, M., and Blout, E. R., to be published), the 
polyamino-acid used in this investigation, is readily 
soluble in water and coherent films can be deposited 
from aqueous solutions. When the water content of 
oriented films of poly-L-lysine hydrochloride is 
altered, the infra-red spectra of sueh films show 
definite changes in both the position and dichroism 
of the absorption bands characteristic of the peptide 
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group ef polypeptides; this indicates that con- 
_figurational changes have occurred within the poly- 
U ily: sine hydrochloride molecules. 
Unoriented. films of poly-L-lysine hydrochloride 

prepared at 22-26° C. and at relative humidity in 
the range 50-60: per cent show an amide I (C=O 
stretching) frequency at 1,655 em! when the 
spectrum is determined soon after preparation ; but 
_ this absorption band shifts in frequency as the film 
_ ages. Elliott? has shown that the carbonyl amide I 
_ band of poly-L-lysine hydroiodide shifts from 1,654 
em.-l, the. characteristic frequency. of «-forms of 
polypeptides, to. 1,646 cm.” upon exposure of a film 
to 80 per cent relative humidity. We have observed 
-a similar change in films of the hydrochloride and, in 
addition, when such films are dried over phosphorous 
_ pentoxide, the carbonyl amide I frequency shifts to 
_ 1,626 em.-*, the characteristic frequency of 6-forms 
of polypeptides. (In this connexion it should be noted 
_ that low-molecular. weight polypeptides (degree of 
polymerization less than 8) also show amide I fre- 
‘quencies between 1,625 and 1,630 ċm! and have 
been denoted as B- -polypeptides, see ref, 3). How- 
ever, since the low-molecular weight .8-polypeptides 
_ cannot be converted to. «-helical forms, it would be 
desirable to differentiate them from high-molecular 
weight: polypeptides which are capable of such con- 

figurational changes. We therefore suggest designat- 

ing the B-forms of low-molecular weight polypeptides 

as Ba, and the ®-forms of high-molecular weight 
_ polypeptides as Bz.) 
The observed changes of the amide I band between 
645 em.-! and 1,625 cm.~? are completely reversible 
th change of relative humidity, but the 1,655 em.-+ 
band is only observed upon solution and redeposition 
of the poly-L-lysine hydrochloride. 
Oriented. films of poly-L-lysine hydrochloride show 
similar changes in frequency and marked changes in 
| dichroism with variations in humidity. The infra-red 
spectra of one such film, after equilibration at different 

water contents, are shown in Figs. 1, 2 and 3. The 
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oriented film was produced by unidirectional rubbing 
of a concentrated solution of the hydrochloride until 
solid. The original infra-red spectrum (Fig. 1) shows 
two amide I absorption maxima: one with parallel » 
dichroism at 1,655 em.-? («’), and a stronger maximum 
with perpendicular dichroism at 1,625 cm.™t (Baj. 
(The dichroism is parallel if the absorption is greatest 


when the electric vibration direction of the incident 
linearly polarized radiation is parallel to the orienta- <- 


tion direction. The dichroism was measured using 
an improved method‘ that avoids certain common | 
errors.) The intensity of the «’-band (1,655 em.) 
varies in different films. prepared from the same 
sample of poly-L-lysine hydrochloride. The specimen 
giving Fig. 1 has as strong an «’-band as any we 
have observed. The amide IT frequency is broad and 
shows parallel dichroism, and there is observed an 
additional weaker. band with parallel dichroism at 
1,690 cm.. 

After exposing the same oriented: film to a relative 
humidity of about 65 per cent for 5 hr., however, 
the spectrum shown in Fig. 2 was obtained. The 
principal change observed was the disappearance of 
the component of the amide I band at 1,655 om.-! 
(the «’-band) which showed parallel- dichroism, 
leaving only the strongly perpendicularly dichroic 
band at 1,625 em. Exposure of the film to 90 per 
cent relative humidity for 7 hr. did not alter its 
spectra further. 

The oriented film then was left at 100 per cent 
relative humidity for 3 hr. and the spectra shown in 
Fig. 3 were obtained. Not only was the amide I 
absorption shifted to 1,645 em~; but also the 
dichroism of both this band and the amide II band 
were reversed—the dichroism now being parallel and 
perpendicular for amide I and IT, respectively. Also, 
the 1,690 cm.-' band had now disappeared. Lowering 
the water content of this film by exposure to relative 
humidity less than 60 per cent shifted the amide I 
band back to 1,625 cm.-', and perpendicular dichroism 
was observed again in this band, with parallel 
dichroism being shown again in the amide IT band. 
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In the present instance, the infra-red results sh 
that the spatial configuration of the 





Although from the infra-red dichroism one canr 
indicate the precise spatial orientation of the C= 
group, it is apparent that there is a change 
approximately 90° in its orientation in the preser 
of water compared to its position at lower humiditi 
The fact that corresponding changes occur in ° 
amide IL band (associated with coupled N- 
deformation and C==N stretching frequencies’) © 
firms this conclusion. Polarization spectra have bi 
obtained also at 30° and 60° to the orientat 


H 

group relative to the orientation direction is grea 

altered by the degree of hydration of this polym 
zi 
i 
4 
7 

| direction, ‘but in all cases the maximum dichroi 





was observed at 0° and 90°. 
F 4 It is reasonable to assume that as water is remo 
0-8 ee ELLER eter from the neighbourhood of a charged poly-ion, sı 
1,700 1,600 1,500 en? ag poly-L-lysine hydrochloride, the charge shield 


“Big. 8. S ra of same film as in Fig. 2 after e: eto 100 per | is lowered in * ions wo 
ai se me humidity for 3 hr. Note C=O amide band of a? at is lowered and the resulting dipolar repuls. 





1,645 em.-* ( i| dichroism) tend to force the chains to extended B-configuratic 
The spectra shown in Fig. 2, which were obtained 
res: infra-red spectra of poly-L-lysine hydrochloride uni- h , 7 
direatlonatly oriented Aim (on silver chloride plate). ==, Spee: aN eesentially dry film, correspond both in- 
trum obtained when electric vibration direction of incident positions and dichroism of the absorption bands 
polarized radiation parallel to orientation direction; ~- —, spee- e s 3 


frum obtained when electric vibration direction of incident Pa or extended forms in which the carbonyl am 
polarized radiation perpendicular to orientation direction groups lie perpendicular to the orientation of 
4 , backbone of the molecules. An analogous (extend 
Some loss in the amount of dichroism, probably due configuration has been noted in oriented films 
to disorientation of the film at high relative humidity, sodium poly-t-glutamate’, where the ionization 
was observed. — 5 the y-carboxyl groups would be expected to have 
Such changes in dichroism and position of the effect similar to the ionized s-amino-groups of pi 
amide bands have been observed for several humidity lysine hydrochloride. 
cycles with this material. Another sample of poly- On the other hand, the spectra obtained when 
L-lysine hydrochloride having lower molecular weight film is hydrated (Fig. 3) correspond in dichroism 
(nsp/ce = 0-55, C = 0-2 per cont in 2 M aqueous those observed with a-forms of polypeptides, 
sodium chloride) showed similar changes in dichroism  ghould be noted, however, that the frequency of 
and frequency of the infra-red absorption bands at C=O band of amide I is about 10 cm.~* lower t 
lower relative humidity values. in polypeptides such as poly-y-benzyl-t-glutama 
With polypeptides, changes in the frequency and which have been shown to exist in an «-helical for 
the dichroism of the amide I and amide II bands Despite this abnormally low amide I frequency 
have been associated with changes in the configura- appears that poly-L-lysine hydrochloride when. 
tion of such molecules. In particular, it has been drated exists as an «-helix, but the amide I freque 
shown that. an amide I frequency of about 1,655 cm. may be lowered by the sheath of hydrated —NH yi 
with parallel dichroism is probably associated with groups surrounding the core. 





‘folded intramolecularly bonded or «-forms, whereas -E 
an amide I frequency of about 1,625 cm.-* with The experiments reported here involving a” 7 
perpendicular dichroism probably can be related to +H 


in olecularly bonded or 8-forms. From : sD i 
averai Aieheciath Fordlie it pba that poly. transformations indicate the importance of wate 
L-lysine hydrochloride exists in two different struc- determining the configuration of poly -L-lysine hy 
tural modifications—a« and $. On the basis of the chloride. Measurements of a inoreùse he w 
infra-red frequency results, we further differentiate content of films of the hydrochloride na Qn 
tho «form ino e’ and a” until ib is fully determined from zero to 60 per cent relative humidity (w 
that the frequency differences noted are due to added the Br-form exists) indicate that loss than two n 


bsorpti spec rties cules of water are absorbed per amino-acid resi 
Smile : sa aie ele ii ae On the other hand, films exposed to 80-98 per 


relative humidity (where the «-form. exists) : 
Amide I Amide IL absorbed four to six water molecules per amino- 
residue. If the amount of water is further incre: 


Frequency Frequency 

Form (m=) Dichroism | (em.>) „„Dichroim  golution occurs and the «-helical configuratio 

i h ' coogi: destroyed. For example, in a 2 per cent aqu 

By 1,625 L 1,530 4 solution of poly-L-lysine hydrochloride there 
—H,0+¢ | +60 approximately 500 water molecules per amino 


a 1,645 1 1,550 L residue, and optical rotation measurements show 
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a non-helical configuration exists. Further evidence 
that 8-polypeptide = «-helix configuration changes 
oceur upon varying the water content of poly-L-lysine 
hydrochloride has been obtained from X-ray dif- 
fraction investigations (Cohen, C., Emerson, E., and 
-Blout, E. R., unpublished work). 

In the past, changes in the spectra. of poly-L- 
glutamic acid upon ionization’ and poly-p,L-alanine 
-upon heating!* which correspond to conversions of 
«- to  B-forms have been observed. However, the 
‘spectral changes seen with poly-L-lysine hydro- 
chloride are unique in that they are brought about 
solely by variations in water content of the poly- 
‘peptide, and are completely reversible by this means 
alone. From the observations reported in this com- 





olecules surrounding the polypeptide chain (or 

. conversely, the concentration of polypeptide) de- 
_ termines its configuration, as indeed may be the case 
_ with certain proteins. — 

“We acknowledge the generous support of this work 
_by the Office of the Surgeon General, Department of 
tho. Army. 
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WE are indebted to Dr. E. R. Blout and Prof. H. 
Lenormant for having given us an opportunity to 
comment. on their very interesting results on 
_ chain configuration changes ‘in poly-L-lysine hydro- 
chloride. 

“In a series of observations which commenced 
several years ago, we have observed similar changes 
: of configuration in films of all four hydrohalides of 
poly-L-lysine, but certain anomalies have caused us 
to delay publication. However, we entirely agree 
- that, in general, exposure of « films of these materials 
to ‘water (or, as we have found, to heavy water) at 
suitable humidity produces the 8-form, as shown by 
the 1,625 cm.-! CO band which appears. Woe find, 
however, that the rate of drying exerts a great 
influence on the behaviour of the polymer films. 
Rapid drying at 0° C. (in a dry air stream) produces 
the 1,655 em. peak of the «-form with all four 

_hydrohalides, and exposure of these dried films to 
‘water vapour at 32 per cent relative humidity at 
27° C. produces a B-peak at 1,625 em.-'. Films dried 


rapidly at 60° C. behave similarly, except that in the 


ease of the hydrochloride, the ®-peak is present 
before exposure to water vapour. 
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These experiments are complementary to those of 
Blout and Lenormant, in that the $-form is obtained. ~ 
by increasing instead of decreasing the relative © 
humidity. We have obtained similar results: with 
heavy water vapour, though some anomalies, which 
must. be discussed further when time and space 
permit, have been observed. One such is illustrated. 
in Fig. 1, which shows an oriented specimen of poly- 
L-lysine hydroiodide, apparently in equilibrium with 
heavy water vapour at 80 per cent relative humidity, 
in the «-form. Exposure to ordinary. water vapour 
at the same humidity has in this specimen produced 
the reversed dichroism of the B-form. These spectra 
also show that the amide band at 1,460 cm.-}, pro- 
duced on deuteration of the NH group!, has dichroism 
opposite to that of the CO band. It will be seen that 
complete rehydrogenation has not been achieved ; 
this and other effects which we have observed are 
doubtless connected with the degree of crystallinity 
in the polymer, which changes during the course of 
the experiments. It should perhaps be mentioned 
that the band at 1,690 em.-! to which Blout and 
Lenormant refer has been ascribed to the 8-poly- 
peptide chain’. 
A. ELLIOTT 
B.R. Marcon 
W. E. HANBY 
Research Laboratory, 
Courtaulds, Ltd., 
Maidenhead, Berks. 
t Lenormant, H., Discuss, Farad. Soc., 9, 319 (1950). 
2 Elliott, A., and Maleohn, B, B., Trans. Farad. Soc., 52, 258 (1956). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 


for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Quantitative Microscopic lonophoresis and 
Chromatography 


Ix view of the very wide application of microgram 
paper chromatography and ionophoresis, especially 
in biochemistry, it seems desirable to develop a 
microscopic modification potentially equally versatile, 
and using relatively simple and readily available 
apparatus. Many problems requiring analysis at 
cellular and subcellular levels would then become 
accessible to these methods. 

The sensitivity, speed and specificity of micro- 
chromatography and ionophoresis can be greatly 
increased by carrying out the separation in very thin 
liquid films (0-01-l0u) on an ordinary polished 
microscope slide instead of porous columns or paper 
strips. 1-100 uul. drops of the mixture are delivered 
and their volumes determined from the circular 
reflexion interference fringes they give with mercury 
monochromatic green light, using a Beck vertical 
illuminator. After analysis the resolved constituents 
are shown up by the ‘breath figure’ test as areas 
differing in hydrophobicity. A continuous apea 
film condenses on the surface (‘black breath figure’) 
and gives bright interference tints in reflected light. 
Against this the zones appear as areas with less or 
no condensation, or as a matt of microscopie droplets 
(‘white breath figure’)'. Since a monolayer of 
inorganic cations or grease can be detected, this 
property offers an extremely sensitive method for 
observing microscopic zones. 

Simple inorganic salt mixtures have been used 
for the initial development of the method. Less 
than l pugm. of each cation can be quantitatively 
resolved, using 4-1 in. microscope objective and 
x 30-375 magnification, thereby attaining a 100- 
millionfold or more increase in 
sensitivity over paper strip methods. 
An actual run takes only 20- 
180 sec. and the whole separa- 
tion may involve 0-25-5-0 mm. 
of the slide. Higher powers should 
give correspondingly greater sensit- 
ivity. 

The analysis is carried out in a 
glass humid chamber on a platform 
attached to a microscope vernier 
stage. A perfectly clean microscope 
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The 1-100 ul. drops spread out to a fairly stable, 
circular, very flattened lens of volume : 


V= rfr, + 2r +... Wena Hirn? + irntuml 
where ri, s . +. Tn, is the radius of the innermost, 
second, . and outermost fringe, respectively, 


fn+ı/a the estimated radius when drop thickness 
reaches zero peripherally, and 2 the wave-length of 
the light. Only 0-5-2-0 per cent volume change/min. 
occurs with 30-80 uul. drops, and this can be cor- 
rected for by extrapolation to zero time. This method 
of measuring microdrop volume is also employed in 
a membrane interferometric microrespirometer*®. The 
solution flooding the chamber floor controls the con- 
centration of the drop and creates a reproducible 
aqueous film on the slide through osmotic equilibrium, 
Hydrochloric, trichloracetic or other acid is deposited 
from the vapour through a side tube or outside the 
chamber and, after equilibrium, a direct current at 
30-70 V./em. applied for 20-180 sec., ammonia 
vapour admitted, and the film dried. The areas of 
the resolved zones are taken as a measure of the 
quantity in each*. 

Dilute acid films give endosmosis and cation 
separations towards the cathode, endosmosis rapidly 
diminishing with increasing acidity’. If “Teepol’ is 
present, endosmosis is reversed to the anode and is 
more rapid’. Cations then separate towards both 
electrodes with dilute acids and only to the cathode 
under more acid conditions. These results indicate 
that the separations probably involve both ionophoresis 
towards the cathode, and ion-exchange chromato- 
graphy towards the anode with endosmosis providing 
the solvent flow, possibly complicated by complex 
formation with the “Teepol’ or trichloracetic acid. 
A neutral or slightly acid film increases adsorption, 
endosmosis and complex formation, and separations 
tend towards the anode; whereas these factors are 
lessened by more acid conditions, so that iono- 
phoresis towards the cathode then predominates. 
Such combined mechanisms can also operate in 
inorganic paper ionophoresis®. 
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Fig. 1. Zonophoresis chamber (side view). á Some teen chamber ; Bs , sliding 


slide is used, sometimes with a lids; C, central D, mieoere o jective; Æ, ‘Porspox, tform ; 
supporting film such as a trace of F, mlerdgoo re Vernier stago; G, Q aT "ulrosia lator ; H, platinum 


“Teepol’. Even a single dust 
particle may contaminate a milli- 
metre or more of the surface. In- 
verting the slide gives excellent dust 
protection and is convenient for 
micro-manipulation and humidity 
control. Platinum wire electrodes 
moistened with dilute hydrochloric 
acid are used for making contact 
with the slide. A simple micropip- 
ette attached to a Goldacre micro- 
manipulator? delivers mixtures con- Ba 
taining 0-15-1-5 uM/ml. of one or 
more of each of the cations Pb**, 
Fe*+, Zn*+, Cu*+, Ba*+ and La**t. 


Negative 


rod attached to second micromanipulator (where necessary); K, micro- 
pipette ending in drawn-out capillary for drop delivery; L, bulk ‘solution 





Fig. 2. Resolution of inorganic cations, 
1°5 ppgm, Upon cation, Aqueous ‘Tee 
0 sec, Endosmosis or oie 25 y/sec. to the anode 


flooding floor of chamber 


Positive 


Ia Fe Pb 


ie eed 


x 26. 15 myu M 
30 V./cm., 


"/trichloracetic acid 
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Fuller details of these experiments, which were 
-begun in 1949, will be published elsewhere. The 
advice of Dr. J. Stern, of the Fountain Hospital, 
London, 8.W.17, and of Dr. G. W. Scott Blair, 
National Institute for Research in Dairying, Reading, 
is gratefully acknowledged, and Mr. Michael Kaye 
end Edward Sterndale are thanked for their help 
with the photography. 
; B. M. TURNER 
Tumer Lighter Spares and Components, Ltd., 

Burroughs House, 

Hendon Central, 

London, N.W.4. 

March 2. 
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| Mechanism of Alkaline Degradation of 
Cystine Residues in Proteins ` 
In order to provide a. test of the different 
ee) proposed for the alkaline degradation 
of disulphide groups in Bs aes the amino-acid 
oye feo obi tae laa (I) has been synthesized and 





HO,C OH 
HC SCCH,SSCH,CL.CH 
H,N/ * \NHy 

(1) 


If direct hydrolysis of the sulphur-sulphur bond? 
jonization of a proton adjacent to one of the 
sulphur atoms? is the initial step leading to break- 
down, then the new compound should be as labile to 
alkali as cystine. On the other hand, if cystine 
degradation is initiated by ionization of the amino- 
acid a-hydrogen. atom, followed by B-elimination of 
en unstable disulphide anion? (equation 1), then the 
Rew amino-acid would be expected to be very much 
more stable to alkali than cystine, since the hydrogen 
atom essential for ionization and §-elimination is 
replaced by methyl. 


DA l Further 
CH,S89 +. CH,=C ‘-+ decomposition 
| products (1) 
| | 
Such an increased stability is in fact observed. 








‘The reactions were followed by colorimetric and — 


polarographic estimation: of thiol and disulphide, 


and in boiling 0:25 N sodium hydroxide | «,«’-di-- 
methyleystine is almost unchanged after 3 hr. and © has 
hyaluronidase with ribonuclease. 







ly. 50 per cent is decomposed after 18 hr. Under 
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the same conditions, 89 per cent of cystine is destroyed 
after 1 hr. and 100 per cent is destroyed after 2 hr. In 
boiling 2-4 per cent calcium hydroxide containing 
lead acetate, cystine rapidly gives lead sulphide, and 
80 per cent of the theoretical amount of ammonia 
is evolved in 16 min. In a similar experiment 
«,2’-dimethyleystine gave virtually no lead sulphide 
and only 3 per cent ammonia after 6 hr. under 
reflux. On the other hand, in its reaction with known 
disulphide-splitting agents such as sulphite, cyanide 
or silver ions, and its behaviour at the dropping 
mercury electrode, the new amino-acid is almost 
indistinguishable from cystine.. Any explanation of 
the stability to alkali based on steric effects of the 
methyl groups would therefore seem unlikely. 

It has also been found that cystine dimethyl ester 
decomposes on standing for 48 hr. in cold methanol 
containing triethylamine to give a deep red solution 
from which elementary sulphur crystallizes, in total 
yield corresponding to decomposition of the di- 
sulphide anion (equation 1) to thiol anion plus 
sulphur. . The alternative mechanisms? do not 
easily account for the ready formation of free sulphur. 
It is also of interest that lanthionine could be de- 
tected in the decomposition products. In contrast, 
the dimethyl ester of «,«’-dimethyleystine shows only 
slight decomposition even after prolonged refluxing 
in methanolic triethylamine. 

The slow degradation in hot aqueous alkali of 
a,«’-dimethyleystine and of other disulphides for 
which 8-elimination is not possible may well proceed 
by reactions of the kind envisaged by Rosenthal 
and Oster? or by Schéberl and Speakman}, or in still 
other ways. It is suggested, however, that the 
-elimination mechanism (equation 1) is of first 
importance in the action of alkali on cystine and 
on peptides and proteins containing cystine. The 
possibility also arises that proteins such as wool could 
be stabilized against alkali if a reagent could be: 
found able to substitute the cystine «-hydrogen 
atoms. 

I wish to thank Mr. I. W. Stapleton for technical 
assistance. This work will be reported | in’ greater 
detail elsewhere. 

J. M. Swan 
Biochemistry Unit, : 
Wool Textile Research Laboratories, © 
Commonwealth Scientific and 
Industrial Research Organization, 
Melbourne. 
Feb. 1. 
* Schöberl, A. t Tealight Ann., 507; 111 (1933). Speakman, J. B., Nature, 


2 Mitr N. A., and Oster, Gu J. Soe: Cosmetic Chemists, 5, 286 
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* For. reviews, see Neuberger, A. “Adv, Protein Chem. P, 4, 344 
(1948), Tarbell, D. S., and Harnish, D. P., Chem. ‘Reviews, 49, 1 


Resolution of Hyaluronidase änd Ribonuclease 
Activities i 


TesricurarR hyaluronidase has frequently been 
used for the analysis of hyaluronic acid: and chon- 
droitin sulphate: despite the known gross inhomo- 
geneity of the enzyme preparation? Known con- 
taminants include acid phosphatase, esterase, 6-gal- 
actosidase, . B-glucuronidase, glucosidases. and N- 
acetylglucosaminidases*.. To our knowledge, there 
been no previous report of contamination of 
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Table i 

| | Ribo- | Hyal- | Ratio of | yield of 

nuclease | uronidase hyal- hyal- 
| Material | per mgm. | per mgm. | uronidase | uronidase 
| | nitrogen | nitrogen | toribo- | (per cent) 
— | nuclease | 

| Starting 230 8, 39 l | 

| 0-060 sat | d0 | 2200 | so | os | 

| 9-60-0-80 sat. | 185 a! ot] 
i 





Hyaluronidase activity was determined turbidi- 
metrically using the starting enzyme preparation as 
reference material‘. Ribonuclease activity was 
assayed by the turbidimetric method described 
below. Protein was determined by total nitrogen 
analyses on isolated material. All fractionations were 
carried out at 0-3°. 

1 gm. of partially purified testicular hyaluronidase 
which assayed 1,250 TRU per mgm. was dissolved 
in 25 ml. of 0-2 M phosphate buffer pH 5-4. The 
solution was transferred to a column containing 
100 ml. of ‘XEH-64’ resin equilibrated against the 
same buffer. The column was washed with 200 ml. 
of the buffer and eluted by a gradient technique with 
0-2 M phosphate buffer, pH 6-3, in a 1-litre mixing 
vessel and 0-2 M phosphate buffer, pH 7-4, in the 
reservoir. Twenty ml. fractions were collected and 
screened for hyaluronidase activity as deseribed. 
A broad peak of activity appeared in tubes 55-93. 
These were combined, dialysed against distilled water 
and lyophilized. The isolated material still exhibited 
appreciable ribonuclease activity. 

. The isolated material was redissolved in 50 ml. of 
distilled water and the resulting solution was made 
0-60 saturated with ammonium sulphate. After 
standing for 1 hr. at 0°, the precipitate was isolated 
by centrifugation at 16,000g for 30 min. The residue 
was dissolved in 20 ml. of 0-1 M phosphate—citrate 
buffer, pH 6-0, dialysed against the buffer for 24 hr., 
ine against distilled water for 4 hr. and then 
lyophilized, The yield was 442 mgm. of solid material. 
The supernatant remaining after removal of this 
fraction was treated with sufficient additional 
ammonium. sulphate to raise the concentration to 
0-80 saturation and the resulting precipitate worked 
up as above. A summary of the purification is given 
in Table 1. 

The methods previously described for ribonuclease 
assay generally involve either radioactivity, phos- 
phorus or spectrophotometric determinations on 
trichloracetic acid or uranium salt filtrates of in- 
cubation mixtures’. The turbidimetric estimation of 
residual ribonucleic acid by precipitation with acid 
alcohol has also been described*. None of these 
methods is conveniently applicable to a large number 
of determinations. The following procedure is rapid, 
sensitive, convenient and does not require unusual 
substrates or equipment. 

Yeast ribonucleic acid is dissolved in 0-2 M 
phosphate buffer, pH 5-6, to give a final concentra- 
tion of 1-0 mgm. per ml. 1 ml. of this solution is 
ineubated for 20 min. at 37° with 1-0 ml. of enzyme 
solution. Generally, at least five dilutions of enzyme 
are employed. At the end of the incubation period, 
10 ml. of bovine serum albumin (‘Armour fraction V’) 
solution (0-5 mgm. per ml. in 0-2 M acetate buffer, 
pH 4-0) is added and the solution is thoroughly 
mixed. The resulting turbidity is read after exactly 
5 min. at 420 mu in an appropriate colorimeter. As 
little as 0-03y of ribonuclease can be detected by 
this: method with good precision. 
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The presence of significant ribonuclease activity 
a partially purified commercial testicular hyalaro 
dase is of considerable importance to workers enga 
in histochemical or biochemical studies where | 
enzymatic treatment is believed to have a fair deg 
of specificity. The purification procedure deseril 
is relatively simple to carry out and reduces - 
ribonuclease activity to insignificant levels at - 
hyaluronidase concentrations normally employed 

We thank Dr. Harvey Alburn of Wyeth, Inc., 
a generous gift of testicular hyaluronidase used 
this study. The ion exchange resin ‘XH-64’ i 
finely ground carboxylic acid-typé resin similar 
‘IRC-50’ and can be obtained from Rohm and He 
Inc., New York. 
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the National Institute of Arthritis and Metab: 
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atism Foundation. 
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Determination of Phenol Oxidase using 
Manometric Method by Streptomyces 
antibioticus 


THE study of phenol oxidases in Actinomyece 
has been complicated by insurmountable metho 
logical difficulties. While it has been possible 
isolate effective preparations of phenol oxidase fi 
moulds that could be used for manometric meast 
ments’, this could not be done with Actinomyce 
Only Kiister?, who used preparations obtained 
grinding the mycelia of Actinomycetes, succeedec 
the manometric determination of phenol oxidase: 
a phosphate buffer of pH. 6-8. The results obtaix 
however, were insignificant and the preparation 
the mycelia not sufficiently exact. Another unde 
able property was the high endogenous respirat 
of this preparation; Küster later suppressed this 
using malachite green. 

For the study of the biosynthesis of actinemy 
it was necessary to work out a suitable method 
the quantitative determination of phenol oxid: 
by Actinomycetes.. I believed that the biosynth 
of actinomycin, as a quinone antibiotic, is cataly 
probably by phenol oxidases. In a study of phe 
oxidases in Streptomyces antibioticus No. 105/5 1 
ducing actinomycin, a manometric method was w 
Sodium cholate, a surface-active agent, was us 
thus permitting the specific substrate to enter int 
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cells. In addition, this also considerably inhibited 
the high endogenous respiration. 

Sodium cholate, 0-1 mi. of a 4 per cent aqueous 
solution, was added to make up the total volume of 
fluids in the Warburg vessel to 3 ml. This resulted 
in very good oxidation of specifie substrates (catechol, 
hydroquinone, p-phenylenediamine) by intact mycelia 
of Actinomycetes and also inhibited endogenous 
‘respiration (Table 1). 


‘Table ig INFLUENCE OF VARIOUS CONCENTRATIONS OF KODIEM 


CHOLATE ON OXIDATION OF HYDROQUINONE 
Sodium cholate in the 


Warburg vessel (percent) 0-008 0-016 0 033 0-066 0-133 
Ox zon uptake per flask 
“ak, : 45 93 142-5 1685 188 


o: For manometric determinations, 2 ml. of a sus- 
pension of Actinomycetes mycelia (22 mgm. dry 
_ weight) in a phthalate buffer pH 4-5 are added to a 
. Warburg vessel. The mycelium prepared by cultiva- 
tion in a rotating shaker was twice washed with 
istilled water. 0-1 ml, of a 4 per cent solution of 
sodium cholate was added to the suspension of 
_ mycelia. The centre well contained 0-2 ml. of a 
10 per cent solution of potassium hydroxide, while 
the side-arm contained 0-9 ml. of a solution of the 
pecific substrate in distilled water. 

Catechol, hydroquinone, p-phenylenediamine, p- 
resol and tyrosine served as substrates in a con- 
centration of 5 mgm.j/ml, (Tyrosine as a suspension, 
_-p-phenylenediamine solution was adjusted to pH 5-5 
using hydrochloric acid.) Oxygen consumption was 
measured at 30°C. 

The effect of sodium cholate on- endogenous 
respiration and oxidation of catechol in mycelia of 
i eg ida antibioticus of different ages is shown in 
‘able 2. 





















INFLUENCE. or SODIUM: CHOLATE ON . ENDOGENOUS 
RESPIRATION AND OXIDATION OF CATECHOL 





itunes es EN 























‘Without sodium cholate With sodium cholate | 
Endogenous Endogenous | 
respiration | Catechol | respiration Catechol 
142 26-5 a 
177 1645 38 | 
765 145 | 0985 | 
66 | 18 | 149 
47 i Ww 149 
18 | 0 | 221-5 
i ! 


É eaaa aaaea af 
< Using sodium cholate, it is possible to measure 
techol oxidation even in very young cultures of 
Actinomycetes. The cholate probably causes the 
substrate to enter the cells of the mycelia, where it 
is oxidized by endoenzymes. The oxidized product 
returns to the medium from the cells. ; 
Good results were also obtained with other surface- 
active substances; for example, ‘Syntergit’ and 
-‘Likorol VEL’ at the same concentration as cholate 
and ‘Tween 80° (0-1 ml. of a 15 per cent aqueous 
“solution per 3 ml. of fluid), P 
Details of this work will be published in Cs. 
: Mikrobiologie. j 
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Effect of a Prolonged Fast on the Apparent 
Galactose Uptake of the Isolated Rat 
Diaphragm in vitro 


PuRING an investigation of the effects of fasting 
on the transfer of sugars across the cell membrane, 
it was noted that the uptake of galactose by the 
rat's isolated diaphragm in vitro was significantly 
increased after a prolonged fast, as determined from 
the incubation medium by a copper reduction method. 

Normal male albino Wistar rats of 150-200 gm. 
were fasted for 96 hr. Tap water was fed ad libitum. 
The control rats received a standard laboratory diet* 
and tap water freely. The diaphragms. were washed. 
for 5 min. in ice-cold Krebs-Ringer phosphate buffer* 
to which galactose had been added (2 mgm./ml.) ; 
oxygen was continuously bubbled through the buffer. 
The muscles were incubated in a Warburg manometric 
apparatus each in a 15-ml. flask into which 2 ml. 
buffer containing 2 mgm./ml. galactose. had been 
added. The flasks were gassed with oxygen and 
shaken for 1 hr. at 37°C. (80 eycles/min.). After 
ineubation the sugar residue in the medium was 
determined colorimetrically by Somogyi’s method? 
using Nelson’s colour reagent‘ after having first 
adsorbed possible intracellularly produced glucose 
on washed baker’s yeast*. 

The results are summarized in Table L. 


Table 1 


Galactose uptake, Mean -t S.E, of mean 
(mgm, galactose/gm. of wet diaphragm) 


Non-fasted Fasted Difference 
0-64 + 0-09 (8) 1064012 (9) 0:42 40:16 


Figures in parentheses are numbers of animals. 


t P 
28 <0-01 


In similar experiments with glucose, no difference > 
between the fasted and non-fasted diaphragms could. 
be observed. A 24-hr. fast. did not alter the uptake 
of galactose either. ; 

The diaphragm of the rat fasted for 96 hr. weighs 
slightly less than that of the non-fasted animal. This 
could lead to a greater uptake per unit weight of 
an. inert, freely diffusible substance. The measured. 
uptake of each diaphragm was therefore subtracted 
from the theoretical maximum uptake by diffusion 
alone calculated from the expression. 


Kon y 
2 g: É ammen. 
2x 0-9 x yros zap (eet 8) 
where K is sugar concentration in mgm./ml., V is 
volume of incubation fluid in ml. and P is weight 
of diaphragm im mgm.; it is assumed that the | 
extracellular fluid (10 per cent of total weight) 
reaches an equilibrium with the buffer during the 
washing period. The difference between the fasted 
and non-fasted diaphragms was still found to be 
of the same order (£ = 2-83); the increased uptake 
could thus not be a result of decreased weight. 

It is generally considered that galactose is not 
metabolized in the musele? to. any . considerable 
extent, though Nakada and Wick have shown that 
some oxidation probably occurs in the rat diaphragm®. 
The uptake. of galactose by the rat diaphragm evi- 
dently must depend mostly on the permeability of the 
muscle cell membrane to this sugar. It is noteworthy, 
however, that in three ‘fasted’. diaphragms the 
measured uptake was actually somewhat higher than 
the theoretical maximum uptake by. diffusion. 

The apparent change in the uptake of galactose 
by the fasted musele could be brought about by the 
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following factors: (a) a true change in the perme- . 


ability of the muscle cell membrane to galactose due 
- to physical and/or chemical changes ‘in the membrane 
environment during fasting (pH, ionic composition, 
hormonal influences, ete.); (b) a change in the 
equilibrium state of the sugar-carrier system? of the 
membrane as a result of changed intracellular free 
glucose concentration; (c) (increased ?) utilization 
of galactose; and (d) an artefact due to the inade- 
quacy of reduction methods?* for sugar determination. 
No conclusive evidence of any one of these factors 
operating in the fasted state has been obtained; a 
detailed report of the experiments and their results 
together with an analysis will be published in another 
connexion. 
JEDDI HASAN 
Physiological Department, 

Institute of Occupational Health, 

Helsinki. 

Jan. 26. 
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Inhibition by Thyroxine of Enzymes 
requiring Pyridoxal-5-Phosphate 


Smnce vitamin B, is beneficial to rate treated with 
thyroxine', the activity of some enzymes known to 
require pyridoxal-5-phosphate has been determined 
in the liver of rats treated with thyroxine. 

The rats received 10 ugm. of pi-thyroxine (B.D.H.), 
during fifteen days. The activity of cysteine disulph- 
hydrase, serine and threonine dehydrases, alanine- 

glutamic and aspartic-glutamic transaminases was 
measured in the liver homogenates (technique of 
- Tonhazy et al.*). 

_It was found that cysteine disulphhydrase activity 
-disappeared from the livers of the treated rats, and 
gerine and threonine dehydrases and alanine-glutamic 
transaminase activity were reduced by 40 per cent as 
compared with normal values. Aspartic-glutamiec 
transaminase showed little change. By in vitro 
addition of 0-05 micromole of pyridoxal-5-phosphate 
to the enzyme. preparations, these inhibitions were 
reversed to. the normal level, Likewise, these in- 
hibitions : did not appear if, simultaneously with 
thyroxine, pyridoxine-hydrochloride was adminis- 
tered to the animals, 5 mgm./rat/day, during 15 days. 


Table 1. ACTIVITY- or’SERINE DEHYDRASE 
Determinations at 10, 30 and 60 min. expressed as micromoles of 


pyruvate formed per gram of dry weight liver (in viire additions) 





Enzyme | Enzyme Enzyme 
Enzyme | 0-05 mM 10-025 mM | 0-025 mM thyroxine 
alone pyr.-5- | thyroxine | 0-05 mM pyr.-d-phos. 





phos. 
10 min. 33 60 16 53 
30 min. gë 165 33 132 
$0 min. 90 263 39-6 224 
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In vitro addition of 0-025 micromole of pi-thyroxine 
at pH 7-4 to normal liver homogenates produced 
similar inhibitions, though of lesser degree, to those 
found in the animel treated with thyroxine. This 
in vitro inhibition was also completely reversed by 
addition of 0-05 micromole of pyridoxal-5-phosphate. ` 

This interrelationship between a hormone and 4 
coenzyme is being studied further. However, in the 
light of Snell’s theery of the formation of a Schiff 
base between an amino-acid and pyridoxal-5-phos- 
phate, it seems that these inhibitions mean more 
than just a higher nutritional requirement of the 
vitamin in the hyperthyroid state. It could be part. 
of the mechanism of action of the hormone. 


ANTONIO HORVATH 
Institute of Physiology, 
Santiago, Chile. 
Jan. 29. 


1 Drill, V. A., and Overman, R., Amer. J. Physiol., 185, 474 (1942). 
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Actively Acquired Tolerance to Tuberculo- 
Protein 


ANIMALS confronted in foetal life, or shortly after 
birth, with antigenic substances may fail to develop 
an antibody response to such antigens in adult life, 
This inhibition of antibody response, termed ‘actively | 
acquired tolerance’, is antigenically highly specific, | 
and has been demonstrated with several unrelate: 
antigens’. i Aa 

The possibility of rendering animals incapable. oi 
specific antibody responses. by foetal .inoculation 
suggests a new approach to the study of acquired 
immunity to infectious disease. It is often diffieul 
to assess the significance of a particular antibody 
response to immunity because several responses may 
be elicited simultaneously by the different antigens 
of the infecting micro-organism. Such an assessment 
might be possible, however, by comparing animals 
capable of a response to a specific antigen. with 
animals rendered iromunologically tolerant to it. In 
connexion with a study of the role of delayed-type. 
hypersensitivity to tuberculo-proteim. (tuberculin 
sensitivity) in immunity to tuberculosis, we attempted 
to eliminate tuberculin sensitivity in the guinea pig 
by injecting the foetuses with tuberculo-protein and 
whole tubercle bacilli. 

Pregnant guinea pigs were subjected to laparotomy. 









and the foetuses injected through the uterine wall 
with one of the folowing substances: 1 mgm. (100. 
tuberculin units) of Old Tuberculin; 1 mgm., wet 
weight, tubercle bacilli of the attenuated B.C.G.. 
strain, killed by heating at 70°C. for 10 min.; or 
0-5 mgm., wet weight, living B.C.G. The volume of 
the inocula was 0-1 ml. The time of injection varied 
from one to forty-six days before -birth. 

Of 250 guinea pigs operated on, less than 5 per 
cent died as a result of the operation, and more than 
half delivered living young. When the young-had_ 
reached a weight of 250 gm., they were tested for 
tuberculin sensitivity by the intradermal ‘injection 
of 0-2 ml. of a 1: 1@ dilution of Old Tubereulin (2,000 
tuberculin units). Skin reactions were observed over 
a period of 72 hr. The reactions were considered posi- 
tive if the area of induration exceeded 6 mm. in- 
diameter. After the initial tubereulin test, the. 
animals were vaccinated intraperitoneally with either 
2007 or 8007, dry weight, of phencl-killed tubercle 
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Table 1, TUBERCULIN REACTION OF Baliga! Pras 











969 


OLD TUBERCULIN AND WHOLE ‘Tusmncwe Baour in utero, AND AFTER 


AFTER EXPOSURE TO 
ST-NATAL VACCINATION WITH PHENOL-KILLED AND LIVING B.C. 





Tuberculin sensitivity after post-natal vaccination with : 








No. of animals | 200y phenolized B.C.G. 


Positive». 


| 806y phenolized B. ©. G. | oddving B.C 








No. of animals 
Positive | 





Negative Negative Positive N egative 











; No. of tuberculin- 
Substance injected in utero foetuses sensitive be- 
injected | fore postnatal 
vaccination 
Old Tubereulin, 1 mgm. 19 0 
Old Tubercniin, 1 mgm. 39 @ 
Heat-killed B. C G., 1 mgm. 
(wet weight) 12 6 
Living B.C.G., 0-5 mgm. (wet 
weight) 16 14 
Control animals, not injected 
in. utero 12 








bacilli of the B.C.G. strain. A control group of twelve 
animals, not injected in utero, was vaccinated with 
2007 phenol-killed B.C.G. A. test for tuberculin 
"sensitivity was carried out five weeks after vaccina- 
_ tion. Animals not sensitized by postnatal vaccination 
_with killed B.C.G. were re-vaccinated eight weeks 
later with a suspension of living B.C.G, containing 
0-12 mgm., wet weight, of bacilli, and again tested 
with tuberculin five weeks. later. The results 
obtained with the first group of animals on which 
tuberculin testing has been completed are sum- 
marized in Table 1. 
None. of the animals was sensitized to tuberculin 
“by foetal injection of Old Tuberculin. This is not sur- 
„prising, as Old Tuberculin does not render normal, 
_ adultanimals tuberculin sensitive’. Of nineteen animals 
injected in utero with Old Tuberculin, thirteen failed 
to show tuberculin sensitivity following post-natal 
“vaccination with 200y phenolized bacilli. That this 
vaccination was an adequate antigenic stimulus was 
evidenced by the fact that all the twelve control 
_ animals were sensitized. When guinea pigs injected 
in utero with Old Tuberculin were vaccinated after 
birth with 8007 phenolized bacilli, twenty-one 
of thirty-nine animals failed to become hyper- 
sensitive. 
In contrast, foetal injection with heat-killed tubercle 
bacilli sensitized six of twelve animals, and conferred 
tolerance on four of the non-sensitized ones.. Foetal 
injection with living B.C.G. sensitized fourteen of 
sixteen animals and conferred tolerance on none. 
Most of these animals were injected 27-43 days 
before birth, the gestation period of our guinea pigs 
being 66-71 days. It seems unlikely, therefore, that 
the animals were sensitized because they were already 
immunologically mature at the time of exposure to 
the antigen. It is possible, however, that the tubercle 
bacilli persisted in the footuses until they became 
immunologically mature. Several animals. which 
were injected. in utero with living or heat-killed 
B.C.G. were killed after birth, and acid-fast bacilli 
were, indeed, found in their tissues. It is of interest, 
that living tubercle bacilli did not induce a degree 
of immunological tolerance when this could be done 
with Old Tuberculin. 
| The degree of actively acquired tolerance obtained 
in ‘these. experiments was significant but limited. It 
prevented the development of tuberculin sensitivity 
after vaccination with quantities of phenolized 
-tubercle bacilli sufficient to bestow on normal guinea 
-pigs a high degree of protective immunity against 
_ tuberculous infection (unpublished werk). Subsequent 
-vaccination with living B.C.G., however, rendered all 
the animals sensitive to tuberculin. Studies are in 
Progress to enhance further the degree of tolerance 
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to tuberculo-protem which can be bestowed on 


guinea pigs. 
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Occurrence of Sex Chromatin in the Cells of 
the Blood and Bone Marrow in Man 


Tue diagnosis of sex by the examination of cell 
nuclei, first described in 1949 by Barr and Bertram?’ 
in the nerve:cells of the eat, has since been extended 
to cells from the tissues of many species, especially 
man, and is of great clinical and academic interest, 
particularly in individuals with disorders of sexual 
development. Davidson and Smith? extended these 
observations by their finding of a morphological sex 
difference in the mature polymorphonuclear granulo- 
cytes of the human subject; these cells show a 
drumstick-like process which is present in 1-7 per 
eent of the nuclei in the female, but in less than 
1 per cent in the male. 

‘These findings have been confirmed by other 
workers*-* and in a small unpublished series of thirty 
eases in this laboratory ; the only reported exceptions.. 
have been two cases of Klinefelter’s syndrome (testi- 
cular agenesis) in which, although the cells of skin 
sections showed the female type of nuclear pattern, 
drumsticks in the granulocytes were found less often 
than in normal females, although rather more fre- 
quently than in normal males*. This drumstick or 
nuclear satellite has been regarded’ as the equivalent 
in the granulocyte of the heterochromatin mass seen 
at the nuclear membrane of resting cells from other 
tissues—this despite the unusual situation of these 
bodies and the disparity in size between the satellites 
and the usual heterochromatin body. The present 
investigation was undertaken to determine whether 
the satellite body is identical with the masa of 
heterochromatin seen in other cells or whether it is 
a sex characteristic morphologically unrelated to the 
XX complex. 

Specimens of blood or bone marrow were obtained’ 
from ten individuals: five were male, four female 
and one, whose case will be described fully elsewhere, 
was a case of Klinefelter’s syndrome showing the 
female type of nuclear pattern. Films were made of 


(1) A pair of myelocytes wines at ‘Synouta: pol poles, Oe hetero- 
A matamyeloryte showi i the Hower pole, a mass of 
a SRG 
bana call Mow sy ge 
SE ep leap a 


unos tele oh tee T ne 


nucleus and, in the same fob, 
of heterochromatin in the nuclear he i 
a 


ao 
N Poulsen stain, x 1,200 


the specimens and were fixed, while still wet, in an 
alcohol-ether mixture; they were then stained by 
the Feulgen technique. ‘The ‘nuclear’ sex of all the 
cases was assessed by examination of the granulo- 
cytes for satellite bodies and, in three of the cases, 
by examination of smears from the buccal mucosa ; 
the remaining seven cases had confirmed their sex 
by their reproductive activities. In the case of the 
five males, a rochromatin mass was identified 
ab the caster sostabeuna tn 2-1, 5-5, 2-6, 0-0 and 
3-0 per cent of the cells examined: in the five 
individuals with female-type nuclei a heterochromatin 
mass was identified in 46, mA -6, 18, 21-6 and 17-3 per 
cent of the cells examined. In each case at least 250 
_ cells were examined, and cells which were crushed or 
-~ distorted were excluded together with late normo- 
” blasts ‘wie have a dense pyknotic nucleus (Figs. 
1-5, 7 
The heterochromatin mass was seen in all types 

of nucleated blood cells with the exception of the 
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late E. (Fig. 6), in which the nuclear 
chromatin forms a dense pyknotic homogeneous 
mass, and the megakaryocytes in which the large 
amount of nuclear chromatin is arranged in i 
condensations. The satellite body seen in the poly- 
morphonuclear granulocytes stained uniformly with 
the rest of the nucleus and did not show the dense 
staining of the heterochromatin masses. In one 
female case it was possible to examine twenty-five 
polymorphonuclear granulocytes which showed the 
drumstick satellite ; six of these cells also showed a 
heterochromatin mass lying on the nuclear membrane, 
This proportion agreed with the proportion of such 
masses seen in the other cells of the bone marrow 
and in the cells of the buccal mucosa of the same 
individual. 

These observations demonstrate that the hetero- 
chromatin mass sesen on the nuclear membrane of 
cells from squamous epithelium and other somatic 
tissues can also be identified in the nucleated cells 
of the blood and bone marrow, and that the satellite 
body of Davidson and Smith* is not identical with 
the heterochromatin mass and must be regarded 
as a sex characteristic rather than as the XX complex. 

Davip J. B. ASHLEY 
Sopan of Pathology, 
ni iverpool Hospitals 
(David Lewis Northern Hospital), 


163, 676 (1949). 
Med. J., ii, 6 (1954). 


The Diego or Blood ocr Tests in some 


Tae Diego blood group was i reported! in 1954, 
and was thought to be a ‘private’ blood group. It is 
considered to be absent from the blood of unmixed 
Caucasians, and afterwards has > shown to be 
present in varying percentages? (2 per cent to more 
than 50 per cent) in the blood of six South 

Indian groups, peoples of mixed blood in Venezuela, 
Brazilian Indians, North American Indians (Chip- 
pewa), and Chinese and Japanese resident in Canada 
and Venezuela. 

a eee et ee 
is an Asiatic or Mongoloid characteristic rather than 
Indian because cf its presence in Chinese and 
Japanese blood. 

The present surveys now reported were intended 
to ascertain if a Mongoloid or American Indian com- 
ponent carrying the Diego antigen could be detected 
in eastern Polynesians, and in some peoples of the 
Australasian area of the Pacific. The is in- 
complete. We acknowledge with gratitude the initial 
anti-Diego serum sample from Dr. Bruce Chown, of 
Winnipeg, Canada, and subsequent generous samples 
from Dr. Miguel Leyrisse, of Caracas, Venezuela. The 
activity of both lots of serum was satisfactory by the 
indirect Coombs test on Dia +) blood sent from 
Caracas 

The results of the present surveys on the Diego 
antigen are given in Table 1. 
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i Table 1 
a S $ 
| -Population tested In association with | Dia +) 
| Polynesians, Eastern =- | Mr, Thor Heyerdahl and | oso 

Tes $ Dr. Emil Gjessing Í 

Australian aborigines, | Prof. J. B. Cleland and | 0/112 | 

| Central Australia | Mr. J. R. Casley-Smith | | 

; | Australian aborigines, Cape | Dr. D. C: Gajdusek = | 0/50 | 
oF $ Boi j $ 

| Papuans, Eastern | Dr, D. C. Gajdusek | 023 l 
| New Britain natives Dr. D. C. Gajdusek | ofa | 

i J 


It will be seen that no evidence has been found 
to date of a Diego-positive racial component common 
to: natives of the Australasian. area and eastern 
Polynesia, and to American Indians and Mongoloids 
who possess such a component. 
_ The complete results of these blood genetic surveys 
will be published at a later date. 
_ Since. writing this letter, we have seen the report 
_by Lewis, Chown and Kaita, who found no evidence 
sof the Dit antigen in 156 Eskimos from Hudson Bay, 
Baffinland and Labrador. Its presence in American 
ndians and Mongoloids, and its apparent absence 
_Eskimos and Polynesians, may prove to be a 
inter of great: anthropological significance. 
RA y R. T. Stumons 
Commonwealth Serum Laboratories, 
: ` Parkville, N.2, 

Victoria, Australia. 

i Jan. 29. 
"Levine, P., Koch, E. A., McGee, R. P., and Hill, G. H., Amer. J. 

© Clin, Path., 24, 292 (1954). 


vine, P., Robinson, E. A., Layrisse, M., Arends, T., and Sisco, 
R. D., Nature, 177, 40 1956). Junqueira, P. C., Wishart, P. Jo 
` Ottensooser, F., Pasqualin, R., Fernandez, P. L., and Kalmus, 
H., Nature, 177, 41 (1956). Lewis, M., Ayukawa, H., Chown, B. 
and Levine, P., Nature, 177, 1084 (1956). Layrisse, M. and 
0 Arends, T., Nature, 177, 1083 (1956). 

P Lewis, M., Chown, B., and Kaita, H., Nature, 178, 1125 (1956). 














"Interaction of Heat and X-Rays in killing 
: a Chalcid 


_ Tae modifying effects of temperature on various 
kinds of radiation injury has attracted considerable 
interest, and experiments have included studies with 
wiltra-violet light on Paramecium, and with X-rays 
on human skin*, eggs of Ascaris? and Paramecium. 
Kn recent studies’ of tolerance to X-rays and to heat 
in the chalcid, Dahlbominus fuscipennis (Zett.), killing 
‘by these two agents was found to be similar in a 
umber of respects; thus, there is reason to believe 
(that at least a part of the mechanism of killing by 
theat and by X-rays may be the same for both agents. 
This communication describes. some experiments on 
ithe interaction. of heat and X-rays in eausing death 
nD. fuscipennis. k 

Adult females were reared on sawfly cocoons at 
aontrolled temperatures and humidities*. The age 
of all experimental groups was limited to 24-48 hr. 
after emergence; all experimental insects were 
starved. X-ray doses of approximately 10,000 r./min. 
were obtained at 12 em. from the target of a 2-MeV. 
Jeneral Electric X-ray machine operating at 1-5 
suamp. Direct measurements of cumulative dosages 
wvere taken with a parailel-plate ionization chamber 
designed in this laboratory’. 
dn the initial tests, Dahklbominus females were 
exposed to 200,000 r. in an exposure chamber sur- 
rounded by a water-jacket maintained at constant 
eemperatures. The insects were held at different 
pemperatures ranging from 10° to 35° C. immediately 
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Fig. 1. 24-hr, mortality in Dahlbominus when held at different 


temperatures before, during and after exposure to 200,000 r, of 
X-rays, Each point represents an average result obtained from 
about 400 insects. 


before, during or immediately after irradiation. For 
each temperature, the exposure consisted of a 15-min. 
warm-up (or cool-down) period; after which the 
insects were held at the selected temperature for 
20 min. The X-ray dose of 200,000 r. was given 
over a 20-min. period, After exposure, the insects 
were returned to 23°C. for 24 hr., when mortality 
was assessed. Each experiment was repeated six j 
times, totalling approximately four hundred insects ` 
for each of the different treatments, 

The results (Fig. 1) show that less than 10 per cent 
died in groups held at 10° C. during irradiation. The 
kill increased gradually with increasing temperature 
(dose remaining constant}, up to 30°C., from which 
point onward there was a sharp increase in killing. 
to 100 per cent at 35°C. Mortality followed the 
same general course wher the insects were held at 
the different temperatures after irradiation. However, 
when the heat experience occurred. before the X-ray 
exposure, the sharp break at 30° was not evident, 
and mortality amounted. to only 75 per cent at 
35°C, E 

Further work was done at lower X-ray dosages 
to test the combined effects of heat and X-rays. 
Exposures to 160,000 r. of X-rays and 43°C. for 
100 min. gave 24-hr. mortalities of 14 and 29 per 
cent respectively ; accordingly, non-lethal half-doses 
(80,000 r. and 43°C. for 50 min.) were used to test 
the combined effects. When the heat was applied 
prior to the X-rays, the 24-hr. mortality amounted 
to 13-5 per cent (Table 1). Conversely, application 
of the heat after the X-rays resulted in a kill of 
76 per cent. The differenee between the two figures 
was highly significant (P < 0-001). 


Table 1. EFFECT oF THE baa eh OF EXPOSURES TO HEAT AND 
X-RAYS 





24-hr. mortality | 








Treatment Dead/total 
(per cent) | 
| 50 min. at 43° 0. + 80,000 r. 145/1,070 13-5 | 
| 30,000 r. + 50 min. at 43° C. 717/976 764 
Controls 2a ee 
100 min, at 43°C. 175/1,205 = 14-5 | 
| 160,000 r. 317/1,078 29-4 | 











_ Although aia aitas in-heat and | X-ray killing i in 
insects suggest a basic similarity in at least a part 


* of the action of the two agents®, these results indicate 


a difference, since the end result is dependent upon 
the sequence in which the two agents are administered. 
The mechanism by which heat so drastically influences 
the killing when applied after X-rays is not clear. 
The heat may act either through an effect on the 
whole organism (for example, through increasing 
metabolism), or alternatively its influence may be 
at the molecular level (for example, through effects 
of X-rays on protein, nucleic acids or other cell 
constituents). Thus, in an organism such as an insect 
where large X-ray doses are tolerated, X-rays and 
heat are not equivalent despite the striking similarities 
in lethal effects. , 
W. F. BALDWIN 
CLAIRE A. NABRAWAY 
Biology Division, 
Atomic Energy of Canada, Ltd., 
Chalk River, Ontario. Jan. 8. 
1 Bovie, W. T., and Daland, G. A., Amer. J. Physiol., 66, 55 (1923). 
3 Hawkins, J. A., and Clark, H., J. Exp. Med., 42, 785 (1925). 
* Dognon, A., C.R. Soc. Biol., 94, 466 (1926). 
“Giese, A. C., and Heath, H. D., J. Gen. Physiol., 82, 249 (1948). 
t Baldwin, W. F., Radiation Res., 5, (No. 1), 46 (1956). 
* Baldwin, W. F., Can. J. Zoòl., 32, 157 (1954). 
* Newcombe, H. B., Atomic Energy of Canada, Ltd., Report, MI-4 


Skeletal Retention of Injected Radiophosphate 
in Chicks kept on Feeds of Different Phosphate 
Content 


THe use of radioactive tracers of elements necessary 
in animal nutrition has created new possibilities for 
studies of the metabolism of domestic animals. It is 
also important in the determination of their nutrient 
requirements. This communication describes some 
experiments in the phosphate metabolism of growing 
chicks. 

In the first series, twenty-six pedigree hatched 
chickens were used. All had the same sire, a White 
Leghorn cock. Their dams were seven New Hamp- 
shire hens. After hatching, the chicks were wing- 
marked, weighed and transferred to six small cages 
which were electrically heated. All the chicks had 


=). the same feed, an all-mash ration containing 1-04 per 
* cent calcium and 0-74 per cent phosphorus of dry 


matter. When the chicks were twenty-five days old, 
they were all injected intravenously with the same 
amount of phosphorus-32 (about 27 us. as neutral 
orthophosphate in physiological sodium chloride solu- 
tion). With regard to parentage and sex, the animals 
then were redistributed so that two cages contained 
males and four cages contained females. All through 
the experiment the chicks in half the cages had the 
same feed as before the injection. At first, the other 
chicks. also were fed in this way, but beginning with 
the fourth day after the injection the calcium content 
in dry matter was raised to 1-57 per cent by adding 
calcium carbonate. At the same time, the phos- 
phorus content was raised to 1-17 per cent of dry 
matter by adding “monosodium phosphate. 

The chicks were killed after a period of seven to 
twenty-seven days following the injections. Imme- 
diately after the chicks had been killed, both legs 
were eut. off just above the tarsal joint. After the 
leg had been boiled im water for about two minutes, 


* the metatarsal bone could easily be freed from 


adhering tissues. 
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Each bone was then dissolved by boiling with about 
40 ml. 3 M hydrochlorie acid in a 100-ml. Kjeldahl 
flask to which a simple condenser was attached, While 
still hot, the solution was filtered through a filter 
paper. The fiask and the filter were washed three 
or four times with hot water and, after cooling, the 
volume was made up to 100 ml. 

The radioactivity of the solutions was measured. 
in a Geiger-Miiller tube for liquids. 15-0 ml. was 
found to be most suitable and this amount was 
always used for the readings. The detector was 
connected to a counter with ‘preset time’-setting. 
At least 15,000 impulses were always counted from 
each sample. 

These first series gave the following results: 
(1) There was no significant difference in growth-rate 
for the two phosphate levels. (2) There was no 
definite tendency as to remaining radioactivity among 
the animals killed seven to twenty days after the 
injection. (3) In the bones from three male chicks 
which had been fed at the high-phosphate level and 
were killed twenty-four days after the injection, the 
activity was only about 70 per cent of that in the 
bones from two male chicks fed at the low-phosphate 
level and killed at the same time. (4) In the bones 
from three female chicks which had been fed at the 
high-phosphate level and were killed twenty-seven 
days after the injection the activity was nearly 
80 per cent of that of the bones from two female 
chicks fed at the low-phosphate level and killed: at: 
the same time. : 

In a second series, fifteen chicks hatched from 
eggs from the same pen as the chicks in the first 
series were used, All these chicks thus had the 
same sire as the first ones and some of them. even 
had the same dams. At first the treatment and 
the feeding were thë same as in the first trial. 

When the chicks were twenty-three days old, they 
were injected as described above with about 29 e 
phosphorus-32 each. They were then distributed in 
four cages. The sexes were not separated. During 
the first five days after the injections, the same foed 
as before was given. In two cages the chicks were 
then given a feed which contained 0-91 per cent 
calcium and 0-65 per cent phosphorus of dry matter, 
while the other ones had a feed with 1-6 per cent 
ealeium and 1-18 per cent phosphorus of dry matter., 
Except for the differences in the quantities of calcium 
carbonate and monosodium phosphate, the feed in 
both cases was the same as that used in the first 
series. 

The chicks were killed twenty-eight to thirty-two 
days after the injection. The metatarsal bones were 
taken out and the activities were measured in the 
same way as in the first series. : 

As in thefirst trial, there was no difference im 
growth between the animals at the two phosphate- 
levels. The average activity of the solutions from 
the animals at the high-phosphate level was only 
about 61 per cent of that of the solutions from the 
other chicks. 

The average counts per minute were : 


Low-phosphate level, left t motatanial bone et +48 


+ righ ” » + 55 
High- 3 » left S i 953 £ 60 
vs m » righ n ” 968 + 52 


The differences between the activities are statistie- 
ally significant (P < 0-001). It thus seems obvious 
that the retention of the phosphate once it is de- 
posited in the bome tissues is affected to a rather 
large extent by the phosphate content of the feed. 
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It should be mentioned that experiments still going 
on at this Institute indicate that phosphate deposition 
in the bone tissues does not reach its maximum level 
until several days after the intravenous administra- 
tion. 

These experiments are being continued in order to 
obtain a better knowledge of the quantitative relations 
of the mineral metabolism and in order to make clear 
the general validity of these results. 

S. A. SVENSSON 
Institute of Animal Nutrition, 
Royal Agricultural College, 
Upsala 7. Jan. 29. 


Bivalent Structure in Periplaneta americana 


DIPLOTENE and diakinesis are absent from the 
meiotic sequence of male Periplaneta americana’. 
In an analysis of this meiosis by the induction of 
these stages*, we came to certain conclusions regard- 
ing bivalent structure which differ from those of 
Sharma, Parshad and Shegal*. We suggest that: 

(1) While there are no visible chiasmata the 
evidence for their existence is cumulative, namely : 
(i) the formation of rod and ring bivalents ; (ii) the 
regular formation of multiple ring and chain associa- 
tions in interchange heterozygotes*; (iii) in an 
individual heterozygous for three independent inter- 
changes, the number of arm associations in different 
nuclei is relatively constant although the degree and 
nature of the multiple association is variable (Table 
1); (iv) the production of open-cross bivalents 
(Fig. e); (v) the occasional observation of bivalents 
associated interstitially (Fig. e); (vi) the persistence 
of association during the premetaphase stretch. 

We are aware that individually some of these 
conditions can exist in the absence of chiasmata, 
but together they indicate chiasma formation. For 
example, terminal attraction is sufficient to withstand 
even the pre-stretch, and pairing is complete. What 
then determines the difference between rod and ring 
configurations if not terminalization of chiasmata ? 
But chiasma formation is not the only factor re- 
sponsible for the maintenance of association; mat- 


Table 1. ARM a FREQUENCY AT INDUCED DIPLOTENE- 
DIAKINESIS IN A KARYOTYPE 3RIV + 10 +X 

In compiling the table it has been assumed thai ing IV mou multiples 

have four terminal arm chain ivoa Pidi three, ring 


associations 
bivalents two and rod bivalents one 


Multiple Bivalent type 
n 
types 


1RIV 


| Total arm 
associations 
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2RIV 
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2RIV + 1CIV 
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Total No. of cells analysed 
Mean arm association frequency 
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IRA Prag ne: clear centromeric b) and (c) Pachy- 
Tocalized centromeric repulsion (d) tase pachytene : 
parE e centric loop. (2) is: one 
open cross bivalent eft) and one bi t with a subterminal 


on (right) 
All x 2,750; from acetio-aloohol/acstic-orcein squash pre} 


para- 
tions of ‘testes pretreated with 0-05 p cent aqueous colchicine 
for approximately 4 hr. 


It is probably for 


rical stickiness is also operative. 
resolved 


this reason that chiasmata cannot ‘be 
optically. - 

(2) The opening out of bivalents is a consequence 
of repulsion, initially localized between homologous 
centromeres (Figs. b and c). This occurs in both 
treated and untreated material. As the centric loop 
extends during late pachytene, the distal regions 
remain associated when matrical stickiness is still 
operative (Fig. d). 

Admittedly, this could be explained by assuming 
that chromosome reproduction proceeds from the 
centromere, but this would not satisfy the open-cross 
bivalents or those associated interstitially. They 
result when there is a lapse of matrical stickiness 
prior to complete terminalization. The ‘ring-like’ 
configurations which Sharma et al.* take as indicative 
of the absence of localized repulsion are, on the 
contrary, expected. Diakinesis bivalents are almost 
universally ‘ring-like’ when terminalization is com- 

lete in both arms. Is not the opening out of these 

ivalents partly due to centromeric repulsion ? 

(3) There is an appreciable difference in the 
morphology of the bivalents at late zygotene (Fig. a) 
and pro-metaphase due to: (i) a decrease in length ; 
(ii) the development of a localized centric loop and 
its subsequent extension distally; and (iii) the 
assumption of a diffuse or lampbrush appearance 
prior to bivalent orientation. 

K. R. Lewis 


Botany Department, 
Oxford. 
B. JOHN 
Zoology Department, 
Cardiff. 


1 Suomalainen, E., Ann. Acad. Sci. Fenn., A, 4, 10, 1 (1946). 

* John, B., and Lewis, K. R., Heredity, 11, 1 (1957). 

3 Sharma, G. P., Parshad, R., and Shegal, P., Nature, 178, 1004 (1950). 
* Lewis, K. R., and John, B., Heredity, 11, 11 (1957). 
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Culture Conditions and Mutagenesis in 
Drosophila melanogaster 


Durinc the course of an investigation into the 
biochemical activity of formaldehyde in its relation 
to the mutation process in Drosophila melanogaster, 
a phenomenon has been observed which may be 
termed ‘conditional anti-mutagenesis’. 

Previously it has been shown that the admixture 
of formaldehyde in sublethal concentrations with the 
food of Drosophila larve produces a high frequency 
of sex-linked recessive lethal mutations!. It has been 
noted that formaldehyde and formic acid have similar 
metabolic fates in in vitro systems*, and that the 
time at which formaldehyde is mutagenically effective 
appears to comcide with the time at which deoxy- 
ribonucleic acid is being synthesized’. This suggested 
to me the working hypothesis that formaldehyde is 
effective as a mutagen by competing with the normal 
(formic acid) metabolite in purine biosynthesis ; the 
present communication describes an experiment 
illustrative of this hypothesis. 

The culture medium used for the treatment of the 
larvæ throughout the investigation had the following 
composition ; 


10 per cent 
Drv. ‘peat -killed brewers yeast 


ts 
” 


(LEE SS 


2 
as 
ae 


Aga 
Propionic acid 


This. meditim is referred to as the basic medium. 
When;the temperature of the medium falls to 55° C. 

25-c.c. portions are poured into four one-gill culture 
bottles, which are then stoppered with cotton-wool. 
Propionic “acid is added when the basic medium 
temperature’ is 65° C., formaldehyde when the tem- 
perature is 60°C. Any further substances are 


“fable 1. ERFRCT OF ADENINE ON THE MUTAG 
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1C ACTIVITY OF FORMALDEHYDE ON THE 
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added when the temperature of the basic medium 
is 75° C.; solids‘are first dissolved in distilled water, 
and the solution brought to the same temperature 
as the medium before addition. Four hours after 
preparation of the medium, fifty newly hatched 
Oregon-K larve (within an age variation of + 3 hr. 
are transferred to each of the treatment media, afte: 
which the cultures are placed in the constant-tem, 
perature room (25° C.), until the imagines emerge 
Hatching males are removed before opportunity fo: 
mating can oceur, and tested for sex-linked recessive 
lethals by the Muller-5 method. Each treated mal 
is mated to two virgin Muller-5 females for three 
days (first brood}, and afterwards removed to. bj 
mated to a further two virgin females for anothei 
three days (second brood). A second brood is usually 
sampled as a check against a possible change 1 
brood pattern by influences on the speed of germ-cel 
development. 

On the hypothesis stated above, it seems probabli 
that the addition of preformed purine to the test 
system would decrease the mutagenic activity © 
formaldehyde by ‘by-passing’ the system througt 
which formaldehyde is assumed to act. This sup 
position forms the basis of an experiment in whiel 
formaldehyde and adenine (which is not itself muta 
genic) are simultaneously administered to the test 
system (Table 1). The addition of adenine is foun: 
to produce a significant depression of the mutagenix 
activity of formaldehyde in both breads +. for sev 
reasons, which cannot be discussed in detail her 
depression is not believed to be due to removal 
free formaldehyde by chemical combination with. hi 
extra adenine present. Charactéristically, it, wa: 
observed that the treatment of larve with forma de 
hyde during the first day of larval life results in 4 
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| First brood 
: Concentrations — ; f. è 
Type of treatment (per cent) | f R | r KA per ae i 
‘ chrom. | le! eth, | 
| PNIA eae EIEN a spas EE ENE ae oo | oseka 
| ~ Formaldehyde — i 0-128 1 901 73 81 
i F Formaldehyde l F, 0128 | 
| | | 4767 70 3-96 
adoni ne | A, 0-09 Í 
„ehrom. = total number of chromosomes examined. 


A leth, = mumber of sex-linked lethal mutations. 
Der cent Ieth. = percentage of sex-linked lethal mutations. 
7 (hi-sqmare test ee at fhe 5 per cent probability-level when, for one eere of freedom, its vahie is greater than 3-84). 
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bigh mutation-rate in the first brood, followed by a 


ateep drop from the first to the second brood’; if 
third or fourth broods are sampled, they do not 
differ significantly from the spontaneous mutation- 
rate. 

‘While working at Pasadena, I carried out an experi- 
gnent similar to the one described aboye as control to 
another experiment. Surprisingly, it was found that 
adenine had no effect on the mutagenic activity of 
formaldehyde, though the Drosophila stock was the 
same as that used in Edinburgh (Table 2). The only 
differing component in the two experiments was the 
strain of yeast used in the basie medium: in Edin- 
burgh the yeast was Distillers Co., Ltd. (D.C.L.), 
brewer's yeast, whereas in Pasadena it was the K2 
i of Anheuser-Busch brewer’s yeast, the yeasts 
th cases being dry and heat-killed. 
an attempt to analyse this difference of effect, 
an experiment was carried out in which the adenine 
‘concentration in the basic medium containing the 
Anheuser-Busch strain of yeast was doubled, on the 
assumption that the adenine concentration previously 
used might be insufficient to produce its effect with 
this particular strain. No anti-mutagenic effect, how- 
ever, resulted in this case. 

_ Lhe possibility remained that. the Anheuser-Busch 
‘yeast might contain a chemical component in greater 
amounts than the D.C.L. strain, which might thus 
be masking the anti-mutagenie effect previously pro- 
duced by adenine. ‘To test this possibility, an experi- 
ament. was carried out using the Anheuser-Busch 
strain, but halving its concentration: As seen from 
‘ble 3, the antimutagenic effect of adenine towards 
aldehyde returns, although the results are stat- 
cally significant only in the first brood. 

‘This phenomenon, where the effectiveness of an 
anti-mutagen is conditional upon the strain . (and 
concentration) of yeast employed, under what may 
‘otherwise be considered. as. standard cultural con- 
ditions, is clearly of importance in chemical mutation 































studies. 
< A detailed analysis of this and related phenomena 
is being published later. ‘This work was carried out 
at the Institute of Animal Geneties, West Mains 
Read, Edinburgh 9, and while Gosney Research 
Fellow at the California Institute of “Technology, 
Pasadena, California. 








'THOMAS ALDERSON 
Institute of Animal Genetics, & OS 
West Mains Road, 
Edinburgh 9. 
Feb. 4. 


å Rappoport, I. R., CR. Acad. Sei. USSR. 54, 65 (1046). 


® Vigneaud, du V., Verly, W. C., and Wilson, J. Eu J. Amer. Chem. 
i Sota T2, 2819 (1950). Greenberg, G: R., Fed. Proc.,10, 192 (1951); 
co BR, OBL (1953). : 


® Auerbach, C., Heredity, 6 (Supp.), 247 (1952). 











Selection of a Strain of Plasmodium berghei 
highly resistant to Chloroquine (‘Resochin’) 


In the past, numerous attempts to select 
strains of different plasmodia resistant to 4-amino- 
quinoline have been unsuccessful’. - Recently, a 
successful attempt was recorded for Plasmodium 
gallinaceum, in which the resistanee to chloroquine 
was found to be two-fold?. We have now succeeded 
in selecting a strain of mammalian plasmodium 
which is 200 times as tolerant to chloroquine as the 
‘parent strain. 
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The experimental selection of the strain was made 
in albino mice, the serial passages being exposed to 
progressively increasing doses of ‘Resochin’ solution 
administered intraperitoneally. The experiment 
involved 33 mouse passages during a period of about 
seven months. When the dose of.drug administered 
reached 75 mgm./kgm. body-weight of the mouse, 
it was found to be lethal to the mice, but:the parasites 
in them-were tolerant to it: i 

The degree of resistance was tested. by standard 
methods and was found to be 200-fold. The parent 
strain in infected mice, treated orally with 5 mgm./ 
kgm. body-weight twice daily for three consecutive 
days, disappeared from the peripheral blood for at 
least three consecutive days after the treatment. For 
a similar effect, mice infected with the resistant 
strain had to be treated orally with 1,000 mgm./kgm. 
twice daily for three days. The. selection of the 
strain to higher doses of the drug could not be 
pursued as the dose proved to be lethal to the host. 

Whether this successful selection of a strain of 
P. berghei in mice 200 times as tolerant to chloroquine 
as compared to the parent strain is attributable to 
the difference in physiology of the parasite from that 
of others, or to the difference inthe pharmacology 
of the drug in mice from that im other animals, is 
not known, Ş : 

The experimental details and discussion of the 
results are being published in the Indian Journal:of 
Malariology. Le 
5S. P. RAMAKRISHNAN 
Satya PRAKASRE 
D. S. CHOUDHURY 


Malaria Institute of India, ce 
Delhi. i 
Jan. 27. 
1 Schmidt, L. H., Genther, ©, S.o Fradkin, R: and Squires, Wanda, - 
J. Pharm. Exp. Therap., 95, 382 (1949). Cooper, W.C., Coatney, 
G. R., and Imboden, ©. A., J. Nat. Mal. Soe., 9, (1950)! 
Bishop, A., and MeConnachie, E W., Parasit, 42, 52 (1952). 
Thompson, P. E., J. Inf. Dis., 88,250 (1948), 
? Ray, A. P., and Sharma, G. Ke Nature, 178, 1291 (1956). 


Detection of Opaline Silica in Grass 


Leaves . j 


Onx of us? recently correlated the sizes atid shapes * 
of opaline silica particles m-a pasture soil with those 
of silica bodies in the dominant grass. Finding that 
information in botanical literature is inadequate for 
making such -correlations, we are investigating the 
opaline bodies of British grasses, In. work on the 
leaf blades, we find that, unless‘appropriate techniques 
are employed, two main errors may arise: (1) the 
preserice of opaline bodies are-oyerlooked, or (2) if 
found, their shapes may be misinterpreted. —_, 

(1) For example, when using methods involving, 
the separation of the upper and lower epidermis, we 
found ornamented rods in the leaf of Agrostis tenuis 
but could detect none in Cynosurus cristatus; yet, 
after treating with dilute chromic acid and mounting 
in canada balsam, the rods were equally conspicuous 
in both species. Once their presence in C. cristatus 
was known to us, we rendered the cellulose less 
prominent by immersing in a liquid of refractive 
index 1-50, after which some rods of opal could be 
seen on careful inspection, 

(2) In Sieglingia decumbens, dumb-bell-shaped 
silica cells are visible at once in the separated 
epidermis (Fig. 1), but dilute chromic acid renders 
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Figs. 1-5. Opaline bodies in grass leaves. (x 700 approx.) 





them much more conspicuous. If the chromic acid 
attack is Brief, the opaline bodies remain in situ and 
still appear as dumb-bells, but with prolonged treat- 
ment they become displaced and the impression that 
each consists of-a linkage of two spheres is seen to be 
incorrect (Figs. 2-4). When Festuca ovina is similarly 
treated, the small round silica cells yield conigginot 
spherical, bodies (Fig. 5). 
In this work, Prat’s method? of obtaining ine 
„ Preparations of the leaf blades by scraping and peeling 
“was satisfactory for some species. For others, 
especially those with heavily ribbed upper surfaces, 
a preliminary ing with potassium hydroxide 
and hydrochloric acid (based on the technique used 
by Priestley and Scott? for Buxus leaves) was 
necessary to obtain preparations of suitable size and 
quality. Several were prepared of each species, some 
to be double stained with methylene blue” and 
ruthenium red, dehydrated and mounted in ‘inada 
balsam, others to be treated with chromic aci 
- latter treatment may be applied either to a separated 
epidermis or to the whole thickness of the leaf. 
warming with hydrogen peroxide before 
floating on warm dilute chromic acid helps to prevent 
blackening. When the acid has made the specimen 
transparent, cold water is added and the specimen 
picked up on a cover-glass coated with a film of 
‘tacky’ canada balsam, produced by the evaporation 
of a dilute solution in benzol. After washing and 
drying, the cover-glass is lowered on to a slide coated 
with warm balsam. In such a preparation only the 
opal appears distinct under an ordinary microscope, 
but with phase-contrast or crossed polars other 
detail is made clear. ra 
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à 
Fa is intended to publish fuller details of these 


methods and of results which have bearing on grass 
phylogeny and pedogenesis respectively. 
D. Wynn Parry 
FRANK SMITHSON 
School of Agriculture, 
University Col of North Wales, 
E 
Jan. 11. 


* Smithson, F., Nature, 178, 107 (1956). 

* Prat, H., Ann. Missouri Bot. Garden, 35, 341 (1948). 
> Priestley, J. H., and Scott, L. I., “An Introduction to Botany”, 
214, 2nd edit. (London, 1949). 


Electric Strength of Unsaturated 
Hydrocarbon Gases 


We have recently shown: that the electric strength 
of the alkanes and cyclic saturated hydrocarbons can 
be related in a relatively simple manner to the total 
cross-section, § (largely elastic), for electron scatter- 
ing. The results further indicated that this cross- 
section was composed of separate and additive 
cross-sections, 0c—n and Oc—c, for the electrons 
associated with the carbon-hydrogen and carbon- 
carbon bonds, respectively. It was found that 0¢—¢ 
was essentially zero, owing presumably to shielding 
by the electrons of the carbon—hydrogen bonds. 

We have extended our measurements to hydro- 
carbons containing double bonds and present here 
a preliminary report of the results. Experimenta! 
techniques were the same as those described pre- 
viously. 

A plot of the quantity B/e;" against the number 
of earbon-hydrogen bonds per molecule, no—n, is 
shown in Fig. 1 for the alkanes and olefins. Here 
B is a constant appearing in the relationship between 
the first Townsend coefficient, x, the field, Æ, and the 
pressure*, P ; 

a/P = A (EJP) exp (—BP/E) (L 
zi is the first ionization potential. As shown earlier’, 


je; = K’0 (2) 


where K’, while necessarily a constant, was found 
to be so for the*saturated h; 


Ass that for the olefins 0 may be written as 
a sum of -sections of individual bonds, we have : 
6: = vio + nc—c 9e—o + nc=0 8e=c (3) 
where nc=c Oc=c refer to the number per mole- 


cule and the cross-section, respectively, of the double 
bonds. If §¢—c is zero for the olefins, as it is for the 
alkanes, then Fig- 1 shows that K’ is not only a 
constant for the ole but also has the same value 
as it has for the hydrocarbons. Thus in 
both series of molecules, the addition of a CH, group 
produces a constant increment in the cross-section. 
From the intercept of the curve for the olefins, 
it is clear that 0¢—c is not zero, and that the double 
bond (nc=o is unity in this series) contributes sub- 
stantially to the scattering cross-section. This may 
be attributed (1) to a decrease in the shielding effect 
s the C-H bonds, since two of these are eliminated 
formation of the C=C bond, and (2) to the 


largat spatial tion of the relectron orbitals 
associated wi e C=C bond. - 
The results in Fig. 1 include those for n- 


butene 1, n-bu 2, isobutene, n-pentene 1 and 2, 
methyl butene 2. There is, therefore, little dependence 
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of the cross-section on branching or position of the 
double bond. 

From these results it might be expected that orbital 
‘smearing’ due to resonance effects in compounds 
contammg more than one double bond would lead 
to an increased contribution to the cross-section of 
each double bond. Using a value of 0¢=c for the 
cross-section of the C=C bond obtained from the 
intercept in Fig. 1, and assuming that K’ 1s a con- 
stant for all molecules considered, values of nc=c 
are Calculated for butadiene and benzene from the 
measured values of B/s; . Values obtained were : 
butadiene, nc--c¢ = 2-8; benzene, nc=c = 3-6. 

Conjugation does, therefore, increase the effective 
cross-section of each double bond. 

A more complete report of this work will be pub- 
lished elsewhere. 

R. W. CROWE 
J. ©. DeviNs 
General Electric Research Laboratory, 
Schenectady, N.Y. 
Jan. 28. 


1 Devins, J. C., and Crowe, R. W., J. Chem. Phys., 25, 1053 (1956). 


3 Crowe, R. W., Bragg, J. K., and Devins, J. C., J. App. Phys., 26, 
1121 (1955). 


Relativity and Space Travel 
THE interesting exchange between Profs. H. Dingle 


and W. H. McCrea! on the sùbject of relativity and, 


space flight has now produced a minor ripple m the 
United States*, Whether this ıs a precursor of a 
new controversy or just a highly attenuated wave, 
only future observations will show. 

I wish to comment briefly and suggest an experi- 
mental approach. Let me first state that I concur 
with Prof. McCrea’s view. A basic problem, as I 
see it, is whether there exists symmetry between 
observer A who stays on the Earth and observer B 
who travels out and then returns. This symmetry 
does not exist (contrary to Prof. Dingle’s statement) 
since B experiences forces while A does not, so that 
there is no_@ priori reason to expect them to be of 
the same age when they meet again. In fact, the 
problem has been treated adequately in Tolman’s 
book®. There appears to be no paradox and no 
controversy. A simular Jack of symmetry exists in 
the case of an artificial satellite. Observer A on the 
Earth sees the artificial satellite circling around the 
Earth, while observer B m the satellite, from his 
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point of view, can see observer A cirelmg around. 
if the situation is really symmetrical, then observers 
A and B, comparmg ther clocks after a long time 
of operation, should find agreement. However, as 
has been shown‘, observer B’s clock will run more 
slowly. Clock B m a satellite in an orbit at very 
low altitude will lose time at a rate of 1 part in 
3 x 10°. This effect should be measurable using 
atomic beam clocks which have an mherent accuracy 
of l part in 101%. I suggest using long accumulation 
times, counting ticks both for clock A and clock B 
and comparing after a large number of ticks®. (By 
operating the satellite at different altitudes, one can. 
also verify the gravitational red shift which is super- 
imposed on the effect discussed here ) 

There should be no rush, however, for spaces on 
a satellite. In a lifespan of 100 years the satellite 
inhabitant would gain only 1 second; in view of 
other well-known hazards mvolved m space travel, 
I do not recommend this particular method for 
mereasing one’s life-span. 

S. F. SINGER 

University of Maryland, 

College Park, Maryland. 

Jan. 3. 
1 Nature, 177, 782 (1956); 178, 680 (1956) 


3 Set. American, 195, No. 6, 53 (Dec. 1958). Jet Propulsion (J. Amer. 
Rocket Soc.), 26, 1105 (1953). 


3 Tolman, R. C., “Relativity, Thermodynamics and Cosmology”, 
194 (Clarendon Press, Oxford, 1934). 


i Winterberg, F., Astronaut. Acte, 2, 25 (1956). 
$ Singer, S. F., Phys. Rev., 104, 11 (1956) 


A Suggested Experiment on the ‘Clock 
Paradox’ 


Tae discussion of the ‘clock paradox’ of relativity 
theory has recently been renewed, in articles by 
Dingle! and McCrea’, in the form of the question 
whether a space traveller from the Earth whose 
velocity relative to the Earth over a considerable part 
of his journey was comparable with the velocity of 
light would find on his return that the duration of 
the journey was less by his clock than by one which 
had remained on the Earth. 

This question can be settled by an experiment 
which is now technically feasible. Durbin, Loar and 
Havens? have described an experiment in which a 
closely parallel beam of charged m-mesons of energy 
73 MeV. was projected into the laboratory from a 
cyclotron, and the decreasé in the number of particles 
with distance investigated. This decrease was found 
to be about 1 per cent per 10 cm. of the straight-line 
flight, and results from the decay of the =-meson 
into a -meson and a neutrino. The mean life* of 
v-mesons at rest in the laboratory 1s (2:5. + 0-1) x 
10-8 sec., while an energy of 73 MeV. corresponds 
to a velocity three-quarters that of light. These 
particles are therefore admurably fitted for the role 
of space travellers m miniature; a journey which 
one-half of a group would survive would be less by a 
factor about 10° in distance as compared with an 
interstellar journey by rocket at the same speed. 

In prmeiple, the controversy between Dingle and 
McCrea can be settled, therefore, by deflectang the 
meson beam in the experiment of Durbin, Loar and 
Havens by one or more electromagnets so that it 
returns to intercept its own track, and measuring 
the proportion of particles returnmg. 

In a fuller account which 1s being submitted for 
publication’, I point out how the expermment can be 
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designed so that the technical difficulties are no 
greater than in experiments** which have already 
been made with m-meésons and show that the propor- 
tion of particles surviving a round journey of 800 cm. 
must be less than 0-36 if Dingle’s views are correct, 
whereas the value to be expected on an orthodox 
interpretation of relativity theory is 0-41 and 0-47 
for 73 MeV. and 100 MeV. particles respectively. 
The ‘journey’ suggested here is not the same as that 
proposed by Crawford®, to which objections can be 
raised on the ground that the ‘travellers’ do not 
return to their starting point, Crawford does not 
seem to be aware that the experiment with m-mesons 
which he suggests has already been done. 

In the fuller account, some considerations suggested 
“by the proposed experiment will be examined, and 
an attempt made to.show that Dingle’s theory is 
not consistent, with the principles of special relativity 
as they apply to unaccelerated motion in an inertial 
frame. 

5 ~ W. Coomran 

Cavendish Laboratory, 

Cambridge. `- 
Jan, 12. | 
1 Dingle, H., Natwe, 177, 782; 178, 680 (1956). 
2 McCrea, W. H., Nature, 177, 784; 178, 681 (1956). 
3 Durbin. ve P., Loar, H. H., and Havens, W. W Phys Rev., 88, 179 


* Wiegand, C., Phys. Rev., 83, 10 (1951). 
Cochran, W., Proc. Camb. Phil. Soe. (in the prasy 
* Crawford, F. S., Nature, 179, 36 (1957). 


Experimental Determination of 
Atmospheric Infra-red Radiation 


ly a recent communication', Mr. J. L. Gergen 
gives a brief account, of his ‘black ball’ radiometer, 
and in comparmg measurements of atmospheric 
radiation so made with those described by: us? states 
that they ‘“‘are not in agreement”. A fuller account 
of our work has now ‘appeared? with more information 
than was available to him at the time of writing. 
‘In the atmosphere, which for this purpose we 
consider to be plane and uniformly stratified, we 
may consider that at any height z there are two 
independent radiation streams: an upward stream 
Uz, and a downward stream Dz. In the atmo- 
-sphere, the significant factor ıs whether the atmo-.. 
sphere is cooling or heatmg as a result of these 
streams, and a simple analysis would show that this 
is given by the (one-dimensional) divergence, 


i (Uz — Dz). This can . best be determined ‘by 


calculatmg or measuring the values of both Uz and 
Dz and then taking their differentials. Thus measure- 
ments of these quantities are, at the present state, 
the most useful kirid of atmospheric radiation data. 

‘It is unfortunate that Mr. Gergen’s ‘black ball’ 
measures; in effect, Uz plus Dz,.since the temperature 
T of thé black ball is determined by the equivalent 
black-body temperature of the combined fluxes, 


> : ; 
that is to say (Get Psy : (neglecting the spherical 


effects). Whether this 1s greater or less than the air 
temperature at the same place does not have great 
significance, and since it is very difficult to separate 
the contributions of U and D, it is not possible to 
calculate Uz — Dz or the divergence, 
another way, Mr. Gergen states that he is observing 


the places in the atmosphere where the air is being 
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‘heated or cooled, whereas he is really ee "the 
places where’a black-body would be heated or cooled. 
Since the atmosphere at any level is far from being a 
black-body, the radiation equilibrium temperature of 
a black-body is not the equilibrium temperature of 
the atmosphere. Clouds are ‘grey’; thus the black 
ball would indicate correctly the effects of radiation 
on @ thin cloud layer. 

It is to direct attention to the above important 
defect of the ‘black ball’ techniques that we write ; 
we would, however, like to comment on Mr. Gergen’s 
comparisons between our measurements and some 
made at Minnesota but unpublished. “For our part, 
we think that our calibrations were not equivocal 
and that, within the limitations we indicate in our 
paper, our measurements ‘are correct in absolute 
value. It is rmportant to note, too, that caleulations 
of radiation fluxes at high levels are sensitive to the 
accuracy of the humidity data available. For the 
measurements we have made at Farnborough, we 
had the advantage of the assistance. of the Meteoro- 
logical Research Flight ; simultaneous measurements 
of air temperature and humidity were made. So far 
as we know, the Meteorological Research Flight 
remains the only organization which can measure 
the humidities found at high levels. We do not know' 
what humidities were used at Minnesota, nor what 
corrections were made for variation of carbon dioxide 
path- -lengths with height in therr calculations. 

A. W. BREWER 
Clarendon Laboratory, 
Parks Road, 
Oxford. 
; J.T. 
Royal Aircraft Establishment, 
Ambarrow Court, 
Nr. saa Surrey. 
Feb.. 2 
i Gergen, J. L., Nature, 179, 36 (1957). 
* Houghton, J. T., and Brewer, A. W., Paper of Meteor. Res. Comm. 
No. 914 (London, 1955). 
t Rovot, H W., and Houghton, J. T., Proc Roy. Soc., A, 236, 175 
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THE relations which mdicate the manner in which 
the black ball temperature-differences are related to 
the radiative divergence will appear in a forthcoming 
paper in the Journal of Meteorology, and as shown: 
there, the cooling rate is positive when the black ball 
difference is positive, and vice versa. The exact 
numerical relations are, however, still somewhat 
questionable wnd require further study. 

I am happy to have recéived the more complete 
analysis of the work by Drs. Brewer and Houghton, 
and, of course, as they state, their experimental 
results also bear out the fact that the radiation. chart 
requires revision. My comment on their previgus 
work must not be regarded as a criticism of their 
experimental methods, which were most thorough’ ‘and 
careful, but on the accuracy of the determination of 
upward or downward fluxes (or equivalently, the 
radiation temperatures) when measured with a 
spectrally selective device. Drs. Brewer and Houghton 
have made the first careful determination of atmo- 
spheric infra-red radiation and deserve all credit for 
having made a significant advance in the understand- 
ing of the heat balance for the Earth. 

Joun L. GERGEN 
School of Physics, 
University of Minnesota, 
- Minneapolis 14, Minnesota. 
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(Meetings marked with an asterisk * are open to the public) 


Monday, May 13. 


ROYAL GEOGRAPHIOAL SOOIETY (at 1 Kensington Gore, London, 
S W.7), at 6 p.m.—Mr D. P.J Wood and Mr. B. J. Moser: ‘“‘Cam- 
bridge Expedition to North Borneo” $ 


UNIVERSITY oF LONDON (in the Chemustry Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Prof J. B. $ 
Haldane, F.R.S.: Karl Pearson Centenary Lecture.* 


Tuesday, May 14 


SOCIETY oF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at the 
Royal College of Science, Imperial Institute Road, London, 5.W.7), 
at 10.30 a.m.—Annual General Meeting, followed by Scientific Papers. 


UNIVERSITY OF LONDON (at the Wright-Fleming Institute of 
Microbiology, 8t, Mary’s Hospital Medical School, London, W.2), at 
5 p.m.——Dr. B. A. D. Stocker ‘Heritable Transformations of 
Bacterla"* (Second of four Almroth Wright Lectures). 

ZOoLogioaL Soorery oF LONDON (at the Zoological Gardens, 
Regent's Park, London, N.W.1), at 5 p.m.—Scientific Papers. 

INSTITUTION OF CIVIL ENGINEERS (at Great George Street, West- 
mmster, London, 8.W.1), at 5.30 p.m.—Dr. R. v. d. R. Woolley: 
“Large Telescopes” (James Forrest Lecture). ` 

Sootety OF CHMMIOAL INDUSTRY (joint meeting of: the CHEMICAL 
ENGINEERING and PLASTICS AND POLYMER GROUPS, at 14 Belgrave 
Square, London, S.W.1), at 5.30 p.m.—Mr. L. H. Vaughan, Mr. B. T. 
Hayes and Mr. W. J. Read: “Some New Chemical and Physical 
Aspects of Polyester Resin Technology”. ? 

UNIVERSITY OF LONDON {at the Ro 
S.W.7), ab 5.80 p.m.—Prof. 
(Inaugural Lecture). 

ROYAL AERONAUTICAL SOCIETY (at 4 Hamılton Place, London, 


W.1), at 7 p.m.— Mr, W. A. Baker. “Remfoirced Plastics for Prmary 
Aircraft Structures”, 3 


College of Science, London, 
A. Salam: “Blementary Particles” 


Tuesday, May |4—Friday, May 17 


INSTITUTION OF GAS ENGINEERS (at the Institution of Civil 
Engineers, Great George Street, London, S.W.1)—94th Annual 
General Meeting. i 


Wednesday, May 15 


ROYAL SOCIETY or Arts (at John Adam Street, Adelphi, London, 
.W-C.2), at 2.80 p.m.—-Siı Mortimer Wheeler : “Science in Archeology” 
(Trueman Wood Lecture). - 


GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Dr. J. G. Ramsay: “Moine-Lewisian Rela- 
tions at Glenelg, Inverness-shire’; Dr. N. Rast: ‘Tectonics of the 
Schichallion Complex”, 


PHYSICAL SOCIETY, COLOUR Group and OPTICAL GROUP (in the 
Lecture Theatre of the Science Museum, Exhibition Road, London, 
8.W.7), at 5 p.m.—Mr, J. Guild: “Observations on the Behaviour 
of Diffraction Gratings” (Thomas Young Oration), 


ROYAL Socmmry OF MEDICINE, COMPARATIVE MEDICINE SECTION 
(at 1 Wimpole Street, London, W.1), at 5 p.m.—Discussion Meeting 
on “Recent Advances in the Use of Tissue Culture Methods in Virus 
Research”. Opening Speakers Dr. F. Kingsley Sanders, Mr. R. F 
Sellers and Mr. T. W. F. Pay. 

ROYAL Sraristioa, Sociery (joint meeting with the Roya 
METRKOROLOGIOAL SooreTy, at the London School of Hygiene and 
Tropical Medicine, Keppel Street, London, W.C.1), at 5.15 p.m.— 
Meeting on “Analysis of Geophysical Time Series”. Mr. J. M. 
Craddock: “An Analysis of the Slower Temperature Variations at 
Kew Observatory by Means of Mutually Exclusive Band Pass Filters” ; 
Mr. H, Charnock: “Notes on the Specification of Atmospheric Tur- 
bulence” ; Dr. J. Neumann and Dr. 8. Rushton: ‘Some Applications 
of me Series Analysis to Atmospheric Turbulences and Oceano- 
graphy”. rane 

Royal Myoroscortcan Society (at Tavistock House South, 
Tavistock Square, London, W.C.1), at 5 30 pm er H. E. Huxley 
and Dr} Jean Hanson: “Studies on the Mechanism of Muscular 
Contraction”. 
> PAYSIOAL SOCIETY, Acoustics GROUP (in the Physics Lecture 
Theatre, Imperial College, Imperial Institute Road, South Kensington, 
London, 8.W.7), at 6 p,.m.—Mr E., Halfpenny: ‘Tonal Evolution of 
‘Wood-wind Instruments”, 


BOYAL AERONAUTICAL SOCIETY, GRADUATES’ AND STUDENTS’ 
SECTION (at 4 Hamilton Place, London, W.1), at 7.80 p.m.—Mr. W. H. 
Stephens: “Guided Weapon Research and Development”. 


id 


Thursday, May 16 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society 
of Loñdon, Burlington House, Piccadilly, London, W.1), at 4 p.m.— 
Annual General Meeting. 

BOYAL Soorety (at Burlington House, Piccadilly, London, W.1), 
at 4.80 p.m.—Prof. A. L. Hodgkin, F.R.S.: “Ionic Movements and 
Electrical Activity in Giant Nerve Fibres” (Croonian Lecture). 

UNIVERSITY OF LONDON (at Birkbeck College, Malet Street, London, 
W.C.1), at 4.80 p.m.—Prof. L. Brillouin: “Information Theory in 
Pure Physics”.* (Further lectures on May 20 and 22.) 

LONDON MATHEMATICAL SOOIETY (at the Mathematical Institute, 
Elizabeth Street, Liverpool), at 5.15 p.m.—Prof. ©., Ehresmann: 
“On Foliated Spaces”. 
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CHADWIOK TRUST (at the Royal Society of Health, 90 Buckingham 
Palace Road, London, §.W.1), at 5.30- pm—Mr, Herbert Addison : 
“The Conservation of Water Supplies” "(Chadwick Public Lecture). 

ROYAL Soorety oF TROPICAL MEDICINE AND HYGIENE (at 26 
Portland Place, London, W.1), at 7.30 p.m.—Symposium on “The 
Laboratory Aspects of Amoebiasis”’. ` 


UNIVERSITY OF LONDON (at Wye College, near Ashford, Kent),”” ~ 


at 8.15 p.m.—Dr. N. D. Dijkstra (Agricultural Experiment Station, 
Hoorn) $ a The Conservation of Grass for Feeding Purposes in Agri- 
culture”. £ 


Thursday,- May 16—Friday, May 17 


DEVELOPMENT ASSOCIATION (at the Institution of 
Victoria- Embankment, London, W.C.2)— 
Symposium on “Aluminium in Electrical: Engineermg”. 


Friday, May 17 i 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, S.W.7), at 5.15 p.m.—Mr. E. W. Pike: 
“Navigation and the Airlines”. . 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Dr. Kathleen Kenyon: ‘Excavations at Jericho”. 


Saturday, May 18—Sunday, May 19 


ASSOCIATION OF SCIENTIFIC WORKERS (at St. Pancras Town Hall, 
Euston Road, London, N.W.1), at.10.30 a.m. Saturday and 10 a.m? 
Sunday—Annual Conference. ..„ ¢ ` 


APPOINTMENTS .VACANT 


APPLIOATIONS aie 1nvited fax the following appointments on or 
before the dates mentioned : 

DEMONSTRATOR IN THE DEPARTMENT OF BOTANY—The Registrar, 
The University, Liverpool (May 15) - 

LECTURER IN Puysics—The Principal, Dudley and Staffordshire 
Technica} College, Dudley Guay 16). 

HEAD (British) OF THE DEPARTMENT OF CHEMISTRY ; and HEAD 
(British) OF THE DEPARTMENT OF BIOLOGY, in the Faculty of Science, 

ational University of Libya; Tripoli--The_ Director, Personnel 
Department, British Council, 65 Davies Street, London, W.1, quoting 
“Science, Libya” (May 17). 

Assistant LECTURER (with special qualifications in pure mathe- 
matoa) IN AATEEATIOS EERS Registrar, The University, Manchester 

y 18). 7 

LECTURER IN EpuoatioN—-The Principal, Borough Road College, 
Isleworth, Middlesex (May 20) 

SENIOR LECTURER or LEOTURER IN INORGANIC CHEMISTRY at the 
University of Khartoum--The Secretary, Inter-University Council 
for Higher Education Overseas, 29 Woburn Square, London, W.C.1 


(May 21). 

ASSISTANT LECTURER or LEOTURER IN APPLIED MATHREMATICS— 
The Registrar, University Colleze, Singleton Park, Swansea (May 23). 

PepoLoaist, Scientific Officer or Senior Scientific Officer grade 
(with a good honours degree in chemistry, physics, geology or 
mineralogy, with postgraduate research experience, preferably 1n soil 
science or related fields of study, for example, clay mineralogy and 
sedimentary petrology), to study the characteristics and development 
of Welsh mountain soils as a member of a Research Unit stationed 
at Bangor concerned with investigation into the influence of human 
settlement and intensity of land use and local climatic variation on 
the vegetation and soils of Snowdonila—The Establishment Officer, 
The Nature Conservancy, 19 Belgrave Square, London, 8. W.1 (May 25) 

SENIOR LECTURER IN MECHANICAL., ENGINEERING at Singapore 
Polytechnic—The Advisory Committee on Colonial Colleges, 1 Woburn 
Square, London, W.C.1 (May 25). 

LECTURER or ASSISTANT LECTURER IN BoTANY—The Secretary, 
The University, Exeter (May 31). 

MATHEMATICIAN or PHYSIOISE to work on water movements and 
turbulence in lakes; and a PurystoLoaisr to work on fresh 
water algae at a laboratory on Windermere—The Director, Fresh- 
water Biological Association, The Ferry House, via Ambleside, West- 
morland (May 31). 

LECTURER IN ZOOLOGY, to take responsibility for the teaching of 
entomology—The Secretary, The University, 38 North Balley, Durham 

une 1). 3 . 

RESEARCH CHEMIST (with a university honours de 
with chemistry as a major subject, or equivalent q cations, and 
preferably with research experience in physical chemistry) Av THE 
IRRIGATION RESEAROH STATION, LR, Merbein, Victoria, 
Australia, to carry out an investigation into the dipping, drying and 
processing of vine fruits with special reference to problems in diffusion 
kinetics involving the transfer of water through organic membranes 
including the waxy coating of the grape-—Chief Scientific Liason 
Officer, Australian Scientific Liaison Office, Africa House, Kingsway, 
London, W.C.2, quoting Appointment No. 496/62 (June 1). 

RESEARCH DEMONSTRATOR IN Borany——The Registrar, University 
College, Singleton Park, Swansea (June 1). 

SENIOR LEOTURER (with a Doctorate of Philosophy or Science, 
awarded for research in theoretical physics) IN THEORETIOAL PHYSICS 
at the University of Queensland, Australia—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (Australia, Jure 7). i g 

Assistant (preferably with an honours degree in science or sgri- 
culture) IN THE CHEMISTRY DEPARTMENT at Auchincruive, for work 
mainly relating to the analysis of soiland other ee materials— 
The Secretary, West of Scotland Agricultural College, 6 Blythswood 
Square, Glasgow, C.2 (June 10). 

ECTURER IN AERODYNAMICS—The Secretary of University Court, 
-The University, Glasgow (June 12). 
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CHAIR OF HUMAN PHYSIOLOGY AND PHARMACOLOGY in the Univer- 

. sity of Adelaide, Australia—The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W.C.1 

(Australia, June 15) A 

LEOTURER or ASSISTANT LECTURER IN BIOCHEMISTRY at the Univer- 
sity of Malaya, Singapore—The Secretary, Inter-University Council 
ior ene Education Overseas, 29 Woburn Square, London, W.C.1 

une 20). 

DEMONSTRATORS and/or TUTORIAL STUDENTS (3) IN THE DEPART- 
MENT OF GEROLOGY—Thé Registrar, University College of North 
Staffordshire, Keele, Staffs (June 22). - 

LECTURER or ASSISTANT LECTURER IN ELECTRONIO CompuTING— 
The Registrar, The University, Leeds (June 30). 

. ASSISTANT LEOTURER (with a degree in microbiology, bacteriology, 
botany, biochemistry or cognate fields) IN THE DEPARTMENT OF 
MionoBIOLoGy—The Registrar (Room 9, O.R.B.), The University, 
Reading (July 1). 

ASSISTANT LEOTURER (with special qualifications in physical or 
inorganic chemistry) IN CoemistRyY—The Secretary, The Royal College 
of Science and Technology, Glasgow. 

DIRECTOR (preferably a physicist, with experience of research in 
fibre technology at a textile research institute in this country) oF 
JUTE RESEARCH (TECHNOLOGY) at the Jute Research Institute, near 
Dacca, East Pakistan—The Ministry of Labour and National Service 
(E.9), Almack House, King Street, London, $.W.1, quoting 
A.12/PAK/163/TCS. 

EXPERIMENTAL OFFICERS and ASSISTANT EXPERIMENTAL OFFICERS 
AT THE RADIO RESEARCH STATION (D.S LR.), Datchet, Bucks, to 
(a) assist ın radio research, and (b) prepare abstracts of scientific 
and technical articles on radio research and development—The 
try of Labour and National Service, Technical and Scientific 
Register (K), 26 King Street, London, 8.W.1, quoting A.111/7A. 

GRADE I, RECORDIST IN THE DEPARTMENT OF APPLIED ELEOTRO- 
ENOEPHALOGRAPHY, Maida Vale Hospital—The Secretary, The National 
Hospitals for Nervous Diseases, Queen Square, London, W.C.1. 

(with high academic qualifications ın physics, and teaching, 
research, or industrial experience) OF THE DEPARTMENT OF PHYSICS; 
and HEAD (with high academic qualifications in mathematics, and 
teaching, research or industrial experience) OF THE DEPARTMENT OF 
MarTHEMATICS—The Principal, Technica] College, Queen Street South, 
Huddersfield. 

_ MASTER TO TEACH PHysios throughout the school, including some 
sixth form work—The Headmaster, Oundle School, Oundle, Peter- 
borough, Northants. 

PHYSICIST or ELECTRICAL ENGINEER (with a first- or second-class 
honours degree or equivalent in physics or electrical engineermg, and 
at least three yeais postgradiate research experrence) with the 
Ministry of Supply at the R.A.E., Bedford, for the design of precision 
electrica] and electronic instruments for use in wind tunnel operation 
and for the measurement of physical quantities in wind tunnels— 
The Ministry of Labour and National Service, Technical and Scientific 
Register (K), 26 King Street, London, S.W.1, quoting A.117/7A. 

PROFESSOR OF CoEMistrY—The Dean, College of Arts and Science, 
Baghdad, Iraq. 

ADIATION PHYSIOLOGIST (Ph.D. or equivalent qualifications, and 
interested in starting a programme of fundamental research on the 
physiological effects of radiation in: small antmals)—File 4B, Atomic 

nergy of Canada Limited, Chalk River, Ontario, Canada. 

RESEARCH ASSISTANTS (2) (with an honours degree in chemistry) 
IN THE PHYSICAL CHEMISTRY LABORATORY, for work on problems 
connected with the interaction of amino-acids or nucleic acid com- 
ponents with sugars or with amino-acids—The Clerk to the Governors, 

jouth-West Essex Technical College and School of Art, Forest Road, 

Walthamstow, London, 5.17. 

SENIOR LECTURER (capable of developing courses in plastics and 
rubber technology) IN HIGH POLYMER TECHNOLOGY—The Principal, 
Welsh College of Advanced Technology, Cardiff. 

Sors GEOLOGIST (with a good honours degree in geology with two 
years postgraduate experience in soils geology or with some experience 
or inclination towards soils geology) with the Government of Sarawak 
to carry out regional geological mapping with the main purpose of 
demarcating different soil types—The Director of Recruitment, 
Colonial Office, London, S.W.1, quoting BCD.63/24/07. 

STATISTICIAN (with a good honours degree in mathematics or 
statistics) IN THE SECTION OF Statistics for biometrical research 
and _consultation—The Secretary, National Institute for Research 
in Dairying, Shinfleld, Reading, quoting Ref. 57/9. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Meteorological Office. Meteorological Reports, 
- No. 17: Temperature- Compensated Equivalent Headwinds for Jet 
Aircraft. By A. F. Crossley. (M.O. 62 1a.) Pp. ii+10, (London: 
H.M. Stationery Office, 1956.) 1s. net. ie 
University College of Wales, Aberystwyth. Welsh Plant Bree g 
Station. Bulletin Series H, No. 18: The Herbage Production of Two 
Strains of Perennial Ryegrass. By Roy Hughes. Pp. 78. 73. 6d. 
Bibliography of Articles, Reports and Scientific Papers by Members 
of the Staff, 1919-1955. 1: Alphabetical List. 2: Chronological List. 
Compiled and edited by Irene’ D, Rees. Pp. ii+98. 7s. 6d. (Aberyst- 
wyth: Welsh Plant Breeding Station, University College of Wales, 
203 


1956.) 
Salaries of Graduates in Industry. 


Planning, Vol. 28, No. 408: 
Pp. 45-68. (London: Political and Economic Planning, 1957.) 
28, 6d [203 


j The Cause of Cancer is Known. 


Health and Radiation, Part 2: 
By Michael Ash. Pp. 44, (Enfield, Mddx.: ARO Research Team, 
i [203 


Air Ministry : 


1957.) 5s. 


NATURE 


- Government Printer, 1956.) 


May lL, 1957 VoL. 179 


London School of Hygiene and Tropical Medicine, incorporating 
the Ross Institute. Industrial Advisory Committee Bulletin No. 11: 
Tron-Deficiency Anaemia. By B. Ford Tredre. Pp. 24. (London ' 
London School of Hygiene and Tropical Medicine, 1957.) [203 

University of Cambridge: Department of Engineering. Report of 
the Head of the Department for the year 1955-56. Pp. 14. (Cam- 
bridge: The University, Department of Engineering, 1957.) fz03 

The Colombo Plan for Co-operative Economic Development in» 
South and South-East Asia—Fifth Annual Report of the Consultative 
Committee. Pp. 155. (Cmnd. 50.) (London, H.M. Stationery Office, 
1957.) 5s. 6d. net. 7 {213 

Linde Molecular Sleves for Selective Adsorption. Pp. 28. (Poole. 
British Drug Houses, Ltd., 1957.) [2181 

Proceedings of the University of Durham Philosophical Society. 
Vol. 12, No. 16: Subimaritime Festucetum Rubrae on the Magnesian» 
Limestone in County Durham. By D. A. Walker. Pp. 170-174. 
Vol. 12, No. 17: A Study of Cranefiy Eggs (Diptera: Tipulidae} 
with particular reference to the Micropyle and the Terminal Filament 
By D. M. Robinson. Pp. 175-182. Vol. 12, No. 18: The Role of Soil 
Fungi in the Spread of Orchid Species in Clay Pits. By J. A Richard- 
son. Pp. 183-189. (Durham: University of Durham Philosophical 


Society, 1956.) ct {219+ 
of Knowledge. By Prof. C. Day Lewis. oo 
(Cambri iga M 


The Poet’s Wa; 
Henry Sidgwick Memorial Lecture, 1956.) Pp. 32; 
At the University Press, 1957.) 5s. net. 
British Oxygen and the Monopolies Commission. Pp. 14. (London, 
The British Oxygen-Co., Ltd., 1957.) [253+ 
Abstracts of Dissertations approved for the Ph.D., M.Sc., andi 
M.Litt. Degrees in the University of Cambridge during the Academica: 
Year 1954-55. Pp. xviii+261. (Cambridge: Board of Research 
Studies, The University, 1957.) 25: 
The Registrar General's Quarterly Return for England and Wales. 
Births, Deaths and Marriages; Infectious Diseases; Weather; 
Population Estimates; quarter ended 31st December, 1956. Pp. 32. 
(London. H.M. Stationery Office, 1957.) 1s. 6d. net. [252 


Other Countries 


South Rhodesia. Geological Survey Bulletin No, 45: The Geology 
of the Odzi Gold Belt. y Dr. W. H. Swift. Pp. 1v+44+6 plates 
Southern Rhodesia Geological Survey. Mineral Resources Serie: 
ee Manganese. ' Pp. 5. (Salisbury: Government Printen 

University of Helsinki: Institute of Meteorology. Papers, No.77. 
Some Aspects of Fog, with special reference to South Finland. By 
Ath Nurminen, Pp. 80, (Helsinki: University of Helsinki, Institute 
of Meteorology, 1956.) 2038 

City of Launceston. - Annual Report of the Director of the Queens 
Victoria Museum and Art Gallery, 1955-1956. Pp. 8. (Launceston: 
Queen Victoria Museum and Art Gallery, 1957.) {2 

Texas Instruments Incorporated. Annual Report, 1956. Pp. 20 
(Dallas, Texas: Texas Instruments, Inc., 1957.) [208 

Bulletin of the Flonds State Museum, Biological Sciences, Vol. 1 
No. 5: Life History Studies of some Florida Insects of the Genus 
Archipsocus (Psocoptera). By Edward L. Mockford. Pp. 253-274. 
35 cents. Vol. 2, No.1: Range Extensions of Western North Atlantic 
Fishes, with Notes on some Soles of the Genus Gym rus. y 
David K. Caldwell and John C. Briggs. Pp. 12. 25 cents. (Gaines 
ville, Fla.: Florida Stats Museum, 1957.) 20E 

Memoirs of the India Meteorological Department. No. 28, Part 4 
Notes on Analysis of Weather of India and Neighbourhood—Plates 
R Sya Malurkar. 28 plates. (Delhi: Manager of Publications, 1950. 

- 4/8f—. 5 78. £ 

Canada: Department of Mines and Technical Surveys. Publications 
of the Dominion Observatory, Ottawa. Vol. 14: Bibliography o' 
Seismology, No. 18—Items 9133-9381 (July to December, 1955) 
By betes T. Smith. Pp. 385-409. (Ottawa: Queen's Printer, 1957. 
25 cents. N 

World Health Organization. Monograph Series No. 33: Mea 
Contributed by V. E. Albertsen and 15 other Authors 

. 508.; 10 dollars; 30 Swiss francs. Technica 
Report Series No. 115: Administration of Maternal and Child Healt! 
rt of the Expert Committee on Maternal anc 
3 ` 13. 9d. ; 0.30 dollars; 1 Swiss franc. (Geneva 
Mend Health Organization; London: H.M. Stationery oTa 
1957. A i 

Proceedings of the International Wool- Textile Research Con 
ference, Australa, 1955. Vol. A: ‘General. Vol. B: Chemical Physic 
and Physical Chemistry of Wool and Proteins Pp. 330+6 plates 
(Melbourne. Commonwealth Scientific and Industrial`Researei 
Organization, 1956.) woe. 3, [25m 

Tobacco Farming in Rhodesia and Nyasaland, 1889-1956. Reviewei 
by F. A. Stinson. Pp. vill+92+28 plates. (Salisbury :: Tobaco 
Research Board of Rhodesia and Nyasaland, 1957.) Lin [25 

Union of South Africa: Department of Commerce and Industries 
Division of Fisheries Investigational Report No. 24: The South Africa» 
Pilchard (Sardinops ocelata}—Migration, 1950-1955. By Dr. D; E 
Davies. Pp. 55. (Reprint from Commerce and Industry ) (retora, 


Council of Scientific and Industrial Research: Radio Propagatia 
Unit, India. Progress Report, 1956. Pp. 11+14-+16 figures. (Nev 
Delhi: Radio Propagation Unit, Council of Scientific and Industris 
Research, 1957.) . 25: 

Smithsonian Contributions to Astrophysics. Vol. 2, Nos 1 i Note 
on the Solar Corona and the Terrestrial Ionosphere.. By* Sydne 
Chapman. With a supplemen: note by Harold Zinn. Pp? iria 
(Washington, D.C.: Government Printing Office, 1967.) 20 centa. ps: 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 8 
(January 1957) : Excelent Mortahty Record in 1956. Pp. 12. (Nev 
York: Metropolitan Life Insurance Company, 1957.) [2e 

Atoms for Peace Awards: a Memorial to Henry Ford and Edse 
ord. Pp. 26. (Cambridge, Mass.: Atoms for Peace Awards, Toe: 


of Southern British Honduras, with notes on Adjacen 
G. Dixon. Pp. v+91+21 plates+5 maps, (Bonze 
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EDUCATION FOR THE SCIENTIFIC AND TECHNOLOGICAL AGE 


N a debate on nuclear energy and scientific and 
technical education in the House of Commons on 
March 22, a resolution, moved by Mr. B. T. Parlin 
and seconded by Mr. A. Albu, was adopted, wel- 
coming the announcement of an expanded programme 
of capitel investment in the production of power from 
atomic sources, and associating it with the expansion 
of scientific and technical education at all levels. In 
replying for the Government, the Parhamentary 
Secretary to the Ministry of Education, Sw Edward 
Boyle, said that the Government was very happy to 
accept the motion, and agreed that ıb was, as Mr. 
Parkin had pointed out, not sumply a matter of extra 


demands for the nuclear programme, but also of the 


effect of total demands for technical education. That 
was already under discussion between the Ministry, 
the University Grants Committee and the Atomic 
Energy Authority, for to a large extent the new 
power station programme would make demands on 
the ordmary engineering man-power of the country. 
So far, all needs for further specialist education in 
the industrial aspects of nuclear science, he said, are 
being met at the two reactor schools of the Authority 
and by courses provided in universities and technical 
colleges; but the Government is taking fully into 
account the special needs which will arise from 
this increased power programme, and arrange- 
ments are being made for contmuing close con- 
sultation with the Authority so that the universities 
and colleges are ready to meet new needs as they 
arise. f 

Referring then to Britain’s dependence on skilled 
man-power generally, Sir Edward Boyle reminded 
the House of figures given in the report on. scientific 
and engineering man-power published last autumn. 
The industries m which two-thirds of the scientists and 
engineers in Britain are concentrated—but accounting 
for only ‘three-tenths of the total of employees—are 
the expanding sectors of our economy on which the 
export trade, and therefore our standard of living, so 
very largely depends. Furthermore, it 1s not simply 
a matter of producing sufficient first-class men but 
:also'of producing sufficient technicians and crafts- 
mieri.: These will have to come from the technical 
colleges, and it is possible that in a few years time 

“the, most critical shortage may be not so much m 
Scientists or technologists as in technicians. 

First, however, Sir Edward Boyle emphasized the 
important part which the schools of Britain must 
play in our system of technical education—by which 
he appeared to mean the production of both 

‘techni¢ians and technologists as well as scientists. 
~ While the sixth forms of the grammar schools at 
present provide annually about 7,000 out of 
the 10,000 scientists and technologists, and should 
supply at least 11,000 out of the 20,000 proposed 
for the sixties, the secondary modern schools are 
already making an important contribution. In all 


secondary schools there has been an imerease of 
almost 50 per cent in the numbers of those obtaining 
passes at the ‘ordinary’ level in mathematics and 
physics at the General Certificate of Education 
between 1952 and 1956, and about 60 per cent of 
boys m the sixth forms 6f mamtained grammar 
schools, and 50 per cens of those in public schools 
are to-day studying principally a scientific subject. 
The number of teachers with degrees i mathematics 
and science in maintained grammar and secondary 
schools has recently risen; but the increase has not 
kept pace with the demand and there has also been 
& fall m quality. 

Sir Edward recognizes that this may be the greatest 
difficulty in the whole problem of scientific and tech- 
nical education m Britain, and he claimed that steps 
have already been taken to improve the situation ; 
thus he mentioned, besides indefinite deferment of 
national service, the arrangement by which teachers 
are attached for periods to the Royal Aircraft 
Establishment at Farnborough and the Royal Radar 
Establishment at Malvern. More accommodation 
and scientific equipmens aré’ also needed, however, 
and Sir Edward paid tribute to the assistance given 
by the Industriel Fund for the Advancement of 
Scientific Education m Schools. Since the War, 
equipment amounting in value to more than £2-5 
milhon has been provided, divided almost equally 
between the thousand leboratoriés builtin grammar 
and secondary schools at a cost of £4:5 million and 
the 2,250 laboratories provided m modern schools at 
a cost of £9 million. He agreed that the teacher- 
training colleges are not so fully staffed for teaching 
mathematics and science as could be wished; but, he 
said, there has been a 10 per cent merease in the 
current academic year in the number of traming 
college lecturers teaching mathematics and an 
increase in science lecturers. In the colleges, there 
are special two-year courses in science, integrated 
and followed continuously by a third-year course 
wholly in the study of science. 

Before referring to the work of the universities 
and technical colleges, Sir Edward emphasized the 
importance of the link between school and further 
education, particularly the difficulty of lnking full- 
time courses in schools, from which pupils come at 
varying ages from fifteen to nineteen and. with varying 
academic attainments, with the vocational courses 
in the technical colleges. The important point, he 
said, is to ensure that there 1s adequate continuity 
of purpose and knowledge between the staffs of the 
technical colleges and the secondary schools. While 
the links between the secondary technical schools and 
the colleges are usually good, a closer link between 
the technical colleges and the grammar schools 18 
required to avoid serious wastage of potential tech- 
nologists. Much could be done here, and he warmly 
commended the experiment of a course in technical 
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colleges for science masters of. secondary modern 
schools. 

As regards the universities, Sir Edward Boyle did 
not add much to:the statement made by the’ Chan- 
cellor of the Exchequer on March 28, or the recent 
interim report on univergity development in Britain 
from the University Grants Committee, beyond point- 
ing out that at present science and technology are de- 
veloping considerably faster than the other sides of 


-- the universities. The rationalization of the system of 


technical education in Britain, however, is a major 
task of the Ministry, and since the White Paper was 
- published a year ago the Ministry has been attempting 
to classify the 550 colleges in England and Wales in 
-four categories, ranging from purely local colleges to 
colleges of advanced technology. The Ministry is 
.also.trying to strengthen the arrangements for the 
- organization of colleges and courses, and in England 
and Wales alone has already authorized more then 
half of a programme of new building and equipment 
costing £85 million to be put in hand by 1960-61. A 
report on the training: and recruitment of teachers 
for technical colleges is expected shortly, but it has 
not proved easy to transform the eight colleges 
provisionally designated into colleges of advanced 
technology. Nevertheless, Sir’ Edward hoped that 
. the number of students at these colleges would be 
increased from 4,000 to* 8,000. “or 9,000 within’ the 
period _contemplated - -by the’ White Paper. 
claimed that the Hives Council will insist on very 
high standards for its award of the diploma in tech- 
nology, and he does not think that the work of the 
- universities and of these colleges will overlap or 
‘produce too many graduates. He hopes that by the 
late ‘sixties the technical colleges will be supplying 


at least 5,000 a year of the 10,000 technologists at ` 


which we are aiming..-He did not give any figures 
‘for the output of technicians and craftsmen ; but in 
“concluding, he referred to the importance of public 
. opinion if more use is to be made of women as 


. Scientists, technologists and téchnicians, and if our 
a objectives in technical 


education are to be 
achieved. 

Whether or not ‘Sir Edward Boyle | in this speech 
entirely dispelled the misgivings freely expressed. by 
Mr. Parkin, Mr. Albu, Mr, Geoffrey Lloyd and others 
as.to the effect of the nuclear-power. programme upon 
the distribution of the resources in Britain of scientific 
and. technical man-power, it is clear that the Govern- 
ment is alive to the dangers inherent in the situation 
and is taking some measures to meet those dangers. 
Some of those risks are clearly inherent in the present 
arrangement in which the responsibility for higher 
technological education is still divided between the 
Lord President of the Council, the Chancellor of the 
Exchequer (through the University Grants Com- 
mittee) and the Minister of Education; and the 


_” confusion between technical and technological educa- 


tion persists. Sir Edward’s speech gave no assurance 
that the Government’s plans will provide anything 
like the ratio of five technicians for every technologist 
- which Mr. Lloyd snd Mr. Albu insisted is required. 
It is apparent that an impartial examination would 


i 
we 


è =x 


NATURE 


He. 


May 18; 1957 VoL. 179 


reveal other weaknesses i in the present a which 
are receiving’ no attention. 

Some of these weaknesses may well receive criticism 
when Dr. Willis Jackson’s committee issues its report 
on the training and supply of teachers for technical 
colleges; it is inconceivable that no comment will 
be made on the implications for the technical colleges 
of the new scales of salaries for university staffs. 
That, however, is only one indication of the way in 
which a really far-reaching inquiry into the use. of 
scientific and. technical man-power might yield 
invaluable recommendations, though whether the 
Government would be prepared to accept the search- 
ing criticism which would be forthcoming is doubtful. 
So far, indeed, it has preferred to allow waste to 
continue rather than ineur the opposition from 
vested interests involved in their elimination in 
accordance with.recommendations already before it; 
though Lord Hailsham at least has recognized that 
without some give and take no real improvement in 
technical education is possible. The country cannot 
continue indefinitely to fritter away invaluable 
resources in this manner; this aspect should not be 
overlooked, for all the admirable efforts, to which Sir 
Edward referred,. now being made to improve the 
situation. What needs to be emphasized is that such 
an inquiry, looking at education as a whole and in. 
relation to both the resources-and the needs of. 
Britain, like the task of making the general public 
more aware of the importance of technical and tech- 
nological education and creating a new attitude to it, 
is not a political party matter. It requires the support 
of all who are alive to the dependence of the economy 
and the whole standard, of living in Britain upon the 
level not only of scientific but also of technical 
education. There is increasing evidence of much 
co-operation to that end. Sir Edward Boyle referred 
with appreciation to the appearance of new periodicals 
as well as to the Industrial Fund for the Advancement 
of Scientific Education in Schools, Mr. Lloyd spoke 
of the way industry is co-operating in Birmingham, 
Mr. Albu of the provision by Messrs. Vickers, Ltd., _ 
of a hall of residence for the Imperial College of 
Sciénce and Technology, and the debate indicated a 
large measure of agreement as to the priorities, if not 
always as to the means to be adopted. to implement 
policy. bp 

As a contribution to the task of public nein 
thə Reith Lectures on “Science and the Nation’? : 
which Sir Edward Appleton delivered last -wintér.. 
were timely, the final lecture in which he disneade. 
science and education .being perhaps the most 
important. So far as Parliament is concerned, the 
debate showed that it is increasingly aware that 
adaptability is, as Sir Edward Appleton urged, one 
of the essentials to be fostered in the training of the 
scientists, and also of the technician and. technologist. 
This is one of the reasons for the insistence on the ` 


. 


‘importance of a general education; and while it is - 


important to encourage more of our most talented 
young people to take up careers in science and tech- 
nology, the, training they receive must be such as to 
fit an increasing proportion of them to handle the 
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human as well as the technical and economie prob- 
lems with which they are confronted. 

If indeed this problem were solved, there would 
probably be no lack among Ministers-and members of 
Parliament, in the higher ranks of the Civil Service 
and on the boards and directorates of industry, of a 
sufficient number, not simply of‘scientists and tech- 
nologists of proved-administrative competence, but 
also of administrators capable of appreciating for 
themselves the importance of scientific and technical 
factors in a problem or situation. In such conditions, 
there would probably be little difficulty in working 
out effective policies for the expansion of technical 
education at all levels and for keeping educational 
policy in balance with the resources of Britain and 
with the demands for trained man-power of all kinds. 
The_primary problem is that of communication, to 


which compartmentalism of all kinds—whether in’ 


the central government, in local government, or in 
educational institutions—excessive specialization and 
apathy are the greatest obstacles. 

The Minister of Education is evidently determined 
to deal vigorously with apathy on the part of the 
public to the extent to which it hinders boys and 
girls from entering on careers in science and tech- 
nology and full use being made of the-facilities now 
being provided. Even in that task, he needs all the 
help that professional institutions and such bodies as 
the Parliamentary and Scientific Committee can give 
him ; still more, he requires the full co-operation of 
the schools, the technical colleges and universities, 
government departments and industry in improving 
the facilities and making full use of the trained man- 
power that will be forthcoming. To deal with the 
neglect of industry and of public bodies to make 
sufficient use of scientists and technologists and to 
see that those now employed. are used efficiently 
under appropriate conditions and supported ade- 
quately by technicians and craftsmen are more 
difficult tasks, which under present conditions appear 
to fall chiefly within the responsibility of the Lord 
President of the Council. There appears to be a field 
calling for greater effort and considerable inquiry, if 
not research; but the content of education in this 
age of nuclear power and automation also offers a 
large and urgent field for inquiry at all levels. This 
applies not merely to the: education of the scientist 
and ‘technologist, the “craftsman or technician, but 
equally to the education of the ordinary citizen, 
whether, he be employed in some unskilled job in 
office or factory, in agriculture or transport, or in 
some highly responsible admmistrative post. 

Perhaps the most encouraging feature of the debate 
is the evidence that this problem of education is 
beginning to be approached as a whole and not 
piecemeal. ` Much, however, remains to be done 
before full understanding is established and relations 
between the different sections is sufficiently close to 
avoid waste and frustration while providing the 
flexibility upon which the Government rightly 
insists» There ıs welcome evidence that the pro- 
fessional institutions themselves are approaching the 
question of professional training at all levels with 
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fresh minds, for they, too, have an iidispensable éon- 
tribution to make. Above all, there are needed wise 
vision and clear thinking, the discarding of doc- 
trinaire approaches and preconceived ideas, and the 
urgency and driving force which come when éducation 
is seen as the outstanding weapon for adapting our- 
selves to meet the challenge of change.” The more 
that education is seen as a single problem and its sig- 
nificance is appreciated—not simply for particular de- 
velopments like that of nuclear power, but also to the 
whole economy of Britain and the efficient use of our 
resources in industry, the public services, defence and 
welfare—the easier it should become to’ introduce 
whatever radical changes may be required m the 
organization of the education system itself, in that 
of the central government, or at local government 
level. There may well be dangers in the system of 
block grants to local government authorities recently 
announced, though Lord Hailsham has given em- 
phatic re-assurances to the National Union of 
Teachers on that point; but at least the system 
involves a closer association and understanding on 
the part of the local elector with what is being ‘done 
in the schools. Without such co-operation and under- 
standing the Government’s plans for the expansion 
of technical education and of university education 
are unlikely to succeed. Given that co- -operation and 
understanding and goodwill, there should be little.. 
difficulty either in making the changes required in 
organization or institutions, or in the relationships of 
institutions and departments. Further, co- “operation 
is essential in securing whatever further expansion 
may prove necessary, either in the universities, the 
technical colleges and colleges of technology, or in 
the schools themselves, and the acceptance of the 
sacrifices in other sectors of the economy that such 
expansion and the consequent diversion of resources 
in man-power and materials inevitably entail. 


ENCYCLOPADIA OF CHEMICAL 
TECHNOLOGY 


Encyclopedia of Chemical Technology 

Edited by Raymond E. Kirk and Donald F. öine: 
Vol. 15: Waxes to Zymosterol. Index to Volumes 
1-15. Pp. xiv+936. (New York: Interscience 
Encyclopedia, Inc. Distributed by Interscience 
Publishers, Inc.; Londen: Interscience Publishers, . 
Ltd., 1956.) 30 dollars. 


HIS is the last of the fifteen volumes.of Kirk 

and Othmer’s “Encyclopedia”. The first volume 
was published in 1947 and the production schedule 
of six to seven months per volume has been closely 
maintained. 

The original purpose’ af this encyclopedia, namely, 
to publish “a comprehensive treatment of the 
American Chemical Industry”, has been more than 
accomplished, for the words ‘‘Chemical Technology” 
which define its scope have been taken to include a 
wide range of subjects includmg unit processes of 
chemical engimeering, analytical methods, economic 
information as well as chemical and physical proper- 
ties of many substances and mdustrial products. 


984 


This volume opens with an article on waxes of 
animal, vegetable and mineral origin. A vegetable 
wax such as carnauba, or an insect wax such as 
bees-wax, has a great variety of uses in many different 
industries, but from the section on economic aspects, 
their total production is small compared with that 
of the mineral waxes. The article states that 
medieval sealing wax was a wax, for ıt contained 
bees-wax. Modern sealing ‘wax’ is chiefly shellac 
and venice turpentine and not therefore a true wax. 
The artiele on wine reminds the European reader 
that this encyclopwdia is essentially American. The 
output of French wines is about fifteen times as 
great as that of California, but the consumption in 
the United States is predominantly Californian wine, 
so there is good reason for the article being concerned. 
particularly with wine production in California: The 
article, however, 18 well balanced and refers to 
methods of production of wine in many different 
countries. ` 

A number of important products fall within the 
scope of the letter ‘W’, including wine, wood, wool. 
The articles on both the latter dre comprehensive. 
Under ‘X’, perhaps there are still unknown tech- 
nologies, but the articles dealing with xanthene dyes, 
X-ray analysis and xylenes show that there 1s much 
that is known under the letter ‘KR’. 

There is only one main article under ‘Y’, but that 
is a particularly‘ up-to-date and useful one for refer- 
ence purposes, mentioning work by Winge, by Linde- 
gren and others on the genetics of yeast, etc. There 
are a number of other references under letter ‘Y’, 
which appear in other articles in the encyclopaedia ; 
for example, an account of yttrium is to be found in 
the, article on the rare-earth metals. The clear 
referencing to other “articles is a feature of the 
encyclopaedia, 

The last letter of the alphabet is responsible for 
articles on zein, zinc and zirconium. In the wet 
milling of corn, the germ, fibre and starch are 
separated from the ground steeped grain, leaving the 
gluten of the endosperm. This gluten is about 70 per 
cent zein, which is the alcohol-soluble protem. It 
is used as zem fibre in the textile industry, for paper 
coatings, etc. The articles on zinc, zinc alloys, and 
zinc compounds occupy fifty-six pages, which contain 
much useful reference material; for example, curves 
are given summarizing work at the Bureau of Mines 
on the thermodynamics of the reduction process. 
Reduction and purification of zinc-bearmg materials 
can be accomplished in-a@ single step to a greater 
extent than for most metals because it possesses & 
relatively low boiling-point. The isolation’ of zir- 
conium, on the other hand, owing to its high melting 
` point (1,830° C.), its avidity for atmospheric gases 
and reactivity with most refractories offers great 
difficulties. The article on zirconium states that the 
estimated production in the United States, primarily 
for naval atomie power installations, was 168 tons 
in 1954. Under zirconium compounds, the hydride 
takes @ prominent place, being employed as a ‘getter’. 
in the electronics industry. 

‘Zymosterol’ ends this very comprehensive ency- 
clopedia, from which clear information is quickly 
obtained about almost any subject which is within 
the field of, or relates to, chemical technology. Zymo- 
sterol does not, however, end the volume, which carries 
on from p. 313 for æ further 623 pages of subject- 
index, serving the whole fifteen volumes. It is a 
detailed index of 50,000 entries and will be a most 
useful addition to the whole set of volumes: for 
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example, there are 48 references to various volumes 
and pages under ‘detergents’, only nine of which are 
in the special article on detergents. Thus, the index 
greatly extends the usefulness of the encyclopedia. 
for reference purposes. 

This ‘encyclopedia is a fine ‘achievement. It is 
costly, but the trouble which has been taken to: 
present the information clearly is worth much. It 
should become available in any library designed to 
meet the need of technologists. There are nearly 
14,000 pages of text and 800 special articles. 

The information is particularly valuable in sum- 
marizing the state of chemical technology in the 
United States at the present time; the economic 
and other information relating to the different 
products is well presented. An encyclopadia, like a 
butterfly, however beautiful, is ephemeral. It is, 
therefore, satisfactory to note that there is. to be 
rejuvenation. A supplement volume is in -prep- 
aration, which will include subjects in which there 
have been developments of exceptional interest 

“since the original articles appeared, bringing them up 
to date. It is expected that this supplement will be 
available at the end of this year. à 

ALFRED EGERTON 


BERTRAND RUSSELL’S 


CONTRIBUTION 


Logic and Knowledge i 
Essays 1901-1950. By Bertrand Russell. Edited by 
Prof. Robert Charles Marsh. Pp. xi+382. (London : 
George Allen and Unwin, Ltd., 1956.) 25s. net. 


HIS volume may be recommended to those un- 

acquainted with the leading ideas of our greatest 
living philosopher. The selection of essays is based 
both on their intrinsic importance and on their 
inaccessibility. There 18 a consequent bias to the 
first quarter of the century, which, however, com- 
prises that part of his thinking which is most original 
and most likely to be enduring ; not much is included 
of his philosophical speculations provoked by the 
modern developments of physics. 

Lord Russell played a leading part on his own, 
and in due course in conjunction with Whitehead, m 
elaborating a system of formal logic from which “‘all 
pure mathematics can be deduced without any new 
undefined idea or unproved propositions” (p. 325). 
This deduction is surely a matter of stupendous 
significance in relation to the nature of human know- 
ledge and of mathematical knowledge in particular. 
Yet, oddly enough, Russell has not devoted as much 
attention as one would expect to elucidating that 
significance; and no successor has appeared of 
sufficient philosophical calibre to do that work for 
him. His own interests took a different turn. 

The system involves the construction of what may 
be called a new logical language. In recommending 
this, together with the ‘theory of types’ which it 
incorporates and which was Russell’s most important 
single contribution, he lays much stress on its power 
to rescue us from those embarrassments which are 
caused in our ordinary language by the unsatisfactory 
status of such statements as “the present King of 
France is bald”, and by the contradictions involved 
in such statements as “I always tell lies”. Prima 
facie these embarrassments strike one as essentially 
trivial, and, although the escape from ‘them by a 
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new system of symbols is satisfactory enough, this 
motive for devising one scarcely seems worthy by 
itself of the heroic labours of the “Principia Mathe- 
matica”. 

There are, however, analogous contradictions in 
.the sphere of mathematics, for example, in relation 
to trans-finite ordinals. “The ordinary mathemati- 
cian is liable to fall into them when he approaches the 
realms of logic, unless he is very cautious” (p. 259). 
These contradictions are precluded by the new sym- 
bolism. A non-mathematician cannot judge whether 
their resolution is important in relation to the central 
themes of mathematics or, hke that of ‘the bald 
King of France”, rather on the periphery. 

But Lord Russell’s principal interest is different. 
The recurrent theme in much of his writing-is that 
the new symbolic scheme serves to resolve, or expose 
as bogus, many of the central problems of traditional 
philosophy, notably those concerned with the ‘reall’ 
existence of certam entities. Here the distinction 
between propositions and propositional functions 1s 
all-important, as 1s also that between a proper name 
and a description; the latter is used in, but is not 
a constituent of, propositions. For all his being a 
mathematician, of scientific temper, deeply versed 
in the developments of modern physics, and quite 
sceptical or even caustic about the power of philosophy 
to advance knowledge, he has contmued to be 
attracted like a moth to the candle of metaphysics. 
He seems to value his new logic mamly because it 
gives him new arms with which to take ls stand in 
the time-honoured metaphysical lists. 
hus work is not wholly destructive ; he retains some 
urge, conscious though he is of all the pitfalls exposed 
by his own logical apparatus and of the ever-changing 
data thrown up by modern science, to construct some 
kind of system of his own. But in this he preserves 
the utmost tentativeness, and one should say, in 
relation to a man who has established so great a 
position for himself m the philosophical world, a 
notable modesty. 

While it is not clear that Russell has made im- 
portant contributions likely to be enduring outside 
the ambit of his logical system and its implications, 
he handles many conventional philosophical topics 
with as good a competence as anyone in our age, 
and is always fresh, lucid, penetrating and conscious 
of limitations. He has a rough, virile style, which 
seeks to give understanding without the use of great 
precision of language—precision is reserved for 
‘utterances in the new symbolic dress. He is always 
interestmg, always intensely alive. One of the most 
readable popular accounts of his “specific contri- 
butions is contained in his series of lectures on 
“Logical Atomism” (1918); the editor finds ıt 
“strange” that ‘they have never been reprmted in 
an authorized form’; it\may not seem to others 
altogether strange, for while some of the lectures are 
most carefully worded expositions, others strike one 
as ill-prepared and even in places likely to have been 
ex tempore utterances. They are good none the less. 
(The editor does not give enough information about 
the provenance of his texts, and the lack of an mdex 
1s a grave defect.) p 

The book is of interest, too, m relation to the state 
of modern philosophy. One has the impression that 
the fruits to be garnered from linguistic reconstruc- 
tion and further linguistic analysis are hkely to be 
hmated in extent. Russell himself has exhibited 
many of them; his briliant pupil, L. Wittgenstein, 
to whom he makes more than one expression of 
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indebtedness, carried the matter further in his own 
whimsical way, and so have some other able successors. 
But there is a danger that, if we tarry too long in 
linguistic analysis, we shall remain enmeshed in 
trivialities of the “bald King of France” type. A 
passage (p. 185) from the lectures of 1918 should be 
cited : i 

“There is a good deal of importance to philosophy 
in the theory of symbolism. .. . I think the im- 
portance is almost entirely negative, i.e., the import- 
ance lies in the fact thas unless you are fairly aware 
of the relation of the symbol to what it symbolizes, 
you will find yourself attributing to the thing 
properties that only belong to the symbol. That, of 
course, 18 especially likely in very abstract studies 
such as philosophical logic, because the subject 
matter that you are supposed to be thinking of is so 
exceedingly difficult and elusive that any person who 
has ever tried to think about it knows that you do 
not think about 1b except perhaps once in six months 
for half a mmute. The rest of the time you think 
about the symbols, because they are tangible, and 
the thing you are supposed to be thmking about is 
fearfully difficult and one does not often manage to 
think about it. The really good philosopher is tho 
one who does once in six months think about it for 
a minute. Bad philosophers never do”. 

R. F. HARROD 


BIOLOGICAL DATA 


Handbook of Biological Data ; 
Edited by William S. Spector. Pp. xxxvi+584., 
(Philadelphia and London: W. B. Saunders Com- 
pany, 1956.) 52s. 6d. ; 


TES compilation of a handbook of biological 
data ıs an enormous task made more difficult 
by the diversity of organisms and functions which 
must be considered. The present volume, edited by 
William S. Spector, was compiled by 4,041 contri- 
butors who provided data which have been compressed 
into 448 tables with explanatory notes and some 
diagrams. The range of the volume is mdicated by 
the sectional headings, which are: (1) biochemical 
and- biophysical characteristics, (2) genetics, cyto- 
genetics and reproduction, (3) development and 
morphology, (4) nutrition, ingestion and metabolism, 
(5) respiration and circulation, (6) other physiological 
activities and performances, (7) biologically active 
compounds, (8) environment and survival, (9) sym- 
biosis and parasitism, and (10) ecology and biogeo- 
graphy. Each section is subdivided into many parts ; 
for example, that on development and morphology 
includes size and growth-rate of trees, body- and 
organ-weights of vertebrates, life span of trees, 
animals, and pollen, and comparative anatomy of 
the heart. ' ' 

A major difficulty had to be faced by the editor, 
namely, the variability of biological material. In a 
simular handbook of chemical data it 1s possible to 
give a list of, say, meltmg points which is exact, 
but this accuracy vanishes if one 1s making a table 
of capillary blood pressure, for this may vary with 
the individual. The solution presented in the volume 
under review is to state the mean value followed by 
the range withm which 95 per cent of the records 
fall. Some of the data may therefore be inaccurate, 
as in some cases the assumption 1s made that the dis- 
tribution is normal whereas it may in fact be skewed. 
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Nevertheless, the book is a very valuable one, 
giving, as it does, a range of information which 
would be quite unpossible to find without a great 
deal of reading of scattered research journals. ` I 
have already found the volume of considerable value 
as & source of information to illustrate lectures on a 
variety of topics. Within a period of two weeks, 
use has been made of the tables on the nutritional 
requirements of lower Algae, the physical and 
chemical characteristics of antibiotics, and the expec- 
tation of life in various countries. 

Two criticisms are valid, however, since they affect 
the utilization of the book. First, the tables are very 
complex with a large number of qualjfying or de- 
scriptive footnotes, and can only be interpreted with 
careful study and much thought. Secondly, the value 
of a handbook of this type is directly proportional 
to the fullness and accuracy of the table of contents 
and index. For the purposes of this review, I tried 
to find the frequency of blood groups m the population 
of the United Kingdom or the United States. There 
ig no entry in the index under either of the countries 
nor is there one under “Groups” or “Blood. Groups”, 
and under ‘Blood’? there are thirty-three page 
references. The data were eventually found m a 
table headed “Blood Groups and Factors” in the 
section on genetics, cytogenetics and reproduction. 

In the indèx, one finds under “Pime(s)”, twenty- 
eight references, and under “Pinus spp.”, twenty- 
seven references, but when these are compared, there 
are only nineteen in common. One would have 
thought’ that the similarity between “Pinus spp.” 
and “Pine(s)?” was sufficiently great not to’ justify 
this amount of diserumination. 

With all its drawbacks, this volume is a bold 


effort to produce a handbook of use to all scientists, 


working with living material. It is no fault of the 
editor or the contributors that the material is difficult 
to get into tabular form, and as a source-book of raw 
data it is indeed welcome. lt is to be hoped that 
future editions can be more fully indexed or that 
the subsectional headings may be put in alphabetical 
or at least non-random order. Personal prejudice 
makes me object to a book weighing 4 Ib. and 
measuring 9 in. x 11 in. being called a “Handbook”. 
' A. R. GEMMELL 


GEOPHYSICS AND GEOCHEMISTRY 


Physics and Chemistry of the Earth 

Edited by L. H. Ahrens, Prof. Kalervo Rankama and 
8. K. Runcom. Vol. 1. (Progress Series.) Pp. vili+ 
317. (London: Pergamon Press, Ltd., 1956.) 55s. 


HE study of the Earth draws its methods from 

nearly all branches of science. There is there- 
fore, as the editors of this collection say in their 
preface, a special need for critical reviews of many 
of the diverse topics that make up the Earth sciences. 
In this field everyone is, in a large degree, an amateur ; 
no one knows enough to consider the great problems 
of geology as they really are and in the hght of all 
the relevant information. Everyone needs a guide, 
such as these articles give, through the inter- 
penetrating mazes of physics, chemistry, mineralogy 
and astronomy. 

The book is the first of an annual series. 
tains eight articles; the first, by Sır Harold Spencer 
Jones, discusses the origin of the solar system. The 
various catastrophic and accretion theories are 
reviewed with the conclusion that “the problem of 


It con-, 
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formulating a satisfactory theory of the solar system 
is still not solved”. The great difficulty is to devise 
a course of events that will lead to nearly all the 
mass bemg in the Sun and nearly all the angular 
momentum «in the orbital motion of the planets. 
Alfvén has suggested that this is a magneto-hydro- 
dynamic effect, but some of the assumptions needed 
to produce the result are far from plausible. 

The second article is by J. Verhoogen and dis- 
cusses temperatures within the Earth. Verhoogen 
emphasizes the undesirability of calculating these by 
applying the theory of thermal conduction to an 
assumed initial state, since this introduces the uncer- 
tainties surroundmg the origin and early history of 
the Earth. Alternative estimates depending on the 
melimg point of an iron core and on the electrical 
conductivity within the Earth are to be preferred. 
He concludes that a temperature of 3,000°K. at the 
core boundary is likely. This seems to me near the 
lower limit of possibly acceptable solutions. 

L. H. Ahrens reviews determmations of the ages 
of rocks by the uranium—lead, potassium-argon and 
rubidium-strontium methods. The causes of dis- 
erepancies between the ages depending on the use of 
different combinations of lead and uranium ages are 
discussed. It is concluded that these are mainly due 
to loss of lead. An article on ‘‘Seismology and the 
Broad Structure of the Earth’s Interior” by K. E. 
Bullen brings together the work that he, Jeffreys, 
Gutenberg and others have done on the distribution 
of elasticity and density within the Earth. 

A-long article by R. Hide discusses the hydro- 
dynamics of the Earth’s core; in the main this is 
directed to the explanation of the Earth’s magnetic 
field. The problem ıs one of* exceptional difficulty 
since, in addition to the inaccessibility of the core 
and the uncertamties about its constitution, tem- 
perature and electrical properties, there are the great 
mathematical difficulties of magneto-hydrodynamics. 
The diverse lines of evidence by which the relevant 
quantities can be estimated are well summarized. 
The dynamo and thermo-electric theories of the 
Earth’s field are described, the author showing, on 
the whole, a preference for the former. 

In the sixth article, R. Roy and O. F. Tuttle discuss 
investigations under hydrothermal conditions. It 
has long been known that the presence of water and 
other volatile constituents greatly modifies the 
behaviour of silicates at high temperatures. It is 
therefore very desirable that experiments should be, 
made in the presence of water. lt is only in the past 


. few years that methods have been developed for 


applying high pressures and high temperatures 
simultaneously to such systems. The results are of 
great importance for an understanding of the pro- 
cesses occurring in the formation of rocks and of ore 
bodies. This review of a rapidly developing and 
complicated subject 1s most welcome. 

The seventh article is a review by C. W. Correns 
of the geochemistry of the halogens. The editors 
state that such reviews of a group of elements will 
be a regular feature of these volumes. This article is 
largely a recital of facts, and is perhaps less readable 
than most of the rest of the book. The last article 
is a review of recent work on geochemistry m the 
U.S.S.R., contaming an extensive bibliography. 

Most of the subjects chosen for this book are 
developing rapidly and all are worth reviewing; the 
whole collection should stimulate interest in the 
physics and chemistry of the Earth. 

: ; E. C. BULLARD . 
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The Birds of the London Area since 1900 

By a Committee of the London Natural History 
Society. (New Naturalist Special Volume.) Pp. x+ 
305 +24 plates. (London: Williarn Collins, Sons and 
Co., Ltd., 1957.) 30s. net. 


THIN a radius of twenty miles from St. Paul’s 

Cathedral lies an area covered by ‘the London 
Natural History Society.” For many years bird- 
watching in this area has been organized and carried 
out by the Society, and the present book presents a 
report covering the half-century since 1900. This is 
really a remarkable book not only from the ornitho- 
logical point of view but also as a history of organized 
study carried out by very many individuals, pro- 
fessional and amateur. The number of -species of 
birds recorded in the area amounis to 245; in Inner 
London alone 160 species have been recorded and 37 
have bred. The systematic list, which takes up two- 
thirds of the book, is an extraordinarily detailed and 
historically fully documented local avifauna. It is 
apparent that of all the large cities of the world 
London is the first to possess such a long and well 
worked out ornithological history. 

Of more general interest are the chapters devoted 
to the different ecological environments which can be 
distinguished within the area. Twelve contributors 
write on different urban ard suburban biotops, 
separate chapters being devoted to physical setting, 
migration, and roost and fly lines. These chapters 
are of great general interest as special emphasis has 
been laid‘on changes which have occurred during the 
past fifty years and their influence on bird life in the 
urban and suburban areas. The influences and results 
of two wars, the disappearance of horses, the extension 
of water reservoirs and many other changes have 
been discussed in detail, giving an interesting picture 
of the development of bird life in the greatest urban 
eonglomerate of the world. For the Londoner inter- 
ested in birds the book is a true encyclopedia and 
an indispensable source of reference, and for ornitho- 
logists everywhere it is a very interesting study of 
urban bird life during the past half-century. 

W. RYDZEWSKI 


ti 


Colour Television Fundamentals - 

By Milton 8. Kiver. (McGraw-Hill Television Series.) 
Pp. vii+312. (London: McGraw-Hill Publishing 
Company, Ltd., 1955.) 328. 6d. f 


HE growing number of colour television receivers 

in the United States has posed many new prob- 
lems of receiver maintenance, and it is not surprising 
to find that an attempt has been made to provide a 
manual by which the maintenance technician may 
acquaint himself with the new techniques. Such is 
the purpose of the book under review. The text 
commences with an explanation of the Natidnal 
Television System, Committee colour television sys- 
tem, which is probably adequate for the purely 


practically minded reader, but the contents are. 


concerned primarily with current colour television 
receiver design, on the assumption that the reader is 
very familiar with black-and-white practice. 

The general form of the colour receiver is discussed 
in detail and information is given concerning par- 
ticular circuit arrangements favoured by different 
manufacturers. A very useful description of the 
three-gun colour tube and its associated cirewts 
meludes detailed instructions for adjusting tube 
registration, an essential requirement for “good 
pictures. A succeeding section describes- general 
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methods for alignment and maintenance, and pro- 
cedures are outlined by ‘their application to two | 
domestic receivers having significant design differ- 
ences ;, the main text 1s concluded .by some guidance 
to the service technician m diagnosing the causes of 
incorrect receiver operation. Finally, the two 
appendixes respectively add information about the 
system laid down by the National Television System 
Committee in addition to that given early in the book 
and show the formal taxt of the signal specification. 
The presentation is quite good, the diagrams are 
both clear and helpful, and the style of writing, being 
very informal, helps to maintain the reader’s , 
interest. The book should be of value mainly to 
those readers engaged in either the production 
testing of receivers or their home maintenance. As 
colour television in Britam is still in the experimental 
stage, the immediate demand for this book in Britain 
will probably be somewhat limited. A. V. LORD 


Ciba Foundation Symposium on Paper Electro- 

phoresis i 

Edited by G. E. W. Wolstenholme and Elaine C. P. 

Milar. Pp. xii +224. (London: J. and A. Churchill, 
Ltd., 1956.) 35s. net. 

HOUGH very widely used, paper electrophoresis 

is not a standardized technique. There are many 


‘ variations in the types of apparatus and conditions 


are often chosen empirically. Consequently, it 1s 


extremely valuable, for a clearer understanding of the 


many factors involved, for the Ciba Foundation to 
have brought together a number of experts and to 
have recorded their discussions. In common with 
other Ciba symposia, 2 number of papers are pre- 
sented, followed by discussion. Because of the small 
number of people present, the discussions are informal 
and uninhibited. The topics cover a wide field and 
deal fully with physiochemical principles, apparatus 
and applications. An important feature is the 
bringing together of much data on the measurement 
of serum proteins, including glyco- and lipo-proteins, 
of interest in the clinical field, and there is consider- 
able discussion on the methods of evaluating these 
constituents. Altogether, the book makes interestmg 
and instructive reading. An index of authors of the 
many publications cited in the text would have 
enhanced the book’s value; nevertheless, it is a very 
useful contribution to the subject of paper electro- 
phoresis and should be in the hands of all who use 
this technique. R. Conspen 


Organo-Metallic Compounds 
By Prof. G. E. Coates. (Methuen’s Monographs on 


Chemical Subjects.) Pp. viii+197. > (London: 
Methuen and Co., Ltd.; New York: John Wiley 
and Sons, Inc., 1956.) 128. 6d. net. 


NTIL fairly recently, the term’ organometallic 

compounds "has usually implied the Grignard 
magnesium derivatives to most organic chemists. 
Over the past ten years, however, an impressive . 
array of organic derivatives of other metals and 
metalloids has been added to the armoury of organic 
chemistry, and the subject represents a fruitful 
meeting-place of the organic and inorganic dis- 
ciplines. This little book gives a most useful bird’s- 
eye view of the whole field. Although not devised as 
@ practical text-book, enough details of reactions and 
conditions are given to stimulate many ideas for the 
use of these reagents. Well documented with key 
references, this monograph ıs well worth its low 
price. : R. A. RAPHAEL 


988 


NATURE 


May 18, 1957 von 179 


-SYNTHESIS OF CELL CONSTITUENTS FROM C,-UNITS BY A 
MODIFIED TRICARBOXYLIC ACID CYCLE 


x By Dr. H. L. KORNBERG and Pror. H. A. KREBS, F.R.S. 


$ ` Medical Research Council Cell Metabolism Research Unit, Department of Biochemistry, 
University of Oxford 


AJOR advances have recently been made 
towards the closure of one of the outstandmg 

gaps in the knowledge of intermediary metabolism. 
This gap concerns the metabolic processes by which 
two-carbon compounds, such as acetate or ethanol, can 
be converted to cell constituents m those organisms 
which can meet all-their carbon requirements from 
these compounds. Bacteria of the genus Pseudomonas, 
many strains of Escherichia coli and many moulds 


belong to this group. The occurrence of a cyclic’ 


process, representing a modification of the tricarb- 
oxylic acid cycle, has been newly established m these 
organisms. 


Experiments on Acetate-grown Cells of 
Pseudomonas 


` To find the first, or an early, metabolic product of 


acetate, acetate labelled with carbon-14 was added` 


to cells of Pseudomonas KB 11 growing on ammonium 
acetate as sole carbon source, and the radioactive 
compounds formed after very short periods of in- 
cubation ‘were located by autoradiography and 
analysed?. In the hands of Calvin and hs col- 
laborators, this procedure had led to the identifi- 
cation of phosphoglyceric acid as the first organic 
compound containing fixed carbon dioxide in photo- 
synthesizing cells’. However, analogous experiments 
with . acetate. on whole cells of Pseudomonas** re- 
mained inconclusive. This organism oxidizes acetate 
“by the reactions of the tricarboxylié acid cycle*, 
and the intermediates of this cycle therefore became 
rapidly labelled. Even after only 3 sec., citrate, 
malate, fumarate and succinate, and some amino- 
acids directly derived from the cycle (glutamate and 
aspartate), contained radioactive carbon. It did not 
prove possible in these experiments to limit the 
radioactivity to virtually one compound, as in the 
case of photosynthesis. The distribution of the 
radioactivity among the labelled compounds formed 
from labelled acetate, and the change of labelling 
with time, suggested that acetate entered the tri- 
. carboxylic acid, cycle ‘at two points, to form citrate 
at one and a C,-dicarboxyhe acid at another’. Sub- 


sequent work on extracts®* confirmed this conclusion. . 


Malate Synthetase : 


A- decisive. step was the observation made on 
extracts of Pseudomonas that the removal of acetate 
can be promoted in two ways. The first, established 
in 1951: by Ochoa, Stern and Schneider’, consists of 
the addition of oxaloacetate, in the presence of 
coenzyme A and adenosine triphosphate. The 
reactions occurring under these conditions are the 
well-established stages of the hi is acid cycle 
leading to citrate : 


Acetate + coenzyme A + ATP —> j 
acetyl coenzyme A (+ AMP + PP)* 
Acetyl coenzyme A + oxaloacetate > 
citrate (+ coenzyme A)* 


The second way of promoting acetate utilization 
consists of the addition of glyoxylate, in the presence 
of coenzyme A and adenosine tmphosphate. The 
metabolic process responsible for this removal of 
acetate proved to be identical with the malate syn- 
thetase reaction discovered, by Wong and Ajl® in 
extracts of E. coli: 


Acetate + coenzyme A + ATP + glyoxylate > > 
malate (+ coenzyme A + AMP + PP)* 


The action of malate synthetase is closely analogous 
to that of the citrate-forming condensing enzyme’. 
In’ both cases, the methyl group of acetyl coenzyme 
A condenses with a —CO.COOH grouping. x 


Isocitritase 


Pseudomonas was already known to possess an 
enzyme which can supply glyoxylate. This is the 
‘isocitritase’ which splits isocitrate to glyoxylate and 
succinate’? : 


COOH COOH 
f d.cE(oH).cooH bu, o 
ba, i g da, + HU.COOH 
door doon i 
Isocitrie acid Succinic acid Glyoxylic acid 


This enzyme, which belongs to the class of aldolases, 
has also been found in Penicillium chrysogenum! and 
E. coli, The reaction is reversible. Saz and Hillary1* 
suggested that its function might be to provide gly- 
oxylate for the biosynthesis of glycine and, in 
reverse, to provide a cyclic mechanism for the 
oxidation of compounds more highly oxidized than 
acetate, such as glycine and glycollate. It has also 
been suggested! that the glyoxylate may be oxidized 
to carbon dioxide and water, possibly via formate, 
and that this therefore represents an alternative 
mechanism for the complete oxidation of acetate. 


f The ‘Glyoxylate Bypass’ 

The followmg results" show that the glyoxylate, 
formed by the action of isocitritase, can react with 
acetyl coenzyme A to form malate: 

(a) Cell-free extracts of Pseudomonas, in the 
presence of glutathione, adenosine triphosphate and 
eoenzyme A, catalyse the condensation of labelled 


* These compounds (in brackets) have not been identified in the 
pregent work, but are presumed to arise, by analogy with previous work. 
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acetate and glyoxylate to form malate as the only 
labelled compound. 

- (b) When isocitrate is used instead of glyoxylate in 
the above system, malate is again the only labelled 
compound formed ın short-term experiments. 

(c) Incubation of extracts with zsocitrate leads to 
the production of equal amounts of glyoxylate and 
succmate. In the presence of acetate, coenzyme A 
and adenosme triphosphate, the glyoxylate- dis- 
appears and malate is formed. The amounts of, 
tsocitrate utilized are approximately equal to the ` 
amount of succinate, and the amounts of malate + 
glyoxylate, formed. 

(d) No malate is formed when boiled cell extracts 
are used for the above experiments, nor when acetate, 
coenzyme A or adenosine triphosphate is omitted. 

It is evident that the combined action of tso- 
citritase and malate synthetase can replace the steps 
of the tricarboxylic acid cycle leading from zsocitrate 
to malate. In the tricarboxylic acid cycle, these steps 
are oxidative : 


Isocitrate + l4 O, > malate + 2 CO, 


whereas the combined action of ¢ésocitritase and 
malate synthetase is an anaerobic process : 


Isocitrate + acetate > succinate + malate 


The existence of this ‘glyoxylate bypass’> implies 
that there are two variants of the tricarboxylic acid 
cycle ın Pseudomonas. One is the well-established 
terminal pathway of acetate oxidation (Fig. 1). The 
effect of one turn of this „cycle is the complete 
oxidation of acetate : 


CH,COOH + 2 O, - 2 CO, + 2 H,0 


The second variant employs most of the reactions 
of the tricarboxylic acid cycle but substitutes the 
‘glyoxylate bypass’ for the degradative reactions 
between zsocitrate and malate. The net effect of one 
turn of this cycle, henceforth referred to as the 
‘glyoxylate cycle’ (Fig. 2), is the synthesis of one 
molecule of succinate from two molecules of acetate : 


2 CH,COOH + 4 O; > HOOC.CH,.CH,.COOH. + 


H,O 
` Acetate 
Oxaloacetate 
+405 
Citrate 
Malate 
cts-Aconitate 
Fumarate Isocitrate 
+30, Ag 40: 
Succinate «-Ketoglutarate CO: 
~r +40; 
CO. 
Fig. 1. The matin stages of the tricarboxylic acid cycle 


Acetate reacts in the form of acetyl coenzyme A. lhe net effect 
of one turn 1s: acetate + 2 O, — 2 CO, 
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Acetate 
Oxaloacetate i 
+ vy Citrate 
Malate 
cis-Aconitate 
Acetate 
Isocitrate 
Glyoxylate 
Succinate 


Fig. 2. The main stages of the ‘glyoxylate cycle’, which is a 
variant of the tricarboxyhe acid cycle 


Acetate reacts in the form of acetyl coenzyme A. The net effect 
of one turn of the cycle is 2 acetate + 4$0,— succinate. If the 
succinate formed is further metabolized, the cycle, together with 
the subsequent reactions of succinate, can lead to the synthesis 
"of other metabolites > 


The occurrence of a reaction leading .from two 
molecules of acetate to ane molecule of succinate was 
first postulated by Thunberg!® in 1920, and later by 
Knoop'*. These authors assumed a rather direct 
condensation of two molecules of acetate (‘Thunberg 
condensation’) ; but it is now apparent that the same 
effect can be achieved by an entirely different mech- 
anism, involving as intermediate stages the reactions 
of the glyoxylate cycle : 


Acetate + oxaloacetate — citrate 


Citrate — isocitrate 

Isocitrate —> sucemate + glyoxylate 
Acetate + glyoxylate — malate ` 
Malate + $ O: — oxaloacetate 





Sum: 2 acetate + $ O.. — succinate. 


Biological Role of the Glyoxylate Cycle 


The glyoxylate cycle accounts for the net syn- 
thesis of C,-dicarboxylic acids from acetate when 
this is the sole source of carbon, and it therefore 
provides the oxaloacetate required for the continued 
operation of the tricarboxylic acid cycle. It ıs also 
a key step in the synthesis of many cell constituents. 
Extracts of Pseudomonas, m the presence of pyridine 
nucleotides, can convert malate to phosphopyruvate, 
which can yield hexoses by the reversal of the 
reactions of glycolysis’?4* Hexoses in turn çan 
supply pentoses through the pentose phosphate 
cycle, as well as the carbon skeletons of several 
amino-acids. The mtermediates of the tricarboxylic 
acid cycle together with acetyl coenzyme A are 
already known to supply the carbon skeletons of 
most amimo-acids. Such intermediates, drained from 
the tricarboxylic acid cycle, can be readily regener- 
ated from acetate by the glyoxylate cycle. 
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TOA of Fat to Carbohydrate 


In what has already been discussed, it is implied 
that the glyoxylate eycle could also account for the 
conversion of fat to carbohydrate, the stages being : 


fatty acid 
+ 
acetyl coenzyme A 


4 (glyoxylate cycle) 
succinate , 


+ 


oxaloacetate 
{| (Utter~Kurahashi reaction, ref. 18) 
phosphopyruvate 


+ 
carbohydrate 


t 


It is uncertain to what extent a net conversion of 
fat to carbohydrate takes place in higher animals, 
but this conversion is known to occur in seedlings 
rich in oil, such as those of the castor bean (Ricinus). 
Cell-free extracts of castor bean seedlmgs contam 
isocitritase and malate synthetase, and are able to 
catalyse the formation of malate from acetate and 
isocitrate via the glyoxylate bypass’, In conjunction 
with the reactions whereby fatty acids give rise to 
acetyl coenzyme A, and those whereby malate pro- 
duces phosphopyruvate'’, the bypass thus provides 
a route for the net conversion of fat to carbohydrate. 

Tissues of higher animals are known to be capable 
of incorporating labelled atetate (and therefore the 
carbons of fatty acids) into carbohydrates; but this 
does not imply a net conversion of fat to carbo- 
hydrate. When labelled acetate enters the tricarb- 
oxylic acid cycle, the citrate formed ıs labelled m 
such a manner as to lead, on completion of one turn 
of the cycle, to the formation of C,-dicarboxylic 

` acids still retaining all the isotope of the added 
acetate : the two molecules of carbon dioxide evolved 
are not directly derived from the added acetate. 
Hence, although the entry of two carbon atoms (as 
acetate) has been followed by the liberation of two 
carbon atoms (as carbon dioxide), and no net syn- 
thesis has occurred, the C,-dicarboxylic acids of the 
tricarboxylic acid cycle have nevertheless become 
labelled. Since these acids can readily give rise to 
phosphopyruvate!’, isotope will also appear in carbo- 
hydrates, but will not be accompanied by any net 
formation of carbohydrate. The glyoxylate cycle, by 
supplying extra O,-dicarboxylic acids from acetate, 
could, however, account for a net synthesis of carbo- 
hydrate from acetate and hence from fat. It remains 
to be investigated whether higher animals can under 
special conditions—such as when fat is’ the main 
source of energy—convert fat into carbohydrate, and 
whether this involves the glyoxylate cycle. 


Synthesis of Citric and Fumaric Acid in 
Moulds 


The conversion of sugars to citric acid by Asper- 
gillus niger is taken to involve a fission of C,-sugars 
to triose phosphates, oxidation to pyruvate, the 
fixation of carbon dioxide to form oxaloacetate, and 
a condensation of this with a molecule of acetyl 
coenzyme A derived from another molecule of 
pyruvate (see Chain?°). 
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This pathway cannot account for the synthesis of 
citric acid from acetate or from other two-carbon 
compounds. The occurrence of zsocitritase in at least 
one mould™ suggests that the accumulation of citric 
acid involves.the glyoxylate cycle, the intermediate 
stages bemg: 


Acetate + isocitrate 
Malate + 4 O, —> oxaloacetate 
Succinate + O, > oxaloacetate 

2 Acetate + 2 oxaloacetate -> 2 citrate 
Citrate -> tsocitrate - 


_—™ succinate + malate 





Sum: 3 Acetate + 140, — citrate 

Citrate, besides being the end-product of acetate 
utilization under these conditions, also acts in the 
manner of & catalyst, in that it initiates the sequence 
of reactions and is regenerated by them. 

Foster and his ‘co-workers?* concluded from 
isotopic data that the synthesis of fumaric acid from 
acetate or ethanol in the mould Rhizopus nigricans 
involved a ‘dicarboxylic acid cycle’, in which the two 
methyl groups of acetate or ethanol, via the Thun- 
berg condensation, give rise to the two methylene 
carbons of the C,-compound. The experimental 
results are, however, in even: better agreement with 
the. assumption that fumarate is formed by the 
reactions of the glyoxylate cycle, the steps bemg: 


Isocitrate 3 -> succinate + glyoxylate 
Acetate +- glyoxylate -> malate 
Malate + 4 O, -> oxaloacetate 


Acetate + oxaloacetate -> citrate 


Citrate -> tsocitrate 
Succinate + 4 O: -> fumarate 
Sum: 2 Acetate + O, — fumarate 


The accumulation of fumarate in this organism 
could be ascribed to the absence or low activity of 
fumarase. As in the case of the citric acid-forming 
moulds, citrate and zsocrtrate act lke catalysts. 


Conclusion 


Recent work, carried out m several laboratories, 
has established the occurrence of a metabolic cycle 
in micro-organisms which can derive all their 
carbon requirements from two-carbon compounds. 
The cycle (see Fig. 2) represents a variant of the 
tricarboxylic acid cycle. The stages between éso- 
citrate and malate are replaced by reactions in which 
glyoxylate is a key metabolite. The cycle is there- 
fore referred to as the*‘glyoxylate eyele’. 

The mam discoveries which led to the elaboration 
of the cycle were: (1) the finding that isocitrate, 
apart from undergoing dehydrogenation, is split 
enzymically to form succinate and glyoxylate® 14:38 ; 
(2) the recognition by Wong and Ajl® of an enzyme 
system bringmg about the synthesis of malate from 
glyoxylate and acetyl coenzyme A; (3) the demon- 
stration of the ready occurrence of the combined 
action of the two enzyme systems in cell-free 
extracts®$,19, 

The overall effect of one turn of the glyoxylate 
cycle is the formation, from two molecules of acetate, 
of one molecule of C,-dicarboxylic acid. This, together 
with acetate? can serve as a precursor of many cell 
constituents. The cycle is therefore a stage in the 
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synthesis of cell material from acetate. It can also 
account for the net formation from acetate of citric, 
fumarie and other organic acids in moulds?*. 

The key reactions of the glyoxylate cycle have 
further been demonstrated m Ricinus seedlngs'*. In 
these seedlings, it can account for the conversion of 
fat to carbohydrate. 
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RADIOBIOLOGY AND CANCER 
By Dr. L. H. GRAY 


Director of the Research Unit in Radiobiology, Mount Vernon Hospital 


HE openmg of the British Empire Cancer Cam- 


paign Research Unit in Radiobiology by His. 


Grace the Duke of Devonshire on May 20 marks a 
new phase in the research into the nature and treat- 
ment of cancer which the Cancer Campaign has 
supported at the Mount Vernon Hospital for more 
than twenty-five years. It is also an expression of 
the behef that the study of fundamental problems in 
radiobiology by a group of scientists can make a 
significant contribution to our understanding of 
cancer, if the group is consciously working to this 
end and 1s located at a hospital in close association 
with medical and scientific colleagues whose efforts 
are similarly directed. Experimental research interests 
at the Mount Vernon Hospital include the etiology 
of cancer, chemical carcinogenesis, chemotherapy and 
radiobiology. In close association with those con- 
ducting clinical research in radiotherapy, a group is 
studying the cytological changes Induced in human 
tumours by 3 course of X-ray treatment. The 
activities of all the groups are co-ordinated and 
controlled through the Cancer Research Committee 
of the Hospital. 

Radiobiological research was at first particularly 
concerned with the measurement of the relative 
biological effectiveness of different types of radiation, 
and the first biological experiments with neutron 
radiation to be made in Britain were carried out at 
this Hospital by Mottram and by Spear, using 
neutrons from a 380 kV. (D-D) generator built for this 
purpose some twenty years ago by Gray, Read and 
Wyatt! 

The new Research Unit in Radiobiology was 
created nearly three years ago when plans were 
initiated for the programme outlined below. In the 
meantime, the Unit has been growing, and has been 
working in temporary quarters. The theme of most 
of this work is the role of oxygen in radiobiology and 
radiotherapy. In this, as m other respects, the 
research work in progress to-day at Mount Vernon 
Hospital owes much to J. C. Mottram, who was 
appointed pathologist when the Hospital became 
entirely devoted to cancer treatment and research in 


1931. Mottram was a keen observer—indeed, he was- 


a naturahst at heart—and carried out many exper- 


ments with the view of discovermg the factors which 
influence the regression of an irradiated tumour. He 
observed that when the blood-flow in the tail of a 
mouse was stopped, either by compression or by 
ligature, radiation damage to the skin was much. 
reduced. He also observed that the regression of a 
rat tumour, following & given dose of radiation, was 
much reduced when the rat was rendered anezmié by 
bleeding just before irradiation. These experiments 
have a very modern flavour, but it is interesting to 
note that this approach to the study of the mfluence 
of oxygen on the response of cells to radiation was 
in origin through an exploration of the role of the 
vascular tumour bed. It was only later, in the light 
of the experiments of Crabtree and Cramer’, that 
Mottram studied the influence of anaerobiosis on the 
radiosensitivity of roots, and came to identify oxygen 
transport as a key function of the vascular bed. 
Read pursued this theme, and there resulted his 
classical experiments with Thoday*, which estab- 
lished (1) that anaerobiosis may reduce the radio- 
sensitivity of a tissue by a factor of 3, (2) the fact 
that oxygen has little mfluence on the damage 
mduced by «-radiation, (3) the speed with which the 
radiosensitivity of a cell changes m response to 
changes in oxygen tension, and (4) the quantitative 
relationship which exists between the radiosensitivity 
of a tissue and the oxygen tension in its immediate 
environment. 

Why 1s it that X-radiation is several times more 
damaging if oxygen is Freely available to cells at the 
time of irradiation ? Is the role of oxygen metabolic ? 
Is oxygen unique, or can its place be taken by 
another molecule ? Or again, why 1s it that structural 
damage to chromosomes, which 1s almost invariably 
dependent upon oxygen when mduced by X-radiation, 
is independent of oxygen tension when induced by 
nitrogen mustard and many other of the so-called 
radiomimetic chemicals? One may also ask why 
the induction of chromosome structural damage by 
radiation is sensitive to oxygen, while the mduction 
of some kinds of gene mutation, as well as the in- 
activation of pneumococcal “Transforming Prmeiple’ 
which is practically pure deoxyribonucleic acid, is 
apparently not sensitive to oxygen. These are a few 
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of the many questions which cannot yet be fully 
answered. 

That the role of oxygen is not entirely metabolic 
seems clear from several lmes of observation. First, 
it is as great in cells the metabolism of which is 
brought to a low level by reduced temperature or 
by enzyme poisons as in actively respiring cells. 
Secondly, however short the irradiation, it is found 
that the oxygen needs to be present only during 
the actual period of exposure to radiation. Thirdly, 
a given type of injury sustained by @ given cell 
is found to be sensitive to oxygen when that 
injury is mitisted by X-rays, but not appreciably 
sensitive when initiated by alpha radiation. On the 
other hand, however, ıb is most improbable that 
oxygen plays no metabolic part at all. Indeed, there 
are strong indications that certain types of chromo- 
some structural damage are influenced by a long 
period of anaerobiosis before or after irradiation®®, 
Few radiomimetic chemicals are oxygen-sensitive in 
their action, but one (8-ethoxycaffeine), which is very 
closely radiomimetic when acting on aerobic plant 
cells, is almost without effect on the chromosomes of 
anaerobic cells. In this case the role of the oxygen 
appears to be essentially metabolic since oxygen is 
inactive m cells poisoned by cyanide or in which 
phosphorylation is uncoupled from oxidation by 
dinitropheno]’. Chromosome structural damage, 
which is microscopically indistinguishable from that 
. produced by 8-ethoxycaffeine, ıs little, if at all, 
affected by cyanide or dinitrophenol when induced by 
ionizing radiation in the presence of oxygen. 

It would appear that the dominant role of oxygen 
m the initiation of damage by ionizing radiation 
involves the participation of the oxygen molecule 
m the immediate chemical changes to which the 
irradiation gives rise. Inasmuch as many cellular 
lesions manifested by irradiated cells appear to be 
nuclear in origin, the oxygen has probably to be in 
the nucleus to be effective. In what concentration 
1t must be present is not known. The recent work 
of Alper and Flanders* has shown that as little as 
3-5 uM litre (that is, equilibrium with gas containmg 
0-25 per cent oxygen) in the environment of a 
bacillus suffices to convey a marked increase in 
radiosensitivity relative to the completely anoxic 
cell. Concentrations not much greater than this 
suffice to confer increased sensitivity on mouse 
tumour cells (Deschner and Gray, iv the press). The 
required concentration within the cell may be very 
much less than this, since Longmuir®, from his studies 
of the influence of oxygen tension on the rate of 
utilization of oxygen by bacteria and by their 
extracted cytochrome oxidases, has inferred that in 
certain bacteria (for example, B. megatheriwm) the 
mtracellular oxygen tension may be a hundred times 
smaller than that in the extracellular fluid. 

In a mammal, the amount of oxygen available to 
cells composing a tissue may be reduced by pro- 
cedures which interfere with any one of a number of 
steps, which include pulmonary exchange, blood 
flow through the capillaries, and transport from 
the capillaries across intervening metabolizing tissue. 
An important part of the action of some ‘radio- 
protective’ drugs is undoubtedly due to lower venous 
oxygen tension. These drugs havé never been 
observed to confer upon mammals more protection 
than would correspond to a difference between 
aerobic and anaerobic cellular sensitivity, and their 
effect is offset if the animal breathes a gas enriched 
m oxygen at the time of irradiation’®. While venous 
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tension cannot fall below a certam critical lev 
without causing the death of the animal, the furtk 
fall in tension between the capillaries and mc 
distant cells may, even without external interferen 
reduce the tension to a very low level-in certe 
situations. One such set of conditions is believed 
exist in the growth of certain human tumours 
thereby greatly increasing the difficulty of deliveri 
an adequate dose to all parts of the tumour. The 
facts also provide a rationale for the administrati 
of oxygen to patients before and during each X-ri 
treatment?2-14, 

As a result of cellular respiration, the oxyg 
tension may vary markedly from point to por 
within plant and insect, as well as in mammali 
tissues. It will, for example, be less on the axis of 
root or at the centre of an anther than in the liqu 
or gaseous media surrounding these structures. lt 
probable that oxygen gradients through tissu 
greatly influence the observed relation betwe 
sensitivity and the oxygen tension in the enviro: 
ment of the tissue, and for this reason it 1s unfo 
tunate that much of our information concerning tl 
influence of oxygen on radiosensitivity comes fro. 
the study of tissues and not cell suspensions. Ine 
gases, under pressure, have recently been found t 
Ebert and Howard (Rad. Res., in the pregs) to depre 
the radiosensitivity of roots exposed to X-rays in tl 
presence of oxygen. The effect is shown by all tł 
inert gases so far examined, which increase i 
effectiveness ın the order nitrogen, argon, krypto 
xenon, The extent of the depression in radi 
sensitivity depends on the inert gas, on the pressw 
at which it is applied, and on the partial pressure « 
oxygen in the mixture, It is known that these gase 
have an anesthetic effect on mammals, and it 
thought that the two phenomena may have som 
connexion. In general terms, it must be suppose 
that these gases prevent the expression of aerob: 
sensitivity by interfering either with the passage « 
oxygen through the cell (thereby also increasin 
oxygen gradients in a tissue) or by competing wit 
oxygen for the occupation of some sites within tk 
cell from which the oxygen would normally ente 
into those chemical changes which lead to cyt 
logical damage. . 

As the literature citations have shown, there : 
a large number of radiobiologists in Britain activel 
interested in these problems. For the small group i 
the Research Unit in Radiobiology at the Mour 
Vernon Hospital these problems are the focal poin 
of most of their present activities, but they are see 
as a particular aspect of the wider problem of undei 
standing the nature of the chemical and metaboli 
steps which follow immediately upon exposure of 
Present indications ar 
that the initial reactions are rapid, occupying time 
of the order of microseconds or less. In order t 
investigate these initial steps in the development c 
radiobiological damage, it is desirable to be able + 
deliver the whole dose in-comparable times. In 195% 
when the formation of this new Research Unit wa 
contemplated, the research department of Messrs 
Metropolitan-Vickers, under the direction of Dı 
Willis Jackson, was asked to develop for the Britis] 
Empire Cancer Campaign a high-current electron 
pulse generator to meet this requirement. 

The machine, which is about to be brought int 
commission, can deliver pulsés of 1-5 MeV. electron 
having a duration of 2 usec. and a current in th 
pulse greater than 1/2 amp. On test, values up t 
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Fig. 1. 1-5 MeV. electron accelerator on test. The cylindrical 

vacuum tank containing the wave guide and focusing coils rests 

on a channel iron framework supporting the pumps, magnetron, 
pulse transformer and other components 


3/4 amp. have been obtained. These pulses can be 
repeated at frequencies up to 350 pulses/sec. Pro- 
vision is also being made for firing single pulses and 
pairs of pulses, the two pulses in a pair being spaced 
at any time interval from a few microseconds upwards. 

The apparatus is constructed in the main from 
standard parts built by the Metropolitan-Vickers Co. 
for its 4 MeV. linear electron accelerators designed 
for clinical work!**. The power unit is a standard 
2 MW.-10 cm. magnetron, but the corrugated wave- 
guide system and the electron gun are specially 
designed to produce and accelerate 
the highest possible beam current. 
Without auxiliary focusing the 
beam has a cross-section of about 
1 cm.? at exit from the machine, 
and hence a single pulse of elec- 
trons will deliver a dose of 10° rads 
to a volume of the order of 1 em.*. 
By providing two quadrupole focus- 
ing magnets close to the beam 
window, about 30 per cent of the 
current can be focused through a 
2 mm. diameter hole, and in this 
case the dose per pulse close to the 
hole will be of the order of 10° rads 
to a volume of a few cubie milli- 
metres. In order to obtain two 
pulses spaced only a few micro- 
seconds apart, an additional delay 
line has been added to the modu- 
lator. Both delay lines are charged 
by the usual charging circuit and 
they are discharged in succession 


Fig. 2. 
through separate hydrogen thyra- =: 
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trons, the spacing of the pulses being determined by 
the setting of the thyratron triggering circuit. 

Evidence of immediate changes in living cells will 
be sought by microscopic and spectroscopié exam- 
ination, using the light flash proceeding from an 
underwater spark between uranium electrodes (Boag, 
in the press). In its present form, a flash suitable for 
spectroscopy lasts about 10 usec., but this time may be 
shortened., Evidence for the production of radicals 
in cells, cell components and chemical systems will 
be sought by the techniques of microwave spectro- 
scopy, particularly electron spin resonance. Ability 
to deliver the whole dose in about 2 psec. will also 
make it possible to study the influence of changing 
the environment of the cell before damage has 
become irreversible. 

The building comprises a single-storied radiation 
wing which provides for radiation studies with the 
electron pulse generator and with a conventional 
200 kV. constant povential X-ray generator. The 
two-story section of the building contains labor- 
atories for physics, chemistry and physiology, bio- 
chemistry, and general biology, a well-equipped 
workshop, offices, and a room which serves jointly 
as staff room, library and colloquium room. The 
accommodation was designed to meet the needs of a 
permanent staff of five, together with three visitors. 
in a subject which cevers so many specialities, and 
in which the point of attack at any one time may 
involve the use of different biological materials 
and different techniques from those required at 
other times, it is particularly helpful to be able 
to invite the collaboration of visitors whose ex- 
perience is complementary to that of the permanent 
staff. 

While full financial responsibility for the running 
of the Unit rests with the British Empire Cancer 
Campaign, the Campaign is precluded by its policy 
from using its subscribed income for capital building 
costs. The establishment of the Unit has been made 
possible through much goodwill and generosity. An 
ideal site has been prowided by the Hospital Manage- 
ment Committee close to the other experimental 
research buildings, but at the periphery of the 
occupied land, so that the X-ray and electron pulse 
generators direct their radiations through thick con- 
crete walls out across sloping fields leased by the 





British Empire Cancer Campaign Research Unisin Ley ago The radiation sources 
are contained in the rooms with windows near the cel 


ng level 
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To-day there are some hundred or more magnetic 
observatories distributed over the world. New ones 
appear from time to time, others disappear, but 
there remain several that have furnished magnetic 
data extending over the past century, though most 
of these, like Greenwich, have been compelled by 
building development to find new and more suitable 
sites to carry on their work. Of them all, Colaba- 
Alibag (transferred 1905) and Greenwich—Abinger 
(transferred 1925) appear to have the most com- 
prehensive records, both having published extensive 
series of results in all the elements necessary to 
define the total field since 1846. It should be added, 
however, that the early observations were sometimes 
lacking ın precision. 

The original magnetic observatory erected at 
Greenwich in the spring of 1838 was a wooden 
cruciform building standing about 250 ft. south of 
the mam astronomical buildmgs. The first observa- 
tions were of declmation (D) only, but by 1840 
observations of the vanations in the horizontal (H) 
and vertical (Z) components were bemg undertaken. 
Regular observations of D were published from 
November 8, 1841. These were made at two-hourly 
mtervals throughout the day and night, seven days a 
week. Regular observations of the variation in H 
and Z began in the following month. On selected days 
(term days) declmation was read every five mmutes 
and the other elements every ten minutes. On 
special occasions, during periods of magnetic storms, 
the time intervals were reduced to the order of a 
minute—in fact, visual observing became continuous 
and was mamtamed over periods exceeding twenty- 
four hours. This system continued until the end of 
1847. Dumng this time dip observations had been 
added in 1842 and absolute observations of the 
horizontal component m 1846, thereby establishing 
absolute determinations of the total field. 

Such a system must have mposed a heavy burden 
upon the observing staff of the Royal Observatory, 
who doubtless welcomed the introduction in 1847 of 
photographic recording of both magnetic and meteor- 
ological data. The recording apparatus, which in 
principle is that used to-day, together with the 
photographic technique was developed by Charles 
Brooke. The results, though crude by modern 
standards, were successful and visual observing was 
reduced to calibration of the records and their 
measurement. Other observatories later adopted 
similar methods. 

It is of interest to note that these early Greenwich 
records have in recent years provided valuable data 
for the statistical study of ‘sudden commencements’ 
and other magnetic phenomena. 

During the period 1891-99 considerable additions 
were made to the astronomical buildings which mter- 
fered with the magnetic observations due to the 
presence of iron. A new magnetic pavilion was 
therefore erected in an enclosure m Greenwich Park 
350 yd. east of the main Observatory. Absolute 
observations were thenceforth made in this new 
building, though the recording equipment contmued 
to operate on the old site. But the need for new 
recording instruments was becommg apparent and in 
1913 the erection of a new magnetograph house was 
begun in the enclosure 50 ft. north-west of the new 
pavilion. This building was completed the following 
year and a new set of recorders came into operation 
during 1915. These were maintamed at a constant 
temperature by electrical heatmg thermostatically 
controlled. To prevent unnecessary loss of heat and 
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to assist m maintenance of the control, the chamber 
containmg the recorders was built upon piers within 
an outer building. Im addition to an air space of 
several feet which thus surrounded this chamber, 
its walls were thermally msulated. By this means 
fluctuations in the records that would arise from 
changes m the moments of the magnets and in the 
torsional constants cf the suspensions with tem- 
perature were reduced to negligible proportions. 

In 1912 a dip inductor had been purchased from 
the Cambridge Instrument Co. This was brought 
into regular use in 1914 as the standard dip instru- 
ment and, combined with the new recordmg equip- 
ment, effected a considerable mprovement in the 
standard of the results obtained. From 1916 mean 
values of declmation, north and vertical components 
were published for every hour of the day. Values 
such as these, obtained over many years, at a number 
of magnetic observatories, have been, or are, in the 
process of bemg analysed for the determination of 
solar and lunar tidal effects in the atmosphere. 

The mproved conditions at Greenwich were unfor- 
tunately short-lived, for within ten years of the new 
equipment being set up electrification of the local 
railways had begun. In consequence, it was decided 
to transfer the work to a sıte away from London, and 
an observatory was built at Abinger in a wooded 
area, on the northern slopes of Leith Hill m Surrey. 
New instrumental equipment was installed which 
included magnetometers newly developed at the 
National Physical Laboratory for measurmg mag- 
netic fields by electrical methods. These instruments 
not only greatly reduzed the time taken in securmg 
the observations necessary for the calibration of the 
recorders but also added materially to the accuracy 
of the results. Further methods, mcludmg those 
employing the fluxgate, have since been devised for 
measurmg intensity of the Earth’s magnetic field, 
but it is doubtful whether any material advance 
m accuracy has been attained in work of this 
nature. 

The Abinger Observatory has now functioned for 
more than thirty years. During that time it has not 
only furnished a, long series of valuable magnetic data 
but has also been responsible for the testing and 
calibrating of magnetic instruments employed in the 
field and at other observatories. This function was 
taken over from Kew when that Observatory was 
also compelled to discontinue magnetic work on 
account of local disturbances. Now Abinger itself 
has fallen a victim to the spread of industry and 
further electrification of the railway system, and 
refuge has been sought m the West Country at the 
remote village of Hartland, North Devon, twelve 
mules from the nearest railway. The choice of this 
site was governed by the desirability of retaining a 
magnetic observatory m the south of the British 
Isles. To-day it has a slight advantage over 1ts 
predecessors in being farther from the observatories 
of Holland and Belgium, thereby slightly extending 
the European network. The Observatory, which 
remains part of the Royal Greenwich Observatory, 
is not yet m full operation, but continuous records 
of decimation, horizontal intensity and vertical 
intenstty have been maintained since the beginning 
of the year. By the summer of this year it should be 
in @ position to take over completely the work of 
the Abinger Observatory, which meludes the 
provision of magnetic date for mining engineers 
and workers in the various branches of geo- 
magnetism. _ 
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NATURAL AND ARTIFICIAL TRACE ELEMENTS IN 
GEOPHYSICAL RESEARCH 


HERE has been a tremendous growth of activity 

in the past decade in the use of trace elements in 
geophysical research. -Particular aspects of this work 
have, been discussed from time to time, but the first 
general discussion of the subject in Britain has 
only taken place recently at the Royal Astronomi- 
cal Society, on February 1. Prof. P. A. Sheppard was 
in the chair and the opening speakers were Prof. H. C. 
Urey, who described recent work in his laboratory at 
Chicago, Dr. L. H. N. Cooper of the Marme Labora- 
tory, Plymouth, who spoke on some applications of 
radioactive tracers to oceanography, and Dr. N. G. 
Stewart, of the Atomic Energy Research Establish- 
ment, Harwell, who presented evidence on large-scale 
atmospheric motions as provided by the deposition of 
radioactive dust from distant nuclear explosions. 

The use of natural and artificial trace elements m 
geophysical research is of long standing. The physical 
geologist has dated the older rocks largely from the 
relative abundance of radioactive'trace elements and 
their decay products. The oceanographer built up 
his scheme of waiter circulations partly from observa- 
tions of salt—a dynamically active tracer—and from 
inactive tracers such as drift bottles. The meteoro- 
logist first inferred something of the temperature 
distribution in the atmosphere above 50 km. from 
the behaviour of meteors, and of the mean motion 
and large-scale turbulence of the stratosphere from 
the spread of dust from the Krakatoa explosion. He 
has also for many years studied large-scale motions 
from the accumulations and dispersion of water- 
vapour and ozone, of which there are substantial 
sources and sinks m the atmosphere. 

The growth of such research since the Second World 
Wer has been very remarkable. For example, 
Kulp, of the Lamont laboratory, said m 1955 that 
more had been done in geochronometry in the past 
decade than in the previous five. The growth springs 
largely, though by no means wholly, from develop- 
ments in nuclear physics and mass spectrometry. 
Thus the discovery of carbon-14 (half-life 5,600 
years) in carbon dioxide and its fixation after removal 
from atmospheric carbon dioxide have opened up 
entirely new or undeveloped fields: in oceanography, 
the large-scale vertical circulation of the oceans and 
the variation of sea-level ; in climatology, the advance 
and retreat of ice-sheets, the dating of tree-rings, the 
temperature of the ocean surface, etc. ; in vuleano- 
logy, the dating of eruptions; and in oil technology, 
the mode of formation of hydrocarbons. Carbon-14 


is one of several natural radioactive isotopes which, 


are continuously produced in the atmosphere by 
cosmic rays. SBeryllium-7 and tritium are others 
which, with very different half-lives, fifty-three days 
and twelve years respectively, are likely to become 
useful in meteorology and hydrology. 

The stable isotopes of oxygen (oxygen-18) and 
hydrogen (deuterium), through their effect on the 
vapour-pressure of water, have found application in 
the study of the life-history of terrestrial water. 
Further, the release of numerous chemicals into the 
atmosphere, mainly from the ocean, has led to the 
chemical sampling of air and rain-water over a wide 
network of stations, in north-west Europe under the 
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stimulus of Rossby. Such work may well provide 
oceanography, synoptic meteorology and agricultural 
science with new material for old problems and with 
new problems. Already a challenging variation m 
the ratio of sodium to chlorme in rain with distance 
downwind from a coast line has been thrown up. 

Artificial trace elements have also added recently 
to the potential of the field. The advantage of the 
artificial tracer 1s that it can be started off at a selected 
time and place and with a known strength of source. 
One may thereby investigate motion and process on 
almost any scale. The nuclear bomb is of course & 
potent source of artificial tracers and can be a 
geophysical asset whatever else it may be. Early 
artificial tracer techniques were mainly suited to the 
study of small-scale motions only but the opportunity 
now appears for studying oceanic and atmospheric 
motion on & global scale, 

Prof. Urey spoke on two recent applications of trace- 
element techniques. The first dealt with the use of the 
oxygen-18/oxygen-16 ratio in sedimentary marine 
carbonates as a quite sensitive measure of the tempera- 
ture at the place and time at which the carbonates 
were formed. The ratio of oxygen-18 to oxygen-16 in 
a carbonate produced in a. carbon dioxide—-water 
system varies by a few parts in & thousand between 
0° C. and 25° C., and present accuracy m measuring 
the ratio provides a thermometer with a probable 
error of about + 0-5° C. If the time of formation of 
the carbonate is available, from geological evidence, 
or perhaps from some other trace-element technique, 
and if the location of the living organisms which 
provide the sediment can be determined, a highly 
valuable record of temperature as a function of time 
and place ıs produced. So far the technique has been 
applied to ocean-bottom Foraminifera, deposited m 
the equatorial mid-Pacific (Emiliani 19541) and to 
Globigerena-ooze derived from biogenous carbonate 
formed rather near the ocean surface m the lower 
latitudes of the Atlantic and ‘Pacific (Emiliani 1955). 
Deep-sea cores were used to provide the samples. 
From the former, the temperature of the bottom 
equatorial Pacific is wnferred to have fallen more or 
less steadily since the early Tertiary (about 30 x 10° 
years ago) from 10-4° C. to 1ts present value of 1-7° C. 
From the second samples, the temperature fluctua- 
tions (~ + 3°C.) of the near-surface waters of the 
lower-latitude Pacific and Atlantic have been inferred 
for the glacial and inter-glacial periods of the past 
3 x 10° years. An attempt has, also been made to 
correlate these variations with the variation in solar 


-radiation in higher northern latitudes arising from the 


precession of the equinoxes, and. the variations in 
obliquity of the ecliptic and in the eccentricity of 
the Earth’s orbit. This work shows promise but is 
beset by many uncertainties at present. 

The other work described by Prof. Urey relates to 
the origin of the waters of thermal springs*. So- 
called meteoric water, that is, water which has origin- 
ated from evaporation at the Earth’s surface and later 
fallen as rain or snow, has a lower deuterium and 
oxygen-18 content than mean ocean water because 
of preferential evaporation of the water molecules - 
containing, the lighter isotopes. The relative deple- 
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tion of deuterium and oxygen-18 depends, however, on 
conditions in the area m which the evaporation 
occurs, for example, on the isotopic composition and 
temperature of the evaporating water. The comparison 
of the isotopic composition of thermal waters with 
local surface (meteoric) water should therefore provide 
evidence on whether thermal waters have originated 
from or been affected by local surface water or 
whether, as has been supposed, some thermal waters 
are of magmatic origin. It has been found that all 
thermal waters so far examined, both from alkaline 
type springs and acid hot sprmgs, show a definite 
dependence on the isotopic composition of the surface 
water. Moreover, a magmatic water of characteristic 
isotopic composition could not by simple mixing with 
surface waters acquire the range of observed charac- 
teristics of thermal waters from different springs. 
This work therefore gives no support so far to the idea 
that thermal springs may draw upon magmatic 
water. 

Dr. Cooper spoke about a specific oceanographic 
problem ın which a radioactive tracer could be used 
to effect. It was the measurement of the rather strong 
current which is mferred to flow on the edge of the 
continental shelf aù depths of a few hundred metres. 
This current appears to arise from a gentle cascading 
of the relatively dense shelf waters into the deeper 
ocean in winter and spring. It 1s potentially impor- 
tant to fisheries because ıt appears to give rise to a 
substantial redistribution of nutrients, particularly 
across the main flow. The measurement of the current 
system, along and across the mean flow, might be 
made by releasing a radioactive element which is not 
absorbed on detritus or fractionated in the sea and 
preferably with a half-life of a few days. Sampling 
in distance, depth and time from accurately located 
sea stations would then be required. It will be inter- 
esting to see whether the suggestion is followed up. 

Dr. Stewart described the results of sampling radio- 
active dust in the air and in ram, initially m the 
United Kingdom, but latterly on a world-wide basis. 
The dust produced by atom bombs is initially confined 
to the troposphere and 1s removed mainly by rain, at 
a rate of 50 per cent every twenty days orso. During 
that period the dust appears to become diffused 
horizontally over a substantial part of the Earth. 
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The behaviour of the dust from hydrogen bombs is 
very different; much of ıt enters the stratosphere at 
burst and is only slowly diffused thereafter mto the 
troposphere so that its half-life in the stratosphere 
appears to be several years. This is consistent with 
aircraft observations which showed that dust con- 
centrations were a maximum in the stratosphere 
months after the explosions which produced the dust. 
It has also been found that the specific activity of ram- 
water varies with season in middle latitudes and 
decreases towards the equator. Such studies are 
hkely to prove of great value m elucidatmg the 
nature and rate of exchange of stratospheric air with 
tropospheric air. Dr. A. W. Brewer made some 


‘comments on the latter problem, suggesting that the 


evidence from the mendional and seasonal variation 
of ozone implied a meridional circulation in the 
stratosphere and troposphere which was consistent 
with Dr. Stewart’s findings from the activity of rain- 
water. Further light on this problem may come from 
sampling tritium and beryllium-7 in rain-water. 
Kaufman and Libby? have already reported on the 
former. 

Dr. A. A. Smales reported on a very different line 
of work—the origm of magnetic spherules from deep- 
sea sediments and from the atmosphere and river 
sand. Using the technique of neutron activation, 
he has found that the nickel, cobalt, copper and iron 
content of the spherules from deep-sea sediments is 
sunilar to that of iron meteorites but that atmospheric 
and river-sand spherules of similar appearance are of 
quite different composition and more like that of 
some rocks. The former may well be therefore of 
cosmic origin, the latter probably not. 

This discussion ranged widely and showed the 
power of new trace techniques in many geophysical 
fields. There can be little doubt that the techniques 
wil be developed to two important ends: to make 
the statement of many existmg problems, for exèmple, 
climatic change, more exact, and to provide a sub- 
stantial part of the solutions of other problems 
already well formulated. P. A. See 
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WILLIAM CHARLES WELLS, F.R.S. (1757—1817) 
By Dr. J. H. S. GREEN ` 


ILLIAM CHARLES WELLS, who was born 
two hundred years ago on May 24, 1757, at 
Charleston, South Carolina, occupies a small but 
definite place in the history of science and medicine 
which is often overlooked. Huis parents—Robert 


Wells, a printer, and Mary Wells—were emigrants. 


from Scotland who wished, however, to retain links 
with their home country. William, the second son, 
was brought up to a Scottish allegiance. At the age 
of eleven he was sent over to Scotland to attend 
school at Dumfries, and two years later entered the 
University of Edinburgh for the first time, but m 
1771 he returned to America, 

Back in Charleston, Wells was for the hert four 
years apprenticed to Alexander Garden (c. 1730-91). 


Garden also was the son of a Scottish emigrant, 
Alexander Garden (1885-1756), who had gone to 
Charleston as a Church of England clergyman in 
1719. The younger Garden had also been educated 
in Scotland and, after graduating in medicine from 
Edinburgh, had returned to Charleston in 1752. 
After a year as professor at King’s College (now 
Columbia University), New York, Garden settled as 
a medical practitioner m Charleston again, in 1755. 
Here he became a leading figure in the science of that 
part of America. He was a notable botanist, and 
corresponded with Linnewus. To his old Edinburgh 
professor, Charles Alston, he wrote of his “eager 
desire to learn something of the Nature of the herbs 
and their Names which the Ethiopians and Africans 
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use for poison and the common method of cure”. He 
also sent over samples of drugs, and a “Description, 
t History and Account of our Pmk root” (1756) to 
‘Robert Whytt ; this was the “Lonicera ... Indian 
- Pink root”, for many years “the most widely pre- 
scribed anthelmmtic in the U.S."1. His name is 
perpetuated in the Gardenia. Garden’s support for 
the royalists m the War of Independence led to the 
confiscation of his property and he came to Britain 
in 1783, where he was well known, and had been 
elected to fellowship of the Royal Society ten years 
previously. 

Undoubtedly Wells owed much to Garden’s in- 
fluence and teaching: he afterwards wrote of him as 
“his guide and counsellor m youth and his medical 
preceptor”’.- Wells returned to Scotland at the out- 
break of the war and, again at Edinburgh, studied 
medicine. He also studied at St. Bartholomew’s 
Hospital and attended lectures by William Hunter. 
Service as a surgeon m a Scottish regiment took him 
in 1779 to Holland. After three months at Leyden he 
presented. a thesis entitled “De Frigore”’ and, return- 
ing to Britain, graduated M.D. from Edimburgh in 
1780. 

Back in America he found himself saddled with 
the famuly estate and a debt of £600. As a refugee 
royalist he finally moved to St. Augustine, Florida, 
where, with a ‘Printers Grammar’, a press he had 
brought with him, and a negro slave, he produced the 
first newspaper in that State, At this time he 
appeared as an actor, basing his performances on 
those of Garrick that he had seen, and he also served 
as æ volunteer captain. In May 1784, however, he 
finally -left America with, ıt has been said, a lingering 
bitterness against that country. After a short time 
in Paris, Wells settled in London to practise medicine. 
He also held a few medical appointments—physician 
at the Finsbury Dispensary (1789-99), and assistant 
physician (1795-1800) and physician (1800-17) at St. 
Bartholomew’s Hospital. 

Wells’s first published work was “An Essay upon 
Single Vision with Two Eyes”, which appeared in 
1792 and led m the next year to his election to the 
Royat Society. Nearly twenty years later he returned 
to this subject with a paper on “Observations and 
Experiments on Vision” (Phil. Trans., 379; 1811). 
A number of papers dealing with more strictly 
medical topics were published in the Transactions of 
the Medical and Chirurgical Society. They included 
contributions on rheumatic fever’, on the colour of 
blood (1797) and on erysipelas, which he maintained 
was contagious. His discussion of consumption and 
ague was pioneer work in epidemiology; and the 
observations he made on changes in the urine were 
of importance m connexion with the later discoveries 
of Bright. 

Like many of his contemporaries, Wells was very 
interested in the expermments of Galvani, and he 
wrote a paper “On the Influence which Incites the 
Muscles of Animals to Contract in Mr. Galvani’s 
Experiments” (Phil. Trans., 1795), but he did not 
return to this subject. 
miscellaneous biographies in the Gentleman's Maga- 
zine, but his most significant contributions to science 
were contained in two papers which suffered very 
different histories. ; 

The first of these was read to the Royal Society at 
two meetings on April 1 and 8, 1813. It was not 
published by the Society, but first appeared in a 
volumet of Wells’s non-medical writings published 
after his death. The paper contained ‘Some Observa- 
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tions of the Differences in Colour and Form between 
the White and Negro Races of Men”. This gave what 
has been called ‘‘the most complete of all the antici- 
pations of Darwin”. Darwin himself, though he did 
not know of Wells’s work until about 1865, wrote 
that “he applies most distinctly the principle of 
Natural Selection to the Races of Man”. For 
example, Wells wrote: ‘‘. . . amongst men, as well 
as among other animals, varieties of a greater or less 
magnitude are constantly occurring. In a civilised 
country ... those varieties, for the most part, quickly 
disappear, from the intermarriages of different 
familhes. . . . In districts, however, of very small 
extent, and having little intercourse with other 
countries, an accidental difference in the appearance 
of the inhabitants will often descend to their late 
posterity. . . . Of the accidental varieties of man, 
which would occur among the first few and scattered 
inhabitants . . . some would be better fitted than 
the others to bear the diseases of the country. This 
race would consequently multiply, while the others 
would decrease, not only from their inability to 
sustain the attacks of disease, but from the m- 
capacity of contending- with their more vigorous 
neighbours”. = 

These remarks arose from his comments on a case 
of white pinto, that is, “a Female of the White Races 
of Mankind, part of whose skin resembles that of @ 
Negro”. Wells not only gave a theory of variation, 
selection, descent with , modification, and of the 
origins of races of man; he also realized the import- 
ance of disease ın selection—a factor not mentioned 
by Darwin in “On the Origin of Species”. But 
Wells’s contribution was of no contemporary sig- 
nificance whatever. Possible reasons for this have 
been discussed’, with the conclusion: ‘Both Wells’ 
achievement, and his failure to disseminate it are 
therefore to be explained as much in terms of his 
individual psychology as in relation to his cultural 
environment”. 

On“the other hand, his investigation “On Dew” 
(1814) was by no means overlooked. This work 
earned him the Rumford Medal of the Royal Society, 
and accounts of ıt appeared in a number of journals 
(“Essai sur la rosée”, Annal. de Chemie, 1815, 1817 ; 
“Letter on Dew”, Ann. Phil., 1816; J. des Mines, 
1815; J. f. Chem. u. Physik. (Schweigger), 1818). It 
has often been treated as a model use of the scientific 
method and discussed in detail from that point of 
view—but with different interpretations. Sir John 
Herschel, in his early work on the philosophy and 
method of science—“A Preliminary Discourse on the 
Study of Natural Philosophy”, 1831—wrote that 


. Wells’s work was ‘‘one of the most beautiful specimens 


we can call to mind of inductive experimental inquiry 
lying within a moderate compass”. Later, John 
Stuart Mill (“System of Logic”, 1841) similarly . 
quoted it as a perfect example of logical induction— 
“a, striking instance of the fullness of assurance 
which the inductive evidence of laws of causation 
may attain ..-.”. <A recent discussion? gives an 
account of Wells’s experiments and method. 

Wells had evidently been interested for some time 
in temperature and effects due to changes of tem- 
perature. From James Dunsmure, a friend and 
patient who had been a merchant in India, he learnt 
of a traditional method of producing ice. Water was 
exposed in shallow earthenware pans at night and the 
loss of heat by radiation was sufficient for ice to be 
formed. Weils’s observations on the formation of 
dew were largely made in the garden of Dunsmure’s 
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home m Surrey. Previous workers, mcluding, for 
example, Musschenbroek, had made observations of 
the phenomena; but Wells, by careful expermment, 
corrected a number of errors in these and put forward. 
an explanation ‘‘which has remained substantially 
unaltered to the present day’’*. 

Wells was not eminently successful in medical 
practice. It was some years before he earned a@ fee, 


after séttmg up in London ; in the first ten years he © 


received only £250 and his largest annual mcome was 
£764. He became a licentiate of the College of 
Physicians m 1798, but he had a controversy with 
that body and refused its fellowship. The controversy 
concerned the rights of membership of Scottish 
graduates. A letter from him to Lord Kenyon on 
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this matter was afterwards published‘. During his 
last iliness, he dictated an autobiography? to his 
friend, Samuel Patrick, and died on September 18, 

1817, at lodgings m Serjeants’ Inn, London. ie 


1 Hoch, J. H., J. of S. Carolina Med, Assoc., 50, No, 5 (1954). 

? Kofoid, C. A., Sei. Monthly, 57, 77 (1943). 

* Keil, H., Bull. Inet. Hist. Med., 4, 789 (1936). 

+ Wells, W. C., “Two Essays: one upon Single-Vision with Two Eyes; 
the other on Dew; a letter to Lord Kenyon; and account of a 
Female of the White Races of Mankind, part of whose Skin 
resembles that of a Negro, with some Observations on the Causes 
of the Differences ın Colour and Form between the White and 
Negro Races of Men, with Memoir by himself” (London, 1818). 
The quotation given is from pp. 434 ff. 

® Shryock, R. H., ın “Studies and Essays in the History of Science” 
(ed. Montagu, F. A.), pp. 198 ff (New York, 1947). 

€ Brown, G. B., “Science: Its Philosophy and Method”, pp. 122 ff. 
(London, 1950), 


NEWS and VIEWS 


New Foreign Members of the Royal Society 


Tue following have been elected foreign members 
of the Royal Society: Hans Albrecht Bethe, of 
Cornell University, distinguished for his contributions 
to many branches of theoretical physics, Albert 
Frey-Wysshng, of the Swiss Federal Institute of 
Technology, Zurich, distinguished for his studies on 
ultramiéroscopie structure of protoplasm and of 
plant cell walls; Otto Hahn, president of the Max- 
Planck-Gesellschaft, Gottingen, distinguished for his 
work on the chemistry of radioactive substances, for 
the discovery of several radio-elements and especially 
for the discovery of the fission of uranium and 
thorium, and Arne Wilhelm Kaurm Tiselius, of the 
University of Upsala, digstmguished for his outstand- 
ing contributions ın the tield of physicochemical 
analytical procedures and ther application to labile 
molecules of high molecular weight and biological 
umportance. 


Chemistry in the University of Southampton : 
Prof. N. K. Adam, F.R.S. 


Ar the end of this session Prof. N. K. Adam 1s to 
retire from his post as professor of chemistry at the 
University of Southampton. His association with 
Southampton began ın 1937, when he succeeded Dr. 
D. R. Boyd. It had been realized before 1937 that 
the chemical laboratories were. inadequate for 
university purposes and for two years before the 
War much work was done under Prof. Adam’s 
guidance on plans for a new building. Plans were 
ready and would probably have been put into 
operation in 1940, but the War made it necessary to 
lay them aside. Early m 1947 a new plan was drawn 
up, and by October 1952, a few months before the 
University received its Charter, substantial progress 
had been made in completing the first stage of the 
building scheme. Since the War the development of 
the school of chemistry has been rapid. Student 
numbers have greatly increased, and research has 
been active in many directions. Prof. Adam has 
continued with his research students his classic 
studies: on surface films and has secured for his 
department much general support from industry. 
The research space is now crowded, and the teachmg 
laboratories are full. The growth of the school of 
chemustry and the attainment of university status by 
the College are due prmcipally to a few men of faith 
and vision, among whom Prof. Adam must find an 
honoured place. His name and fame as an investi- 


gator in the field of surface chemistry and his expert 
writings on this subject are known throughout the 
scientific world. He hopes now to find an opportunity 
to resume his researches unhampered by heavy 
commitments with university affairs. 3 


Dr. R. C. Cookson 


Dr. R. C. Cooxson is to succeed Prof. N. K. Adam 
m the chair of chemistry ın the University of South- 
ampton. R. C. Cookson, born at Hexham in 1922, 
was educated at Harrow School and then at Trinity 
College, Cambridge, where he was successively 
Exhibrtioner, Senior Scholar, Lees Knowles, Fellow, 
and Rowse Ball Research Fellow. He obtamed his 
B.A. in 1944 and his Ph.D. m 1947 for research with 
Dr."F. G. Mann on orgame compounds of arsenie. 
From Cambridge, Eng., Dr. Cookson made the now 
familar-pilgrimage to Cambridge, Mass., to spend a 
year working with Prof. R. B. Woodward at Harvard. 
On his return to England m 1949, Dr. Cookson 
joined the research division of Glaxo Laboratories, 
Ltd., whence he moved in 1951 to his present position 
as lecturer at Birkbeck College. Since taking up his 
post at Birkbeck he has rapidly attamed an mter- 
national reputation by his mvestigations. His pub- 
lished research has mcluded work on the effect of the 
stereochemistry of molecules on their absorption of 
light, on natural products, especially steroids, ter- 
penes and alkaloids and on conformational analysis. 
Dr. Cookson’s lectures are models of lucid exposition 
and he has always enjoyed very happy relationships 
with his colleagues and his students. The Depart- 
ment of Chemistry at Southampton is assured of.a 
bright future under his guidance. 


Western Australian Museum: Dr. W, D. L. Ride 


Dr. W. D. L. Ripz, who has recently been 
appomted director af ‘the Western Australian 
Museum, is & zoologist who appropriately has a 
special mterest in the marsupial mammals of Aus- 
tralia, After studying zoology m the University of 
Hong Kong, where his father, Dr, L. T. Ride, 1s vice- 
chancellor, he entered New College, Oxford, and 
graduated with first-class honours in 1954; in the 
previous year he won & Christopher Welch Research 
Scholarship and immediately after graduation was 
appointed a demonstrator m the Department of 
Zoology and Comparative Anatomy.. Recently he 
was awarded the D.Phil. degree for his researches 
into the affinities of ths Macropodmæ, that 1s, the 
kangaroos and related marsupials. He has also pub- 
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lished accounts of a new species of fossil rodent from 
the Wombeyan Caves, New South Wales, and on the 
skull and affinities of a fossil phalangeroid marsupial, 
Burramys, from the same caves. In his work on the 
evolution of the kangaroos, he has employed eme- 
X-radiography and cmematography to assist him in 
his interpretations of the movement of the jaws, 
making studies of living wallabies taking various 
kmds of food. In addition to his teachmg and 
research work in the Department at Oxford, he has 
taken a special interest in the collections of the 
Museum and has devoted much time to the cata- 
loguing and rearrangement of the marsupial material, 
and of historic collections, ncludmg Burchell’s South 
African birds and the Bell collection of reptiles. 


The National Research Council of Canada 


Dr. P. R. Gendron, Prof. P.-A. Giguere, Prof. L. H. J. 
Shebeski and Dr. F. J. Toole have been appointed as 
new members of the National Research Council of 
Canada for three years from April 1, ın succession to 

Dr. A. N. Campbell, professor of chemistry in the 
University of Manitoba; Dr. G. E. Hall, president 
and vice-chancellor of the University of Western 
Ontario; and Dr. C. Ouellet, professor of chemistry 


and dean of the Faculty of Science, Laval University, - 


Quebec, who are retirmg. Dr. Gendron is dean of the 
Faculty of Pure and Apphed Science, University of 
Ottawa; Prof. Giguere is head of the Department of 
Chemistry, Laval University, Quebec ; Prof. Shebeski 
is professor of plant science in the University cf 
Manitoba ; and Dr. Toole 1s head of the Department 
of Chemistry and dean of the School of Graduate 
Studies in the University of New Brunswick. 
Members of the National Research Council who 
were reappointed for a further term of three years 
are: Mr. G. G. Cushing, executive vice-president, 
Canadian Lebour Congress, Ottawa; Dr. H. Gaude- 
froy, director, École Polytechnique, Montreal; and 
Prof. A. Gauthier, of the University of Montreal. 


Institution of Mining and Metallurgy : Awards 


Tue Institution of Mining and Metallurgy has 
announced the following awards: The Gold Medal 
of the Institution for 1956 has been awarded to Mr. 
Randolphe W. Diamond, m recognition of his dis- 
tinguished services to the mimeral industry in Canada, 
Honorary Membership of the Institution has been 
conferred on Mr. S. E. Taylor, for his services to the 
mineral industry and the Institution; on Lord 
Falmouth, for hs services to the mmeral industry, 
particularly in the field of education; and on Sir 
Ronald Prain, for his services to the mineral industry. 
‘The Consolidated Gold Fields of South Africa, Ltd.’ 
Gold Medal for 1955-56 has been awarded to Mr. E. 
Rich, for his paper entitled “A New Process for 
Pneumatic Stowmg: its Development and Intro- 
duction at the Rio ‘linto Mines, Spain” (Trans. Inst. 
Min. Metall., 65); 
Fields of South Africa, Lid.’ Premium of forty 
guineas for 1955-56 to Mr. S. C. Newman, for his 
paper entitled ‘‘Equippmg No. 3 Shaft, Harmony 
Gold Mining Co., Limited, Orange Free State” (Trans. 
Inst. Min. Metall., 65). ; 


Hungary: October 1956 


Durme the events m Hungary last autumn many 
of the universities and other bodies in the West 
passed resolutions in support of the Hungarian- 
universities. Bulletm No. 8 of the Committee on 
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Science and Freedom, dealmg with ‘“Hungary— 
October 1956’, narrates the action taken by that 
Committee on receipt of a telegram from a-Hungarian 
university on November 3, 1956, asking for its appeal 
for help to be forwarded to all mportanb universities 
in the world. The narrative is supported by an 
account of the background of the Hungarian revolu- 
tion by G. H. Gretton, of the twelve days of freedom 
by G. Fischer, of the second phase, fram victory to 
defeat, by P. Katona, and by copies of the corporate 
declarations made and notified to the Committee by 
Downing College, Cambridge, the American, Associa- 
tion of University Professors, the South Atlantic 
Modern Languages Association, Dalhousie University, 
Canada, the Polish Free School of Political and Social 
Science ın London, the Free University of Berlin, the 
Universities of Pisa, Otago, Adelaide, Frankfurt, 
Friburg, Aberdeen, Washington, Oporto, Oslo, Zurich 
and of Istanbul, and the National Union of Australian 
University Students, affirmmg sympathy and support 
for their colleagues in the universities of Hungary. 
Copies of declarations received before the end of 
November were included m the document presented ` 
to the Soviet Embassy and Hungarian Legation in 
London on December 4, 1956, by a small group of 
university scholars, led by Prof. C. Darlington, 
acting as spokesman for the signatories. 


Reactor Technology Training at Harwell 


THE next reactor technology courses specially 
arranged for senior technical executives will be held 
at the Reactor School, Atomie Energy Research 
Establishment, Harwell, during October 21-31, 1957, 
and January 6-16, 1958. ‘hese will be the first such 
courses for senior executives open to overseas as well 
as British students. The courses are planned to give 
to senior mdustrialists with a technical background 
an overall appreciation of the problems of reactor 
technology. The lectures will cover the physical, 
metallurgical and engineering problems mvolved in™ 
the design of. power reactors and the chemical prob- 
lems of fuel and effluent processing. There will 
also be lectures on the United Kingdom’s nuclear 
power programme and on the organization of the 
United Kingdom Atomic Energy Authority and ts 
relations with industry. The fee for a course is £50 
(excluding accommodation). Selection of the students 
will be made three months before the start of each 
course. Requests for information about these and 
other reactor technology courses should be addressed 
to the Reactor School, Atomic Energy Research 
Establishment, Harwell, Berkshire. 


National Science Foundation Grants in Science 


Tae National Science Foundation, Washington, 
D.C., awarded 345 grants totallmg 13,853,350 dollars 
during the quarter ending December 31, 1956, for 
the support of basic research in the sciences, for con- 
ferences in support of science, for exchange of 
scientific information, and for training of science 
teachers. This is the second group of awards to be 
made during the fiscal year 1957. Since the beginning 
of the programme in 1951, 3,166 such awards have 
been made totallmg almost 49,900,000 dollars. The 
grants were made to institutions and scientists in the 
United States, Alaska, Canada, Great Britain, Hawau 
and Puerto Rico. The research fields included are 
anthropology, astronomy, chemistry, biology, physics, 
earth sciences, engineering sciences, mathematical 
sciences and socio-physical sciences. 
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National Research Council of Canada: Scholarships, 

1957-58 

Tam National Research Council of Canada has 
granted 270 scholarships for 1957-58, with a total 
value of 369,200 dollars, These scholarships include 
seventy-four bursaries worth 800 dollars each and, 
one hundred and thirty-five studentships worth 1,200 
dollars each. All these are to be held in Canada. 
Special scholarships awarded for. study abroad 
include forty-one awards each worth 2,000 dollars. Of 
these, nineteen are tenable in the United States, 
nineteen in the United Kingdom and three in Sweden. 
Twenty postdoctorate overseas fellowships, valued at 
3,500 dollars for married and 2,700 dollars for single 
fellows, have been granted for work in the following 
countries: nine in the United Kmgdom, four in 
France, two m Germany, and one each in Belgium, 
Denmark, Holland, Israel and Switzerland. 


Financing the National Parks 
Tus Financial Secretary to the Treasury, Mr. J. E. 
Powell, said, in a written answer to a question in the 
House of Commons on May 9, that no change in 
policy was contemplated in regard to the purposes 
* for which the National Land Fund is used, and that 
the Chancellor of the Exchequer saw no reason to 
alter the arrangement under the National Parks Act, . 
1949, providing for national parks to be financed by 
vote, and not out of the Fund. Mr. H. H. Symonds, 
‘however, has-pointed out that the main purpose of _ 
the Finance Act of 1946 was, in fact, a quite general 
aid to national parks, although at that date they 
did not yet exist. Provision was made for much 
greater use of the power of the Inland Revenue 
Department to accept land in payment of estate 
duty, as the Chancellor stated in his Budget speech, 
and the Act added ‘‘for such other purposes as Parlia- 
“ment may hereafter determine”. It ıs thus now 
clear that the Chancellor has no intention of helping 
the national parks although adequate finance has 
never been provided by vote, and lack of finance 
continues to prevent the purposes of the National 
Parks Act being realized. 


Dartmoor and Glen More 


Tux designation of Dartmoor as a national park 
. marked it out as one of Britain’s finest landscape 
areas, a national asset to be preserved for the enjoy- 
ment of the nation.. The Dartmoor National Park 
Committee is to be congratulated, therefore, on the 
preparation of a guide-book which does credit to the 
area it describes; it has been prepared under the 
general editorship of Dr. W. G. Hoskins (H.M.S8.0., 
5s.). The Dartmoor Committee should also be com- 
plimented as the first park planning authority to 
provide an official guide-book for a national park. 
Glen More was established as a national forest park 
by the Forestry Commission in 1948 and is one of 
four national forest parks which lie wholly in Scot- 
land. Under the able editorship of Prof, J. Walton 
a new edition of the guide originally published ın 
1949 has now been prepared (H.M.8.0O., 4s.). 


Coryndon Memorial Museum, Nairobi: Report 


for 1955 


Tam report of the Coryndon Memorial Museum, 
Nairobi, for 1955 (pp. 20-+2 plates; 1956; Is.), 
records that the easing of the situation in connexion 
with the state of emergency in Kenya has resulted 
` in a marked increase in the attendance by the public 
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at the Museum. The improvement commenced in 
1954, and has greatly accelerated since then. Con- 
siderable progress is reported in the mammal habitat 
groups, and members of the staff have taken part in 
short and long field-expeditions for collecting. As in 
past years, the Museum is still- recognized as a centre 
of research on Miocene and Pleistocene mammalian 
remains, and Dr. L. S. B. Leakey, curator, has 
continued his work an these subjects. 


Health Education 


Many countries to-day have set up special organ- 
izations which seek to promote wider knowledge of 
health education. To help in the international cross- 
fertilization of ideas on this subject, Unesco and the 
World Health Organization have collaborated to 
produce an annotated bibliography of health educa- 
tion (Health Education: a Selected Bibliography. 
(Educational Studies and Documents, No. 19.) Pp. 
46. (Paris: Unesco; London: H.M. Stationery 
Office, 1956.) 100 francs; 2s.; 0.40 dollars). The 
booklet is devoted to descriptive literature, the 
largest section containing accounts of existing health 
education programmes and their problems. A list of 
publications, describing the relationship of anthropo- 
logy and sociology to health education has also been 
included, while a section on methods and techniques 
deals only with publications which were specially 
written with health education in view. 


United Kingdom Postgraduate Awards 

{se ninth revised edition of United Kingdom 
Postgraduate Awards (Fellowships, Scholarships, 
Grants, etc.), 1956-57, lists awards tenable at 
universities in the United Kingdom or at institutions 
of equivalént status., To facilitate prompt reference 
by prospective applicants, awards open to graduates 
of United Kingdom universities, those open to 
graduates of British universities overseas and those 
open to graduates of universities outside the British 
Commonwealth are differentiated. Information, 
which is not claiməd to be exhaustive, is also 
appended about some of the more important awards 
tenable overseas by United Kingdom graduates. The 
list of awards is arranged in order of subject. The 
pamphlet is produced by the Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, 
London, W.1. 


Land Use in the Transvaal 


Tux first of the “Occasional Papers” of the World 
Land Use Survey to appear is Dr. Monica Cole’s 


-“Land Use Studies in the Transvaal Lowveld” . (pp. 


55. Geographical Pubheations, Ltd., 1956). That 
the book follows a pattern made familiar by the 
“Land of Britain” pubheations is no coincidence : 
the general editor of both series ig Prof. Dudley 
Stamp. The brief, yet balanced, text treats of the 
physiographic and economic features influencing the 
distribution and character of used land, particularly 
m the Crocodile-Komati valley, and ıs augmented 
by, mdeed often built around, the numerous illus- 
trations—twenty-three maps and thirteen photo- 
graphs—on the whole “well composed (but Fig. 1 is 
poor, and errors are evident in the keys to Figs. 2, 
19 and 34, and the caption of Fig. 24), 

One regrets that seven years passed between Dr. 
Cole’s field-work and this publication of her findings, 
not only because developments in this fast-changing 
corner of South Africa‘in the interval invalidate some 
of her statements (for example, that the Blyde basin 
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has now outstripped the Malelane district as the 
Union’s premier winter vegetable-growing area), but 
also because official bodies and the interested public 
deserved to have the results of such valuable research 
made available more speedily. However, it is still 
true that, away from the older irrigation schemes 
established thirty to fifty years ago near rail routes 
in the Elands, Mid-Crocodile and White River valleys 
and engaged mainly in citrus production, a state of 
flux continues and experimentation with sugar-cane, 
rice, fodder crops, and a wide range of sub-tropical 
fruits goes on unceasingly, so that Dr. Cole’s survey 
should not go unheeded. 


Parasitic Vigour in Bacteria 


D. H. Larpwoop (Ann. Bot., 21, 167; 1957) has 
attempted to relate the parasitic vigour of certain 
bacteria to their, capacity to secrete pectolytic 
enzymes. Three organisms, Plavobacterium sp., 
Pseudomonas sp. designated No. 169, and Pseudo- 
monas syringae, were compared with a pathogen, 
Bacterium aroideae. Although they all produced 
pectolytic enzyme of equal activity on potato 
extracts, only the pathogen was able to parasitize 
the vegetable tissue, except when the water content 
of the latter was increased. It was evident that 
success or failure of an attack was determined withm 
24 hr. from inoculation. The events taking place 
during this period were studied in some detail with 
potato extracts and potato tubers. On diluto extracts 
the pathogen grew rapidly, with an acid drift of the 
medium, and pectolytic enzyme was detectable with- 
in a few hours from moculation. The weaker organ- 
isms grew slowly, with no acid-forming tendency, and 


showed a delay in enzyme secretion. Differences in. 


growth and in secretion of enzyme were further 
accentuated when the extract approached the strength 
of potato sap, No obvious qualitative differences 
were found between the pectolytic enzymes secreted 
by the four organisms. The failure of the weak 
organisms to attack.normal potato tissue can be 
ascribed to their slower rates of growth and enzymic 
secretion, which allow the host time to form a pro- 
tective barrier. On the other hand, rapid growth and 
the secretion of enzyme within a few hours enabled 
B. aroideae to becorne established before a wound 
reaction could take place. 


Forest Research in Malaya 


Tre July 1956 issue of The Malayan Forester (19, 
No. 3; Caxton Press, Kuala Lumpur) is the jubilee 
number of that journal. There was a break for a 
few years during the Second World War; but it is a 
fine record to have been able to carry on throughout 
tho recent period of troubles. Next to the Indian 
Forester, with its record of eighty-two years, the 
Malayan Forester was one of the first tropical forestry 
journals. Its objective has always been of æ semi- 
technical nature. An article by’ H. J. Burgess, 
entitled “The Dissemination of Research Results”, is 
of this type. Brief descriptions are given of the means 
by. which research workers make their results avail- 
able to their colleagues, to other laboratories, to 
those who can apply the information in industry and 
commerce, and to the general public. Publications 
range from university theses to trade leaflets and 
Press articles. It is considered that at present such 
reports do all that is possible to convey the results 
of research to those who can apply them. The diffi- 
culfy, and it does not apply only to Malaya, is to 
reach the general public, since research publications 
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are often couched in a form of language which is. 
incomprehensible to the lay reader. Too often the 
research scientist, perhaps inevitably, becomes so 
enamoured of, and aceustomed to, his own line of 
thought and work as to be unable to translate it into 
simple English for those unimitiated ın his particular 
“line of research, which is probably the reason why 
the Press is unable to give it a wider publicity. 


High Temperatures a 


THE proceedings of the symposiwm on “High 
Temperature’, sponsored by the Stanford Research 
Institute and the University of Calforna in June 
1956, which was the subject of a report m Nature 
(178, 781; 1956), have now been published (pp. x + 
218. Menlo Park, Cahf. : Stanford Research Institute, 
1956. 5 dollars). The illustrated and attractively 
produced volume contams the text of the papers 
presented to the symposium together with the sub- 
sequent discussion, and m addition an article, 
“Temperature—aits Definition and Measurement”, by 
C. Steffens, which was prepared after the symposium 
in answer to requests for a discussion of temperature 
fundamentals. There is no doubt that the sym- 
posium was highly successful. The-attendance alone 
was several times larger than the sponsors anticipated, 
and it is evident from the many probing questions 

’put to the speakers that the subject of high tem- 
peratures 1s widening ın scope and that ıb is a, most 
fruitful area for research by the mathematician, the- 
chemist, the pure and apphed physicist and the 
metallurgist. lt is a relatively unexplored region but 
one which is of vital importance in this age “of jet 
missiles, rockets and atomic energy. 


Radar Evidence for Coalescence -Showers 


Oxz of the major unsolved problems of meteorology 
is the formation of raindrops from the far smaller 
cloud droplets; it is known that continued con- 
densation on individual cloud ‘droplets cannot 
possibly turn them all into raindrops in the 
necessary time, even if enough water. vapour were 
available. Following a theory put forward by T. 
Bergeron in 1933, 1b was once believed that ramdrops 
were all melted snowflakes, which had grown to a 
large size by distillation from the cloud droplets on 
to a few ice crystals m a mixed cloud because the 
saturation vapour pressure of water is higher over 
water than over ice. This theory requires all clouds 
producing rain to extend over the freezing level. It 
1s not doubted that the Bergeron process is effective, 
but rain has also been seen to fall from clouds which 
are entirely above freezing temperature. The only 
theory which has had any success ın accounting for 
this is the coalescence theory, according to which 
raindrops are formed by coalescence of cloud droplets. 
Though there are numerous visual observations of 
rain from non-freezing clouds in the tropics, there 
have been very few from Britain. Now P. J. Feteris 
and B. J. Mason (Quart. J. Roy. Meteor. Soc., 82, 446 ; 
1968) report radar observations of the formation of 
large drops m clouds over the London area at 
temperatures above freezing. The radar apparatus 
used could detect drops only when they had reached 
precipitation size. The radar was trained on shower 
clouds which on thirteen days during the summer of 
1955 revealed forty-eight separate radar echoes 
originating at temperatures above — 2° C. Twenty- 
six of these remained at a temperature above — 2° C. 
and fourteen afterwards extended up mto the 
freezing part of the cloud. Some of the echoes formed 
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at a temperature as high as 10° C. or more. No trace 
of the echo from melting snowflakes which is found 
in radar echoes from clouds with extensive frozen 
portions could be seen. These observations give 
additional evidence of the formation of rain directly 
from liquid cloud particles. Š 


x 


Meteorites in the Yale Collections 


Dr. Kurrt Servos, of the New York State Museum, 
has published a paper on meteorites in the Collections 
of Yale University m Postilla (Yale Peabody Museum, 
No. 27, September 28, 1956), which records some 
four hundred localities where meteorites fell during 
more than fifty years. The data include the place, 
with the number of the specimen and its weight. 
Some readers would have welcomed further wnforma- 
tion such as date of fall or find and type of meteorite, 
but these have not been mserted because this 
information is available in such standard references 
as Prior’s “Catalogue of Meteorites’, revised by Hey. 
The list combmes the catalogues of two major col- 
lections housed m Yale University: the Peabody 
Museum Collection and the Carl Bosch Collection. 


Aslib Conference 


Tue thirty-second annual conference of Ashb will 
be held at Scarborough during May 20-22. Members 
of the Association from all parts of the United 
Kingdom and the Commonwealth as well as other 
parts of the world will attend. Papers and discussions 
will deal with many aspects of mformation work. 
Mr. E. Martmdale, of the Scottish Office of the 
Department of Scientific and Industrial Research, 
will speak on “Lines of Communication’, outlining 
the factors which influence the flow of scientific and 
technical information to industry ; -Dr. R. E. Fair- 
barn, of Imperial Chemical Industries (Dyestuffs 
Division), will discuss the planning and growth of an 
information service; and Mr. B. H. P. Rivett, who 
is head of field investigation for the National Coal 
Board, will consider ways of applying work measure- 
ment techniques in mformation service. There will 
also be.a short progress report on the plans for a 
National Lendmg Library for Science and Tech- 
nology. 


Announcements 


Sir Witrtr1am G. Oca, director of the Rothamsted 
Experimental Station, has been elected an associate 
member of the All-Union Academy of Agricultural 
Sciences in the U.S.S.R. 


Mr. M. RYLE, of the Cavendish Laboratory, Cam- 
bridge, has been awarded the Hopkins Prize of the 
Cambridge Philosophical Society for his work on 
radio astronomy. ‘lhe Prize has been awarded every 
three years smce 1867 for work in mathematical— 
physical or related fields. The present award relates 
to the period 1951-54. 


OPEN days are being held this year at the National 
Physical Laboratory on May 22 and 28 from 10.30 
a.m. until 5.30 p.m. 


THE Glasshouse Crops Research Institute, Worthing 
Road, Rustington, Littlehampton, Sussex, is to hold 
an open day on June 12, when visitors will have an 
opportunity of seeing the present stage of the 
Institute’s work and glasshouse experiments in 
progress. ae 

A SYMPOSIUM on ‘Visual Problems of Colour” will 
be held at the National Physical Laboratory during 
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September 23-25. Aspects of the subject to be 
covered include visual pigments, brightness and 
colour matching, normal and defective colour vision, 
subjective colour measurement, electrophysiological 
aspects of vision and colour theories ; about thirty- 
five papers will be presented. Attendance will be by 
mvitation, and those interested are requested to 
write’ to the Director of the National Physical 
Laboratory, Teddington, Middlesex. 


Tax Technical Section of the British Paper and 
Board Makers’ Association has arranged an inter- 
national symposium on ‘Fundamental Aspects of 
Fibres and ther Treatment for Papermakmeg”, to be 
held ın the lecture theatre of the Physiological 
Laboratory, Downmg Street, Cambridge, during 
September 23-27. The symposium will be in four 
sections, dealing with the morphology of pulp fibres ; 
the chemistry of pulp fibres ; the properties of bonded 
fibre assemblages; and the process of beating. A 
registration fee of 10 gumeas is charged for attendance 
at the conference, which will melude the cost of 
reprints of papers to be delivered. Inquiries should 
be addressed to the Secretary of the Association, St. 
Winifred’s, Welcomes Road, Kenley, Surrey. 


Tue American Rocket Society and Northwestern 
University are to organize the second of a series of 
bi-annual symposia, to be held at the Technological 
Institute of Northwestern University in Evanston, 
Illinois, durmg August 26-28, when the subject will 
be “Transport Properties in Gases at High Tempera- 
tures and Pressures’. The objects of the conference 
are to discuss the transport properties of gases, with 
particular reference to extreme conditions, to indicate 
present and future needs for data in design studies 
and promising avenues of future research, both 
theoretical and experimental. Lectures will be pre- 
printed and available at the time of the symposium. 
Inquires should be ‘addressed to Dr. Ali Bulent 
Cambel, Gas Dynamics Laboratory, Northwestern 
University, Evanston, Illinois. 

Tue eleventh Congress of the International 
Scientific Film Association will be held at Amsterdam 
m the Royal Institute for the Tropics during Sep- 
tember 21-27. There will be meetings of the Inter- 
national Scientific Film Association General Assembly, 
of the specialist standing-committees for research 
films, medical, vetermary, industrial and technical 
films, and films for the popularization of science. 
Other sessions will be devoted to techniques such as 
infra-red cinematography, the influence of light on 
living microscopic structure, phase-contrast mucro- 
graphy, cmematographic teleregistration, and time- 
lapse and slow-motion cinematography. It is also 
expected that the Medical Committee will arrange 
special sessions on tropical medicine, cme-endoscopy 
and cme-radiography. An exhibition of photographs 
and equipment will also be held. Thosé mtending to 
participate m the British delegation are asked to 
write as soon as possible to the General Secretary, 
Scientific Film Association, 164 Shaftesbury Avenue, 
London, W.C.2. 


Tue Royal Society has prepared a new edition of 
its pamphlet, “Fair Copying Declaration and List of 
Publishing Organizations Subscribing to it”, and has 
circulated to all subscribers to the scheme & letter 
explaining the position of the Declaration in the hght 
of the new Copyright Act, 1956. The introduction 
to the pamphlet (p. 3) states that the new Act does 
not vitiate m any way the Fair Copying Declaration. 
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PHYSICS OF THE SOLID STATE 


HE 1957 Spring Meeting of the Physical Society 
was held at the University of Nottingham during 


April 8-10, the general topic bemg ‘“The Physics of, 


the Solid State”. About one hundred and fifty 
members and guests were present. Some twenty or 


so papers were given, the majority falling into one or. 


other of the two broad categories of magnetism and 
semiconduction. 

The meeting opened with a welcome’and talk on 
Bitter figures by Prof. L. F. Bates (University of 
Nottingham), who gave a rapid, broad and well- 
ulustrated survey of the different types of patterns 
which can be observed using this technique. While 
the underlying ideas are faly simple, the detailed 
understanding of the reasons. why such beautiful 
patterns occur is a problem of considerable magnitude. 
Good progress 1s, however, bemg made, and the recent 
development of methods for observig the patterns 
using the electron microscope should greatly assist. 
This was followed by an account of the application 
of neutron diffraction to magnetic problems, by G. E. 
Bacon (Atomic Energy Research Establishment, 
_Harwell), m which a brief survey of the technique 
was followed by a discussion of some of the current 
and projected applications. This use of neutrons has 
been invaluable in helping to solve magnetic prob- 
lems, and ıt was therefore of the greatest mterest to 
hear about the difficulties which have to be over- 
come, for it is all too easy to assume that any 
magnetic problem can be solved by this method. In 
fact, the magnetic scattering is often quite small 


compared with the scattering from various other. 


sources, and a good deal of very careful analysis has 
to be performed. It was pointed out that the study 
of inelastic scattering could be of particular value in 
deciding between the various theories of magnetism 
and that prelimmary results were being obtained for 
iron. After some discussion the formal proceedings 
of the day ended, though the informal discussions, 
which form such a valuable part of these meetings, 
contimued over sherry and dinner. 

The second day’s session was devoted to the mag- 
netism- of metals and alloys, a subject which was 
mtroduced by K. W. H. Stevens (University of 
Nottingham), who used the rare-earth metals to 
illustrate why there is at present so much interest in 
the part played by conduction electrons in magnetism. 
J. Owen. (University of Oxford) then gave an account 
of his mvestigation, at Berkeley, of copper-rich 
copper-manganese alloys, using susceptibility, and 
electronic and nuclear resonance measuremenis. 
While the results are not yet fully understood, it 
appears that, the manganese atoms possess large 
localized moments,.that antiferromagnetism sets in 
at low temperatures, and that there is a polarization 
of the conduction electrons which decreases rapidly 
with distance from the manganese atoms, The study 
of this particular system has proved so rewarding 
that it 1s to be hoped that further alloys will be 
investigated along these lines. Although F. E. 
Hoare (Universtty of Leeds) had not used the same 
methods, he had found anomalies in the variations 
with temperature of the magnetic susceptibilities 
and electronic specific heats, m the families of alloys 
of palladium with rhodium and silver, and platinum 
with iridium and gold. It 1s not clear how these can 


r 


be interpreted on the band theory of metals, unless 
there is an exchange interaction dependent upon 
temperature. There was then a change to more 
macroscopic properties of ferromagnetic alloys, Prof. 
W. Sucksmith (University of Sheffield) giving an 
account of the remarkable properties of precipitates 
of fairly large ferromagnetic particles in non-magnetic 
matrices, with particular reference to iron—copper, 
nickel~gold and cobalt-copper systems. The inter- 
pretation of the data is far from easy, depending on 
a number of uncertain parameters, but E. P. Wohl- 
farth (Imperial College of Science and Technology) 
showed that it is possible to make substantial 
progress. 

The next session was concerned with non-metallic 
magnetic systems, J. S. Smart (United States Office 
of Naval Research, London) reviewing Néel’s theory 
of ferrimagnetism and recent experimental work 

‘which has so beautifully confirmed it. He directed 
attention to some of the difficulties about the non- 
vanishing of $M/8T at absolute zero m some, sub- 
stances, and pointed out that although it had been 
postulated that there may be angles between spins 
on the same sub-lattice, this has not yet been con- 
firmed by experment. K. J. Standley (University of 
Nottingham) then gave a talk sbout his measure- 
ments of the dispersion of the dielectric constant and 
the apparent resistivity in certain ferrites. These 
have been made over a wide range of frequencies 
and at a number of different temperatures and show 
unexpected behaviour, which may partly be associ- 
ated with the purely practical difficulty of measuring 
the dielectric constant when the permeability is large, 
but which may also indicate the existence -of per- 
manent electric dipole moments. W. Marshall 
(Atomic Energy Research Establishment, Harwell) 
gave a theoretical interpretation, usmg two exchange 
interactions of opposite signs, the dominant one being 
antiferromagnetic, of the observation on hydrated 
cupric chloride that the maximum susceptibility 
occurs at a temperature which is definitely above the 
Néel temperature. It seems that appreciable short- 
range order exists above this temperature, a con- 
clusion which ıs consistent with the shape of the 
specific heat anomaly. P. L. Smith reported the 
results of specific heat measurements at helium 
temperatures on cerium ethyl sulphate and a number 
of chloroiridates, all of which have been studied in 
some detail by electronic resonance. Ib seems that 
even where a Schottky type of anomaly is expected 
the shape is not always right, nor is the lattice 
specific heat always proportional to 7. 

On the evening of April 9 the Guthrie Lecture was 
delivered by Prof. H. C. Urey (University of Chicago), 
on “Some Chemical Limitations on Theories of the 
Solar System”. This Lecture is given annually by a 
distinguished scientist in memory of the founder of 
the Physical Society, an innovation this year being 
to hold it in the provinces in the course of a eon- 
ference. Among those who heard the Lecture was 
Miss Guthrie, the founder’s daughter. Prof. Urey 
treated his audience to a most stimulating and wide- 
ranging account of some of the problems which he 
has met in trying to interpret our knowledge about 
such topics as the relative abundances of the elements, 
the compositions of the meteorites and the theories 
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of the origins of the solar system, in terms of ordinary 
physical and chemical ideas. It was typical of Prof. 
Urey that although his talk was not primarily about 
magnetism, he nevertheless provided the experts 
with some rather awkward problems to think about. 
In the evening an informal conference dinner was 
held in the dming room of the recently opened 
Portland building. 

The last day of the meeting was devoted mainly to 
topics related to semiconduction, with the morning’s 
lectures largely concerned with the applications of 
resonance methods. By way of mtroduction to this, 
Prof. M. H. L. Pryce (University of Bristol) gave an 
elementary and comprehensive survey of the three 
techniques of cyclotron, paramagnetic and nuclear 
resonance. Then followed E. H. Rhoderick (Services 
Electronics Research Laboratory, Baldock), who 
gave a detailed account of a number of experiments 
in which nuclear magnetic resonance had been used 
to study some of the ITI-V semiconductors. In this 
the nuclei are used essentially as probes to examine 
what the electrons are domg, which means that the 
value of the information depends critically on the 
electron—nuclear coupling. The I-V compounds 
are a much more promising field for this type of 
work than are germanium and silicon, but even so it 
must seem at times as 1f Nature is bemg deliberately 
unco-operative. Cyclotron resonance was represented 
by D. M. 8. Bagguley (University of Oxford), who 
reported the observation of signals at 90° and 65° K. 
from two types of carriers in gold-doped germanium. 
The masses and relaxation times were found to be 
independent of temperature. Due to time-table 
changes, the final paper in this family was given 
later in the day, when E. E. Schneider (King’s 
College, Newcastle) described the application of 


electronic resonance and optical work to the study - 


of alkali halide crystals. There seems to be evidence 
of microstructures in these, and by studying the 
resonances from very small amounts of divalent 
manganese impurities, a lot of detailed mformation 
can be obtamed. For example, one of the manganese 
resonances is so narrow that it can only be concluded 
that it comes from ions precipitated on grain boun- 
daries. In addition, we heard from G. G. Macfarlane 
{Royal Radar Establishment, Malvern) and R. J. 
Elliott (University of Reading) of some recent work 
which they have been doing on the interpretation of 
the fine structure in the mtrinsic absorption edge in 
germanium. It appears that a number of mechanisms 
contribute, and a first step is to break down the 
observations into the parts due to the various pro- 
cesses. These have then been studied in detail, 
particularly the part played by excitons, and a very 
satisfactory picture of the whole phenomenon has 
resulted. The final contribution of the morning came 
from A. L. Parsons, who described his recent theories 
about diamagnetism. 
The first part of the afternoon session was given 
over to the chemists, begimning with Prof. D. D. 
` Eley (University of Nottingham) describing his work 
on organic semiconductors. In these, excited electrons 
can travel fairly freely through the molecules, but 
are impeded by having to tunnel from one molecule 
to the next. As might be expected, the energy gap 
is correlated with the excitation energy of the mole- 
eule. As typical of the systems being studied, we 
may mention metal-free phthalocyanine, the com- 
pleated substance known more familiarly to physie- 
ists as the g-marker, and some of the proteins. Then 
C. H. L. Goodman (General Electric Company) pro- 
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pounded a number of empirical rules which he has 
found useful m predicting new inorganic semicon- 
ductors, and described various exotic new semicon- 
ductors which he had prepared with their help, usually 
by substituting an A and a C atom for two B atoms, 
while retaining the same number of electrons. There 
seems to be no end to this process of producing new 
semiconductors, but at present ıb is an open question 
whether any of them will prove to be as valuable as 
the more conventional ones. In the same vein, J. C. 
Woolley (University of Nottingham) described his 
experiments on makmg mixed II-V compounds. 
The literature about this 1s confusing, but it now 
seems to be definitely established thee InSb—GaSb ’ 
and InAs-GaAs can be made. It takes a long time 
to obtain equilibrium, so that annealing over ex- 
tended periods has-been necessary, although recent 
developments seem to promise that these long times 
(of the order of months) can probably be much 
reduced. 

The final session consisted of a number of short 
communications. J. M. Lock (Royal Radar Estab- 
lishment, Malvern) described his recent suscept- 
ibility and specific hsat results on some of the 
rare earth metals, A. E. Liddiard (Atomic Energy 
Research Establishment, Harwell) spoke about his 
work on the thermoelectric power of ionic conductors, 
J. H. Smith (University of Sheffield) reported on 
the magneto-resistance of MnAu,, and S. Altmann 
(University of Oxford) gave a progress report on his 
appheation of the cellular method to determine 
the band structure in hexagonal close-packed 
metals, . 

Throughout the sessions and the social gatherings 
in the evenings. there was a good deal of discussion 
and exchange of ideas, and it seemed to be the 
general opinion that the meeting served a useful 
purpose in bringing together so many solid-state 
physicists. The majarity of the papers described 
work bemg carried out in Britain, and the overall 
impression was that a lot of good research is gomg 
on, but that, except possibly in some of the very 
largest laboratories, we are rather slow in exploiting 
techniques which have been recognized elsewhere as 
being of great potential value in solid-state physics. 

No conference report is being prepared, since it 
is assumed that the original contributions will be 
submitted for publication in the usual way. 

K. W. H. STEVENS 


INSTRUMENTS FOR USE IN 
OCCUPATIONAL HYGIENE 


HE British Occupational Hygiene Society held 

its seventh conference m the Canterbury Hall, 
University College, London, on April 16 and 17. 
Eight papers were read dealing with the nature and 
use of instruments for guarding the health of indus- 
trial workers in the performance of their various 
occupations, which often expose them -to potential 
danger if the materials they handle and their environ- 
ment are not carefully controlled. Throughout the 
conference a broad view of the subject was taken, 
both by the authors and those who entered into dis- 
cussion with them, and general surveys of the various 
techniques available, together -with operational prin- 
ciples, featured more strongly than technical details, 
though the latter were by no means lacking. 
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The outgoing president of the Society, Dr. C. G. 
Warner, divisional dust suppression scientist of the 
National Coal Board, presided over the first day’s 
proceedings, and was succeeded by the new president, 
Dr. P. Pringle, chief medical officer of the Central 
Electricity Authority, on the second day. 

The first paper was presented by Mr. R. C. Tom- 
linson, of the National Coal Board, and dealt with 
“Sampling Programmes and Sampling Instruments”. 
He said that the details of an experimental sampling 
programme are ultimately determined by three 
factors. First, there are the environmental con- 
ditions with their changes in space and time over 
which the experimenter has no control. Secondly, 
there is the information required—the purpose of the 
. investigation. Over this the experimenter has some 

control, as he may modify his requirements if the 
programme would otherwise become too unwieldy. 
Thirdly, there is the samplmg imstrument, and 
the experimenter here has full choice from such 
instruments as may be available. 

The greater part of the paper was concerned with 
a discussion of how the sampling could be arranged 
.to fit in with these factors. It is most important to 
specify clearly the information required since the 
latest sampling and instrumental techniques often 
provide more efficient measurement of certain items 
at the expense of others. The discussion finally led 
to the question of what improved samplhng instru- 
ments should be designed to do. . 

Dr. P. J. Lawther, of the Atmospheric Pollution 
Research Unit, then spoke of ‘‘Analytical and Clinical 
Methods in the Study of Atmospheric Pollution”. 
In order to understand the harmful effects associated- 
with dirty air it is necessary to study concurrently 
the character of ’the pollutants and the health of 
susceptible patients. Many complicated instruments 

-aro applied to each angle of the work but, in the last 
analysis, it is the effect on the human being which 
matters. Interpretation of this in terms of mstru- 
mental indices is so difficult that it has been found 
profitable to employ the human observer himself as 
a recording instrument. How this has been accom- 
plished was described, together with reference to 
analogous experience in other fields. 

Mr. C. A. A. Wass then gave an account of ‘Some 
Instruments and Instrument Techniques in Use 
‘at the Safety in Mines Research Establishment”. 
Studies of the ways in which the safety and health 
of mme workers can be maintained and improved 
have led to the need for a wide variety of measure- 
ments and techniques, including observation and 
recording of phenomena associated with the develop- 
ment of explosions in gases and dust clouds, using 
high-speed cameras and devices for measuring blast 
(wind) speed, explosion pressures, etc. ; examination 
of the air m mme roadways to determine the pro- 
portions of inflammable and toxic gases, especially 
methane and carbon monoxide; non-destructive 
testing and metallurgical examination of chains and 
other gear used for cage suspension in mines; 


determination of the proportions of quartz and other ' 


minerals in samples of dust from mines and from 
human and animal Jungs ; observation of the smaller 
dust particles by means of electron microscopes ; 
high-speed photdgraphy of the growth or decay of 
flame ‘kernals’ initiated by small electric sparks ; 
estimation of the concentration of respirable dust in 
mine air, and study of the dispersion of dust from its 
source. Work is needed both in the laboratory and. 
in the mine. Instruments for use underground must 
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be designed to stand rough usage. and must be safe 
in inflammable atmospheres: a wide variety of such 
instruments have now been developed for this work. 

The final paper on. the first day was read by Dr. 
P. J. Chapman, of the National Coal Board, and was 
concerned with “Medical Indices in Coal Workers’ 
Pneumoconiosis”. He explained why an index of the 
state of disease is desirable and how the chest 
X-ray picture has come to be accepted as satıs- 
factory for the purpose. In order to give an unequi- 
vocal result the film has to be of high quality, 
otherwise even experienced readers may interpret it 
in different ways. This requirement has been 
achieved by instrumental control of exposure and 
processing by methods explained in detail, Another 
promising index, based upon the expiration of a 
single forced breath, was mentioned, and two instru- 
ments for measuring it were described. 

The second day opened with a-paper by Dr. B. E. ° 
Dixon, of the Department of the Government 
Chemist, on “Field Tests for Toxic Substances in 
Industrial Atmospheres”. He explained the need for 
simple, reliable tests and discussed the acceptable 
standards of accuracy. Certain principles of analysis 
are dictated by these requirements and the funda- 
mental limitations and possibilities of improvement 
were described with illustrative examples. f 

Mr. R. A. C. Isbell, of Hilger and Watts, Ltd., 
then spoke on “Instruments for Use in Absorption 
Spectrophotometry”. He stated that the design of 
instruments for chemical analysis depends largely on 
the type- of product being tested. If samples were 
coloured, or if specific colour could be produced by 
some chemical treatment, a simplified form of 
instrument can be employed. Such an instrument 
uses a very simple kind of monochromator, or even 
colour filters. The photocells may be of the self- 
generating type connected directly to a sensitive 
galvanometer. Balanced photocell circuits enable one 
to be independent of source fluctuations and fatigue. 
Where the specific band is very narrow, or if the 
absorption is in the ultra-violet or infra-red region, 
the instrument becomes more complicated. For the 
ultra-violet a quartz prism monochromator and 
vacuum type photocells with amplification are 
required. This involves greater stabilization, which 
increased the cost of the equipment. Instruments 
were described in which these problems have been 
successfully overcome. In the infra-red region there 
are further problems in the selection of light source, 
prism material for monochromator, and detector. 
Instruments for routine testing are available in which 
particular attention has been paid to the ease of 
operation, so that rapid and reliable records can be 
obtained. ‘ 

The last two papers dealt with the hazards of 
radiation which arose both in the atomic energy 
industry itself and in the many concerns applying 
radiating substances to their own techniques. Mr. 
B. S. S. Smith, of Harwell, described “Instruments in 
Laboratories and their Use for the Control of Ionizmg 
Radiation”. He gave a brief summary of the 
maximum permissible levels recommended by the 
International Commission on Radiological Protection 
and mentioned how the principles established by the 
Commission are used for. deriving maximum per- 
missible levels for all kinds of conditions. The physical 
principles of the ionizing chamber,-the gas counter 
and the scintillation counter were outlined, and it was. 
shown how they are used to measure the parameters 
of interest to the health physicist. The radiation 
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sensitivity of photographic materials was also 
described. Examples were given of how instruments 
incorporating the above principles are used for 
environmental control and for personal monitoring. 

The conference came to an end after a paper by 
Dr. T. E. Graham, of the Windscale works of the 
U.K. Atomic Energy Authority, on “Diagnostic 
Aids in Radiation Medicine”. He said that the 
doctor’s rehance on instruments is perhaps greater 
m radiation work than in any other occupational 
field. His clinical examination reveals almost 
nothmg unless the case is an extreme one. Radia- 

-tion-induced disease has such a long latent period 
before it becomes clmically detectable that an early 
assessment of exposure is of paramount importance 
in prognosis. The reassurance value of negative 
findings is of no less importance. Techniques were 
described for the assessment of radiation dosage 
both during the exposure and after it. Radioactive 
contamination of the skin and problems connected 
with contaminated wounds were also discussed. 
Internal contamination and the absorption of radio- 
active substances present the most serious diag- 
nostic difficulties. Here the doctor is confronted 
with a symptomless patient, whose history might be 
quite unhelpful, with perhaps only a single fact—a 
positive urine analysis result, for example—to guide 
him. Radiochemical techniques, with all their 
inherent uncertainty, then become the main diag- 
nostic aids. Descriptions were given of some remark- 
able mstruments which perform quantitative analysis 
of the most complex mixtures of isotopes, often 
present in the minutest amounts in the body and its 
excreta. — 

A full report of the conference will appear in the 
June issue of Instrument Practice. Copies can be 
obtaizied from the scientific secretary of the Society, 
Dr. D. J. Turner, Medical Research Council Labor- 
atories, Holly Hill, Hampstead, N.W.3. 

Cc. N. Davies 


PHYSICS TRAINING IN 
SCOTLAND 


HE Scottish Branch of the Institute of Physics 
and the Education Group joined in conference 
at the Royal College of Science and Technology, 
Glasgow, on April 12 and 13; From the first it was 
clear that the main concern of the conference was 
the proper education of the future physicist, rather 
than simply ‘training’ in physics, as stated on the 
programme; and, once the slight but significant 
differences ın terminology due to the Border were 
understood, there was a good measure of cordial 
agreement between both the suppliers and demanders 
of physicists as to the kinds of education desired. 
In his opening address, Prof. W. H. J. Childs 
(Henot-Watt College, Edmburgh) said that in- 
effective panic measures m the future could only be 
forestalled by facing the fact that the shortage of 
tramed scientific workers would be permanent, and 
by plannmg ahead im these terms. Increase in the 
numbers of real scientists of university calibre was 
unlikely, and the problem is to develop the abilities 
of less gifted people. He suggested for consideration 
a reduction m the content of undergraduate courses, 
and the deferment of specialized instruction to the 
postgraduate stage; while, at the other end, steps 
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should be taken in the first year to fill the gaps 
in the knowledge supposedly acquired at school. 
These points were, in fact, dealt with by several 
speakers. 

Mr. M. Milburn (Metals Division, Imperial Chemical 
Industries, Lid.) spoke of the graduate physicist in 
industry. Versatility and an ability to apply funda- 
mental physics logically to different types of problem 
were needed. Industry could provide its own 
specialist training ; a basic understanding of physics, 
and some fluency m writing reports, were the qualities 
1t sought in recruits. The needs- of the Scientific 
Civil Service were voiced by Dr. R. A. Smith (Royal 
Radar Establishment, Malvern), who said that 
the university graduave required further training— 
not merely specialized training, but a postgraduate 
course in fundamental physics. This also was one of - 
the points made by Mr. J. R. Atkinson (University 
of Glasgow), who advocated first-degree courses in 
pure and applied physics as university studies, with 
the technical colleges giving advanced postgraduate 
trainmg for higher degrees, including the Ph.D. It 
seemed, from the discussion that centred around the 
role of the technical colleges, that the proud tradition 
of undergraduate teaching there would not willingly 
be exchanged for the status of a solely postgraduate 
school. Another of Mr. Atkinson’s pomts—the recog- 
nition that people enter the university from school 
at various stages of preparedness, and the steps taken 
to deal with this in the first-year courses at Glasgow 
—raised the question of the desirability of extending 
university’ courses by a preliminary year for every- 
one. Prof: H. Lipson (Manchester College of Science 
and Technology) described the course at Manchester 
leading to the degree of B.Sc.Tech. Essentially, this 
is a course m fundamental physics, with a leaning 
towards engineering provided by one “term’s courses 
in engmeering drawing and in workshop practice. 
Great importance is attached to training in essay 
writing. The final examination is not exclusively on 
matter covered by lectures, and includes a general 
paper on physics, and an English essay paper. To 
avoid overloading the students, a good deal of the 
more specialized theoretical work of the usual kind 
of undergraduate course, such as relativity and wave 
mechanics, is omitted. 

AS a relef from the day’s preoccupation with 
purely intellectual development, the talk in the 
evening by Prof. Hugh Nicol (West of Scotland 
Agricultural College) gave much thought for food. 
A new factor in the warld’s economy had intervened 
at the turn of the century by the mjection into the 
hitherto self-supporting nitrogen cycle .of artificial 
fertilizers which needed fuel and power for their 
production. Food is now being grown by drawing on 
irreplaceable mineral resources, and though at present 
food—fuel consumption is only a small fraction of the 
whole, the way m which the use of fuel for non-food 
purposes makes mroads into this dwindling capital 
during the next few decades may be decisive 
later. 

At the second session, Mr. A. L. Chilcot (Ferranti, 
Ltd., Edinburgh) described the schemes for the 
training of technicians. Student apprenticeship 
schemes undertaken by industry m conjunction with 
education authorities recruited people with ‘higher 
science’ and ‘lower mathematics’ m the Scottish 
Leaving Certificate, and carried training on to the 
level of the Higher National Certificate. Dr. G. 
Morris (Imperial Chemical Industries, Ltd., Stevens- 


1008 


ton), the Institute of Physics assessor in Scotland for 
. national certificates, spoke of the operation of the 
scheme in Scotland. Those present with some 
experience of assessing in these examinations may 
have felt that Dr. Morris possibly over-estimated 
their academic level as it stands at prosent, but 
endorsed his tribute to the quality and perseverance 
- of the candidates who complete the arduous course 
successfully. > 
For the benefit of the English teachers present, 
Mr. J. ©. Young (Paisley Academy) had to do some 
preliminary explanation of the Scottish school 
_ system, before giving his talk on the teacher’s point 
of view. He spoke of the untapped resources of the 
junior secondary schools (the Scottish counterparts 
of the Enghsh secondary modern schools), and urged 
industrialists to take boys from these schools, and 
help them during their student apprenticeship days 
with special encouragement and guidance. Mr. D. 
McGill (Glasgow Academy) compared the place 
occupied by physics in the Scottish Leaving Certificate 
courses, and in the General Certificate of Education 
syllabuses. The Scottish system, he felt, gave a 
breadth and depth missing from the English system, 
but stopped a year too soon; the English system, in 
spite of its tendency to premature specialization, 
enabled the boy to develop generally during his last 
year in the sixth form. An extra year at school, 
with entry into the second year of the Scottish 
“university course, would give the best of both dis- 
pensations. Finally, Mr. W. S. Gray (Scottish 
Education Department) spoke of recent and im- 
pending changes in the status of phydics in the 
Scottish Leaving Certificate exammation. These, 
ultimately giving an ordinary level examination 
comparable in standard with the General Certificate 
of Education at ordinary level, and taken at the 
same stage in the school career, with the upgrading 
of physics to a full subject, should improve the 
equipment with which the young apprentice’ begins 
his career, and also offer somethmg comparable with 
the deeply entrenched traditional Latin to challenge 


(and thus attract) the ablest boys. 
G. R. NOAKES 


SALARIES OF GRADUATES IN 
INDUSTRY 


OLLOWING its sample survey of graduate 

employment published last autumn, Political 
and Economie Planning has now issued a more 
detailed analysis* of salaries received by university 
men employed in industry which also examines them 
in relation to the graduate’s faculty of study. Starting 
salaries of graduates who entered mdustry m 1950-51 
were not very different from those paid to graduates 
as a whole, but industrial salaries four years after 
graduating were considerably Ingher than those 
elsewhere. Science graduates started at higher 
salaries than arts graduates or technologists. At the 
time of the survey (autumn 1954) there was little 
difference between the level of salaries paid to men 
who remained with their first mdustrial employer, 
although the scientists among them were shghtly m 
the lead: arts graduates did considerably better 
than the others among those who changed their 
jobs, and, on average, were doing best among the 


+ Planning, Vol. 23, No. 408: Salaries of Graduates in Ind 


usiry. 
Pp. 45-68. (London: Political and Economie Planning, 1957.) 2s. 6d. 
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graduates as.a whole by 1954, though the difference 
(£767 compared with £736) is too slight to form a. 
basis for firm conclusions. Scientists had then lost 
their initial lead of £70, but the arts men were also 
rather older than the scientists. Men in the oldest 
age-group (aged 26 or more on graduating) had 
increased ther £20 lead to £45 at the time of the 
survey, and men with a first-class degree, starting 
with about £100 more than those with a second- or 
with a third-class or ‘other’ degree, maintained a 
large differential. 

No correlation of significance was found between 
the size of the establishment and the salary-level. 
Mining and quarrying, oil, and chemicals and allied 
trades paid higher salaries, and the public utilities 
lower salaries at both stages, consumer goods 
industries paying average starting but high sub- 
sequent salaries. Industries varied most in the 
salaries paid to technologists: in industries in which 
high salaries were received, technologists started with 
more than arts graduates ; in industries at the other 
end of the range they started with less, but a com- 
parable analysis could not be made in autumn 1954, 
since the number of graduates in most product groups 
was too small. In the consumer-goods industries and 
the chemical and allied trades, arts graduates, and 
also scientists, were then receiving relatively high 
salaries, while in electrical engineering technol- 
ogists were by then receiving rather more than 
scientists. à 

From this slender evidence Political and Economie 
Planning draws the conclusion that industry was not 
failing through its salary policy to make itself 
attractive to graduates. It was attracting into its 
ranks two-thirds of the technologists, nearly two- 
fifths of the scientists, and one-eighth of the arts 
men and a comparable proportion of men with a 
first-class honours degree. There is no single answer 
to the question whether, with some 27 per cent of 
the output of graduates, industry was attracting too 


- high or too low a proportion of such men: the pro- 


portion was too low for industry, but too high from 
the point of view of other competitors for graduate 
scientists and technologists and the best type of arts 
men. It is not easy to tell whether the teaching 
profession and the Civil Service are now in a relatively 
stronger position as a result of recent increases in 
the salaries they offer. The second main conclusion - 
drawn in the broadsheet, that the greatest advances 
in salary in this period were not going to the scientists 
and technologists, does not support any sweeping 
deductions. The figures relate to only one year of 
graduates and a mere four years of post-university 
employment at the outset of a career, and it would 
be rash to infer that the better scientists and tech- 
nologists are not being brought into the management 
succession as frequently as the better arts men. The 
broadsheet seems to imply that the present salary 
policy offers little advantage to scientists and no 
advantage to technologists over arts men at the 
start of their career, and results in the promotion of 
some of the arts men to positions carrying higher 
salaries than those filled by any of the scientists or 
technologists. Even if the differential were more 
substantial it would be hard to assert that the policy 
discourages men from reading science or technology 
rather than arts subjects. There were too many other 
factors in the past encouraging the ablest school- 
leavers to read arts, and the figures could imply no 
more than that industry has found the ablest minds 
among such graduates. 
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-THE NATIONAL GALLERY 
REPORT FOR 1955-56 


YEAR, ago the Trustees of the National Gallery 

published a report describing its activities 
between 1938 and 1954. It has now published a 
report* covering the period January 1955—June 1956 
which will be warmly approved by all friends of the 
Gallery. - , 
- Although considerable reconstruction is taking 
place the Trustees are finding it increasingly difficult 
to provide enough space to display the growing 
collection of pictures; 16 is disconcerting to learn that, 
since 1911, only one room has been added to the 
Gallery at the expense of public funds. A long-term 
policy is recommended which would make provision 
for the erection of further galleries on a site north of 
the present building, but immediate prospects are 
not encouraging. ‘Lhe lack of air-conditioning in 
some of the existing galleries is leading to serious 
damage of some pictures, and the Trustees hope that 
this deficiency will be remedied. 

The difficulty of obtaining enough money to pur- 
chase outstanding pictures was clearly shown during 
the period under review. Although extraordmary 
grants were available for the purchase of El Greco’s 
“Adoration of the Name of Jesus” and Velasquez’s 
“St. John on the Isle of Patmos”, the sums required 
made grave inroads into the funds available. It is 
heartening, therefore, to learn of the assurance given 
to the House of Commons by the Financial Secretary 
to the Treasury that a general review of museums 
and galleries 1s shortly to be undertaken. Such a 
review is long overdue. In 1888 the purchase grant 
for pictures was £10,000; by 1955 ıt had risen to 
£12,500. The request of the Trustees for an annual 
sum of £80,000 seems to err only in being too modest. 

The work of the Conservation Department is 
remarkably illustrated in the restoration of Van der 
Weyden’s “The Magdalen reading”. Acquired in 
1860 and examined by X-ray photography in 1927, 
attempts at restoration had proved unsatisfactory. 
In 1952 more X-ray photographs taken with modern 
techniques were used and, under the care of the 
restorer, have led to the emergence of a painting 
superb in its colour and detail. 

The successful activities of the Conservation De- 
partment are paralleled by the growth of the Scien- 
tific Department. Although scientific research into 
varnishes has only just begun, there 1s already enough 
evidence to suggest that synthetic resins will eventu- 
ally replace natural resins. Time alone can show 
the relative permanence of new varnishes, but the 
Ministry of Supply has undertaken an experiment by 
which a wide variety of varnish samples are exposed 
to the strong sunlight of Northérm Nigeria where 
humidity conditions are appropriate. Tests under 
both fluorescent tubes’ and daylight are yielding data 
on the stability of varnishes against yellowing. 

The Scientific Department has also done valuable 
research into the preservation of pictures. The use of 
electrostatic precipitators to remove dust from the 
atmosphere had been considered. These involve the 
high-potential discharge of electricity through the ar 
with the consequent release of ozone in sufficient 
quantities to act upon the resins used in varnishes 
and the oils used in both varnishes and paint media. 


*The National Gallery, January 1955-June 1956. Pp. 105+12 
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For this and other reasons it was decided that electro- 
static precipitators should not be installed in con- 
nexion with the future extension of air-conditioning 
in the Gallery. 

The report also contains accounts of recent acquisi- 
tions and of the work of the Publications Department, 
as well as a descripsion of the arrangements for 
lending pictures to other galleries in the United 
Kingdom. The whole report, with its accompanying 
reproductions, has been produced with the dignity 
and taste which one associates with the National 
Gallery ; it 1s to be hoped that the Trustees, despite 
financial embarrassmsant, will never allow ther 
proposed annual reports to fall short of this most 
attractive format. T. H. Hawkins 


THE ROYAL COLLEGE OF SCIENCE 
AND TECHNOLOGY, GLASGOW 


REPORT FOR 1955-56 


HE annual report on the one hundred and 

sixtieth session of the Royal College of Science 
and Technology, Glasgow*, besides noting the change 
of name, after forty-four years, from the Royal 
Technical College, hsts the titles of theses approved 
for the award of the associateship of the College and 
for the twenty-two higher degrees of the Universities 
of Glasgow and of London awarded durmg the 
session 1955-56, as well as recent publications by 
members of the College. There are the usual re- 
ports from departments and the Glasgow School of 
Architecture, but a brief record of research work in 
progress is provided in a separate report which also 
includes annotated departmental lists of the more 
important publications durmg the year. Research on 
jets in the Department of Mathematics included 
investigations of the mixing of streams moving at 
velocities at which the effects of compressibility 
cannot be ignored, and an apparatus was designed 
for the experimental study of jet flows by means of 
the analogy between surface waves on shallow water 
and waves m a gas. The Department of Natural 
Philosophy continued its photoelastic examination of 
adhesive lap joints, end the concept of change of 
stress distribution due to deformation was extended 
to an attempt to design joints free from the undesir- 
able stress concentrations at which failures com- 
mence. The fine structure of airborne coal-dusts is 
being examined with the combined techniques of 
electron microscopy, X-ray and electron diffraction, 
and a new method of measuring the absorption 
coefficients of highly reflecting films has been 
developed. 

The Department of Chemistry has devoted its 
main effort to a study of natural products, particu- 
larly to the triterpenoid components of plants, seeds 
and barks. A new method was evolved for the direct 
micro-alkalimetric determination of sulphur in organic 
compounds containing nitrogen and chlorine, and 
photochemical studies involving ferric iron solutions 
are being extended. An electrochemical study of 
metallic silver during catalysis of hydrogen peroxide 
solutions has yielded important information on the 
nature of the surface processes, and a new method of 


* Royal College of Science and Technology, Glasgow. Annual 
Report on the One Hundred and Sixtieth Session, 1955-1956. Pp. 60. 
Report on Research. Pp. 40. (Glasgow: Royal College of Science 
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studying catalyst efficiency changes, based on micro- 
differences of temperature, has been developed. 
Following a broad qualitative study of the thermal 
breakdown of saturated polyesters of the ‘Terylene’ 
type, by way of model systems, the Department of 
Technical Chemistry commenced a more quantitative 
investigation of the mechanism of the competitive 
scissions observed, and is extending the programme 
to unsaturated polyesters of the maleate-fumarate 
type. Marked progress was made in a study of the 
photochemistry of dyestuffs adsorbed on polymeric 
substrates, and the mechanism of drying of natural 
vegetable materials is being further investigated, 
along with the diffusion of soluble components in 
such systems. Promising results were obtained in a pre- 
liminary study of industrial vacuum crystallization. 
` The chief emphasis in the Department of Metallurgy 
was on the determination of activities of the various 
reactants in slag/metal relationships. 

Sponsored research for the British Shipbuilding 
Research Association, the Cold Rolled Sections 
Association and large industrial firms continued in 
the Department of Mechanical, Civil and Chemical 
Engineering, together with short-term investigations 
over a wide field for local mdustry. The Department 
of Electrical Engineermg extended its study of the 
criteria for the development of a power arc in the 
path of a surge discharge on an energized system to 
include the effect of the point on the a.c. wave at 
which the surge ıs applied, and also continued an 
investigation of the behaviour of servo-mechanisms 
with backlash which has led to the discovery of the 
generation of sub-harmonic oscillations m such 
systems. Work on an automatic control system for 
motor-generator sets achieved a frequency stability 
of + 0-05 per cent, a special form of conductivity 
bridge was developed and constructed for the West 
of Scotland Agricultural College and a resistance 
divider for 200 kV. was completed. The Department 
of Mining Engineering completed full-scale trials with 
the electric analogue ventilation network computer, 
the School of Pharmacy and Department of Food 
Science completed its survey of the epidemiology of 
cat tapeworms in Scotland and continued its work 
on bacterial polysaccharides, on the constituents of 
Leontice leontopetalum and on the assay of wheat and 
goya lipoxidase by diffusion. In the Department of 
Textile Technology work is in progress on the 
mechanical properties of knitted glass lamine and 
the sorption of vapours by textile materials in high 
vacuum. 


CHILDREN AND FILMS 


N an address to the Royal Society of Arts, Miss - 


Mary Field, executive officer to the Children’s 
Film Foundation, described investigations which have 
led te the making of special films for children*. 

Two sharply divergent points of view are held with 
regard to children’s films. The Soviet bloc and most 
of Europe believe that children at the cinema should 
be sheltered from the actualities of life. They should 
be provided with cartoon or puppet films which show 
them a fairy-tale world of fantasy or else with films 
with a direct moral purpose such as “stressing the 
value of human labour’. On the other hand, the 
Americans, who do not make spécial children’s films, 
believe that children are essentially- little adults and 


* Journal of the Royal Society of Arts, 105, No. 4999 (March 15, 1957). 
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are perfectly ready to take adult screen entertain- 
ment. Neither of these divergent points of view is 
accepted in Britain, where it is believed that, to get 
the greatest pleasure and profit’in the cinema, 
children should see specially produced films within 
their understanding and experience, and these should 
be mainly realistic. Instruction should play a sub- 
sidiary part to entertainment. 

The unique contribution of the British venture to 
children’s films is that it has been undertaken by the 
film industry itself, The audience which sees British 
children’s films has to pay to see them. This has 
meant that the films haye had to be sufficiently 
entertaining for children to want to see them in 
competition with cowboy or space films which may - 
be showing m a rival cinema. It has therefore been 
necessary for British producers tp study, more care- 
fully than those of any other country, the actual 
response of children to films. 

The child at the cinema ceases to be an individual 
while the film is showing, and becomes part of a 
group. The moment the lights go up again and the 
film is over the child loses contact with the group 
and, if questioned about his reactions to the film, is 
unable to recall exactly what they were at any 

‘particular moment. f 

The British method of inquiry has been to observe 
the audience as a whole, either by standing to the 
side of the cinema in the front of the audience and 
looking back over perhaps two -thousand uplifted 
faces, or, for purposes of record for discussion, by ` 
photographing a random group of an audience at 
certain points of the film by infra-red photography. 
The object of this photography is to find out the 
children’s responses to technical problems, such as 
the development of the plot by dialogue, the effects - 
of music or of camera movement. A system has been 
evolved by which cinema managers, who are skilled 
observers of audiences, fill in reports on how a film 
has been received by their cinema club. The responses 
are often divergent, showing æ clash of opinion 
between audiences in different parts of the country 
and between different social groups. One cmema in 
the North of England, for example, found a story of 
a film weak, while another group in the Midlands 
found that the uncomplicated plot was easy to 
follow. More severe criticisms were that one film 
should be remade entirely, whereas other managers 
reported that the same film was excellent. The 
managers’ reports give a general overall picture of 
the film taste of children m Great Britain and, in 
spite of divergences, there is sufficient similarity to 
extract a highest common factor of cinema entertain- 
ment for children. 

This kind of practical consideration of child 
audiences has enabled British film producers to make 
films which are highly acceptable to children in every 
part of the world, although perhaps not always so 
acceptable to those adults who believe that children’s 
entertainment should always have a definite moral 
value. ‘ 

British producers start with the assumption that 
children’s cinema taste is naturally good before it 
becomes perverted by seeing too many grown-up 
films which they cannot understand. It is easy to 
bore children by putting before them films in which 
the plot, the characterization and the motivation are 
beyond their understanding. 

_ First, the attention of the child audience must be 
caught with action and a compelling sound track. 
The plot must be stated immediately, the main 
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characters mtroduced and .their roles indicated or 
sharply suggested. The story of a children’s film 
must be a story which they can understand, and the 
characters must be characters with whom they can 
identify themselves. Children are really interested 
only ım children hke themselves or in attractive 
animals ; they have httle interest in adults and few 
cowboys would be popular uf deprived of their horses. 
However, very old people who are approaching their 
second childhood compel attention. 

The plot has not only to be closely integrated—it 
needs to be told in pictures rather than in dialogue. 
The scenario must be planned so that all the dialogue 
essential to the plot 1s either said by the film children 
or heard by film children. 

Casting actors for a children’s film 1s somewhat 
different from casting for adults. The children must 
appear to be real children, not juvenile ‘stars’. Children 
have their own ideas of what a film adult should look 
like. Men should be tall, thin and somewhat hatchet- 
faced, while women should be slim and attractive, 
but by no means too glamorous. All parents, school- 
teachers, policemen, clergymen, Civil servants and 
others whom it is hoped children will respect should 
be under the age of thirty. 

What should be the content of a children’s film ? 
How far should ıt be entertainment and how far 
instruction ? Direct struction should be ruled out 
and reserved for school hours and the therapeutic 
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value of laughter and adventure be remembered. 
Fronr the age of six onwards, children are seeking 
more and more cortact with reality before they 
return once again into a dream world, this time that 
of the adolescent. In order to get some sense of 
security in the strange adult world, children like to 
believe that good will win in the long run and over- 
come evil. ` ; 

Are children frightened by films? Children are 
much tougher than is generally believed, and they 
have excellent ways of defending themselves from 
what is frightenmg, such as shutting ther eyes, 
puttmg their coats over their heads, playing on the 
floor, even turning their backs on the screen. Most 
children, however, are really distressed by seemg a 
child who is frightened or ill-treated and such identi- 
fication with screen characters extends, m Great 
Britain, to animals as well. 

The real danger to children ın the cinema lies m 
the adult films to which they are taken by their 
parents and which do not so much frighten them as 
bore them, smce the stories are not within their 
comprehension. After a long diet of adult films, 
children give up trying to use their intelligence at 
the cinema and are content only to have their 
emotions stirred. But, since films are a part of our 
modern culture, it ie important that young people 
should learn to understand them and also to appreciate 
the technique of the cinema. 


- _ POLARITY. OF WHALE OVARIES 
By Dr. R. M. LAWS 


National Institute of Oceanography, Wormley, Surrey 


HE corpora albicantia of the ovaries of fin 
whales (Balaenopteré physalus) and blue whales 
(B. musculus) are accumulated at a fairly constant 
rate and persist throughout the life of the animal, 
regressing to pale scars, seldom less than 1-5 em. in 
. diameter. They are then composed of a tangle of 
thick-walled sclerotic blood vessels, and no evidence 
of further resorption has been observed im histological 
sections. As many, as fifty-four have been observed 
to accumulate in the ovaries of a single whale. 

In recent years I have examined some hundreds 
of pairs of whale ovaries collected in the Antarctic 
and preserved in formalin. Owing to their large size 
(on average the ovaries of a pregnant blue whale 
together weigh about 15 lb. and of a pregnant fin 
whale about 6 lb.) it was found convenient to cut 
transverse serial sections, 5 mm. thick, on a com- 
mercial bacon-slicing machine, and the corpora lutea 
and corpora albicantia were observed and counted 
before pieces were taken for histological examina- 
tion. 

The primary purpose of this investigation was to 
obtain counts of the numbers of corpora for the 
estimation of age. 

The ovaries usually have a flattened, elongated 
egg-shape, tapering slightly towards one end?. At an 
early stage 16 became apparent that the corpora 
albicantia, were not distributed at random, but were 
grouped towards the thicker end. It has been possible 
to determme the orientation of thirty fin whale 
ovaries because the lhgamentum ovarii and the 
mesovarium were still attached near the posterior 
pole, and the plica diaphragmatica close to the 


anterior, or cranial pole?. In this sample the anterior 
pole is at the thicker end. 

In the routine slicing a number of ovaries were 
first divided arbitrarily into two halves and each half 
was examined separately. Altogether, 394 fin whale 
ovaries and 252 blue whale ovaries have been 
examined in this way, Choosing only those ovaries 
with more than six carpora, and testing the difference 
between the two halves by means of x3, the prob- 
ability that the corpora are not randomly distributed 
is found to be highly significant (P < 0-01). For the 
total sample of fin whale ovaries there are on average 
4-29 (or 78-7 per cent) corpora in part I (the thicker 
end), and only 1-16 (or 21-3 per cent) in part II. For 
blue whales the corresponding figures are 4-69 (or 
71 per cent) and 1-92 (or 29 per cent). Considering 
65 fin whale ovaries with ten or more corpora, the 
proportions in the two halves are 76 and 24 per cent. 
Of 50 blue whale ovaries with ten or more corpora, the 
proportions are 65 and 35 per cent. This suggests-that 
there is little change with age. In the accurately 
orientated sample of fin whale ovaries the average 
number of corpora in the anterior half is 4-57 (or 
74-1 per cent) and in the posterior half 1-60 (or 
25-9 per cent), which is in close agreement with the 
unorientated sample. 

In fact, the distribution is even more asymmetrical, 
because the corpora found in the posterior half are 
usually grouped near the dividing line and the 
posterior third of the ovary 1s usually without any 
corpora albicantia. Moreover, in 11-5 per cent of 
blue whale ovaries with two or more corpora, and 
32-7 per cent of fin whale ovaries with two or more 
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corpora, they are entirely confined to one half of the 
ovary. In 20 per cent of the orientated fin whale 
ovaries with two or more corpora, they are confined 
to the anterior half. 

More precise evidence is available from the exam- 
ination of 96 fin whale ovaries for which scale 
drawings were made, showing the position of the 
corpora in relation to the longitudinal axis of the 
ovary. The assumption is made that the anterior 
pole is at the thicker end of the ovary, which also 
usually has most corpora. Then the distance from 
this pole to the centre of the individual corpora has 
been measured to the nearest centimetre and the 
frequency distribution of corpora along the axis of 
the ovary has been plotted for 2 cm. groups (Fig. 1). 
This shows a progressive decline in frequency of 
corpora at increasing distances from the anterior 
pole, and they are completely absent from the 
posterior third of the largest ovaries. 

. We may conclude that the corpora albicantia are 
grouped towards the anterior pole of the ovary. This 
asymmetry is more striking m fin whales than in 
blue whales, and it mmphes that ovulation generally 
takes place from the anterior part of the ovary, which 
_ lies in close relation to the ostium abdominale. For 
47 of these fin whale ovaries the distribution of 
corpora lutea has been obtamed. They are also 
mdicated in Fig. 1 (excluding the accessory corpora 
lutea) and show a similar polarity, all being confined 
to the anterior 13 cm., with an average distance from 
the anterior pole of 6-5 om. Accessory corpora lutea 
occur at distances of 4 com., 5 om., 9 cm., 16 cm., 
23 cm. and 25 cm. from the anterior-pole, in three 
ovaries. 

Outside the Cetacea, I am unaware of the occur- 
rence of this phenomenon in any other mammal 
except the mare. Harrison’ and Comrie and Adami 
state that the site of ovulation in the odontocetes, 
Globicephala melaena and Pseudorca crassidens, 
appears to be situated anywhere on the surface of 
the ovary. According to Kupfer’, in young mares 
follicles are continually bemg formed at the cranial 
pole and this is at first the usual place for ovulation 
to occur. There the edge of the fimbriated-funnel is 
attached and there the superficial connective tissue, 
which is tough elsewhere, is thin. The ovulation 
fossa is a secondary formation, owmg to growth of 
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the poles causing deformation of the ovary and the 
development of tough connective tissue over the 
surface except for the ovulation fossa. Hammond 
and Wodzicki® state that serosa, covers the surface of 
the adult ovary éxcept for the ovulation fossa, which 
has a layer of short polygonal cells, a remnant of the 
germinal epithelium. Small follicles are evenly dis- 
tributed through the stroma but migrate towards the 
fossa as they mature. 

There is no direct evidence on this point in the 
whale. Follicles averagmg 1-2 em. in diameter are 
usually distributed throughout the ovarian cortex in 
both pregnant and non-pregnant mature females, 
with no noticeable grouping towards one pole, and 
it is difficult to believe that such large follicles 
migrate. An alternative explanation is that usually 
only follicles in the anterior part of the ovary mature 
and ovulate. The largest follicles (as well as the 
corpora lutea) are found in the anterior half. In the 
course of the routine examination, the diameters of 
the largest follicles.in each half of 205 fin whale 
ovaries were measured; in fifty there was no 
difference between the two halves, in forty-five the 
largest follicle was m the posterior half and in 110 
the largest follicle was ın the anterior half. Sub- 
jective observations on the distribution of Graafian 
follicles in 160 fin whale ovaries (recorded as: 

“many”, “moderate numbers”, “few”, “very fow”) 
show that 120 arə noted as having equal: numbers in 
both halves, in nine there were more in the posterior 
half and in thirty-one the majority were in the 
anterior half. 

The ovary of the newborn whale is completely 
covered by germinal epithelium. Two immature 
Antarctic fin whale females 54 ft. and 56 ft. long 
were found to have very many primary follicles in 
the superficial part of the cortex; they are already 
separated from the germinal epithelium by a tunica 
albuginea which is respectively about 150» and 
2504 in thickness. Sexual maturity is attained in 
Antarctic fin whale females at an average length’ of 
65-5 ft. Sections of the ovary of a mature female 
of length 69 ft. already show a conspicuous tunica ` 
albuginea 1-2 mm. thick, and no primary follicles - 
have been seen in histological preparations. This 
applies to all larger females examined. 

The tunica albuginea is so congpicuous that it can 
be measured macroscopically in the 5-mm. thick 
slices, at varying distances from the anterior pole. 
For eleven fin whale ovaries it appears to increase in 
thickness from about 0-95 mm. at the anterior pole 
to about 1-6 mm. in the posterior half. This suggests 
that ovulation may be mechanically suppressed in 
the posterior part of the ovary, because maturation 
might be more rapid where the tunica albuginea is, 
thimner, as m the mare. The similarity between the 
mare and the whale reminds one of the widely held 
view that the Cetacea and Ungulata ere derived 
from a common ancestral stock. 

I would like to thank my colleagues, Mr. D. E. 
Cartwright, Dr. R. G. Chittleborough, Mr. A. E. 
Fisher and Mr. J. Smoughton, for their help. 
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A NEW SERIES OF PHENAZINES (RIMINO-COMPOUNDS) WITH 
HIGH ANTITUBERCULOSIS ACTIVITY 


By VINCENT C. BARRY, J. G. BELTON, MICHAEL L. CONALTY; JOAN M. DENNENY, 
DEIRDRE W. EDWARD, J. F. O'SULLIVAN, DERMOT TWOMEY 
and FRANK WINDER 


Laboratories of the Medical Research Council of Ireland, Trinity College, Dublin 


N previous communications'* we have described 
the preparation and antituberculosis properties of 
two series of isomeric phenazine pigments which are 
obtained by oxidation of derivatives of o-phenylene- 
diamine with ferric chloride or p-benzoquinone. 
These have the general formule, I or II. 


OE OG ae 


I (R= Aryl) II (R= Alkyl, cycloalkyl, aryl) 


‘When R = .C,H,Cl(p), both 1) and (II) have shown 
antituberculosis activity in mice which, measured by 
increased survival time, is of the order of that obtain- 
able with isoniazid’, When the oxidation of the 
o-phenylenediamine derivative is carried out in the 
presence of certain ketones a new type of glyoxalino- 
phenazine, JI, is obtained which on catalytic 
hydrogenation gives imino-substituted compounds 
(rimino-compounds) of type IV. These rimino- 
compounds may also be obtained in certain instances 
by direct reaction ‘of compounds of type I with the 
appropnate primary amine. (The formula pre- 
viously given? for type IV compounds ıs incorrect.) 


R’ es R’ 
f PAOA 
o Ce. 
N are N NAR 
R 


III IV (R= .CHR”R”) 
Thus =NH in I may be readily replaced by 
=N.CH(Me),, ==N.C,H,,(cyclohexyl), =NPh, ete. 
Reaction of type II phenazines with aromatic amines 
can also give rise to rimmo-compounds by replace- 
ment of NH, by NHR. 

Other rmmo-compounds, V, have been obtained 
by condensing o-phenylenediamine derivatives’ with 
diarylamino-o-quinones usmg a modification of the 
synthetic method of Kehrmann and Cordone*. Using 
this method it has been possible to synthesize certain 
rimino-compounds not accessible by the routes 
already described. The chemistry of these compounds 
will be published elsewhere, and the remainder of this 
artacle is concerned with the remarkable biological 
properties of one of these derivatives, 8.663 (IV, R = 
CH (Me), ; = C,H,Cl(p) ), with which most of our 
investigations to date have been concerned. 


Rk’. 


N 
ee 
V (R= aryl) 


Some results obtained in the treatment of murine 
tuberculosis are shown in Table 1. Briefly, the 
methods’ used in screening for antituberculosis 
activity in mice were as follows: groups of 8-10 


- albino mice were infected mtravenously with the 


isoniazid-sensitive Ravenel .Rv bovine strain of 
M. tuberculosis or with an isoniazid-resistant variant 
(resistant to 100 p.gm./ml.) of that strain. Drugs were 
administered in the diet (a) for 14 days commencing 
on the day of infection, that is, ‘protective screening’, 
(b) for 14 days commencing on the sixth day after 
infection, that 1s, ‘established disease screening’, and 
(c) as in (a) but employing the isoniazid-resistant 
variant. 

Median survival times of the control groups (both 
isoniazid-sensitive and -resistant) were of the order 
of sixteen days. 

It will be seen that B.663 1s more active than 
isoniazid on a weight-for-weight basis and very much 
more active on a molar basis. The activity is, of 
course, greater than any we have observed with 
othef antituberculosis substances such as p-amino- 
salicylate, streptomycin or the thiosemicarbazones. 

B.663 also showed a striking effect in established 
tuberculosis of guinea pigs. For this screening, 
guinea, pigs of 460 gm. average weight were infected 
subcutaneously with the isoniazid-sensitive Ravenel 


Table 1. 8.663 IN TUBERCULOSIS OF Mick 
















Daily intake | Increase in 
of drug median sur- 
Drug Typ of screening (mgm./kgm.) vival time 
over controls 
B.663 Protective screening T 
"8 : 
Established disease 
screening 180 
” » 60 
11 
Protective screening 
using the isoniazid- 
: resistant variant 3-3 
Isoniazid | Protective screening 5 k 
Established disease 
screening 39 
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Table 2, 3.663 IN TUBBROULOSIS OF GUINHA Pras i 














Mean daily 
Group Disease index intake of drug 
(Max. possible = 100) | (mgm./kem.) 
Precontrols 
Killed after 21 days 35, 35, 50, 50, 50 — 
Mean = 44 
Controls 
One died on 58rd* day 
and one on 89thf day, 80, 80, 100, 50, go, 
both from tuberculosis. toe, 100, OF, 9 — 
Remaining seven killed Mean = 85 Pa 
after 100 days 
Established disease group 
Treatment starting on 10, 15, 5, 5, 6, 5, 
21st day after infec- 20, 10, 5, 5 144 
tion. All killed after Mean = 8:5 
100 days 





stram. Commencing three weeks after infection, the 
drug was admmistered in the diet for eleven weeks. 

Activity was determined mainly by the change in 
the ‘disease mdex’. Extensive disease in the lungs, 
liver, spleen and site of inoculation plus adjacent 
lymph nodes was awarded 35, 30, 25 and 10 points 
respectively. Moderate disease was awarded 25, 20, 
16 and 10 pomts and slght disease 15, 10, 5 and 
5 points'. 

It will be seen m Table 2 that gumea pigs with a 
disease Index 21 days after mfection of 44/100 had, 
at the conclusion of the experiment 79 days later, 
their disease mdex reduced to 8:5/100., Except in 
six cases where the spleens showed occasional well; 
circumscribed tubercles, any macroscopic disease 
left at that time was confined to the site of infection 
and ‘to the regional lymph nodes for that area. The 
minced tubercle-free spleens were injected into 
guinea pigs without producing tuberculosis; the 
tubercle-containing spleens-did so in all cases. None 
of the lungs from the ten treated guinea pigs showed. 
macroscopic evidence of tuberculosis, although por- 
tions of lungs from five of these animals did cause 
tuberculosis in guinea pigs. Four of the five lungs 
which failed to cause tuberculosis were from 
those guinea pigs m which the spleens behaved 
similarly. 

The group of mice (Table 1) which received 
119 mgm./kgm./day of compound B.663 for 14 days, 
commencing on the day of fection, is particularly 
interesting. The median survival time of the controls 
in this experiment was 13-5 days. One mouse of the 
treated group was killed 198 days after mfection. 
It showed no macroscopic evidence of tuberculosis 
and therefore a brei of its lungs was injected .sub- 
cutaneously into two gumea pigs; both failed to 
develop tuberculosis. On the 241st day after m- 
fection, the remaining nine treated mice (mean 
weight, 35-0 gm., as against initial weight of 29-9 gm.) 
were killed. No macroscopic evidence of tuberculous 
disease was found in any of these mice. One ling 
and half of the spleen from each mouse were then 
minced and used to moculate slopes of Léwenstein— 
Jensen medium, which were incubated for twelve 
weeks. The remaining minced lung was used for 
subcutaneous injection into the left inguinal region 
and the other half of the spleen mto the right mguinal 
region of the same guinea pig. The nme gumea pigs 
were killed 186 days after injection. Negative results 
were obtamed for four of the nine mice (that is, a 
total of five out of the group of ten) on both culture 
and guimea pig inoculation. 

B.663 accumulates in the tissues of mice and 
guinea pigs. In the latter, treated for some weeks 
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with doses of the order of 100 mgm./kgm./day, the 
fatty tissues are stained an orange colour and the 
other tissues are stained a varying depth of red, in 
somé cases almost black. The drug was extracted 
from the minced .organs, and appears chromato- 
graphically to be unchanged. Guinea pigs treated 
with B.663 (0-2 per cent in the diet) for four weeks 
had a concentration of 0-5 per cent in the lungs 
and 0:08 per cent in the subcutaneous and other 
body-fat. Mice fed 0-1 per cent m the diet for six 
weeks yielded 0-16 per cent m the lungs. 

_ Histological exammation showed deposition of 
crystals of the drug in the jejunum and ileum; m 
the liver, spleen, lungs and kidneys. There was little 
evidence of toxicity, apart from foreign-body reaction 
and changes due to circulatory disturbance caused_ 
by the crystalline emboli. However, antituborculosis 
activity is exerted without crystal deposition ın the 
tissues, for example, with a dose of 2 mgm./kgm./day 
for fourteen days, as shown in Table 1. 

This property of deposition in tissues prompted 
us to carry out a Drop ny inone experiment. Mice 
were treated with 5 mgm./kgm./day of B.663 for 
38 days. Treatment was then stopped and the mice 
were infected as usual. A control group of ten mice 
from the same original batch as the treated animals 
similarly infected had a median survival time of 
15 days (range 14-18). From the eight mice treated 
with B.663 before infection, the first death occurred 
on the lllth day; two are still alive 220 days after 
infection (median survival time about 120 days). 
Other expermments on these lines now m. progress 
show that a dosage schedule of 10 mgm./kgm./day 
for fourteen days, terminated as long as four weeks 
before infection, confers protection. 

In Proskauer and Beck medium enriched by 5 per ° 
cent human serum, B.663 inhibits the growth of 
H87Rv for fourteen days at a concentration of 
0-8 ugm.jml. At this concentration, the compound 
is strongly taken up by livmg mycobacteria (2 mgm. 
per gm. dry weight). This may be important m 
explainmg the effectiveness of B.663 at low concentra- 
tions. How much of the ‘adsorbed’ compound ıs 
held within the mycobacterial cell 1s uncertain, but 
some‘ does appear to penetrate. The highly coloured 
rimino-compounds are decolorized by the cells under 
anaerobic conditions and are readily reoxidized by 
air (redox potential, approximately —0-18 V. at 
pH 7). Hence it might be expected that some of 
the terminal hydrogen transfer of the mycobacterial 
cell could take place through ‘adsorbed’ compound. 
This was confirmed by showing that the respiration 
of M. smegmatis 1s reduced to 10 per cent of normal 
by 1/100 cyanide but only to 30 per cent of normal 
when B.663 was present at the minimum growth- 
inhibitory level. Thus 20 per cent of the respiratory 
hydrogen can be transferred from a respiratory 
enzyme to B.663. The enzyme concerned is not 
known, but a flavoprotein seems probable. 

Tt is not yet clear what part this withdrawal of 
hydrogen from the respiratory chain plays in the anti- 
mycobacterial action of the rmino-compounds. Even 
1f 20 per cent of the termimal respiration takes place 
through them, it would lead at most to a 20 per cent 
drop m oxidative phosphorylation. It would not be 
expected that this degree of mterference would 
result m complete inhibition of cell growth, although 
the possibility cannot be discounted entirely. 

The involvement of the rimmo-compounds ın re- 
spiration has a further consequence, however. As 
with other redox dyes, when the reduced form 18 re- 
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oxidized by oxygen, the formation of hydrogen 
peroxide can be shown. The formation of peroxide 
has also been demonstrated: when living cells or cell- 
free-extracts of M. smegmatis or M. tuberculosis were 
incubated aerobically with B.663, azide bemg 
added to mhibit catalase, and in the absence of 
azide when a ‘catalase-negative’ stram of M. tuber- 
culosis was used Again, however, it 1s not clear 
how far this peroxide formation is responsible for 
the action of the rimmo-compounds. It would appear 
to be responsible for the rapidly progressive inhibiting 
effect of B.663 on mycobacterial respiration in the 
presence of a catalase-inhibitmg level of azide 
(although neither azide nor B.663 alone affects the 
respiration until a very much longer period has 
elapsed). The peroxide formed in the external 
medium, however, m the presence of B.663 is in- 
sufficient m amount to account for the growth 
inhibition. On the other hand, peroxide formed by 
the compound within the cell may be very much more 
toxic. The following evidence suggests that peroxide 
formation may play at least a partin the action of, 
the rimino-compounds. ‘Catalase-negative’ (isoniazid- 
resistant) strains of M. tuberculosis are more sus- 
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ceptible to B.663 than are the parent ‘catalase-posi-— 
tive’ strams. Sub-inhibitory levels of azide decrease 
the concentration of B.663 necessary for growth 
inhibition. . ; 

Finally, when M. tuberculosis is moculated into a 
dilution series of B.663 ın a semi-solid medium‘, 
growth 1s obtained at the surface at non-inhibitory 
concentrations, but when the inhibitory concentration 
is approached, growth wakes place some distance 
below the surface. This could be explained on the 
grounds that, at the lower oxygen tension m the 
depth of the medium, 8.663 is able to transfer less 
hydrogen to oxygen and hence to form less peroxide. 

Grateful acknowledgment is made to Arthur 
Guinness, Son and Co. (Dublin), Ltd., and to J. R. 
Geigy S.A., Basle, for financiel support. 
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EFFECT OF CERTAIN NUCLEIC ACID COMPONENTS UPON THE 
STATUS OF IRON, DEOXYRIBONUCLEIC ACID, AND 
LIMÉ-INDUCED CHLOROSIS IN FRUIT TREES 


By Dr. B. 


KESSLER ; 


Agricultural Research Station, Rehovot, Israel 


N the course of`a study of the metabolism of 
nucleic acids, a close relation was found between 
thé level of nucleic acids and the status of inorganic 
nutrients ın fruit trees., Thus it was found that the 
addition of adenine and guanime causes an incréase 
of deoxyribonucleic acid and brings about changes in 
the status of iron in the leaves. No such changes 
were brought about by uracil, cytosine and 
xanthine. 

Leaves of grape vines (var. Madeleine Oberlin on 
41-B stock), olives (var. Souri), peach (var. Elberta 
on almond stock) and plum (var. Kelsey on almond 
stock) trees were sprayed with 50 p.p.m. solutions of 
adenine and guanme. Treatments were carried out 
on two branches each (in the case of grape vines the 
whole plant was used) and with five replicates. Two 
weeks after spraying, leaves were collected for 
analysis. Nucleic acids were extracted from fresh 
material with 1 N perchloric acid? at 37° C., and 
were fractionated with 0-35 N sodium hydroxide at 
20° ©. Deoxyribonucleic acid was then precipitated 
in an acidified solution and determined spectrophoto- 
metrically?. For the analysis of iron, leaves were 
carefully washed, first with an acidified detergent 
and then four times with glass-distilled water. 
‘Soluble’ iron was extracted with 1 N hydrochloric 
acid; both soluble and total iron were analysed by 
a modified method? of Stokes and Cain‘ which was 
further modified ın this laboratory (Moscick:i, W., 
unpublished work). The adenine and guanme sprays 
were found to increase the concentration of deoxy- 
ribonucleic acid in the leaves, which in turn was 


rather closely paralleled by the soluble-iron fraction 
as shown in Table 1. 


Table 1. E¥Fvxot OF ADENINE AND GUANINE UPON DEOXYRIBO- 


NUOLBIO ACID AND IRON FRACTIONS IN LEAVES OF FRUTE TREES 
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Guanine 
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Guanine 
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Control 
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* The insoluble fraction was calculated as difference between the 
total and the soluble fraction. - 
+ Standard error. + 
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DEOXYRIBONUOLEIO ACID AND SOLUBLE 





* Calculated slope. 
Standard error. 
Correlation coefficient, 


In order to examine more closely the relation 
between deoxyribonucleic acid and iron fractions, 
undetached leaves of grape vines were immersed for 
10 sec. in an aqueous solution of 3 x 10-* M mustard 
gas, which is a specific inhibitor of the deoxyribo- 
nucleic acid synthesis®. These tests showed (Table 1) 
that inhibition of synthesis of deoxyribonucleic 
acid is reflected in a decrease of the soluble-iron 
fraction. i 

Statistical analysis showed æ consistently high 
correlation between deoxyribonucleic acid and soluble 
iron (Table 2); no such correlation was found 
between deoxyribonucleic acid and either total or 
insoluble iron. The deoxyribonucleic acid and 

. soluble-iron contents were therefore plotted against 
oné another, irrespective of the treatment employed, 
and the best-fitting regression lines were calculated 
for each species according to the formula y = @ + 
be + e, where y is soluble iron, x is deoxyribonucleic 
acid, a is the intercept on the y-axis, b is the 
calculated slope and e is expermental error 
(Table 2). 

The a’s were found to be not significantly different 
either from each other or from the origin of the 
co-ordinates ; the regression lines were therefore drawn 
through the origin and the slopes were calculated 
accordingly (Fig. 1). 

„It is seen from Fig. 1 that a change in the amount 
of deoxyribonucleic acid alters the levels of soluble 
iron in different species at different rates. Hence one 
must assume that if the status of iron is indeed 
determined by deoxyribonucleic acid then its effici- 
ency in doing this differs according to the species in 
question. 

The marked effect of amino-purines upon soluble 
iron is related to yet another phenomenon, namely, 


Soluble iron (p.p.m.) , 


Sp tf eEG; 





02 0-4 0-6 08 


Deoxyribonucleic acid (per cent) 


Fig. 1. Relationship between age ad ae ri acid and ae 
iron in various frnit tree species. - 3; &—A, plum 
' @—®, peach; O—O 


10 


A= 


grape 
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lime-induced chlorosis (lack of chlorophyll), which 
has frequently been correlated with insufficient iron 
supply**. It is assumed by several workers in this 
field that this phenomenon i is not always caused by a 
total lack of iron, but often by a physiological 
deficiency of a form of iron which 1s thought to be 
active in chlorophyli formation (for example, refs. 3, 
7, 9 and recent unpublished results in our labor- 
atory). This fraction was found to be extractable 
with hydrochloric acid and was called the ‘active’ 
fraction®, In view of our previous results on the 
effect of amino-purines upon the soluble (active)-iron 
fraction, chlorotic grape, peach and plum branches 
were sprayed with 50 p.p.m. solutions of adenine and 
guanine, respectively. After three weeks, leaves were 
collected, extracted with ethanol, and chlorophyll 
was determined against a bichromate—copper stan- 
dard?®, Tron was ‘analysed as previously described. 
Typical results are. summarized in Table 3. 


Table 8. EVFECT oF ADENINE AND GUANINE UPON THE SYNTHESIS 
, OF CHLOROPHYLL IN CHLOROTIO FRUIT TREE LEAVES 





Tron (p.p.m. of dry 
matter) 


Chlorophyll 
« (per cent of 
fresh matter) 


Species | Treatment 


Control 
Adenine 
Guanine 


S.E 
Control 
Adenine 
Guanine 


S.E. 


Grape 





Control 
Adenine 
Gusnine 








is is seen that adenine and. guanine sprays increased 
both the soluble-iron fraction and the chlorophyll 
content of the leaves, whereas the total iron remained 
again fairly constant. The question therefore remains 
whether the deficiency of total iron is the causal 
factor in all cases of lime-induced chlorosis, even if 
the supply of iron to chlorotic plants can control this 

of chlorosis®?1, Our results would seem to 
indicate that in lime-induced chlorosis a disturbance 
‘of the deoxyribonucleic acid metabolism is involved, 
reducing the physiological availability of iron, and 
thus leading finally to chlorosis. 

Considering in this latter respect once again (Fig. 1), 
it is of interest to note that the divergence of the 
regression lines corresponds fairly well with the well- 
known characteristic inherent resistance of the ~ 
various species to lime-induced chlorosis, olive trees 
being far more resistant than grape vines. 

My thanks are due to Dr. J. Putter for the statistical 
analysis. 
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Polyphenoloxidase (‘Tyrosinase’) : 
Purification and Molecular Properties 
POLYPHENOLOXIDASE has been prepared from 
potatoes by Kubowitz! and from cultivated mush- 
rooms (Psalliota campestris) by Keilin and Mann?®. 
The degree of purification attained was certainly very 


high, and it is conceivable that the enzyme was 


obtained in a pure or near pure state. However, the 
yield of these preparations was very low: 0-3 per 
cent and 3 per cent respectively. This, and the 
madequacies and the difficulties of the methods 
available in 1938, did not permit verification of the 
homogeneity of these preparations and the study of 
the molecular properties of the enzyme. Ten years 
later, polyphenoloxidase was prepared from mush- 
rooms by Dawson et al.3. Their preparation, appar- 
ently homogeneous electrophoretically, was found to 
be polydisperse in the ultracentrifuge’. So far as 
we know, despite the considerable interest in the 
enzyme, no other large-scale preparations have since 
been. reported. 
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Fig. 1. The 

zolstion contains 13-3 mgm./ml. enzyme in 0:005 M disodium 

hydrogen phosphate., Rotor speed, 5078 ,780. T, 20°C. Exposures 
at (1) 31, (2) 63 and (3) 95 min. 


Sedimentation pattern of polyphenoloxidase. 


tubes; rapid precipitation, tube by tube, of the 
supernatant with 1-5 vol. acetone and dissolution 
of the precipitate) must be completed during one 
working day. As it was impossible, using two re- 
frigerated centrifuges of the International type, to 
process more than 3 kgm. of mushrooms durmg this . 
period of time, five similar preparations were pooled, 
frozen and afterwards worked up together through 
steps 3, 4, 5 and 6. Two such preparations (each one 
corresponding to 15 kgm. of mushrooms), always 
pooled frozen, were worked up together through 
steps 7 and 8. In the last steps of the procedure, four 
preparations (each one corresponding to 30 kgm. of > 
maushrooms) were combined. 

It may be pointed out that the first extract m 
30 per cent acetone constitutes an essential phase 


Table 1. PREPARATION OF POLYPHENOLOXIDASE FROM 120 KGM. OF MUSHROOMS 








(units/ml.) 


80 per cent acetone 
supernatant) 
(2) 1+ 


vol. acetone 
(precipitate) 
(8) Calcium acetate (I) 
i upernatant) 
(4) Calcium acetate (IT) 
‘supernatant, 
{8 46° C. (supernatant) 
45 per cent acetone ' 


197,559 
33,880 
86,550 
36,340 
85,335 


(precipitate) 

(7) Ammon. sulphate, 0 45 sat. 760 
(precipitate ) 

(8) Alcohol-acetone-sodium acetate 
(precipitate) 

(9) Ammon. sulphate, 0:46-0:48 sat, 
(precipitate) 

(10) Ammon. ele 0425-0 -462 sat, 
(precipitate) 

(11) Acetone-calcium acetate 
(precipitate) 





Indeed, the purification of the polyphenoloxidase is ` 


a difficult task. Some of these difficulties are common 
to the isolation of the respiratory enzymes in general. 
Additional difficulties are the great inhomogeneity 
of the best starting material (mushrooms), which 
make it difficult to devise a thoroughly reproducible 
method of purification and, above all, the extra- 
ordinarily rapid formation of coloured oxidation pro- 
ducts during the first stages of purification. As the 
elimination of these oxidation products, once 
they are formed, entails very heavy losses, this last 
difficulty requires special precautions and rapid 
work. 

Our purification procedure, from 120 kgm. of 
mushrooms, is summarized in Table 1. Details will 
be reported elsewhere. Here it must be pointed out 
that to keep the formation of coloured oxidation 
products as low as possible, steps 1 and 2 of thé 
procedure (dehydration and homogenization of the 
frozen mushrooms in acetone at — 20°C.; ex- 
traction with 30 per cent acetone in closed centrifuge 






Concentration 
(units x 10-*)} (mgm./ml 













Yield 
Partial Total 
(per cent) (per cent) 


Content Dry weight | Specific activity 
ml (unii 


) tsjmgm.) 








35,000 
38,300 
85,000 
29,400 
Aa 



















17,800 
18,000 
8,100 
8,300 
4,360 


of the purification. A water extract, as used m other 
methods!-*, would contain only 2-40-0-60 enzymatic 
units per 1 mgin. dry weight of non-dialysable matter. 

The final preparation was found to be electro- 
phoretically homogeneous (phosphate buffer 0-05 M ; 
pH. = 7-06). In the ultracentrifuge the sedimentation 
pattern shows only one single sharp and symmetrical 


peak (Fig. 1). The enzyme is pale yellow in colour ; 
the absorption spectrum shows a and intense 
band at 283 mp (E (1 per cent, 1 cm.) = 27-55) anda 
just perceptible shoulder at'340 my, but no other 
specific bands are visible. The copper content of the 
enzyme is 0-20 per cent. The sedimentation constant 
extrapolated to zero concentration is So = 2-7 x 
10-18 sec., and the diffusion constant is Dao = 7-7 X 
10-7 cm.? sec. The partial specific volume is 
V = 0-758 cm.? gm.. The molecular weight of the 
enzyme is consequently about 34,500, which is a value 
in good agreement with the minimum molecular 
weight calculated (31,500) on the basis of the copper 
content. 
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Influence of Traces of Heavy Metals on 
the Reaction Velocity and Turnover of 
Yeast Alcohol Dehydrogenase 


Vallee and Hoch reported in 1955 that yeast alcohol 
dehydrogenase is a zme-containing enzyme and that 
o-phenanthroline inhibits its activity by formation of 
an inactive o-phenanthrolme—zine-protem complex}, 

In our studies on antigenic properties of yeast 
alcohol dehydrogenase and the kinetics of the antigen- 
antibody reaction, it was found that whereas higher 
concentrations of o-phenanthroline inhibit the activity 
of the yeast alcohol dehydrogenase, lower ones 
actually merease the rate of reaction. Fig. 1 shows 
the influence of o-phenanthroline upon the reaction- 
rate, studied by the spectrophotometric technique of 
Warburg’, in a test system in which the usual reagents 
of analytical grade were used and prepared in a 
double glass-distilled water. Alcohol was used as a 
substrate, and the semicarbazide as an aldehyde 
binder. 


0:900 


op 841044 





0-800 


oni 710M 


0-700 





4$—- +1 
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+ 
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Fig. 1. Action of o-phenanthroline on the reaction-rate of alcohol 

del ydrogenase ın a test system containing traces of heavy metals 

(as present in the usual analytical grade reagents). ge arbi 

buffer 0:064 AZ, semicarbazide 0-015 M, aiechol 0°32 M, diphos- 

phopyridine nucleotide 1:8 x 10> M. Enzyme added at zero 

ime and readings taken every 15 sec., wave-length 340 my, 
d = 1 cem., blank without o-phenanthroline, pH 7'38 
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at 2. Action of o-phenanthroline on the reaction-rate of alcohol 

ydrogenase in & highly purified t system, Phosphate 

eee semicarbazide, alcohol and ‘phenentivaine & nucleotide, 

same concentrations s in Fig. 1, o-phenanthroline 2 6 x 10-* to 
21x 10> M, pH 7-46 


180 


The rate of reaction is increased by low concentra- 
tions of o-phenanthrolme (5:8 x 10-4 M and 1-7 x 
10-3 M). The curve for the blank without o-phen- 
anthroline differs in two respects from those with ıb 
present in various concentrations: (1) the initial 
velocity is lower, and (2) the degree of inactiva- 
tion with increasing time ıs greater. The crossing 
of the blank curve with that for 5:8 x 10° M 
o-phenanthroline indicates that at this concentra- 
tion. the initial velocity is reduced by the formation of 
an o-phenanthroline-enzyme’ complex. During the 


‚course of the reaction, however, the rate of such 


inhibition is decreased. The degree of activation 1s 
directly related to the diphosphopyridine nucleotide 
concentration: a rise in concentration of diphospho- 
pyridine nucleotide leads to a greater percentage 


- activation when the concentration of o-phenanthroline 


is constant. 

This influence of low concentrations of o- phenan- 
throline might be explained by the concomitant 
binding of traces of heavy metals present in the test 
system and which progressively reduce the enzymatic 
activity. In order to test this possibility, double- 
distilled water was purified by shaking with 
‘Dithizon’-chloroform and redistilled after addition 
of 50 mgm. of o-phenanthrolineflitre water.‘ The 
conductivity did not exceed 1 x 10-*. The buffer 
salts and semicarbazide were recrystallized once or 
twice from hot water; the alcohol and hydrochloric 
acid were redistilled. ‘The diphosphopyridine nucleo- 
tide used was 96 per cent pure (spectrophotometric 
assay). The twice-crystallized enzyme (obtained from 
Worthington Biochemical Corp.) was further re- 
crystallized twice from an ammonium sulphate solu- 
tion; only the first crystalline fraction precipitating 
was used. This was resuspended in 0-4 saturated 
ammonium sulphate solution. 

Fig. 2 shows the activity of alcohol dehydrogenase 
in a medium almost free from metals: the rate of 
reaction in the control is much higher than that in the 
medium commonly used (Fig. 1). The addition of 
o-phenanthroline does not increase the activity of 
the enzyme further, but begms to show an inhibitory 
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effect. The merease in activity is only Table 1. yerr ABSORPTION BANDS OF REDUCED CT TOCERONS e* 

a ight’s 
apparent; actually 1 1s produced by the — 196° os + 20° — 196° 20° 
removal of heavy-metal ions. The lower 507-509-512 509 to 511 605599 515, -909 toa 
affinity of -the zinc-enzyme protein for 516-520-523-528-530 519-522 to 524-529 226-529-530 518-522-530 
o-phenanthrolne as compared with that ee a 540 to 541 540 
of the free ionized metals?-+ explains why 547 to 555 547 to 554 547 to 556 

549-551-554 j 


low concentrations of o-phenanthroline have 
an activating effect m the presence of 
heavy metals and an mhibitory one when 
the amount of heavy metals is reduced 
to a mmimum. The increased activation of the 
enzyme with increasmg concentrations of diphos-: 
phopyridine nucleotide can be imterpreted by the 
competitive action of o-phenanthrolme and the 
nucleotide on the zinc bond of the enzyme molecule?. 

In face of this evidence, the conclusion was drawn 
that the existing turnover number of alcohol de- 
hydrogenase may be too low if estimated ın a test 
medium contammg traces of metals. Therefore we 
decided to estrmate the turnover number in the 
purified test medium. 

For the estimation of the maxımal reaction velocity 
the enzyme was diluted in ice-cold pyrophosphate 
buffer (0-05 M, pH 7:4) and the reaction was started 
by the addition of an alquot. The final concentra- 
tions were: phosphate buffer 0-065 M, semucarb- 
azide 0:014 M, alcohol 0:49 M, diphosphopyridme 
nucleotide 2-5 x 10-3 M, enzyme 0-51 ugm. protein/ 
ml.; pH of the reaction 7-91, temperature 20°C. The 
icrease in optical density at 340 my for the first 
15 sec. was taken as the maximal reaction-rate under 
the condrtions described (Hm for diphosphopyridine 
nucleotide: 6-22 x 108). The calculated turnover 
number showed that one molecule of alcohol dehydro- 
genase (molecular weight 150,000) reacts with 42,900 
molecules of alcohol per minute. The turnover 
numbers given by previous investigators are: 
Negelein and Wulf’ 36,300 (pH 7-9, 20°C., recal- 
culated for a molecular weight of 150,000) and 
Hayes and Velick® 26,800 (pH. 7-9, 26°C.). 


H. E. REDETZKI* 
W. W. NowrNsxi 
Tissue Metabolism Research Laboratory, 
University of Texas Medical Branch, 
Galveston, Texas. 
Feb. 6. 


* Postdoctoral Fellow of the McLaughlin Foundation, University of 
Texas Medical Branch. 
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Visible Absorption Spectra of Commercial: 
Preparations of Cytochrome c 


Max Moller and Prescott! have directed attention 
to a series of previously unrecorded absorption bands 
‘of reduced solutions of cytochrome c from heart 
muscle (Sigma Chemical Co., U.S.A. ; and Boehringer 
und Sohne, Mannheim). In the course of an investiga- 
tion of the cytochrome occurring mi fungi, we have 
examined several commercial preparations of cyto- 
chrome ¢ for purposes of comparison (Sigma Chemical 
Co.; L. Light and Co.; etc.); the results obtained 
with Sigma and Light’s materials are recorded in 
Table 1. 


* Approximate positions of absorption maxima in italic. 
regions of diffuse absorption 


1 


Hyphens represent 


For this investigation cytochrome was dissolved 
in a solution of 7 parts (v/v) glycerol and 3 parts 
(v/v) 0-1 Df-phosphate buffer (pH 7-2). These solu- 
tions were either reduced with a shght excess of 
sodium dithionite or oxidized with shght excess of 
potassium ferricyanide. They were examined at room 
temperature and at —196° using a Zeiss hand 
spectroscope mounted on an optical bench. 

Cooling the cytochrome solutions to the tempera- 
ture of liquid nitrogen resulted m the absorption 
bands appearing sharper, but their positions were 
displaced 1-2 mp towards the blue end of the spec- 
trum. On warming to room temperature, 70 per cent 
(v/v) glycerol solutions did not devitrify ; solutions 
of this concentration of glycerol were found, however, 
to be optimal for observations. If cytochrome solu- 
tions in 45-50 per cent (v/v) glycerol were used, 
devitrification occurred on warming from—196° and 
this was accompanied by intensification of the bands’. 
It was important to allow the frozen sample to warm 
up slowly for devitrification to occur. On oxidation, 
the bands became diffuse at 562-568 mu and 525- 
535 my. Exammation of cytochrome solutions m 
the ‘Unicam S.P. 500° spectrophotometer gave two 
major absorption maxima at 550 mp and 520 my 
with small ‘bulges’ on the sides of these two peaks 
corresponding to the other absorption bands seen 
with the direct-vision spectroscope. 

The results are in general agreement with those 
of Max Moller and Prescott, except that we did not 
observe a band at 500 mp. 

Cytochrome solutions were very stable when left 
for long periods at room temperature, although in some 
very old preparations a diffuse band was observed at 
585-595 mu m addition to the bands recorded in 
Table 1. The solutions oxidized on standing. 

Cytochrome c preparations made from animal heart 
by the method of Keilin and Hartree? and also 
preparations of yeast cytochrome c made by extract- 
mg yeast with 10 per cent (w/v) ammonium sulphate 
showed the same absorption bands as the commercial 
preparations when exammed at room temperature 
with the Zeiss spectroscope. 

Margoliash* has reported the presence of ‘modified 
cytochrome e to the extent of 10-25 per cent in 
Kelm and Hartree cytochrome c preparations. In 
two fractions isolated on ion-exchange columns he 
could detect no difference spectroscopically. Hender- 
son and Rawlinson’ have noted, in addition to the 
modified cytochrome c of Margoliash, an impurity 
containmg hem. Preparations with varymg amounts 
of this impurity showed little difference in absorption. 
curves ın the region 500-560 my; but merease in 
the percentage of hem impurity gave a corresponding 
merease in the absorption from 560 mp towards the 
red end of the spectrum with maximum effect at 
590 mu. Thus although the presence of ham com- 
pounds other than cytochrome c have been recorded 
in the Keilin and Hartree preparation, a complete 
interpretation of the spectroscopic observations 
presented here cannot be attempted at present. 
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_ Since this communication was prepared, an 
important paper on the subject by R. W. Estabrook 
has appeared®, 
D. BOULTER 
E. DERBYSHIRE 
C. S. SEMMENS 
Department of Botany, 
University of London, 
King’s College, 
London, W.C.2. 
Jan. 17. 
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Immunobiological Studies on Crystalline 
Alcohol Dehydrogenases from Closely 
Related Yeast Species 


Hrrasrrto, there have been few reports on compar- 
ative immunological studies on functionally homolo- 
gous enzymes from closely related species of micro- 
organisms. Detailed immunobiological and immuno- 
chemical studies of this kind have been carried out 
only upon lecithmases from Clostridia'-*. 

We have been studying the mmmunobiological and 
immunochemical properties of crystalline alcohol 
dehydrogenase isolated from two subspecies of 
Saccharomyces cerevisiae (bakers’ yeast and brewers’ 
yeast) by the methods of Rackert and Keleti’. 
The enzymes from both species acted as antigens on 
rabbits. 

The rabbits were given 260 mgm. alechol dehydro- 
genase from brewers’ yeast or 130 mgm. alcohol 
dehydrogenase from bakers’ yeast imtravenously. 
The undiluted immune sera were found to have 
0-484 mgm./ml. and 1-704 mgm./ml. of the respective 
antibodies. The enzyme from both species proved to 
be immunologically homogeneous, since the neutraliza- 
tion zones determined in our precipitation systems 
had sharp limits. 

In our work we first determined the optimal pro- 
portions by the dilution method and then we studied 
the quantitative relationships following Heidelberger 
and Kendall‘, using the spectrophotometric method 
of Gittlin’, 

We found that both antigens mutually absorb 
completely the homologous as well as the heterologous 
antiserum. The quantities of antigen needed for 
absorption and the quantities of antibody pre- 
cipitated by the different antigens are different for 
the alcohol dehydrogenases isolated from the two 
species. 

The differences between enzymes found by immuno- 
logical -studies is supported by mutual dissolution 
studies following Landstemer- and MHeidelberger*. 

We found that the anti-enzyme-containing serum 
inhibits the activity of aleohol dehydrogenase from 


both species. At maximal (100 per cent) inhibition, ` 


the ratio of enzyme-antigen to antibody agrees with 
the ratio of antigen to antibody found at the neutral- 
ization point determmed in our precipitation systems. 

Inhibition becomes total two mmutes after the 
addition of immune serum. This period remains 
unchanged if the enzyme is pre-incubated with 
diphosphopyridine nucleotide, or with its substrate 
previously to the addition of immune serum. How- 
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ever, if the immune serum is added to a functionmg 
enzyme (that is, to antigen which has been previously 
mixed with diphosphopyridine nucleotide and sub- 
strate) the inhibitory action of antibody is delayed. 
Total mhibition then develops after 20 min. instead 
of 2 min. 

The inhibitory action of antibody does not compete 
with substrate. 

A detailed account of these experiments will be 
published in Acta Physiologica Hungarica. 


F. ANTONI 
T. Keret 
Biochemical Institute, 
Hungarian Academy of Sciences, 
Budapest. 
Jan. 2. 
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Chelating Tendencies of N,N’ -Ethylenebis- 
[2-(o-Hydroxyphenyl)] Glycine 

RECENT investigations of a wide variety of chelate 
compounds as carriers of ferric 10ns in plant nutrition 
showed the ferric chelate of N,N’-ethylenebis-[2-(0- 
hydroxyphenyl)] glyeme to be a very effective iron 
carrier in biological systems. Because of the remark- 
able properties of this new chelating agent, investiga- 
tion of its affinity for ferric ions and other metal 
ions seemed desirable. The structure of this sub- 
stance (I) differs from that of most of the common 
ferric ion sequestering agents m that the hydroxyl 
groups are phenolic rather than aliphatic in nature. 


coo- H H  coo- 
| [+ ns re 
CH——N—CH,—OH,—N——CH 


| | 
H H 
OH 


HO 
) 


The acid dissociation constants and chelate stability 
constants, as determined from the potentiometric 
titration curves in Fig. 1, are listed in Table 1. The 
second, third and fourth overlapping dissociations 
of N,N’-ethylenebis-[2-(0-hydroxyphenyl)] glycine 
were calculated graphically by the method of 
Schwarzenbach and Ackermann’. The stability 
constants were calculated by a conventional algebraic 
method, except for those for calcium and magnesium 


Table 1. AJID DISSOCIATION CONSTANTS AND CHELATE FORMATION 
CONSTANTS OF (I) 
Equilibrium constants* 








Metal pk, pK pK, - PE: 

HF 6-32 8°64 10-24 11-68 
log K(MH,4) pk, pk, 

Cu(II) >15 4-98 8-04 

Nid. 11-40 6 03 7-63 

ant) 9-28 6 84 7-74 

cada 7-77 7-86 8-70 
log K(MH.A) log K(MEA) log K(3IA) 

car 1-6 35 61 

Mg (Tl) 2-3 48 76 


* pK’s refer to dissociation constants ; Kz values are formation 
constants for metal complex X. 
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4 5 
a = Moles of base/moles of acid 


Fig. 1. Potentiometric titration curves of N,N’-ethylenedis-[2- 
(o-hydroxyphenyl) ] glycine 


ions, which were obtained by treating the 10:1 
metal excess curves in Fig. 1 as two separate dissocia- 
tion steps at a constant concentration of metal ion. 

The titration curves indicate that the cupric, 
nickel; zinc and cadmium ions first combine with 
the ethylenediaminediacetate groupings. The sub- 
sequent dissociations of these complexes at higher 
pH is probably accompanied by simultaneous re- 
arrangement of the ligand to allow participation of 
the phenolate groups ın chelation. ‘This interpreta- 
tion is supported by the shift of the ultra-violet 
band of the cupric chelate from 277 my, typical of 
the acid phenol band, to 285 my (compared to 296 mp 
for the tetrasodium salt). 

The ferric chelate 1s unique in several respects. 
The titration curve shows the formation of only a 
single chelate compound at low pH, indicating high 
stability (log K > 10%). The neutralization of four 
moles of base per mole of ligand indicates participa- 
tion of both phenolate groups in chelate formation 
to form a compound having the structure represented 
by (I1). This is confirmed by the existence of a single 
phenolate absorption band at 282 my (e = 5,000) 
unaffected by pH changes from 3 to 11. Potentio- 
metric titration of ferrous ions m a reducing atmo- 
sphere in the presence of N,N’-ethylenebzs-[2-(o- 
hydroxyphenyl)] glycine resulted in rapid oxidation 


, 
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of the metal to give the ferne chelate. Similar 
oxidation reactions were observed for the cobalt and 
manganese chelates. 
H. H. FREEDMAN 
A. E. FROST 
Eastern Research Laboratory, 
The Dow Chemical Company, 
Framingham, Mass. 


S. J. WESTERBAOK 
A. E. MARTELL 
Department of Chemistry, 
Clark University, 
Worcester, Mass. 
Jan. 21. 
* Bpbwrärzonbach, G , and Ackermann, H., Helv. Chim. Acta, 30, 1029 


Effect of ‘Free Space’ in the Decomposi- 
tion of Solid Nitrates by X-rays 


WE have measured @ values for the decomposition 
of a number. of anhydrous nitrates by X-rays of 
44-5 kVp. from a beryllium-windowed tube. The 
decomposition proceeds almost entirely according to 
the overall reaction : 


NO,~ — NO. + 40: 


In Fig. 1, @ values for the initial rate of decom- 
position are plotted agamst ‘free space’ per nitrate 
100 in the crystals. The ‘free space’ is the difference 
between the volume of che .crystal and the volume 
of the ions in it, taking the volume of the nitrate 
ion somewhat arbitrarily as 14:5 A.?, (This is the 
total volume of its three oxygen atoms.) 

The graph shows an unmistakable correlation _ 
between G and ‘free space’. This mdicates that the 
tightness or looseness of the ‘cage’ of surroundimg ions 
is an important factor determining the relative 
chances of an excited nitrate 1on breaking up chem- 
ically or reverting to the ground-state undecomposed. 
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Unıvalen? nitrates 


30 
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Fig.1. The number of nitrite ions formed per 100 eV. absorbed io 


as a function of ‘free space’ per nitrateion. Temperatures 16-17° 
except where otherwise indicated 
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The increase in G for potassium nitrate above room 
temperature can be well correlated with the increase 
in ‘free space’ resulting from thermal expansion (see 
graph). However, G for sodium nitrate mereases 
with temperature out of all proportion to the increase 
in ‘free space’: we do not know why. 

A full account of this work, and of many other 
results from the irradiation of nitrates, is being 
prepared for publication. 

The idea that the ‘free space’ difference might 
explain the difference between the rates of decom- 
position of potassium and sodium in a nuclear reactor 
was first put forward by Hennig, Lees and Matheson®. 

The work described here was carried out at the 
Queen’s University of Belfast, under contract wrth 
the United Kingdom Atomic Energy Authority. 

J. CUNNINGHAM 
H. G. Hear 
Chemistry Department, 
University of British Columbia, 
Vancouver. 
March 18. 
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Esterification by the Nitronium lon 
in Aqueous Perchloric Acid 


THE nitronium ion, NO,+, has been shown to be 
the active nitrating entity in the O-nitration of certain 
alcohols in organie solvents! in which nitric acid 1s 
present in large excess. Kinetic studies in progress 
on the esterification of isoamyl alcohol with nitric 
acid in 55-62 per cent aqueous perchloric acid have 
now indicated that here also O-nitration proceeds 
through the nitronium ion, although only a very 
small fraction of the nitric acid can be present in 
this cationic form in media of such high water- 
content. Rate measurements at 25°C. made by 
ultra-violet spectrometric analysis of the unchanged 
mitric acid after dilution of aliquots with water and 
extraction of the 7soamy] nitrate product show that 
the rate equation (1) is obeyed : 


d{1so-AmNO,]/dt = k{iso-AmOH] [HNO,] — 
k'[iso-AmMNO,] (1) 


In the range of media studied, about 30-55 per 
cent conversion to the nitrate ester occurs. Inter- 
action of the medium with iscamyl alcohol is neghg- 
ible. The identification of the nitronium ion as 
the esterifying agent follows from the demonstration 
of parallelism over a range of media of log k and 
log R where R is the ionization ratio [R+]/LROH] for 
& base ROH which ionizes to form Rt by the same 
process as that which converts nitric acid to the 
nitronium ion*. The relationship between log k and 
log & has been tested in the form of equation (2) : 


d log k/d percentage HClO, = d log R/d per- 
centage HClO, (2) 


in which R is the ratio [NO+]/[HNO,] for the ioniza- 
tion of nitrous acid to the nitrosonium ion, NOt, 
in aqueous perchloric acid’, and as shown in Fig. I, 
the rate of change of log k and of log [NO+]/[HINO,] 
with the medium are the same. The lack of parallelism 
of log k with the Hammett acidity function? H, 
indicates that the esterifying agent is 
be the nitracidium ion H,NO,t. 
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- Equation 2 in its appropriate form was first used. 
for aqueous sulphuric acid media’ to verify that 
nitration of aromatic compounds proceeds through 
the nitronium ion over a wide range of media; R 
values used were those for the ionization ratio for a 
triphenylearbinol indicator, and appreciable devia- 
tions were found from equation 2 in certain ranges. 
We have found that log R for 4-trrmethylammonium 
triphenylearbinyl methyl ether perchlorate plotted 
over the range 50-60 per cent perchloric acid gives 
a straight line of slope of 3-04, which is 10 per cent 
higher than those for the esterification rate and ths 
[NO+}/[HNO,] ratio given in Fig. 1. This suggests 
that correlations between rate and ionization ratio 
are dependent on the size of the molecules and ions 
concerned. 
T. G. Bonner 
D. E. FRIZEL 
Royal Holloway College, 
Englefield Green, 

Surrey. 

Feb. 11. 
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A Photon Counter of High Sensitivity 
for the Vacuum Ultra-violet Region 


PHOTO-EMISSIVE receivers for the region of the 
spectrum below 2000 A. have generally used for the 
sensitive surface pure metals (platinum, tungsten, 
copper) or alloys (beryllium—copper’, chrome~—1ron*) 
the photo-thresholds of which lie near 2000 A., thus 
rendering them insensitive to stray light in the near 
ultra-violet. Such materials, while lending themselves 
to reproducibility of surface, have not shown high 
quantum efficiencies except at the very short wave- 
lengths*—below 1000 A. In the measurement of low 
light-levels, for which purpose counting of photo- 
electrons, whether by electron multiplier or gas 
amplification, is best suited, quantum efficiency may 
best be defined as the fraction of incident quanta 
detected, that is, which cause emission of one or 
more electrons detectable as a group. Values of the 
efficiency defined in terms of the average number of 
electrons per incident quantum, which may be rather 
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higher, have generally been found to range from 
about 10-* (for beryllimm—copper) to only 10-7 (for 
chrome~iron) at 2000 A. 

The use of copper iodide as the photo-emissive 
surface in a photon counter using gas amplification 
has been described by Lormeau‘, who claimed very 
high sensitivity for the device though without giving 
an estimate of its quantum efficiency. However, 
under the conditions of operation in this case (using 
alcohol vapour and, in particular, a very low external 
resistance) the response to variation of light mtensity 
was markedly non-linear. It may be inferred that 
a large mstantaneous current was passed by the 
counter and that non-Lnear behaviour was the result 
of both excessive internal photon production and 
polarization of the semiconducting layer of copper 
iodide. 

It has now been found that strictly Imear response 
over a range of not less than 10? can be obtaimed with 
this surface if counter operation 1s confined to the 
proportional region (cf. Curran, Cockroft and Augers’), 
and that the use of fluorite window and methane 
flung (12 mm. pressure) results in sensitivity to 
radiation in the vacuum ultra-violet. 

The photocathode was prepared by treatment of 
clean copper foil with a dilute solution of iodine in 
carbon tetrachloride to form a thin adherent layer 
of iodide which was washed several times with 
boilmg carbon tetrachloride to free ıt from excess 
iodine. The long wave-length threshold has been 
confirmed at near 2300 A. and sensitivity found to 
increase rapidly until about 2000A. is reached. 
Between 2000 A. and the transmission limit of the 
fluorite spectrograph (1450 A.) used in this investiga- 
tion no marked change in sensitivity was apparent. 

The quantum efficiency in the region 1850-2150 A. 
has been estimated from the count-rate observed 
with the counter exposed (at 10 cm. distance in air) 
to radiation from a heated platinum strip, the tem- 
perature of which could be determined by optical 
pyrometer. The remarkable value of between 10-? 
and unity is supported by the observation that re- 
placement of the copper iodide coated cathode by 
one of etched copper (quantum efficiency at 2000 A. 
c. 1074) caused the count-rate to fall by a factor of at 
least 10°, 

Such high sensitivity and linearity of response 
make this device a useful receiver for spectroscopic 
studies in the 1000-2000 A. region. The use of this 
counter in a double-beam vacuum spectrometer in 
these laboratories has enabled measurements of 
absorption intensities to be made, the accuracy of 
which was lmited only by ratemeter linearity and 
statistical counting errors. It has been observed that 
the cut-off at 2300 A. renders the effect of scattered 
light (derived principally from the longer wave- 
length .emission of the hydrogen discharge tube} 
quite neghgible in the region studied. Tt is hoped to 
publish details of the construction of the counter, 
spectrometer and associated apparatus elsewhere with 
reports of spectroscopic studies 


D. W. TURNER 
Department of Chemistry, 


Imperial College of Science and Technology, 
London, S.W.7. Feb. 25. 
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Arc Movement and Electrode 
Magnetism 


RECENT experiments on arcs in free air have 
shown that the presence of magnetic fields in the 
surface of the electrodes greatly mfluences the are 
movement. 

In these experiments, two cylindrical electrodes 
l cm. in diameter were mounted horizontally and 
parallel with their axes m a vertical plane and 3-2 cm. 
apart, the anode being uppermost. The electrodes 
were connected at one end to a source of current, the 
other end being free, and the are was initiated at the 
current-feed end by exploding a wire. The arc was 
photographed as it travelled towards the free end 
of the electrode system under the action of the 
magnetic field due to current in the electrodes. The 
camera was of the rotating-drum type operating at 
960 frames per sec. 

For are currents up to about 400 amp., regular 
and continuous tracks were found on the cathode, 
but regular tracks on the anode occurred much less 
frequently for all the electrode materials tested. The 
eathode-spot velocity was found to increase uniformly ` 
with are current, being the same for copper, 
alumimium and brass, but much greater for mild 
steel and stamless steel, which are magnetic. 

The hypothesis that the higher velocities with the 
ferrous electrodes are due to their magnetic pro- 
perties was tested by magnetizing the electrodes in 
the axial direction. It was found then that the 
cathode spot followed a helical path; m some cases 
completing three revolutions of the cathode. If the 
direction of magnetization was reversed, the helix 
direction was also reversed. Since the sense of the 
helix was the same whether the cathode was mag- 
netized as an electromagnet or as a permanent 
magnet, although the field in the air away from the 
cathode surface was reversed by this procedure, it 
was concluded that the circumferential motion was 
determmed by the axial magnetic field within the 
cathode surface. When the axial field was absent, 
a circumferential field still existed within the electrode, 
being caused by the current flow, so that it was im- 
portant to establish whether or not this field influenced 
the axial motion of the arc towards the free end of the 
electrodes. 

Two pieces of evidence suggest that this internal 
earcumferential field had great influence: (1) the 
velocity was much greater on ferromagnetic cathodes, 
as already mentioned; if the internal field is 
mmportant, an increased velocity would be expected 
since the circumferential field would be con- 
centrated withm a magnetic cathode; (2) further 
evidence has been found by comparmg the axial 
and circumferential velocities of the helix motion 
with the corresponding internal circumferential and 
axial magnetic fields. For a given are current, the 
resulting circumferential flux density m the metal at the 
electrode surface was calculated. Then from, curves 
relating circumferential velocity to are current and 
axial flux density, a value of circumferential velocity 


` was found for the same are current, and for an axial 


flux density corresponding to the calculated eir- 
eumferential value. The circumferential velocities 
found in this way were in close agreement with the 
axial velocrties for the same are currents, and in- 
dicated that both velocities were induced by similar 
internal magnetic fields. 

Helical motion of the anode spot was also found 
when the anode was magnetized axially, but the 
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movement was mi an opposite sense to that on the 
cathode. Tests with electromagnetic or permanent 
magnetic anodes again showed that the mternal field 
was responsible. 

The results show that movements of the are spots 
are caused by local, surface magnetic fields, which 
` are in the same direction as the fields in the bulk 
metal. 

It 1s suggested that transverse galvanomagnetic and 
thermomagnetic forces! are responsible for the motions 
observed, acting within the cathode and anode spots. 
On the cathode, such effects could modify the pattern 
of electron emission and so determine the new sites 
to which the cathode spot might move. These forces 
have been discussed by Ware? and by Smith? in 
connexion with retrograde motion of mercury-are 
cathode spots at reduced pressures. In the present 
case we have to consider these effects within the 
sohd—liquid—vapour transition region of the cathode 
spot, where the electron density and density gradients, 
as well as thermal gradients, are much greater than 
in the regions of the discharge away from the micro- 
surface of the cathode. Although Ware? concluded 
that thermomagnetic effects will rarely be important 
m laboratory discharges, ıt would seem that, within 
the micro-regions considered here, thermomagnetic 
as well as galvanomagnetic forces should be con- 
sidered. 

On the anode, the galvanomagnetic forces appear 
to be reversed with respect to the thermomagnetic 
ones; but until more is known about anode mech- 
amsms, it is not possible to be certam that this 
reversal accounts for the reversed helix motion on 
that electrode. i 

It is hoped that a more detailed account of this 
mvestigation. will be published elsewhere. The work 
arose out of an investigation on arcing devices for the 
British Electrical and Allied Industries Research 


Association, to which thanks are due for the use of” 


the camera. One of us (T. J. Lewis) acknowledges 
the award of a Turner and Newall Fellowship by the 
University of London 
A. E. GULE 
T. J. LEWIS 
S. F. Menta 


Electrical Engmeermg Department, 
Queen Mary College 
(University of London), 
London, E.L 
Feb. 15. 
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A High-Intensity Light Source for 
Stroboscopic Operation at Frequencies 
up to 250 kc./s. 


We have constructed a high-voltage cathode ray 
tube in which the beam excites the entire screen 
surface simultaneously and uniformly; the peak 
beam-current may exceed 100 m.amp. for short 
periods without damage either to the cathode or the 
phosphor. The intensity and duration of the electron 
beam-pulse are controlled by the grid, complete cut- 
off bemg possible without removal of the anode 
voltage. By a suitable choice of screen phosphor (2 
zine oxide supplied by Messrs. Levy-West) the form 
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i 1 
4 usec, 
Fig. 1. (a) Oscillogram of a 250-ke./s. enero ware voltage pulse 


applied to control the flash tube. (#) Oscillogram of the correspond- 
ing light pulses 


of the light pulses may be made to follow that of 
the control signal up to frequencies approaching one 
megacycle per second. ‘ 

With an accelerator voltage of 20 kV. and square- 
wave beam-current pulses of 100 m.amp. the peak 
power dissipated at the screen was 2 kW. and the 
radiation pulses produced had a peak luminous 
intensity of about 3,500 candelas normal to the 
screen with an associated luminous flux of about 
104 lumens. The screen was 5 cm. in diameter and 
hence 1ts luminance was nearly 2 x 10° candelas per 
sq. m. 

Fig. la shows the oscillogram of a 250 ke./s. 
square-wave voltage pulse applied to drive the control 
grid of the tube, and Fig. 1b represents the correspond- 
ing tram. of current pulses generated by an electron 
multipler photocell receiving the light output. The 
output pulses are substantially the same in shape 
as the control voltage pulses but show the effects 
of build-up and decay which are characteristic of 
the phosphor used. The colour of the radiation was 
predommantly green. Similar results have been 
obtained with phosphors radiating ultra-violet and, 
with the aid of filters, the near infra-red, 

We found that the heating of the screen limited the 
rate of 2-usec. pulses at 100 m.amp. peak to about 
l ke./s. for continuous operation, but trains of flashes 
at any rate of repetition were possible for brief 
periods of less than one second. Continuous operation 
at high frequencies was possible by reducing the 
duration of the pulse or the peak beam-current, 
which, for example, was 400 uamp. in the case of 
2-usec. pulses at 250 ke./s. as m Fig. 1. 


M. D. Dupiry 
I. Wurrnry 
R. FEINBERG 
Ferrantı, Ltd., 
Holmwood, Lancs. 


Television Images 


Ir was observed, while watching a television sereen 
from about 6 ft., that, ıf the eyes were moved rapidly 
across the sereen from a pomt about one foot to the 
left of the screen to a pomt a similar distance to the 
right, a clear picture could often be seen to the right 
of the screen. It was in the shape of a parallelogram 
with base and height the same as the sereen, slopmg 
to the right. It appeared almost as bright as the 
sereen, and the picture on it could often be seen in 
considerable detail. If the eye movement was in the 
opposite direction, the same effect was obtamed, with 
the parallelogram slopmg to the left. By moving 
the eyes through a wider are, more than one such 
image could be seen. i 
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Ss Wise ATTE, First frame .............0 
Screen Top Middle Bottom 
Rotating retina 

` 
a 
; b c å 
What is seen (previous See pS. PATSAS 
Innes dotted) 


Filling 1n the picture: 
EET] 


Fig. 1. Mode of representation on the retina during left-to-right eye movement 


It was supposed that this was the representation of 
a single frame of the picture, the slope being due to 
the movement of the retma during the production 
of tho picture from the top to the bottom. Fig. 1 
shows schematically how two successive frames 
would strike the retma in a left-to-right eye move- 
ment. The arc cd, representing the bottom of the 
first frame, is farther to the right on the retina than 
ab, the top, so 1t is seen more to the left, hence the 
slope. If the speed of movement is such that the 
arcs ab and AB donot overlap at all, the two frames 
will be seen as separate from each other. 

A set of observations was made at increasing 
distances from the screen, keeping the angle of eye 
movement constant. This was done by means of 
two luminous fixation points in the plane of the 
screen, which, for each viewing distance, were placed 
at that distance apart at which they subtended an 
‘angle of 60° to the eye. Viewing distances were 3, 4, 
5, 6, 8 and 10 ft. The screen measured 104 in. by 
Sin. Only left-to-right eye movements are considered. 
The speed of saccadic eye movements is said to be 
constant for a given person and & given angle of 
movement (Woodworth?). 

Hence it was predicted: first, that the time being 
equal in each case, the number of mages would be 
the same at all distances; secondly, that, with in- 
creasing distance, the images would be more sep- 
arated since they would occupy a smaller proportion 
of the visual arc; thirdly, that, with increasing 
distance, the slope of the parallelogram would in- 
crease. The time from the top to the bottom of the 
picture remaining the same, and the speed of rotation 
of the retina being constant, the bottom of the image 
would be displaced the same amount along the 
retma. But since the retimal image at the greater 
distance would be smaller, the slope would be greater. 

In the trials it was found that 34-4 images were 
seen at each distance, all to the right of the screen, 
stretching from the screen to the right-hand fixation 
point or just beyond it. It was not always possible 
to count them exactly, as there were sometimes in- 
complete images at each end, 

At 3 ft. the mages overlapped by about half their 
width, at 5 ft. they were almost separate, and at - 
6 ft. were clearly separated with a space between 
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of about 1/5 of the base of the 
Top 


images. The slope increased from 
abous 75° to the horizontal at 
3 ft., to 30° or less at 10 ft. 

The three and a half to four 
frames would take about 75 msec., 
and this is the right order of | 
time for half the 60° sweep, 
according to Woodworth}. 

When the four images are seen, | 
none of them is so clear as when 
one only is seen, in a narrower 
sweep. It will be seen from Fig. 1 
that in the left-to-right movement, 
each image is farther to the 
right on the retina than the 
previous one, and so is‘seen to 
the left of it. Thus, when four 
images are seen, the latest one 
is that on the left, nearest to 
the screen; it is seen with the 
periphery of the retina, where 
visual acuity is less good. The 
one which is seen with the centre 
of the retina is that on the 
right near the final fixation point, and this is the | 
oldest and most faded image. The clearest picture 
is obtained from 6-7 ft. by stopping about a screen’s 
width from the screen, when just one image is seen 
with central vision. 

If the eyes are moved vertically across the screen, 
in the downward movement a very bright compressed. 
image is seen below the screen; in the upward 
movement there is a fait vertically elongated image 
above the screen. The difference is due to the fact 
that the picture ıs always produced from the top, 
and the reason for the type of distortion in each 
case can be seen by making a diagram similar to 
Fig. 1 for vertical movement. In diagonal movement, 
a combination of the vertical and horizontal distor- 
tions is found. , 

These images, although displaced from their place 
of origin, are clearly not after-images, but first 
images, showing after-lag when several are seen at 
once. Their miterest lies in the fact that they afford 
a unique opportunity of obtaining a clear mage m 
rapid eye movement (although distorted in shape and 
displaced), due to the peculiar method by which the 
television picture is formed. If the eyes are moved 
rapidly across a lummous picture in a dark room, 
just streaks of light are seen, smce each part of the 
retina is stimulated successively by different parts 
of the picture. With the cmema, too, there is a, 
blurred effect, because each frame is projected whole 
for a time on to the screen; but in the television 
image the successive points of light which form the 
picture are so rapid that there is no blurring on the 
retina even in swift eye movement. 

I thank Dr. 8. L. Last for directing my attention 
to these images and discussing them with me; and 
also Mr. N. W. Ellis for information on the manner of 
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T. G. CROOKES 


St. John’s Hospital, 
Stone, 
Aylesbury. 
Feb. 20. 
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Light Energy and Brightness Sensation 


Ex his recent communxeation', Hopkinson suggests 
that the relationship between M, the magnitude of 
brightness sensations, and Z, the corresponding 
‘physical luminance, is ` 


M = kE", 
for dark-adaptation conditions ; and 
M= 


for light-adaptation conditions. 
In a paper published in 1953 * an attempt was made 
“to derive response curves for the eye for various 
states of adaptation, but because of the difficulty of 
discussing sensation magnitudes the discussion was 
limited to the physiological response, N, which was 
thought of as the number of nerve impulses per 
nerve fibre per unit tıme. The experimental data 
upon which the attempt was made consisted mainly 
of two papers by Craik®4. In these papers the effects 
of adaptation on luminance discrimimation and on 
apparent brightness were reported, but all the results 
depended on judgments either of equality of bright- 
ness, or of a just noticeable difference in brightness, 
between two fields. From these results, in the paper 
cited? a self-consistent pattern. of physiological 
response functions was built up and it was concluded 
that 


N = kp 
for' dark-adaptation conditions; and 
= kip 


where p is not less than 1 and not more than 3, for 
light-adaptation conditions. 

The agreement between these results and Hopkin- 
son’s is most striking. If both analyses are correct 
one would conclude that sensation magnitudes are 
proportional to the number of nerve impulses per 
nerve fibre per unit time (and not, for example, to 
the logarithm of that number). 

There has for a long time been a tendency to 
regard the sensation—stimulus relationship in vision as 
a logarithmic one, and this has arisen mainly from two 
arguments. First, lummance discrimination results 
have been integrated and results linear with the log- 
arithm of the stimulus intensity have been obtained. 
Secondly, changing all the luminances of a scene by 
the same percentage (as, for example, by viewing ıb 
through a neutral filter) does not affect the appearance 
of the scene appreciably (providing adequate time is 
“ allowed for adaptation), whereas adding the same 
luminance to each part of the scene (as, for example, 
when the scene is viewed through haze or fog) does affect 
the appearance of the scene very markedly (even when 
full adaptation has taken place). However, luminance 
discrimination results are entirely concerned with 
just noticeable differences, and there is evidence? that 
these are governed by random variations in the stimuli 
or in their perception and not by any relationship 
between sensation and stimulus magnitudes. As for 
the constancy of appearance of a scene when viewed 
through a neutral filter, this would occur if, on placing 
the filter in front of the eye, adaptation occurred m 
such a way that the photochemical absorptions in 
the retina, were unchanged; with filters of moderate 
density this is almost sure to be the case, while for 
very dense filters the appearance of the scene does 
not in fact remain constant; so that here agein we 
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see that no deductions can properly be made regarding 
the sensation—stimulus relationship. 

If, then, the logarithmic relationship cannot bt 
properly deduced from experiment, we are at liberty 
to seek other relationships, and Hopkinson’s result: 
are another example of the superiority of the powe 
relationship i in this context. So long ago as 1920 5 


V = kR 


was suggested as a good approximation to the relation- 
ship between R, the reflexion factor of a grey, and 
its position V along a scale of equal visual steps 
from black to white. So recently as 1952, this same 
square-root seale (not a logarithmic seale, which ie 
inferior) was again suggested as a convenient first 
approximation®, and even more recently’ a cube-root 
relationship has been proposed ın preference to a 
logarithmic one. 
R. W. G. HUNT 
Research Laboratories, 
Kodak, Ltd., 
Harrow, Middlesex. 


? Hopkinson, R. G., Nature, 178, 1065 (1956). 

3? Hunt, R. W. G., J. Photogr. Sci., 1, 149 (1953). 

3 Craik, K. J. W., J. Physiol., 92, 406 (1938). 

“Craik, K. J. W., Proc. Roy. Soc., B, 128, 232 (1940). 


5 Priest, I. G., Gibson, K. 8., and McNicholas, H. J., U.S. Nat. Bur 
Stand. Pech. Paper, 167, T 167 (1920). 


e Judd, D. B., “Colour ın Business, Science, and Industry” (Wiley. 
New York, 1952). 


7? Ladd, J. H., and Pinney, J. E., Proc. Inst. Rad. Eng., 48, 1137 (1955). 


I am encouraged to note that Hunt finds my data 
on brightness magnitude! in broad agreement with 
his deductions, from a consideration: of the neural 
responses, about the basic sensation-stimulus rela- 
tions for the eye; but I would not wish to read too 
much into this agreement. My communication con- 
tained only a brief report of these recent brightness- 
estimate experiments; but I referred to earlier 
studies made by a method which involved mental 
estimates of equal, supra-threshold contrasts, and to 
the broad general agreement but detailed disagree- 
ment between these earlier studies?’ and the later 
work. A more detailed exposition 1s given in another 
paper’. The differences between the sensation- 
stimulus relations obtained by one method and by 
another may be important, both theoretically and 
also in the practice of lighting engineering. They may 
arise from different experimental conditions; but 
I cannot avoid the suspicion that there are real 
differences between the stimulus—contrast relation and 
the stimulus—brightness relation. Our training leads 


‘us to expect that brightness magnitude can be de- 


duced from contrast magnitude, and vice versa, and 
thence that we can construct a scale of brightness by 
adding contrasts, ether minimal, as Fechner did, or 
supra-threshold, as I did in my earlier work, just as 
we can construct a foot-rule by adding inch-intervals 
one to the other. To a limited extent we can, and this 
is why these early brightness scales have been so 
useful in practice. Sooner or later, the employment of 
these scales leads us into discrepancies, because ‘con- 
trast’ does not always seem to be the same thing as 
‘difference of brightness’. Perhaps there is no reason 
why it should be. 

One simple example may suffice. The contrast in a 
sunlit snowscape or a bright white cloud can be 
enhanced by looking through a neutral filter of density 
D = 0-3-0-7. This confirms the existence of a 
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‘shoulder’ in the contrast-luminance cinta, sidli as 
was reported by (among others) Abribatš. Yet the 
brightness-luminance relation obtained by direct mag- 


nitude estimates shows no sign of a ‘shoulder’ in the © 


experimental results recorded so far. 

While the agreement. between Hunt’s deductions 
and my experimental data is satisfying, there is no 
evidence to suggest that the basic sensation-stimulus 
relation has been unearthed. I am disappointed. to 
read that Stevens, whose work has done as much as 
any other to shatter the dogma of Fechner and his 
followers, now himself appears.to claim finality® for 
“the power relation M = kL?. 
E, _R. G. HOPKINSON 
Building Research Station, i 

Garston, Watford, 

Herts. 
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ges in Phototaxis during the Larval Life 
of the Eyed Hawk Moth 


In experiments on phototaxis in caterpillars, great 
ariability is often found among the reactions to the 
me conditions of different individuals, or of the 
me ‘individual at different times. No satisfactory 
nalysis of the mechanisms underlying the phototaxis 
ill be possible until we know, and can control, the 
ctors’ governing this. variability. The following 
sults show that, at least in the eyed hawk moth 
merinthus ocellata. L.), the age of the larva is one 
portant variable which should be. more rigidly 
onile than is usually done in work on caterpillar 
phototaxis.. 













































m a horizontal table, lighted with a 15-W. fluorescent 
tube (Philips 7'L-D 34 de luxe) mounted horizontally 
at one oe of the- table and occupying the full 
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e carried out our experiments in a dark room. 


“also raises interesting problems b: 
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Negative scores (per cent) 


Time (days). 
Fig. 2. Signa asin Fig. 1 


length of this edge. Our caterpillars were reared in 
the laboratory in normal daylight. In each test, four’. 


or five larvee were put on the table at a: distance of. 


45 em. from the light, and allowed to crawl. As soon. 
as a larva had crawled more than 20 em. towards or 
away from the fluorescent tube, it was put back at 
the starting line. The: direction in which each larva.” 
was heading was noted at 1-min. intervals, æ- or a — 
being scored for larve crawling towards or away from 
the light, respectively... For larva moving at right 
angles to the direction of the light or nearly so 
(90 + 22-5°), 0 was scored; The percentage: of 0 
scores was always rather low (average of alli poe 
5-7 per cent). Resting larve were excluded from the 7 
observations presented here. The total number 
of scores. per test was never smaller than 80, and 
usually between 100 and 150. We carried out the 
tests at various stages in the third, fourth and fifth 
instars, using the same group of lar hou 
the series. Later, we repeated the: whole series on 
another group of larvi. 

The results are summarized in Figs. 1 and 2. In 
both series of tests, the larve are far more often 
photopositive, and less often photonegative, at the 
beginning of each instar than towards its end. 
Clearly, reproducible results can be- expected from. 
experiments on phototexis in our species only if the 
age of the larvæ used is known to the 
from this practical point, the phenomenon described ` 

Tegards its. 
ignificance. — 




















‘causation and its. functional. si We aro 





extending the experiments with better methods, and 


will postpone. the discussion of these ‘problems toa 
later more detailed. paper: ie 
As can be seen from the graphs, ‘the larve of serios? 
more photonegative than were 
at a comparable age. This indicates ~~ 
3 yet unidentified, factors play a part — 
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Is the course d a ght of the growth and Mi A 
giophores of Phycomyces, the phototropic 
as re-examined. Preli 


Negative Pi 


sensitivi 


xpe 
‘showed that unfiltered green light, iso 
General Electric H85C3 capillary by 


a Bausch and Lomb grating mon r with 
quartz optics, caused very marked negative curva- 
tures, that is, away from the light source. Addition 
of a plain glass filter to the system eliminated this 
response, thus showing that it was due to ultra-violet 
ight of wave-length less than 300 my in the second- 
spectrum from the monochromator. When 
Sporangiophores were exposed to ultra-violet light of 
oe’ length 280 mu, negative curvatures began to 
velop after about 5 min., and after 20-30 min. 
Sadi. of the sporangiophores’ had curved through at 
least 90°, pointing directly away from the light 
source. 
To study this curvature further a + strain of 
Phycomyces blakesleeanus was grown on sterile potato 
dextrose agar in 10-ml beakers; when young 


sporangiophores appeared the cultures were plaeed 


directly beneath a white light so that further growth 


was oriented vertically. Two or three hours before 
use they were transferred to dim red light. This 
procedure, based on earlier work with this fungus’, 
was found to yield a reliable supply of straight 


_ Sporaingio ophores. 
Exposures of less than 2 min. to the ultra-violet 


` give only small negative curvatures, so that com- 


tinuous exposures were needed for precise analysis. 
Fig. 1 shows the development of negative curvatures 
upon continuous exposure to 280 my at an intensity 
of approximately 150 ergs/em.*/sec. The shadow- 
graphs were taken 5 min. after the start of the ex- 
posure and at 10-min. intervals thereafter, by illum- 
ination from the side with a small bright source fitted 
with yellow filter. The curvatures are similar in 
general appearance and location to the positive 
curvatures obtained with continuous white light? ; 
but in the present case the reaction is so vigorous 
that the curvatures usually attain magnitudes of 
120° to 160°. “At thi this angle the tips of the sporangio- 
phores begin to receive the ultra-violet in the opposite 
sense from the original orientation, and as a result 





continuous poetics 
Fd ae; 


a somal elaine aes 
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they eó d Fapndly upward, again overshooting the 
horizontal. With prolonged exposure they finally 
ag an equilibrium position close to the horizontal. 


» During this process the rotational component of 


the growth continues. In the first 20 min. the curva- 
tures are usually 10-20° out of the plane of the light 
beam and the sporangiophore axis, and after 60 min. 
most of them exhibit a definite ‘corkscrew’ appear- 
ance. This behaviour contrasts with the positive 
curvature in visible light which has been considered 
to be unaffected by the rotation*. 

When the ultra-violet exposure is discontinued, 
the apical (growing) parts of the sporangiophores Q 
straighten up slowly, while the regions below the 
growth zone retain most of the curvature developed 
there. The straightening, which is primarily geo- 
tropic, indicates that the ultra-violet has not perm- 
anently damaged the growth system. This is con- 
firmed by the fact that curvatures will rapidly develop 
in the opposite direction if the culture is rotated 
180° at any time during the exposure to ultra-violet. 
The latter fact further implies that there is little 
adaptation to the ultra-violet, the sensitivity remain- 
ing high during many such reversals of position. It is 
only when the sporangiophores cease to grow alto- 
gether that they become insensitive to ultra-violet. 
Very young sporangiophores, lacking sporangia, 
respond to ultra-violet less strongly than mature 
ones, probably because they grow at a much slower 
rate. The intermediate stage, in which growth has 
ceased temporarily while the sporangium develops, — 
does not respond. ‘ 

The effective intensities are very low. A dose of © 
about 0-06 erg/em.*/sec. for 20 min. (at 280 my) — 
sufficed for a threshold response (14° curvature in 
one case), while 2-0 ergs/em.*/sec. was about the 
minimum needed to produce 90°. Thus the response 
is. limited by intensity only over: a narrow range, 
above which the system is effectively saturated, 


Table 1. CURVATURES AFTER CONTINUOUS EXPOSURE FOR 20 MIN. 
TO LIGHT oF VARIOUS WAVE-LENGTHS 


Wave-length Curvature Wave-length Curvature 
( (deg.) 


mu) (deg.) (my) 

577 0 297 —20 to —30 
546 0 289 —30 to —40 
436 +10 to +20 ‘ 230 —40 to —50 
365 +1 to +10 mot —30 to —40 
313 +1lto +5 —20 to —30 
302 0 7 —30 to —40 


The sensitivity of this system has complicated its _ 


quantitative study, but a rough action p Sass 
can be deduced from the data in Table 1. For this 


work mercury lines throughout the ultra-violet and 
visible were employed, at intensities below the 
saturating level. In general this involves an energy 
steadily decreasing towards shorter wave- 
l A glass filter was included in the system for 
wave-lengths greater than 310 my to eliminate scat- 
tered or second-order ultra-violet of short wave- 
Although these results do not quite take 
sufficient account of the relative energies at each wave- 
length, it seems clear that the response to ultra-violet 
is more sensitive than that to the visible and that the 
sensitivity is at a peak around 280 mu, falling off 


* at both sides and rising again at very short wave- 


lengths. The zero oes mse at 302 mu apparently 
represents a balance between positive and negative 
curvatures. The chemical nature of the material 
with peak absorption around 280 mu remains 
unknown. 


The question as to whether the negative curvature 


is correlated with an increase or a decrease in growth- 
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rate (that is, a positive or negative ‘ligh ae 
reaction’) was studied by illuminating with ultra- 
violet while rotating the culture, and afterwards 
following the growth-rate directly with a vertical 
travelling microscope. The results show clearly that 
exposure to 280 my, at doses which unilaterally would 


cause negative curvatures, temporarily promotes- 


the: growth-rate by 50-100 per cent. The negative 
‘curvature can therefore be ascribed to acceleration 
«of growth on the near side, and a ‘lens’ effect such 
as that invoked to explain the positive curvatures‘ 
need not be postulated. Details of measurements of 
this interesting growth reaction will be published 
elsewhere. 
. We gratefully acknowledge the encouragement and 
_ valued criticism of Prof. K. V: Thimann. 
"This research was supported in part by a grant to 
Prof. K. V. Thimann from the Committee on Growth 
“acting for the American Cancer Society, Inc. 
GEöRGE M. Curry* 
Hans E. Gruent 
Biological Laboratories, : 
Harvard University. 
“Cambridge, Mass. 
ooo Feb. 28. 
* National Science Foundation Research Fellow. 
+ Fellow in Cancer Research of the American: Cancer: Society. 
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Flagellate-to-Ameeba Transformation 
| induced i in Tetramitus rostratus by Nitrogen 
K : Mustard 


Tetramitus is a coprophilic protozoon which 
displays flagellate, amoeboid and cyst stages in its 
life-cycle. Previous investigators'? have reported 
that reversible transformations between the amceboid 
_ and flagellate stages in this organism could be induced 
_ by environmental changes. 

o ha study of the factors involved in the changes 
_ from one stage to another, two monobacterial cultures 
- of flagellates were isolated independently. Both these 
_ cultures have resisted all attempts to transform them 
| back into the amoeboid stage over a period of three and 
-half years. These attempts included changes in 
oxygen tension, osmotic pressure, pH, temperature, 

; lighting including ultra-violet, and changes in bacterial 
_ flora. Such environmental changes only led to a de- 













_ plete cessation, with or without death of the culture as 
tested by washing and transplantation. 
sA striking ‘change, however, took place when. 


as hr. cultures of these flagellates (growing with” 


Escherichia coli in a yeast—peptone-salt’ medium) 
` were inoculated into the same medium’ containing 
-oneof the ‘nitrogen mustards, methyl-b7s(@-chloro- 
__ethylamine: hydrochloride (H.N2). During the time 
“of their. contact with this.compound, the flagellates 





showed neither multiplication nor transformation. ` 


| With solutions containing more than 0-2 mgm./ml., 
“inactivity and death resulted, commencing. after 
_ 24-hr. exposure. Organisms that survived exposure 
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creased rate of growth and multiplication-up to com- - 


pieces of wheat straw hes been ad 


(02 mgm./ml.) were washed and transferred to pre-- “majority. of dermatophytes cultivated 


: Conditioned. media (media in which E. els had ben. 





1029 





growing. 34 hr. offering a ia food supply for 
Tetramitus): The flagellates recovered rapidly and 
multiplied for about three days (approximately seven 


generations), then transformed into the active and 
a parently healthy amæboid stage, which. in turn 


-be propagated on yeast—peptone—agar slants. | 
When ed to broth cultures, this amoeboid 
stage changed back into the flagellate stage, indicating 
that permanent injury to the wansiesying mechanism 
had not taken place. 

More detailed -investigation into "the conditions 
necessary for methyl- bis(8-chloroethyl)amine hydro- 
chloride to provoke this change in the organism 
showed that time of exposure to the drug was at: 
important factor, about 48 hr. being. necessary. 
Successful experiments were conducted with a con- 
centration of 0-2 mgm.anl. at pH-6-10.. As thea wH 
was shifted towards the alkaline side, the experiments 
failed. This might have been due, in part,to the 
fact that this nitrogen mustard becomes rapidly un- 
stable at a pH higher than 5-10, and thus may not 
have had sufficient time to provoke the. biological 
change. Since it deteriorates slowly even at pH 85-10, 
it appears necessary for a sufficient concentration to 
be present at the start in order to: maintain activity 
for at least 48 hr. 

That nitrogen mustard acts on nucleic acid synthesis © 
and perhaps in this way causes its effects on growth 
is well known; also accepted is the concept that 
transformations probably involve nuclear. control. 
Perhaps components within the nucleus are capable - 
of blocking certain cytoplasmic functions which 
mediate transformation. Nitrogen mustard, a known 
nuclear poison, could induce resistant flagellates to 
return to the amæboid stage (in two separate other- 
wise resistant cultures) by the destruction of such- 
nuclear inhibitors... As a consequence, continued. 





growth through seven generations after treatment” ee 


may have lowered the concentration of the nuclear 
inhibitor(s) (not being replaced due to nuclear damage) 
and. thereby enabled reversal to take place. In view 
of the above findings, it is suggested that. components. 
arise in the nucleus which render the organisms 
insusceptible: to milder environmental - changes 
ordinarily credited. with causing transformation. 
This work forms a part of a broader investigation 
of cyclic changes to be reported elsewhere. * 
Morgan: M. BRENT 
Department of Bacteriology and Immunology, 
Jefferson Medical College, . ; 
Philadephia. 
Feb. 6. 
1 Rafalko,.J. S., J; Morph., 89, 83.(1951). 
? Hollande, A., C.R. Acad. Sci, Paris, 205; 
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Production of- an , Antibiotic b 
Dermatophytes living in Horn Products 


THE question whether or not soil-fungi capable of 
producing antibiotics produce such substances. in 
their natural habitat has been much discussed. 
Many experiments have yielded contradictory results, 
but in these great deviation from natural conditions 
often occurred. However, the recent. work of Wrighti, 
on the production of gliotoxin in soil to which a few 









“quite convineing. 
-Jt has been shown in our labor. 





dinpasos, of the human skin- are capable of producing 




















Fig. 1. Zones of inhibition caused by small pieces of skin infected 
with derma , originating from various patients 


antibiotics. Tho isolation, from the ferment fluid 
of the shake culture of Achorion (Microsporum) 
gypseum of achoricins?, and from that of Trichophyton 
mentagrophytes of G-(benzyl) penicillin’, has already 
` been reported. 

It seemed worth examining whether or not anti- 
bioties are produced by dermatophytes living as 
parasites in horn products and if so to clarify their 
nature. Epithelia and hairs with fungi were placed 
upon twenty-fold diluted nutrient. agar containing a 
small number of B. subtilis 6633 spores. From 25 
persons investigated, the horn products of 21 dis- 
played an inhibition zone like that shown in Fig. 1. 
Epithelium from the skin, free of fungi, did not 
exert any inhibition. Small pieces of skin with 
confirmed antibiotic activity were placed upon agar 
containing penicillinase ; here little or no inhibition 
zone was seen, This indicates that parasitic dermato- 
phytes produce penicillin. s . 
= Pieces of skin producing zones of inhibition were 
removed from the nutrient agar, washed with oxy- 
tetracycline and .then with sterile physiological 
saline. Then were placed upon a culture medium 
for fungi, and strains of trichophytons and epidermo- 
phytons were grown. Examined in shake culture, 
these strains were found to be excreting antibiotic 
substances of high activity into the culture medium, 
and their effect was destroyed (or at least considerably 
reduced) by penicillinase. It may be concluded that 
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Our experiments indicate that antibiotics, par- 
ticularly penicillin, are produced by skin-pathogenic 
fungi in their natural habitat. This fact offers an 
explanation of the allergic phenomena observed in 
the use of penicillin. Descriptions of the experiments 
are to be published in full elsewhere. 

J. URI 


Department of Pharmacology, 
University Medical School, 
Debrecen, Hungary. 
S. SZATHMÁRY 
Zs. HERPAY 
Department of Medical Mycology, 
University Medical School, 
Debrecen, Hungary. 
‘Wright, J. M., Nature, 177, 896 (1956). 
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* Variability of Inbred and Incross Chickens 


In mammals and in Drosophila, it has been found 
that F, inerosses are less variable than their parent 
inbred lines in respeet of a number of characters'. In 
chickens, Shultz* has reported an average reduction 
of environmental variance in egg shape, November 
egg-weight, and shank-length, in eight F,’s between 
lines with relatively low degrees of inbreeding 
(F between 38 and 58 per cent). S 

Our studies on two highly inbred lines of White 
Leghorns and their F,’s, besides showing heterosis 
in growth-rate and other characters, have yielded 
data on variability of body-weight at different ages. 
Breeding stock of the two lines (J : F > 98-75 per 
cent and C : F > 98-91 per cent) were obtained from 
the National Poultry Institute Northern Breedi 
Station, Reaseheath, Cheshire. All four of 
chicks were reared together, in each of the three 
hatches. 

Data for J and C x I females at four ages are given 
in Table 1. Except at hatching, the coefficients of 
variation are consistently lower in O x I, generally 
only about half as great as those in J. Data for males- 
show a similar pattern. For various reasons we- 

~ were unable to rear adequate numbers of C and I x C, 
but the limited data on these two types show that 
C is even more variable than J, whereas I x C is 
similar to C x I. 

It is not surprising that there is little or no difference 


dermatophytes in the skin produce penicillin and in variability between F, and inbred chicks at 
possibly other antibiotics also. hatching, since both hatch from similar eggs. 
Table 1 
Cxi 
Coefficient of S Coefficient of 
variation Body-weight deviation variation 
(per cent) gm igm.) (per cent) 
A 7:37 10 32-25 2-98 9-25 
B 715 13 32-92 1:67 5:07 
c 7-20 26 30°77 2-11 6-87 
A 9-12 10 157-20 9:72 618 
B 13-18 13 159-54 8-13 5:10 
€ 16-45 26 119-77 8-53 7-18 
A 11-56 10 362-80 24-43 6-73 
B 15-89 13 350 23-42 6-63 
La 13-02 26 326-96 23-04 7:82 
A 6-20 10 50:21 5-60 
B 12-15 13 927-69 51-74 5°58 
c 10-12 26 37-09 4:37 
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Although chicks were weighed at intervals during the 
first three weeks of life, our data are insufficient to 
show clearly how early during this period the lower 
variability of the F,’s develops. Beyond twelve 
weeks of age, there is a tendency for inbred variability 
to subside towards the F, level. Data are being 

` collected on age at production of first egg; these 
are not yet complete, but it is already clear that the 
reduction of variability in the F,’s is at least as great 
in this character as it is in body-weight between 
three and twelve weeks (cf. Yoon’). 

These and other data on C x J (including a batch 
reared at the demonstration farm of British Oil and 
Cake Mills, Ltd., Stoke Mandeville, Bucks) inditate 

«that few “eve a level of variability considerably 
l that usually found in commercial strains 
of chickens. Uniformity in body-weight does not 
necessarily pay uniformity in other characters, and 
uniformity, although important, is not the sole 
criterion usefulness in experimental animals. 
Nevertheless, the low variability of these incrosses 
between the Reaseheath lines does suggest their 

ible value to those who use chickens for bio- 
‘and other quantitative experiments. With the 
help of Dr. W. Lane-Petter, of the Medical Research 
Laboratory Animals Bureau, arrangements 
ve b made for a number of laboratories to 
compare the variabilities, in characters and responses 
of particular interest to them, of incross chicks from 
Reaseheath stock with those of chicks from their 
normal sources of supply. Comparative tests planned 
for this year include assays of vitamin D, folic acid 
and thyrotrophic hormone, production of bacterial 
antibodies, and infections with Ascaridia lineata, 
Eimeria spp. and Plasmodium gallinaceum. 


MARGARET Croucu 


A. G. Cock 
chool of Agriculture i 
Poultry Research Field Station, 
ka xworth, Cambridge. 
Feb. 7. 
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Host-Parasite Specificity in a Braconid; 
Apanteles glomeratus L. ~ 


ms 


Cusnmanx? pointed out that a given parasite species 
may attack two or more hosts that are widely sep- 
arated taxonomically but have the 
same relationship to the plant, 
whereas closely related species, but 
of different habit, are not subject to 
attack. He also stated that the 
relationship of host insects to the 
plant, rather than taxonomic rela- 
tionship, in the case of many 
Braconidae and various other para- 
sitie groups, often governs the 
choice of hosts by the parasite. 
Gahan? concludes that, apart from 
the Eupelmids, most of the Chalci- 
doids seem to be guided by the char- 
acter of the plant and the location of 
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3 
possible hosts in it, rather than by taxonomic relation- 
ship of the species attacked. Salt*, in his experimental 


studies in insect parasitism, concludes that it is certain 


that some parasites are first attracted not to a par- 


ticular host but to a certain type of environment. 
Laing‘ divides the qualities which influence the para- 
site" into two kinds: factors connected with the 
n ent and factors pertaining to the host. He 
states that the parasites are attracted by the physical 
and chemical factors characteristic of different types 
of environment, and the parasite, having entered the 
environment, appears to search systematically through 
it to perceive its host. : 

The caterpillars of Pieris brassicae L. and Mamestra 
brassicae L. are the two common pests in gardens 
in Great Britain and Ireland, feeding chiefly upon 
various kinds of cabbage. Adults of the two species 
appear in May and June. The larval stages of 
Pieris and Mamestra not only have the same relation- 
ship to the plant, but also they are under the same 
environmental conditions. They are living in a- 
typical host-containing area for the braconid parasite 
Apanteles atus L. The young caterpillars of 
Peis brassicae L. are always subject to the attack 
of the female Apanteles glomeratus, but those of 
Mamestra are immune. 

Faure* recorded the following species as suitable 
hosts for the parasite Apanteles glomeratus : Pieris 
brassicae, P. rapae L., P. daplidice L., P. monuste L., 
Aporia crataegi L., Vanessa urticae L., Macroglossa 
stellatarum L., Smerinthus populi L., Notodonta 
ziczag L., Zygaena ephialtes L., Abraxas grossulariata , 
L., Phigalia pedaria L., Bembecia hylaeiformis L., 
Porthetria dispar L., Euproctis chrysorrhea L., Phylct- - 
aenia ferruginalis Hbn., Lymantria monacha L. and 
Liparis auriflua L. Moss® stated that Apanteles 
glomeratus L. is recorded in the Parasitic Catalogue 
of Farnham House Laboratory from nearly fifty 
species of Lepidoptera. 

_ I was able to get the female Apanteles to oviposit 
in the youngest larvæ of Mamestra brassicae bred 
from eggs collected from cabbage plants. Apanteles 


“eggs do not develop inside the body of the Mamestra 


caterpillar, and therefore the 
recorded as a host for this p 
this is 


moth is not 
The reason for 
wn, but the fate of Apanteles eggs has 


= now been followed out. 


In Fig. 1 is shown an egg of Apanteles inside the 
larva of Pieris brassicae. The eggs lie in the subdermal 
tissues and geen! bedy cavity and provoke no 
cellular reaction from she host tissue. In the case 
of the eggs laid in Mamestra, after a few hours (4 hr. 
in the case of Fig. 2) the eggs become the focus of 
wandering hæmocœl cells which form a palisade 
around them. A few hours later (12 hr. in the case 
of Fig. 3) the eggs are surrounded by a large number 
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of these cells, which finally cause = 

death and pycnosis of the segment = 2f- 

ing nuclei of the Apanteles eggs. 
First-, second- and third-larval 


“ 
= 


© 
stages of Mamiéstra were introduced de 
to the Apanteles females in a glass 2 
tube. This procedure was carried y ° 
‘out’ under laboratory conditions, a 7 
and with the absence of Pieris cater- $ 
pillars or any other host recorded 3 
for this parasite. Under these con- $ 


ditions, the female wasp was stim-. 
ulated by.the presence of Mamestra 
larve, and the parasite behaved 
normally as if it were attacking @ 
Pieris caterpillar. The defensive 


- n w a O a 


o 











reflexes carried out by the attacked wo 200 30 apo 500; 600 OB” 60G BOD. 1009. HIOG ; 1200 


Mamestra larva were also the same 


as thoge seen during an attack Fig. 1. Relationship. between body-weight and marrow volume i 


on the Pieris caterpillar, and in 


most cases the former showed less resistance. It- 


t known whether Mamestra is attacked under 
ral. conditions by Apanteles. 

Considering the wide distribution of this poly- 
phagous parasite and its large number of hosts, which 
are separated taxonomically and by different habit, 
it.can be stated that the parasite’s: choice of a host 
in the case of Apanteles glomeratus L. does not depend 
mainly on the characters of the plant and the loca- 
tion. This view seems to be confirmed by the case 
of: Mamestra. The other point emphasized -by this 
work on Mamestra is that the host—parasite specificity 
depends. actually on the suitability of the host for 
> the development of the parasite.” 






I wish to thank Prof. J. Bronté Gatenby for , 


suggesting this work. 


; M. F; . TAWFIE* 

Zoology. Department, 

Trinity College, m 
Dublin. 
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Bone: ‘Marrow Volume in Gina Pigs 


. For quantitative studies of “hemopoiesis!, it is 
important to know both the absolute count of cells 
per. unit volume of bone marrow and. algo the volume 


of the marrow ‘as’a ‘whole. From a review of the = 


literature it appears that whereag.in man and in a 
few eae animals & oa number of etermina- 


gress, it has become necessary to ‘det 
marrow volume with as much accuracy 
The following is a summary of my observatio: : 
The méthod used was that of measuring the volume 

of marrow spaces in the macerated skeleton by means 
sof dengity bottles. After the volume of- the. bone 
_ substance had been measured, the skeleton was boiled” 
“in saturated.agar solution under reduced, pressure and 
ae (agar induced to set, thus. filling’ all. tth 









BODY WEIGHT IN GM. 







the volume of agar taken up” and he 
correction for agar occupying spaces 
not normally contain marrow, the velum 
marrow spaces. The agar uptake per unit wel 
marrow-free bone was reasonably constant for the. 
samo skeleton, whatever site it was taken from. 
Validation experiments on bones where the fresh - 
marrow could be measured indicated that the above. 
method gave a reliable estimate of marrow volume, 
It is a development of the agar method of Nye? but _ 
is öf much greater accuracy. : 

For our marrow investigations we normally use 
male guinea pigs of the Dunklin—Hartley strain thë 
body-weights of whieh lie between 350 and 450 
(approximately eight weeks old). The mean marron 
volume of twenty-five guinea pigs of thi 
range was 7-014 ml. and the standard di 
0: +358 ml. 

¿Marrow volume measurements were made in 120 
_ guinea pigs with bedy-weights ranging from 85 to 
-1,250 gm. (one week to more than a year old) and the. 
results are shown in Fig. 1. There was a linear rela- — 
tionship between marrow volume and the logarithm | 
of the body-weight, the regression coefficient being: 








: » 7-885 (s = 0-171). Approximately half the marrow 


was in the limb bones, a fifth in the skull and the © 
rest in the trunk. oe 
For our quantitative hsemopoietic studies, one also. 
wished to know what proportion of the total marrow ~ 
formed by red marrow. The skeletons of fifteen 
killed guinea pigs of the 350-450 gm.-group | 
therefore examined and fatty marrow was _ 
to be symmetrically and centrifugally dis- 
‘tributed, being confined to the periphery of the limbs | 
and coċeyx, thus recalling the observations. ofo 
Neumann® on humans. Red marrow occupied all the | 
her bones, ineluding these of the skull and trunk. ` 
here were relatively sharp junctions between red; 
and fatty marrow in the tibia, radius and ulna, as. 
shown in other animals by Huggins and Blocksom*. _ 
Gell counts and microscopic sections bore out the — 
naked-eye appearanees. 
These observations permitted the volumes of red 
and fatty marrow to be determined separately i z 
another series of guinea pigs. The limbs of one side 
were used for determining the sites of junction, an 
then the bones of the opposite side, appropriately tran 
sected, were submitted together with skull and tr 
bones to maceration and marrow-volume estimation 
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« In twelve animals of thig. 350-450 gm. group the mean 
red marrow volume was 6-249 ml. (s = 0-446 ml), 
representing 89 per cont of the total-marrow or 

ae one- third o of, the liver, the mean weight 
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f destroying a eon pile Rat 
Tumour in-vivo | ğ 


‘of tumour formation basóg on the 

gen peroxide mechanism in living cells 

d recently* following observations on 

occurring in. aerobic and anaerobic 

i in respiratory irregularities’. If 

i ét, then a logical assumption 

agents which inactivate catalase or produce 

gen peroxide (or free radicals) should have a 
tal effect on tumours, 

t of experimental tumours with the 

catalase inhibitor sodium azide is effective’. Ionizing 

|. radiations have long been known to destroy malignant 

eels, and this may be explained as being due to the 

_ production in the presence of oxygen, in fluid systems, 




















idizing radicals, HO,, HO, and atomic oxygen‘ 
as well as the destructioii of the enzyme atalase’. 





pjections in animals carrying tumours, 
tS. Makino and Tanaka’, however, 


on intraperitoneal injection of 1 ml. of 2- 
went hydrogen peroxide and Hollcroft and Lore: 
noticed some improvement of lymphoid tumours ir 
-mice after the intravenous injection ‘of hydrogen 
peroxide. Worrall’ mentions the use of peroxit 
forming compounds in animals and humans ina 


attempt to set up catastrophic reactions in cancer 





cells 

‘It seemed to me that the only effective ‘way to 
« destroy the malignant cells which are already 

deficient in catalase’ and sensitive to över- -oxidation 
“is to keep up a continued administration of an; 
oxidizing . agent. Since hydrogen peroxide 
“excellent ionizing solvent, and since it is form 


is obviously of great fundamental importance in 
most living cells, this agent appears to be the one oe * 


choice. 
Rats implanted with the Walker 256 ade 


carcinoma were treated by simply replacing their 


drinking water with dilute solutions ofcommercial 
hydrogen peroxide (Laporte Chemicals, Ltd., Londen), 
and maintaining them on a normal diet. T he optimal 
oncentration has been found to be 0-45 per cent 
by weight and with the rats being housed 1 
-cages (ten animals per cage) the rate of cur 
average 50-60 per cent. The time taken fo 
disappearance of the tumour is usually 
is, of course, depends on the size of the tumour 
ien treatment is started. So far, 72 rats have bee 
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improvement with decre 


an vivo, of hydrogen ‘peroxide,:.the free powerful: 
yon peroxide has been given by daily intra- 


temporary retardation of ascites sarcomas 






















eured ; they are now back on tap water and normal 
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diet, and will be maintained in this manner fop the 
rest of their natural ves. ‘Ten of these-rats have 
been cured for more than two months; ‘their con- 
dition is excellent and there is.no sign of recurrence 
of the tumour. 

This treatment has recently been used in four 
imnans with very advanced inoperable tumours. In 
© of the cases there has been marked clinical 
in size of the liver (which 
contained metastases) and progressive diminution im 
the blood serum polysaccharide which Keyser" has 
shown to bean indication of effective ‘therapy in 
neoplastic states. , 

A detailed account of these experiments will be 
published ae ; 








R. A. ‘Hormax 





Welsh National School of Medicine, 
Cardiff. 
April 2. 


i Holman, R. A., Nature, 178, 424 (1956), = D 

2? Holman, RA., Lancet, ii, 515 (1956). i 

3 Boyland, E., and Sargent, S., Cancer Research, 13, Suppi 1, 
Čudkowicz, G., Tumori, 4, 63 (1954). ; 

* Bacq, Z. M., ‘and Alexander, P., “‘Bundamentals o Radiobiology”, 
82 (Butterworths, Lopdon, 1955). 

ê Forssberg, A., Nature, 159,308 (1947). 

* Turner, F. C., Cancer Res., 18, Supp. 1, 81 (1953), 

7 Makino, $., and Tanaka, T., Gann, 44, 39 (1953). 

ast J. W., and Lorenz, E., Proc. 2nd Nat, Cancer Conf., 582 

* Worrall, R. L., Proc, Roy. Soc. Med., 49 (9), 665 (1956). 

ae eae i! J. P., Jenrettie, W. V., and White, J., J. Nat. Cancer 

Inst., 2, 17 (19 41). 
it Keyser, J. W., Brit. J. Cancer, 8, 238 (1954): 














A SimplesMethod for staining Mitochondria _ 


at mitochondria 

‘but nearly all 
ourse of a general 
dn the fixation 


EXCELLENT methods for 
have” f 











a of 
full elsewhere!, I have h had occasion to m-investigale 
the use of eae acid derivatives ir the visualization 
tment with ie acid or pyro» 


a ge np 
ful method for staining droplets ‘of neutral fat; but: 





‘the osmium taken up by the mitochondria, the 


nuclear membrane, nucleolus, ergastoplasm, ete., 
is Jess readily revealed. I have found that it can be 
made visible by prolonged treatment alkyl esters 
of gallie acid, notably ethyl gallate: ; 
Small pieces of tissue are fixed at 0°-4° C. for 
several hours inl per cent osmium tetroxide buffered 
at pH 7:25with veronal aceta er in isotonic 
sodium chloride**. ‘They are ‘the ansférred toa 
saturated solution: of ethyl gallate in 0:25 per cent 
gresol for twenty-four hours or longer. The tissue > 
i bles a small piece of coal. It may. be © 















ded in 25 per cent gelatin and. cut frozen, .or 
embedded in = ey (through: cedar wood. oil) and 
ted in Farrants’s medium containing 
, or in cedar wood oil containing nonyl 
the simplest procedure | 
yeol wax of suitable 













method for rijtochotidits this is e 
‘gives. invariably reproducibl esulta, | “and 
neit jer skill, ROE ee 























s 
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Fig. 1 


as an example a section of mouse li The droplets 
of neutral fat (rather few in this section) stain an 
intense blue, appearing black in layers a few microns 
thick, the mitochondria grey or blue-grey. 
. B. WIGGLESWORTH 
Depart: 


: Vairoreity 


3 ee ea 


t of Zoology, 
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Tiy Roy. Soc., B (in the press). 
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ie ar Si , “Physical Techniques in Biol 
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cal Research" 
(1956). 


Use of Antipyrene and N-Acetyl 4-Amino- 

antipyrene in the Measurement of 

Water and the Intralu 
esans Tract of Living Cattle 


Ir was demonstrated recently that a noid 
of the water the empty Pan allows the 








entire proxima ition the calorifie value 
of the bodies of and pigs' be “a ved by 
means of the well-known inverse re! stween 
the fat and contents — bo 


Indirect methods of 1 dy 
therefore, a potentially great usefulness 
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minal Water of the 
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approximately Piatt to. the amount of water to 
be expected in the gut, suggesting that antipyrene 
might become distributed in the total body-water 
and N-ace ace 4- ee in only the empty 
body -wa 

This hypothesis was examined with twit steers.and „ 
two cows each eq ype rumen cannula and” 
consuming rations of hay, or hay and con- 
centrates and with OAAS recat m 325 
to 680 kgm. The weight of water in the. rang ron 32 
was measured by temporary removal of the contents, 
and from this vlad the water content of the whole 
gut was determined that 73 per cent of the 


gut “water is found in compartment®. | 
ingfion of rumen pa han yee showed Ee rs 
usion of antipyrene into 

more rapid than that of Sea ain ipyrenes 
The results (Table 1) showed thai snail on ə 
was made for the amounts of th A 
the gut, the difference between reas spaces for 
the two reference substances closely the 
value for the amount of water in the oor 


Table 1, ett or we ara 





@ ; - 
ies encourage. the hope that concurrent 

_use of two reference substances will allow the ge 
‘content to be determined simultaneously i 
body, the empty body and in the con 

* tary canal.. They are being cack 

mpt to derive means of making allowance in non- 

ted animals for the amounts of the reference 
bstances entering the gut. 






experiments. Jes A This work was largely carried out while one of us 
Experiments. leven cows confirmed eg R. My was on leave from Cornell University ; the 
commonly used reference substance ae John Simon Guggenheim ‘Memorial 
metabolized by the body, less than 2 per elation t made this possible is gratefully 
doses injected intravenously appearing in the urine voi . We also wish'to thank Mr. D. Millard 
» in 50 hr. theoretical distribution in blood at and Mr. Vi Ww. Johnson for their help avitiggghe 
the time of jection may, however, be calcula experiments. à 
by extrapolation from the concentratioris in samples s > $ J5. T. Rew i 
of blood taken after distributio. body-water is h e “0. €. Baar & 
complete, and the oa eh tent or space is | M. J. Heap 
then readily ds thod may 
also be used -acetyl hteninoontt pyrene as the National Institute for Resslieily i in Dairying 
reference I pn The confirmed that © — (University of Reading), 
this compound is no boli to: ‘79 per Shinfield, Reading. ~~ 
~ cent of the injected dose bei eted i 7 ; 
` in. 50 hr.” In douse tect. bod ntent J. W. Srroup 
at any given time after injection could “be found — s Cornell University, 
by an alternative method? requirir S insi . Ithaca, N.Y. 
determinations on bloodsand urine. e two ga M Nov. 7. ar- 
‘ pora gl ie oooh souls tl onpa e Reid, J- Te, Wellington, G. H., ann, H. O., J. Dairy saas 
~ SForence ee secre in blood, urine 7 i Claws J., Sheffy, B. E. and Reid, J. T., J. Anim. Set, 14, 
pa methods o Brodie. = ). 
> = In course of these experiments, it was observed Brodle, ee niet J. ape Biol. Meds TP, 7 
J y that values for the water content of ima (1951 
ie a nan when using antipyrene he 3 ae B Bae edited by, “Methods in Medical Research”, a 
“Ns <-gpinoantipyregs. + athe enka, A., Acta Agralia Fennica, 85, 1 (1956). = 
- : r . p Tm 
n ) a, s m _ : mO a Ea 
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FORTHCOMING EVENTS ` 


ee marked with an asterisk * are open fo the public) 


C Monday, May 20 


UNIVERSITY oF LONDON Gn fl tho Physiology Theatre University 
College, Gower Street, London,-W.C.1), at 5 p.m.—Dr. É. J. Hewitt: 
“Micronutrient Element Metaboliam in Plants”,* _(Further lectures 
on May 27 and: June 3.) 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE, PHILOSOPHY OF 
Science GROUP (in the Joint Staff Common Room, Dae. College, 
Gower Street, London, W.C.1), at 5 30 p.m. —Dr. J . R. Smythies: 
“The Notion of an, Image Space”. 


INSTITUTION OF MECHANICAL ENGINEERS (joint meeting with the 
INSTITUTION OF CIVIL ENGINEERS and the INSTITUTION OF ELECTRICAL 
ENGINEERS, at the Tantitution of Civil Engineers, Great George Street, 
beara mie W. Ne 5.30 p.m. Report on “Hydroelectric Projects 
n the 


- INSTITUTE OF iterar Fintsamra Gat the Northampton Polytechnic» 
St. John Street,- London, B.C.1), at 6:15 p.m.—Dr. R. W. Cahn: 
“The Use. of Radio-Isotopes in “Metal Finishing Research”. 


4 


Tuesday, May 2! 


> UNIVERSITY OF LONDON, (in the Clinical Lecture Theatre, Middleeex. 
Hospital Medical Schéol, “ ortimer Street, London, W:1), at 4 p.m.— 
Dr. ilton: “Trace” Elements in the Biological e aintiduahips 
of Soil, Plant and Animal”, * 


MEDIOAL RESEARCH COUNCIL et tbs National Institute for Medical 
Research, Mill Hill, London, N.W.7), at 5 p.m.—-Dr. Paul C. Zamecnik 
iassachisotts “General ‘Hospital, “Boston): “Recent Studies on 
Protein Synthesis”. 


UNIVERSITY OF LONDON (8t Kin; 7’ Colle; e, Strand, London, W.C.2), 
st 6.15 p.m.—Prof. A. von Murtali (Berne) : “Research at the Jung- 
‘saujoch Selentific Station”.* (First of two Halliburton Lectures.) 


INSTITUTION OF CIVIL ENGINEERS (at. Great George reer West- 
ninster, London, §.W.1), at 6.30 p.m, = S. Chettoe and Mr. 

wo; Henderson : “Brick and Masonry Arch Bridges : an Investiga- 
ion”, 


Borar INSTIEUTION (at 21 Albemarle Street, London, W.1), at 
5.30 p.m.—Sir Lawrence Bragg, F.R.S. : “Famous crimentors 
R the” ‘Royal Institution”. (Leoturé for Fourth Form Pupil 
ecture on May 28.) - 


UNIVERSITY oF LONDON (in the Chemistry Theatre, University 
yllege, Gower Street, London, W.0.1), a p.m. —Prof. Sir Cyril 
3urt: “The Inheritance of Mental aby “waiter Van-Dyke Bing- 

nam Lecture). 


rent and A e re a 


SOCIETY YOR ANALYTICAL CHEMISTRY, PHYSIOAL METHODS GROUP 
mb the Chemical Society, Burlington House, Piccadilly, London, 
71), at 6.80 p.m.—Meeting on “Electrochemistry”. Dr L. E 
«mythe : “Goulometric Titrations with an Integrated Current Source” ; 
ir, A. W, Gardner: “Pulse Polarography”. ~ 


Soorty FOR Bhi Sorentists (at 5 Old Burlington Street, 
sondon, W.1), at 7.80 p.m.—Discussion Meeting on “Taste and 


nell”, Dr. H. Kalmus: “The Physiology and Genetics of Taste 
id Smell” ;- Mr. B. Babington Smith: “The Experimental Study-of 
hia Mr. W. J. Gleeson: “Some Practical Aspects of Taste 
esting” 


> Wednesday, May 22 ¢ . € 


UNIVERSITY OF LONDON (at King’s College, Strand, Londoñ, W.C. 2). 
5.15 p.m.—Prof. A. von Muralt (Berne): “Chemical ‘Aspects of 
vous Excitation’.* (Last of two Halliburton Lectures. ) 


Eveenics Socmry’ (af. the Royal Society, Burlington House,` 


ceadilly, London, W4), at 5.30 —Mr. 0. M 
m Problems in the British Carl bean”. s 


Soren OF CHEMICAL INDUSTRY,-Foop GROUP (at 14 Belgrave 
, London, W 1), at 6 p.m. —-Seientific Papers (Fifth soe 
aberar Meeting). 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 

Hygiene and Tropical -Medicine, Keppel Street, Gower Street, 

Bie W.C.1), at 6.30 p.m.—-Mr. Q. Campbell: “Barium Titanate 
d Its Uses as a Storage Device”. "À 


. Stewart : “Popula- 


Wednesday, May 22—Thursday, May 23 


{RON AND STEEL INSTITUTE (at 4 Grosvenor Gardens, London, 
N,1)—BKighty-eighth Annual General Meeting 


Thursday, May 23 


NSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, ‘Londen, 
C.2), at 5.30 p.m.—-Annual General Meeting. 6.80 p.m.—Dr. A. D 
soth: “General Applications of „Digital Computers”. 


Thursday, May 23—Friday, May 24 . 


ROYAL METEOROLOGICAL Society (joint meeting with the ROYAL 

RONOMICAL SOOTY, at Burlington House, Piccadilly, London, 

P at 10.30 a.m. daily—Symposia on “Planetary Atmospheres 
Oonvecbton in Rotating Fluids”. . 


, Zoology) IN 


NATURE. .- > > 1085 


_ Friday, May 24 i 


BIOCHEMICAL SOCIETY (in the Department of Biochemistry, Physio- 
logy Institute, Newport Road, Cardiff), at 2 p.m.——Scientific Papers. 


ROYAL PHOTOGRAPHI SOCIETY oF GREAT BRITAIN (at 16 Princes 
Gate, Kensington, London, $.W.7), at 7 p.m.—Dr. Sota Wolf: 
(Göttingen): “Factual Reliability in t lentitte Films” 


ROYAL INSTITUTION (at 21 Albdmarle Street, London, W.1), at 
X pm, m.—-Dr. Harold Heywood: “Solar Energy—a Challenge to the 
uture”. = n 


scares VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

DEMONSTRATOR IN THE DEPARTMENT OF CHEMISTRY—The Regis- 
trar, King’s College, Newcastle-upon-Tyne (May, 24). 


GRADUATE DEMONSTRATOR IN PARASITOLOGY, to y: out research, 
preferably in helminth physiology, mn addition t gt teaching 
duties—The Registrar, The University, Glasgow We 2 (Ma: 


LECTURERS (preferab ly with a special knowledge in a oH the 
following fields; electrical machinery; control systems; electro- 
acoustics and vibration analysis; electrical communications, 
including microwaves) IN ELECTRICAL JENGINEERING—The Secretary 
of University Court, The University, Glasgow Qey 25). 

ASSISTANT LECTURER IN AGRIOULTURE Derury “FARM 
DIRECTOR; an ASSISTANT LECTURER (with a PS eclal knowledge of 
crop husbandry) IN AGRICULTURE; and a DEMONSTRATOR IN AGRI- 
CULTURE, to assist with experimental work on tap university farms— 
The Registrar, The University, Leeds 2 (May 27). 

READER IN ANATOMY at the London ria Medical College— 
we Aradomio Registrar, , University of London, Senate House, London, 

e y 
RESEAROH ASSISTANTS (2) IN THE FIELDS OF INORGANIC AND 
Tavio. an om CHEMISTRY, respectively-—The Secretary, The University, 

eter 72 

READER P) groararny at Birkbeck College—The - Academic 
ae University of London, Senate House, London, W.C.1 

ay 2 

ASSISTANT LECTURER IN GEOGRAPHY ; and an ASSISTANT LEOTURER 
IN CaHEMISTRY—The Registrar, The University, Leicester (May 31). 

ASSISTANT qi th a good honours degree in agricultural zoology or, 

GRIOULTURAL ZOOLOGY—-The Secretary of University ’ 
Court, The University, Glasgow (May 81). > 

LECTURER (qualified in the physical sciences, preferably chemistry, 
and varied: teachin; experience) IN THE DEPARTMENT OF EDUCATION 
—The Registrar, The University, Leicester (May 31). 

ORGANIO CHEMIST (with a first- or good second-class honours degree) 
with the Agricultural Research Council's Plant Growth Substance 
and Systemic Fungicide Unit, at Wye College (University of ondon); 
near Ashford, Kent-—The Director, Plant Growth Substance and 
Systemic Fungicide Unit, Wye College, near Ashford, Kent (May 31). 

PRINCIPAL OF THURROOK, TECHNICAL COLLEGE, Grays—The Chief 
Education Officer, County Offices, Chelmsford, Essex (May 31). 

SENIOR LECTURERS (2) IN PHYSIOS at Auckland University allege 
(University of New Zealand)—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(New Zealand, May 31). 
~ SENIOR RESEARCH WORKERS (2) (with considerable research ©x- 
perience) IN THE AGRICULTURAL RESEAROH COUNCIL’S POULTRY 
RESEARCH CENTRE, Edinburgh, to investigate problems concerning 


. the growth and reproduction in the domestic fowl with reference to 


the importance of endocrine mechanisms—The Secretary, Agricultural 
ry Council, Cunard Building, 15 Regent Street, London, 8.W.1 
ay 

RESEARCH FELLOW, and a RESEARCH ASSISTANT IN THE DEPARTMENT 
oF BOTANY, to undertake a survey of the nutritive requirements of the 
excised roots of different species and varieties——The Registrar, Univer- 
Sity College, Singleton Park, Swansea (June 1). 

ÅSSISTANT LECTURBR IN 'Paystcs—The Sooreliy, The Queen’s 
pani Belfast (June 3). 

LEOTURER or ASSISTANT LEOTURER IN APPLIED MATHEMATI 
The Registrar, University College of Torth Staffordshire, Keele, 
Staffs (June 3). 

LECTURER or ASSISTANT LECTURER IN MATHEMATICAL eee 
—The Registrar, The Daly evalty. Manchester 13 (June 3). 

RESEARCH FELLOW MATHEMATICS; and an ERE IN 
MATHEMATICS—-The Secretary of University Court, The University 
Glasgow (June 7). 

ASSISTANT LEOTURER or LECTURER (with special interest and 
qualifications in sedimentary petrology and a general interest in 
stratigraphy) In GROLOGY—-The Secretary, University College, Gower 
Street, on, W.C.1 (June 10), 

Assistant LECTURER (with an honours degree) IN CHEMISTRY at 
the University College of the West Indies—-The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (June 14). 

READER IN ANTHROPOLOGY at the London School of Economics 
and Political Science—The Academic Registrar, University of London, 
Senate House, London, W.C.1 (June 14). 

CHAIR or CHEMISTRY in the University College of Ghana-—The 
Secretary, Inter-University Council for H. gher Education - Overseas, 
29 Woburn re, London, W.C.1 (June 1 
5 bes as Pumosorny.in the binis ‘of the Witwatersrand, 

ohannes! 
sities of the Bi British Commonwealth, 36 Gordon Square, London, W.C.F - 

South Africa, June 15). 

Lgcruger (with a special interest in mycology-and plant:pathology)- 
IN BOTANY at the University College of Ghana—The Secretary, Inter- 
University Council for Higher Education Overseas, 28 Woburn Square, 
London, W.C.1 hl une 18). 


‘ 


’ 


South Africa—The Secretary, Association of Univer-. 


‘ 


. Gineluding 


bit 
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LEOLURERS (2) (with specialist design and EA experience) 
IN CONORETE TECHN otoa y= Pro f. A. L L. Baker, Imperial College, 
London, §.W.7 (June 30). 
BENGER RESEARCH OW (graduate in medicine or science 
pharmacy)) IN PHARMACOLOGY—The Registrar, The 
University, Manchester 13 (July PA 
RESEAROH STUDENTS (wit. the ogres of Bachelor or Master of a 
British university, other than Manchester) IN Sorencz—The Regis- 


«trar, The University, Manchester (July 1).- 


ASSISTANT BIOOMEMIST (with considerable experience of routine 
biochemical procedures and research work) IN THE PATHOLOGY 
DEPARTHMENT-—-The Dırector of Pathology, Royal Women’s Hospital, 
Melbourne, N.3, Australia. 

ASSOCIATE OR FULL PROFESSOR (with an advanced degree and 

referably both industrial and research experience) OF ELECTRIOAL ` 
Ce PEON: G. A. Wallace, McGill University, Montreal, 
anai 

ENTOMOLOGIST (preferably with an intérest in insect population 
studies and/or the physiology of insect reproduction) IN THE TECHNO- 
LOGIOAL IRRADIATION GROUP at the Wantage Radiation Laboratory 
to assist in research into the application of ionizing radiations to insect 
control—The Group Recruitment Officer, Atomic Energy Research 
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EDUCATION AND LEADERSHIP . 


N 


ISCUSSING recently the jee of education 

in a scientific age, Sir Charles Snow pointed out 

that, as is generally recognized, we are not producing 

enough scientists, and those we do produce are living 

-in a culture of their own. It will not suffice simply 
‘to increase the number of trained scientists and 
technologists, supported by:a sufficient body of tech- 


nicians and craftsmen, for the most efficient, use to’. 


‘be made of their‘services. The problem of com- 


munications must’ be attacked with at least the same. — 
energy as that of expanding the facilities for training ` 


scientists and technologists. 

Here we are concerned with the content of educa- 
tion, and ab the outset it must be recognized that; 
although, as Sir Charles Snow notes, British educa- 
tion is the most specialized in ‘the world, this is true 
no less of the arts graduate than of the graduate in 
science or technology. It is just as possible for a 
clever boy of fifteen to spend the next seven years 
without reading a scientific book as it is to spend 
it studying nothing “but scientific subjects. The 
ignorance of science to be found among adminis- 
trators and leading people in all walks of life is ag 
serious an obstacle to the effective utilization of 
‘science and technology as is the failure of the scientist 
to mterpret his results effectively or to appreciate gen- 
eral cultural values. It can, moreover, hinder the most 
effective deployment and utilization of our limited 
scientific and technical man-power quite as much as 
any shortage of technicians or craftsmen. 

These are the fundamental reasons for the in- 
creasing attention being given to the question of 
general education; and although Sir Charles Snow 
may well be right in suggesting that a sensible 
education up to the age of eighteen would solve half 
our problems, this question of the content of educa- 
tion is not simply one for the schools. It concerns 
equally the universities and the colleges of technology. 
In planning their expansion, regard must be had 
not simply to numbers but equally to the content of 
education. Indeed, if we are to make the best use of 
the limited resources of man-power m Bniain, it is 
important that we should plan the expansion of our 
facilities for training scientists and technologists as 
nearly as possible in accordance with our real needs. 
We cannot afford to spend the much larger sums 
required to train a scientist or technologist—any- 
thing from £2,000 to £5,000 or even more—and 
then employ him on work which a much less ex- 
pensively trained graduate in arts could do equally 
well. 

That is, of ce course, one reason why it is encouraging 
to find industry taking & great part in technological 
training and in supporting the expansion of scientific 
and technological education by scholarships and in 
other ways. It is equally a reason for looking more 
closely at the use made of graduates in industry and 
elsewhere. A broad-based education makes for 


` 


adaptability and mobility, which in & NE PN 
age are just as important as specialization. Depth of 
knowledge is imperative for many posts, but industry | 
will not prosper and develop unless its scientists 
and technologists are also mobile, adaptable and 
receptive. 

This is true even of scientific and ‘technical posts 
in the strictest sense of the word, for it is when 
different specialisms or disciplines meet that the real 
fundamental advances are often made.’ The truth - 
behind: the success of operational research during the 
War has yet to be fully appreciated and adequately 
applied not only in industry but also in many spheres 
of the public service. We must take every care that 
the graduates coming from the universities and 
colleges of technology under these expansion schemes 
are able to communicate not only with those in 
their own discipline but also with workers in other 
branches of science, and with others in various walks 
of life. 

There are, moreover, occupations in which under- - 
standing both of scientific and technical factors and 
also of human values is imperative ; ; and although, 
as Dr. Bronowski has indicated, science develops its 
own cultural or human values, the contribution of i 
the great field of knowledge and inspiration repre- 
sented by the humanitiés cannot- be ignored. This is 
increasingly true in the field of management—in 
industry, in commerce, in the central government 
and in local affairs. Industrial development does not 


- depend solely upon scientific discovery and its 


application : mdustrial relations are also an important 
factor, and they are determined: both by a clear 
understanding of the possibilities of technical advance 


and a deep appreciation of the point of view of those .- 


affected, of their needs and their problems. 

If it is important that there should be ample 
opportunity for the scientist or technologist who 
possesses administrative ability and the desire to- 
exercise it—-which do not invariably. go together—td 
rise to a position of high responsibility in industry, 
in the Civil Service, or in the Government itself it is 
no less important that he should be well equipped to 
appreciate the human and social problems with which 
he will be called upon to deal. Administrators of the 
highest level are indeed rare, as the attention now 
being given to their selection and training by industry 
shows, and it is unlikely that more than a very small 
proportion of scientists and technologists will ever 
reach that-level. What is important is that scientific 
and technical qualifications should not be felt, as so 
often they have with justice in the past, especially 
in the Civil Service, to be a bar to the highest 
posts. 

While more care is needed to ensure that we do 
not miss such rare talent where it is to be found among 
scientists and technologists, it is not in this way that 
scientific gifts or training may be wasted. Itis rather 
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in that wide range of posts which ¢ tho dsé less expen- 
Bively trained in the humanities could fill with 
advantage, rather than a scientist or technologist, if 
they were so trained that they could understand the 
implications of scientific or technical factors; and 
also, on occasion, if the scientist and technologist 


were able also to put their views more effectively to - 


the non-scientist and to comment intelligently on the 
other factors in a common problem. It is a matter 
not simply.of broad training and the ability -to com- 
municate clearly but also of alert minds, of vision 
and of enterprise. 

Dr. P. F. R. Venables, in his " presidential address 
to the Manchester Literary and Philosophical Society 
in October 1955, showed very clearly how much 
management education could contribute to the ‘pro- 
“motion of the flexibility and adaptability at all levels 
which are-essential to enable the education system to 
meet the challenge of change. It was brought out 
also by Sir Edward Appleton in his Reith Lectures* 
last autumn, throughout which he insisted on the 
need for communications of all kinds., Sir Edward 
indeed commented pertinently on the importance of 
more of our ablest young people being attracted to 
science, arid is confident that when this happens we 
shall see more of them reaching the highest places in 
our national life. He believes that people attain such 
places mainly by reason of their general ability and 


only-to a small-exterit by reason of the discipline in ` 


which they have been trained; but it remains-true 
that no discipline should be, or be thought to bora 
barrier to such advance. 

Sir Edward emphasized the unportance of aiias 
ing more able young people to careers in science and 
technology; and the knowledge that such quali- 
fications lead naturally, given the requisite qualities 
of personality and the gift of leadership, to the 
highest positions is a factor which may well determine 
the issue. We have also to take all possible steps to 
diminish the -danger of specialization inherent in 
depth of study, and Sir Edward rightly stresses the 
importance of the university’ in this connexion 
through the opportunities it affords for contact with 
other minds and other disciplines, particularly the 
informal contact of student and student. Unless the 
colleges of technology are staffed and equipped to 
foster such contacts as much as possible, they will 
not provide the technologists or scientists of the 
- calibre that are needed. Certainly the nation would 
reap.a fuller return for a smaller numbér of colleges 
adequately staffed and equipped so as to permit such 
contacts, more especially by life m college or hall of 
residence, than by a larger number of colleges in 
which facilities are inadequate. 

Nor is this question of communication as difficult 
as ig sometimes suggested. We need, as Sir Charles 
Snow has suggested, a culture in which the majority 
of our managers, without necessarily being profes- 
sional scientists themselves, understand what the 
scientists and.technologists are doing. Moreover, it 

* Science and the Nation: The BE. i Reith Lectures for 1956. 
By Sir Edward Appleton. Pp. xi+10 (Edinburgh: Edinburgh 
yaaa Pees A EY: Distributed tj Thomas Nelson and Sons, 
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is interesting to note that Sir Alexander Fleck, the 
chairman of a company, Imperial Chemical Industries, 
Ltd.,-in which a high proportion of the main board and 
major exécutive posts are already occupied by grad- 
uate scientists or technologists, has recently, for ex- 
ample, in his Messel Memorial Lecture to.the Society of 
Chemical Industry last year, emphasized the import- 
ance of human relationships in the chemical industry 
and attributed the success of that industry to the 
attention given to such matters. 

Although Mr. Robert Carr, the Parliamentary 
Secretary to the Ministry of Labour and National 
Service, could promise no more than that the 
Minister would give the most careful consideration 
to the suggestion, made by Mr. A. E. Cooper m a 
debate on labour relations on April 18, for a select 
committee to inquire into the whole question of 
labour relations, there can be little doubt that the 
inquiry would indicate how much such relations 
depend on the quality of management. As Mr. Carr 
remarked, the real responsibility for leadership in 
industry rests with the management of each under- 
taking. Technical efficiency is easily undermined. if 
management fails to give due attention to such 
problems, and Sir Alexander Fleck could point to a 
fine tradition which his company inherited in this 
matter from such men as Ludwig Mond and Sir John 


_ Brunner as well as the first Lord Melchett. 


This is, however, only one way in which increasing 
demands are being made on modern , management. 
The survey ' of individual managemént trainmg 
schemes in the north-west of England’ made by the 
British Institute of Management during the past two 
years (Company Executive Development. 10s. 6d.) 
shows how largely such schemes should be the 
responsibility of senior management, for example, - 
and the imperative need for management practice to, 
maintam high standards. It is also a fundamental 
reason why the value of scientific or technological 
attainments should not be exaggerated and why 
industry is above all seeking men for its positions of 
high responsibility who, while possessing the indis- 
pensable scientific or technical background, bring to 
those responsibilities a broad and flexible outlook, 
and interest in human beings and a respect for the 
digmity of the individual. Moreover, such qualities, 


-as well as the scientific and technical attainments 


necessary to appreciate the potentialities of such 
developments as automation, nuclear energy and 
many other consequences of technical advance, are 
imperative in those occupying responsible positions 
on the trade union side and also in the Civil Service 
if human relations are to be solved and the adaptation 
to technical change is to be made smooth and efficient. 

_ The problem may, however, prove to be less difficult 
than is sometimes suggested, provided due attention 
is given to the critical factors. Sir Alexander Fleck, 
who has emphasized the value of the flexibility of 
mind given by a training in the humanities in enabling 
aman to adapt his understanding td the significance 
of technical changes, has at.the same time directed 
attention to the basic unity -of science -and the 
humanities and particularly to the amount which the 
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scientist has m common with the historian. Both 
need to fit and interpret their work into the widest 
human context. They share, too, a passion for. truth 
and judgment, and imagination and a highly critical 
mind are essential to both for work of the highest. 
quality. 

There is thus strong support for those who, like 
Dr. B. V. Bowden, are seeking to foster the study of 
the history of science or technology in colleges of 
technology, as a means of developing an appreciation 
of the cultural values of science and technology and 
the human qualities and outlook which both scientist 
and’ technologist need to-day. There is, however, 
much that industry itself could do to develop such 
an outlook, and to narrow the gap which at present 
exists between so many of our scientists and tech- 
nologists and their fellows in the commercial side and 
other walks of life. The major contribution to closing 
the gap in the future must still come from the 
universities and from the schools, and there is need 
for clear thinking about the content of courses and 
for much experiment before satisfactory solutions are 
found. Prof. R. A. C. Oliver’s experiments with 
general studies and Sir James Mountford’s suggestion 
of a working party of the educational profession as a 
whole to examine the fundamental needs deserve 
wide support. 

Ths is- field, however, in which professional 
bodies too have an important part to play, and there 
is evidence that this is now appreciated. Their 
influence, and.also that of the Government, may well 
be required to secure the changes and greater flex- 
ibility required if the schools are to be encouraged 
and enabled to take the measures to foster a broader 
general education, and the. universities in turn to 
modify courses so ‘far as possible to encourage a 
broader outlook and greater flexibility of mind with- 
out sacrificing the depth that is demanded in scientific 
and technical studies to-day. A vital responsibility 
of the Government, and one that cannot be left 
solely to the University Grants Committee, is to 
foster by all possible means the readiness to experi- 
ment and co-operate, to discourage all obstacles to 
ease of communication, and to see that high standards 
are not sacrificed to numbers or some particular 
party doctrine or local or sectional prejudice. Not 
least of its responsibilities ıs to see that the way to 
positions of high responsibility is open to the scientist 
and technologist in the Government service and in 
the nationalized industries and other public cor- 
porations. Lord Kilmuir’s reply to Lord Simon of 
Wythenshawe’s challenge on this point in the debate 
on the Electricity Bill on April 30 suggested that 
there is room for fresh thought here. The importance 
of securing the most efficient leadership over-rides 
any consideration of a Government committing its 
successors as to the personnel of the boards, and to 
grapple vigorously with the difficult question of the 
selection and remuneration of members of such 
boards would give “welcome assurance that the 
importance of leadership and its dependence 
on an adequate policy of education are i 
appreciated. 
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THE GREAT ICE AGE 


The Quaternary Era, with special reference to its 
Glaciation 

By Prof. J. K. Charlesworth. Vol. 1: 

592-+plates 1-24. Vol. 2: Pp. xxxi+593-1700+ 

plates 25-32. (Londen: Edward Arnold (Pub- 

lishers), Ltd., 1957.) £16 16s. net the two volumes. 


ROF. CHARLESWORTH prefaces his great work 
on the Quaternary era by the following quote- 
tion: “When the work of the geologist ıs finished 
and his final comprehensive report is written, the 
longest and most mmportant chapter will be upon 
the latest and shortest of the geological periods”. 
The author not unreasonably thinks there is some- 
thing in this view, and the magnitude and scope of 
the two volumes he has written do.nothing to 
diminish the impression. The Quaternary era derives 
its particular interest from several features. The 
Grtéat Ice Age, which roughly defines its extent, 
produced profound changes not so much in the sold 
geological structures af the world but in the 
uppermost few hundred feet which bear the plant 
and animal life of to-day upon their surface: 16 was, 
moreover, most catastrophic in those temperate ~ 
parts of the world where great scientific civilizations 
have developed, and in those regions particularly it 
1s idle to conceive the history of vegetation or fauna, 
of physiography, or soil, or of the human race except 
im terms of the immense effects of the sequence of 
glaciations and miterglacial warm periods. The 
largest part of the stary of the evolution of the 
human race itself falls within this period, and its 
study must largely depend upon examination of 
human fossil remains and artefacts from Quaternary 
deposits. 

The admittedly disputaceous character of Quat- 
ernary geologists arises ın part from the intense 
complexity of the factors they have to consider, but 
in part also from the fact that their time-scales are 
now so much expanded in comparison with. those of 
preceding eras, that they must consider the effects 
of only a few score or hundreds of years, and explam 
sequences in terms of centimetres rather than of 
hundreds of metres. Thus they are constantly faced 
with the elucidation from first principles of processes 
and structures entirely new to them. The challenge 
of this situation has induced the application to 
Quaternary geology of many new techniques such as 
pollen-analysis, diatom-analysis, radio-carbon dating, 
deep-sea coring, fluorine assay and strand-line 
analysis, alongside an intensive linkage with research 
into geophysical analysis of glacier activity, and into 
contemporary geological activity m glacial and peri- 
glacial regions all the world over. We have further- 
more entered upon the investigation of the pluvial 
and non-pluvial periods which constitute major Quat- 
ernary divisions in the torrid regions of the world. 

In 1914, when W. B. Wright published his great 
book on the Quaternary Ice Age, he was able to 
comprehend and expound the then available know- ° 
ledge with some leisura for critical appraisal and 
forecast. The task forty years later has become 
immensely more formidable, taking in great tracts of 
new publications and-whole new fields of research ; 
but the need for a comprehensive survey and intro- 
duction to the subject as a whole has grown, rather 
than lessened. 

Prof. Charlesworth’s presentation is in two massive 
volumes, totalling 1,700 pages, which include an 
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abundance of good-quality photographs and diagrams. 
It is inevitable that the book must be to a high degree 
an analysis of the huge literature of the subject, and 
a large part of its value will rest upon the facilities 
offered by the terminal bibliography of 1,924 selected 
titles, and of the vastly more numerous (but untitled 
and unsorted) references which are given after each 
chapter. Vol. 1 deals with two of the three parts 
making up the hook as a whole; these respectively 


concern glaciology and glacial geology. Vol. 2, the 


larger, deals with the Quaternary era itself. 

_ It is mdeed a stupendous achievement to have- 
surveyed so vast a field, and every research worker 
in. the field of Quaternary study will have to turn 
time and again to this reference work. So wide, 

however, has the field of knowledge become that 
each chapter and each section has inevitably taken 
the character of a brief glance at, and short reference 
to, its main features and lines of development. To 
some extent critical appraisal and measured exposi- 
tion have gone by the board, and this was perhaps 
inevitable. Experts in each” part of the field may 
well feel their own area to have been inadequately 


treated, and the time required not only to compile but ` 


also to print so compendious a work must mean that 
parts are outdated even at publication. British 
Quaternary geologists will be sorry that there was 
not time for a full discussion of the synthesis of 
pollen-analysis of organic interglacial deposits and of 
till-fabric analysis in East Anglia. This would perhaps 


have persuaded Prof. Charlesworth to a different 


correlation of the East Anghan glacial sequence 
with that of western and alpine Europe, especially 
since what he proposes appears to place Hoxne and 
Clacton in the Riss-Wurm Interglacial, leaving no 
place for the subsequent Histon Road or Ipswich 
interglacial beds, which are almost certainly Kemian 
and therefore equivalent to Riss-Würm themselves. 
Present opinion here and in the Netherlands certainly 
places the Hoxne deposits in the Great or Mindel— 
Riss Interglacial. 

Most authors, aware of the risk (as Prof. Charles- 
worth is) of making multiple minor errors in seeking 
to cover so extensive a field, would have shirked the 
task altogether and have saved themselves a moun- 
taimous labour and a lot of criticism. Prof. Charles- 
worth deserves our thanks that he has persevered to 
the end with his task: his book will long remam a 
major means of entry into the many complex terri- 
tories of Quaternary history, and it will be found of 
the utmost value to students in all those developing 
sciences which find themselves bound to take cog- 
nizance of the world-wide and profound trans- 
formations which accompany the Great Ice Age. 

H. GODWIN 


` 


EGYPTOLOGY 


Tombs, Temples and Ancient Art 
By Joseph Lindon Smith. Edited by Corinna Lindon 
Smith.” Pp. xv+350. 36 plates. (Norman: Okla- 
homa: University of Oklahoma. Press, 1956.) 
5 dollars. $A 
RITING, m 1907, the late -Walter Tyndale, a 
fellow artist, described Lindon Smith as ‘one 
of the most amusing companions which it has been 
my good fortune to meet”. So he remained all his 
life, and this charming book brings to life again the 
lovable and happy personality of its author. Lindon 
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Smith’s great contribution to Egyptology has long 
been recognized, for his paintings of Egyptian subjects 
were numerous and of unsurpassed quality. The 
Egyptian collections of America, particularly those m 
the Boston Museum of Fine Arts, have been enriched 
by the products of his brush, which have brought 


` to the student who has not visited Egypt all the 


glories of pharaonic art. Now Egyptology finds itself 
further’ in his debt, for in these writings, edited by 
his wife, Lindon Smith presents us with character 


` studies of many of the famous figures of Egyptian 
archeology, and, what ıs even more important, side-: 


lights on important discoveries and events hitherto 
not known. This valuable feature of the book is 
shown in the chapter on ‘Great Discoveries’, partic- 
ularly im the section dealing with the_findmg of the 
so-called Akhenaten mummy, in which Lindon Smith 
marshalls the evidence and relates the arguments of 
such authorities as Maspero, Weigall, and Engelbach, 
which ultimately solved the problem of this mys- 
terious find. 

Among the illustrations, there are many reproduc- 
tions of the author’s paintings, and although the 
absence of colour is much to be regretted, they yet 
show his genius as a copyist and interpreter of ancient 
art. This ıs particularly shown ın the illustration 
facing p. 16, which is a photograph of Lindon Smith 
at work in the tomb of Mereruka; here the editor 
has rightly found it necessary to distanguish mn the 
sub-title between the painting and the orginal bas- 
relief. I can recommend this book as a very valuable 
contribution to the history of archeological research 
in the Nile Valley. W. B. EmERY 
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THE ATOMIC NUCLEUS 


Etementary Nuclear Theory ' 
By Prof. Hans A. Bethe and Prof. Philip Morrison. 
Second edition. Pp. xi+274. (New York: Jobn 
Wiley and Sons, Ine. ; London: Chapman and Hall, 
Ltd., 1956.) 50s. net, 


HE first edition of Bethe’s “Elementary Nuclear 
Theory” appeared ten years ago and thus dealt 
mainly with what may be called pre-war physics. 
For the second edition, Prof. Bethe has been joined 
by Prof. Morrison as co-author. Together they have 
endeavoured—successfully, in my opinion—to cope 
with our greatly increased knowledge of atomic 
nuclei. The result is a book of nearly double the size, 
due to an expanded treatment of many of the original 
topics as well as the inclusion of some new ones. The 
book has been virtually rewritten, as was necessary 
to bring it up to date, yet the reader familiar with 
the first edition will recognize an old friend. 
Among the more important additions ıs & most 
lucid chapter on the polarization of nucleons. The 
use of the density matrix and of trace techniques is 
explained and double-seattering experiments are 
discussed, the geometry of such an experiment bemg 
illustrated by a most helpful diagram. There is an 
excellent chapter on the theory of nuclear reactions 
and scattering, dealmg among other matters with 
resonance formula, level-widths, the matching of the 
logarithmic derivative of the wave function on the 
nuclear surface, compound nucleus theory, the cloudy 
crystal ball model and radiative processes. A very 
good balance is here maintamed between the mathe- 
matical formalism, its physical mterpretation and its 
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application to experiment. . Chapter 19 on nuclear 
structure seems less successful. It contains a very 
useful up-to-date account of the achievements and 
physical concepts underlying the shell model and the 
collective model; but here the balance between 
mathematical formalism and physics, mentioned 
above, has not been achieved. Not enough mathe- 
matics is given for the reader to be able to appreciate 
how the qualitative concepts lead to far-reaching 
detailed quantitative predictions. The relevant 
theory is, of course, highly specialized and intricate, 
but just for that reason a bowdlerized version would 
have been most welcome. The authors have nghtly 
refrained from an extensive application of meson 
physics to nuclear theory: as ıb is understated in 
the preface, “‘field theory is still no sure guide to 
correct results in nuclear physics”. An attractive 
feature of this book is the use, wherever possible, 
of the effective range approximation, enabling the 
reader to become familiar with this very useful 
approach. 

Nuclear physics covers a vast field, and our under- 
standing of it has not yet reached a stage which allows 
a umform presentation. This makes a first introduc- 
tion to this subject difficult. It 1s most valuable to 
have a slender book, such as this second edition of 
“Elementary Nuclear Theory”, which will serve this 
purpose admirably. It gives lucid and concise intro- 
ductory accounts, the stress always being on the 
physical essentials, of most topics in nuclear theory 
which at the present time appear of fundamental 
importance. F. MANDLE 


SWANS, GEESE AND DUCKS 


The Water Fowl of the World 

By Jean Delacour; 1lustrated by Peter Scott. 
Vol. 1: The Magpie Goose, Whistling Ducks, Swans 
and Geese, Sheldgeese and Shelducks. Pp. 284+ 
16 plates. 105s. Vol. 2: The Dabbling Ducks. Pp. 
232 +24 plates. 126s. net. 

(London: Country Life, Ltd., 1954 and 1956.) 


THIRD volume will complete this monograph 

of a family of birds, the Anatidae, which makes 
a special appeal to the sportsman and the aviculturist 
as well as being of much ornitholpgical interest. The 
work is handsomely produced, with text by one and 
illustrations in colour by another well-known auth- 
ority. There is an account of every species and 
subspecies, giving ıts characteristics, distribution, 
general habits and record in captivity—this last a 
special feature, often with additional information on 
habits. Maps illustrate the distribution, but some of 
these have the defect of ignormg overlap between 
the breeding and non-breeding ranges. 

The family is largely made up of a few familiar 
groups with numerous representatives widely spread. 
Thus, in the first volume, we find the whistling ducks 
of southern. countries ; the swans, a small but cosmo- 
politan group ; the true geese, grey and black; and 
the assemblage of species covered by the general 
title of sheldgeese and shelducks. Again, in the 
second volume, we have the dabbling or surface- 
feeding ducks, mostly placed m a single genus 
including such well-known species as mallard, teal, 
wigeon, pintail and shoveller, with related forms 
throughout the world. 

There is, however, a notable addition of peculiar 
forms of limuted range. Thus, the magpie goose of 
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Australasia 1s put in a sub-family by itself; the 
unique coscoroba of southern South America is apart 
from the typical swans; and monotypic genera are 


` required for the Cape Barren goose, the blue-winged 


goose found only in Abyssinia, the Orinoco goose, 


. the Egyptian goose and the South American crested 


duck. There is also the interesting genus of steamer 
ducks of southern South America and the Falkland 
Islands, once the subject of controversy but now 
considered to comprise three species—two flightless 
and one volant. 

Other peculiar species, dealt with in the second 
volume, are the pink-headed duck of India, the pmk- 
eared duck and freckled duck of Australia, the 
mountam blue duck of New Zealand, and the httle 
torrent duck, mhabiting the swift streams of the 
Andes ‘from the Caribbean to Tierra del Fuego and 
divisible into six sub-species. 

Although the members of the family have many 
obvious points m common, there is considerable 
diversity in habit and’ still more in appearance. Mr. 
Scott figures the different plumages of each form, 
and the plates of the young in down are a pleasing 
feature. LanpssorovucH THOMSON 


THE LEAF 


The Growth of Leaves z 
Proceedings of the Third Easter School in Agricultural 
Science, University of Nottingham, 1956. Edited 
by Prof. F. L. Milthorpe. Pp. x+223. - (London : 
Butterworths Scientific Publications ;~ New York n 
Academic Press, Ine., 1956.) 40s. 


Sis organizers of this symposium on the growth 
of leaves were prompted by the consideration 
that in attempts to mmprove agricultural production 
too much attention has been concentrated on the 
photosynthetic processes, changes in which, under 
normal agricultural conditions, are relatively unim- 
portant in determing yield when compared with the 
effects of variations in the extent of the surface of the 
photosynthetic organs. The symposium was arranged. 
to emphasize this principle, and follows the develop- 
ment of leaves from their inception, through expan- 
sion, to maturity. 

The first part of the work deals with general aspects 
of growth and differentiation. In the introductory 
chapter by F. G. Gregory there is an interestmg 
discussion of the general concept of the leaf and of the 
principal characteristics of leaf growth. E. Bunning 
contributes a” valuable summary of his views on 
differentiation, while J. K. Heyes and R. Brown 
discuss the growth and differentiation of cells, using 
data obtained from their studies on roots. The 
second part of the symposium is concerned with the 
mutiation of leaf primordia and opens with a chapter 
by C. W. Wardlaw on the inception of leaf primordia 
in relation to metabolic and geometrical aspects of 
apical organization, This is followed by a mathe- 
matical treatment by ¥. J. Richards of the spatial 
correlations involved in the production of leaf pattern 
at the apex. N. Sunderland, J. K. Heyes and R. 
Brown conclude the section with an account of their 


 origmal observations on growth and metabolism in 


the shoot apex of Lupinus. In the third section ‘of 
the symposrum, which deals with leaf expansion, H. 
Jones has covered a very wide field within the hmits 
of his chapter on morphological aspects of leaf 
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expansion. Other aspects of leaf expansion are dealt 
with in articles by H. W. B. Barlow and C. R. Hancock 
“and by E. Bunnmg. W. T. Wiliams contributes an 
interesting account of etiolation phenomena. ‘The 
final section of the symposium, with contributions 
by F. L. Milthorpe, G. E. Blackman, H. L. Penman 
and D. J. Watson, 1s concerned with the influence of 
external factors on leaf growth and underlines the 
importance of such studies in any attempt to improve 
crop production. 
It will be evident from a consideration of the sub- 


jects dealt with and from the names of the contn-. 


butors that this symposium is an excellent compila- 
tion. In a work of this type there are always certain 
gaps that could be filled ; an account of leaf meristems 
would have been helpful and few of the authors have 
paid any attention to the potentialities of, or the 
results already achieved by, the supply of organic 
substances to plants growing in aseptic culture. The 
organizers of the symposium are to be congratulated, 
however, on producing a book which should be of 
great interest, not only to those concerned with 
agricultural production, but also to any student of 
plant morphogenesis. A. ALLSOPP 


ANALOGUE COMPUTERS 


Analog Computer Techniques 

By Prof. Clarence L. Johnson. Pp. xi+264. (Lon- 
don: McGraw-Hill Publshing Company, Ltd., 1956.) 
45s. 


Electronic Analog Computers 

(D-e Analog Computers). By Dr. Granino A. Korn 
and Theresa M. Korn. Second edition. Pp. xiv+ 
452, (London: McGraw-Hill Publishing Company, 
Ltd., 1956.) 56s. 6d. 


LECTRONIC analogue computers were developed 
mainly during the Second World War, primarily 
in connexion with radar and predictors. The first 
uses and many of the techniques arose in Britain. 


The past decade has seen & tremendous growth of the _ 


number and popularity of this type of computer, 
especially in the problems of automatic control where 
non-linear effects can so easily be studied by direct 
simulation. Reasons for this increasing use are the 
simplicity in understanding the method of operation 
and the ease with which they can be designed and 
built. This is exemplified by the large number of 
„small special-purpose machines that have been ‘home- 
constructed’. There is a big demand for the all-too- 
few books on this subject. 

“Analog Computer Techniques”, by C. L. Johnson, 
is a new-comer in this field. The introduction gives 
as the purpose of this book the reduction in the 
trang period of analogue computer operators. It 
is, however, by no means an operator’s handbook but 
a detailed survey of the various electronic methods 
by which mathematical functions may be represented 
and operations performed, together with a study of 
the various techniques now available for the solution 
of differential equations. In the classification of 
computing machines the analogue variety is sub- 
divided into ‘physical-analog’ and ‘mathematical- 
analog’ computers and goes on to claim that the 
book wil deal mainly with the latter. If this had been 
true, the text would not have been half so valuable as 
it turns out to be. The most important uses of, and 
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the major advances m, engmeering science m guided 
missiles, servomechanisms and automation have been 
achieved by physical analogue machines known in 
British terminology as ‘sumulators’. The difference 
between the use of these two classes of computers is 
greatest when the problems are non-linear. Here, in 
many cases, the mathematical equations may be 
difficult or impossible to formulate, and where, as is 
demonstrated mtentionally in section 7.5, it is only 
too easy to find the right answer to the wrong equa- 
tion. It then becomes necessary to use physical 
simulation of the problem as in ‘backlash’, hysteresis, 
saturation and other non-linear functions. This is 
dealt with adequately and at length in Chapter 7, 
“The Representation of Non-linear Phenomena”. 

In the main the mathematics has been kept at a 
fairly low level, but surely not at such an elementary 
stage that the author thinks it necessary to justify 
in an appendix the equivalence of jw and the operator 
p. An exception ıs that of section 9.7, where the 
mathematics mvolves the theory of functions of 
complex variables and is quite out of keepmg with 
the remamder of the book. It is also unnecessary 
and could with advantage be deleted. A blatant 
mistake is the use of complex coefficients, in equation 
9.15, which represent physically unrealizable systems 
and lead to equation 9.18, which ıs incorrect, 

A misleading treatment of Nyquist’s criterion is less 
excusable. The proof and theorems given under this 
heading are an extension due to H. W. Bode (which is 
not acknowledged) and have httle connexion with this 
famous criterion. Nowhere 1s it explained that it is a 
eriterion of stability. In fact, m the very section, 
A.4, “Conditions of Stability’, m which it should be 
utilized it is never mentioned. Instead, the author 
uses the out-of-date and cumbersome Hurwitz- 
Routh set of criteria (Hurwitz’s name ıs. also 
omitted). 

Apart from this theoretical flight which is a mistake 
and is, m any event, only a very small portion of the 
book, the treatment of computer elements, multi- 
pliers, function generators and examples of methods 
of applying and-solvmg problems is good. The 
chapter on the more modern digital integrating 
differential analyser has special merit. References 
are given at the end of each chapter and are exclusively 
American. 

“Electronic Analog Computers”, by G. A. and T. M. 
Korn, is the second edition of a very successful book 
which has had the privilege of being first in the field 
for several years. 

The complete absence of the use of a machine as a 
simulator has been rectified in the second edition 
which now deals very adequately with this subject, 
giving techniques directly applicable to non-linear 
control systems. Circuit details are now given of 
methods by which these non-linear functions can be 
simulated by diodes, including the generation of 
functions of more than one variable. The book is 
up-to-the-minute ın dealing with multipliers by 
including F.M.-A.M. and time division methods of 
multiplication. There is even a small section on 
random processes and the production of required 
forms of signals for computer use. The treatment of 
stability is still totally inadequate, and the Nyquist 
er:terion as quoted ıs not strictly accurate. 

On the whole, however, it remains the best Ameri- 
can text on this subject. A large bibliography, 
together with author- and subject-mdexes, complete 
the book. It 1s refreshing to note the British refer- 
ences included. J. C. WEST 
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~ THE NATIONAL INSTITUTE FOR RESEARCH IN 
NUCLEAR SCIENCE 


N article was published ın Nature of April 27, 

p. 835, dealing with the new National Institute 
for Research m Nuclear Science, and some of the 
many problems, administrative and scientific, raised 
by the establishment of the Institute, were men- 
tioned. The very scope of the proposals makes it 
essential that the project should receive careful 
consideration, and comments were therefore invited 
from a number of leading scientists who are not 
already committed to the Institute by membership 
of the governing body. We print below their replies. 


Sm EDWARD APPLETON, G.B.E., K.C.B., F.R.S., 
Principal and Vice-Chancellor, University of Edm- 
burgh 
Ir ıs a reflexion of British progress ın physical 
science that experimental equipment becomes of a 
more ambitious and elaborate nature. Most of the 
experiments requiring only modest apparatus, con- 
trolable by a single individual, have already been 
carried out in certain fields of inquiry; though we 
may hope that there are still people who will not be 
too much influenced by this. In two notably live 
branches of science to-day, namely, nuclear physics 
and radio-astronomy, some of the necessary equip- 
ment has become so large and intricate that its 
duplication in university research centres generally 
becomes prohibitive on grounds of both space and 
cost. That is why the proposal to set up a National 
Institute for Research m Nuclear Science 18 to be 

welcomed. 

1 do not share the fears that have been expressed 
concerning the operation of the Institute as a 
monopolistic enterprise; for I am sure that it can 
be left to the governing body to see that the overall 
national interest, and that includes the welfare of 
our universities, is duly served. But I am concerned 
about an entirely different matter, and that is to 
ensure that existing university nuclear physics 
groups, with their more modest machines and other 
equipment, continue to receive adequate support. 
Universities recognize their function as being the 
two-fold one of trainng the young research worker 
as well as advancing human knowledge. There is a 
lot to be said for the sumpler type of experiment, 
conducted by one or two individuals, as the student’s 
first essay in scientific inquiry. One does not learn a 
great deal by bemg m. charge of only one of the 
controls of a huge machine. So I plead the cause of 
individual, as well as team, research. 

Pror. W. E. Burcuam, F.R.S., University of Bwr- 
mmgham - 


ONE encouraging feature of the study of high-energy 
nuclear physics has been the degree of international 
co-operation which it has fostered. Physicists of 
many countries are using, or proposmg to use, the 
facilities of ‘great laboratories such as those at Berke- 
ley or Geneva without apparently suffering any loss 
of prestige. It would therefore seem entirely reason- 
able for a federation of the universities of Great 
Britam to co-operate with the Atomic Energy 
Authority in planning and ‘using the facilities of a 


large national laboratory. It is not realistic to 
suggest that such a laboratory should be sponsored 
by any single university, although future laboratories 
might be planned regionally to serve a group of 
universities. 

lf any such laboratory is to come into being at all 
and to compete usefully in high-energy physics 
within the next decade, its planning is already a 
matter of extreme urgency and must rest largely on 
the present staff of the Atomic Energy Authority. 
The sooner this burden ıs distributed fairly among 
potential users the better, and it is now for the 
universities to suggest conditions under which 


.members of their staffs could be seconded to the 


National Institute for a time sufficient to make a real 
contribution. The difficulty is that this time 1s 
probably about two years at least, which is long 
enough to weaken considerably that unity of teaching 
and research which most university lecturers regard 
as essential to their profession. 

One solution would be to have national laboratories 
within easy reach of all mterested universities, but 
a@ more practicable one might be so to increase the 
size of a typical university staff that the regular 
absence of two or three members for a double 
sabbatical year could be tolerated. There would be 
some break in the continuity of the duties of an 
individual lecturer, but this would be a small price 
to pay for the experience and mspiration which he 
would gain. In order that these advantages could 
ultimately accrue to the universities, it would be 
necessary to ensure that seconded staff would not be 
offered permanent appointments. 

I beheve that the National Institute should have 
nothing to do directly with the nuclear energy 
programme, and that demands for reactors and low- 
energy accelerators should be left to arise from within. 
The Institute might well see that such relatively 
modest facilities were evenly distributed and 
generously endowed in universities, but it should 
primarily concern itself with its own special function. 
it might also provide a test-bed for new ideas, for 
the full-scale exploitation of which university facilities 
are usually inadequate and generally slow. 

There are doubtless many mmor practical diffi- 
culties to overcome in the present proposal, but none 
seems desperate providing that universities can be 
enabled to make a real and immediate contribution 
‘on the site’. This will entail the whole-hearted 
co-operation of the University Grants Committee ; 
if this results in a general increase in the number of 
university teachers, the cause of advanced education 
will be noticeably furthered. 


Dr. A. B. D. Cassm, C.B.E., director of the Wool 
Industries Research Association, Torndon, Heading- 
ley, Leeds 


Economy of materials and man-power may have 
compelled the decision to establish a National 
Institute for Research in Nuclear Science, but this 
policy is, in my opinion, also likely to prove right 
for the universities. The appeal and advantages of 
a university life are ample leisure to discern and 
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follow up new lines of thought, and to do whatever 
is done with a degree of excellence which cannot be 
attained elsewhere. In short, university staffs 
should- be aristocrats in their own subjects. ‘ The 
establishment of very costly and complex equipment 
at individual universities seems hard to reconcile 
with this fundamental feature of university life. 
Indeed, I should have thought that, once installed, 
- such a machine would determine ‘the pattern of 
research for’a long time ahead, thus denying to 
academic staff the freedom to follow any other 
promising line of thought. How much better for the 
staff to feel that they have such a machine available 
for their work without being tied to it in future 
research projects. So the new National Institute 
should help to ‘maintain academic freedom, which is 
still, I am sure, the appeal which brings the right 
type of man to the university staff. 

Should the new Institute have a programme of its 
own or should it be run by a steering eommittee 
which merely allocates time to various groups 
wishing to use its equipment? It should, I think, 
have a programme of its own. A governing board 
as at present constituted would ensure that the 
programme would follow and fit in with the require- 
ments of those interested in nuclear research. I am 
sure, too, that time would be made available to 
check important theoretical deductions or test new 
ideas put forward by members of university staffs. 
I think that the alternative of allocating time to 
different universities would prove exceedingly difficult 
to administer, and would have the defect for the 
universities that they might suffer unduly from 
absent teaching staff. 

As regards the programme of work, I am not com- 
petent to deal with this other than to state that the 
board would have to be completely free from bureau- 
cratic control if the programme of the Institute is 
to be really worth while, and sufficiently fiexible to 
accommodate projects from those outside the 
Institute. 


Pror. S. Devons, F.R.S., University of Manchester 


THERE can be little doubt that if physicists m 
Britain are to participate in the future development 
of high-energy physics, then the present, traditional 
organization of research on the basis of the inde- 
pendent resources of individual universities is 
inadequate. Some form of co-operation and some 
pooling of resources are essential. The particular 
type of co-operative enterprise must depend on the 
relationship which one considers this expensive 
research to bear to education, research and tech- 
nological development in physics generally, as well as 
on the intrinsic factors which are involved by the 
need to create adequate facilities. 

The title of the new institute sounds all-embracing, 
although the main incentive for its creation has been 
the specific need of research tools in the very high- 
energy field. This is the field of physics which is still 
predominantly academic and non-technological in its 
aims and outlook. The significance of this work for 
technological development is indirect—by main- 
tenance of scientific research and education at the 
highest possible level. If the new institute is to be 
concerned primarily with this academic work, then 
its relationship with research and teaching in the 
universities is of vital importance. The extreme 
possibilities, an independent institution engaged m 
academic research competing with the universities 
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and a co-operative enterprise of the universities, are 
clearly pointed out in the article in Nature. In any 
event, the physics departments in most- universities 
are deeply involved, and the function, scope and 
organization of the new institute is of direct interest 
to them. 

Regret is dxprcessd in Nature that there has 
been little public discussion of the principles in- 
volved. One might. add that these general issues 
have scarcely been discussed adequately by the 
university physics departments themselves. One can 
surely expect, however, that within the framework 
of the present proposals there is still room for such 
cE, professional and public, to make themselves 
elt. 


Dr. D. W. Huar, director of the British Cotton 
Industry Research Association, Shirley Institute, 
Didsbury, Manchester 


Te proposed National Institute for Research ın 
Nuclear Science is a bold conception to meet a more 
than ordinary need. According to the announcement 
in the House of Commons on February 14, “‘the main 
object of the Institute will be to provide, for common 
use by Universities and others, facilities and equip- 
ment ...’”. This object must raise problems both for 
the new Institute and for the universities. , 

While a good deal of research in nuclear science 
can be conducted in the universities with limited 
facilities, there are undoubtedly topics which should 
be subjects of research in universities and for which 
access to a nuclear reactor or to high-energy machines 
is essential. For example, the development of 
nuclear diffraction techniques for the investigation of 
crystal structure—a potentially valuable extension of 
X-ray diffraction techniques—needs access to a pile. 
In the present state of knowledge, nuclear reactors 
and high-energy accelerators must be sited for 
reasons of space andjor prudence in open country. 
This implies a geographical separation from the 
universities and thereby poses an immediate problem 
for them by the separation of their twin functioris of 
teaching and research. 

An important function of university research 
itself is the training of the young research workers. 
Few teachers would want research students to be 
separated from their direction even for work involving 
special equipment. It seems likely, therefore, that 
problems considered suitable for research students 
will not include those that demand the special 
facilities of the new Institute. From where then will 
the demand come far the use of this special equip- 
ment? So far as the universities are concerned, 1t 
can apparently be only from members of the staff ; 
but they have teaching and administrative duties 
from which they cannot easily be excused. It seems, 
therefore, that they must use the Institute during 
their vacation periods or be given sabbatical periods 
for the purpose. This will not, by itself, serve to 
keep a steady load on the resources of the new 
Institute. “The other source of external workers is 
likely to be the new nuclear energy industry, from 
which research. workers might be seconded to investi- 
gate particular problems of value in, for example, the 
design of industrial nuclear reactors. 

In order to balance the work of the Institute and 
keep the resources both in capital equipment and 
trained personnel fully employed, it will probably be 
necessary to establish a, research programme within 
the Institute. There might then he .a conflict 
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between the demands of the research programme and 
the desires of visiting research workers. Neverthe- 
less, similar, if smaller, schemes have been in success- 
ful operation for many years m observatories equipped 
with large telescopes. Visiting astronomers use the 
equipment for a particular problem and share the 
observing time with others, including the permanent 
staff of the observatory. The research programme 
of the Institute under such a scheme could scarcely 
be expected to cover defence research and would 
necessarily therefore be directed towards fundamental 
studies. A director of a research association may be 
forgiven for suggesting that it could also be a powerful 
centre of nuclear research for industry. 

The balance of the two functions of performing 
research and providing tools for others to do so 
would be the responsibility of a director acting under 
the governing board already appointed. Since, to 
provide staff for the Institute, he would probably 
have to denude the universities, the ultimate balance 
will probably be decided by the shortage of competent 
physicists. It seems certain that the greatest advan- 
tage will be reaped if the Institute is both employer— 
carrying out independent research—and employed— 
providing facilities. 

This arrangement still leaves untouched the 
problem of trammg young research workers, and 
there remains a third possibility, namely, that the 
permanent staff of the Institute will be recognized 
teachers in their own right to whom students will 
willingly migrate and whom universities will willingly 
recognize. It seems to me that, on whatever basis 
the Institute originates, it will change with time to 
become a de facto 1f not de jure advanced college of 
nuclear technology, providing not only for its own 
research and facilities for visiting staff, but also for 
postgraduate training in nuclear science. 


Pror. J. M. Kay, professor of nuclear power, 
Imperial College of Science and Technology, London 


Tue decision to set up a National Institute for 
Research in Nuclear Science will receive general 
support from university departments concerned-with 
nuclear energy. Some difficult problems may arise, 
however, over the relationship of this new Institute 
to the research activities of the U.K. Atomic Energy 
Authority. It is not always appreciated that, in 
addition to the Atomic Energy Research Establish- 
ment at Harwell, there is the large and highly- 
organized Research and Development Branch of the 
Industrial Group with headquarters at Risley and with 
laboratories at Springfields, Windscale, Culcheth, 
Capenhurst and Dounreay. Wau it really be neces- 
sary in the future to have three distinct research 
organizations in the field of nuclear science, all 
financed through the Atomic Energy Authority ? 

Presumably the division of research activities 
envisaged in this tripartite arrangement is for funda- 
mental research to be carried out at the new Institute, 
long-range research in the application of atomic 
energy to be pursued at Harwell, while research and 
development directed towards specific constructional 
projects would continue to be the responsibility of 
the Research and Development Branch at Risley. It 
is doubtful, however, whether it will be possible to 
maintain these clear distinctions, and mevitebly 
there will be overlapping and duplheation of effort at 
the boundaries. It could be argued that a simpler 
and better solution would be to have only two 
research organizations, one dealing with fundamental 
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research which would be conducted so far as possible 
in an atmosphere of academic freedom, and the other 
dealing with applied research and development. 

If the latter solution were to be adopted, the 
quickest way of setting it up would be to take the 
existing fundamental research activities of the Atomic 
Energy Research Estabhshment at Harwell as a 
basis for the new Institute. At the same time it 
would be necessary to combine the present applied 
research activities at Harwell with those of the 
Research and Development Branch at Risley. While 
the obvious criticism could be advanced that this 
would mean disrupting the present activities of 
Harwell, it is evident that some re-arrangement is 
envisaged in any evens in view of the proposal to 
establish a second site at Winfrith Heath. A simple 
solution would be to transfer the applied research 
work from Harwell to Winfrith Heath, which would 
then become an outstation of the Risley Research 
and Development Branch. On this picture Harwell 
would become synonymous with the National 
Institute for Research in Nuclear Science and would 
then be able to concentrate its efforts on those funda- . 
mental researches for which it is supremely well 
suited. 


Pro. G. D. Rocusstre, The Durham Colleges in the 
University of Durham 


SINCE so many members of the governing board of 
the new Institute are physicists with an active 
interest in high-energy nuclear physics, most nuclear 
physicists are confident that it will be run in the 
best interests of nuclear physics in Britain. The high 
proportion of universisy representatives will ensure 
close contacts with the universities. Effective contact 
will, however, only be secured by members of univer- 
sity physics departments, lecturers and research 
students alike, working at and with the Institute. 
Probably this will be done in two ways: by university 
departments seconding staff and students to work at 
the Institute for periods of up to two to three years, 
and by university ‘truck’ teams carrying out relatively 
short experiments involving exposures to the various 
beams of particles which will be available. The 
essential difference between the two types is that in 
one case, the university group, possibly with members 
of the Institute, will build its equipment and perform 
the experiment at the Institute; whereas in the 
second case, the group will build and assemble its 
equipment at its home base, take it to the Institute 
for the exposure, and then return to the home base to 
examme photographs or recordsand analyse the results. 

This sort of thing 1s not new to those who have 
worked in cosmic rays. Several universities in 
Britam have m fact maintained research teams on 
the Jungfraujoch, La Marmolada and the Pie du 
Midi, and have organized great balloon-flying expedi- 
tions abroad. The difference is that if the new 
Institute 1s to be run largely by university personnel 
the scale of the operation is likely to be larger. 
University physics departments which specialize in 
nuclear physics will need to increase in size to allow 
some members leave of absence, and findmg addi- 
tional staff might well prove difficult. The question 
of financmg the groups may not be so difficult; 
probably the semi-permanent group could be financed 
by the Institute and the ‘truck’ team by the Depart- 
ment of Scientific and Industrial Research. 

There is one other aspect to which attention 
should be directed, and that 1s the danger of over. 
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centralization. If the best use is to be made of the 
universities, expensive nuclear equipment must be 
made available to them. This might mean the setting 
up of small institutes equipped with less-expensive 
accelerators and small reactors. The siting of these 
institutes will be important ; but one would expect 
them to be in parts of the country remote from 
Harwell and yet as close as possible to universities. 


Pror. J. Rorsuar, Medical College of St. Bartholo- 
mew’s Hospital, London 


Tue editorial article on the National Institute for 
Research in Nuclear Science directs attention to some 
dangers inherent in the setting up of the Institute. 
One danger which is not mentioned explicitly in that 
article is the possibility of further weakening inde- 
pendent scientific opinion in Britam. The ever- 
increasing impact of science on the whole life of the 
community, coupled with the feeling among the 
_ public that scientists are shirking the responsibility 
for their work, makes it necessary that scientists 
should be free to speak about the implications of 
science, whether political or not, without qualms 
about embarrassing the Government. 

It is regrettable that at a time like this a con- 
siderable fraction of nuclear scientists is precluded 
from expressing such independent opinion by virtue 
of their being employed m Government institutions, 
either as Civil servants or as members of the Atomic 
Energy Authority. It is also distressing to note that 
even among independent scientists there 1s a tendency 
to avoid controversial issues, because some of them 
feel that, being members of some board or council 
of a Government institution, they must not say 
anything in public which may imply a criticism of 
the official policy of the Government. The setting 
up of the National Institute for Research in Nuclear 
Science, which is bound to have close links with 
official Government bodies, may aggravate this 
situation by limiting the freedom of action of an even 
larger number of scientists. If this is to be avoided, 
1t is essential that the constitution of the Institute 
should state clearly that its members are m no way 
bound by official ties and that they are completely 
free to express their views in public. From this 
point of view I am in favour of a management the 
duty of which would be to allocate time and priorities 
rather than to formulate policies. 

There is one other point to which I should like to 
direct attention. When the Institute is established, 
and in view of the huge sums which will be needed 
to operate it successfully, there may emerge a ten- 
dency to cut down expenditure on nuclear science in 
British universities. Such a policy would be dis- 
astrous. For the Institute to achieve its object it 
must be assured of a steady supply of people already 
trained in the basic prmeiples of nuclear physics 
and with experience in some of its techniques. The 
physics departments of the universities, m which 
this preparation should obviously take place, must 
therefore be appropriately equipped and encouraged 
to carry out research in nuclear physics, even if only 
on a small scale. In this connexion it is worth while 
pointing out the anomalous situation in the Univer- 
sity of London. In this alma mater, which turns out 
the largest number of graduates in the country, 
there is now scarcely any nuclear physics research 
work being carried out in its numerous schools, 
colleges and affihated institutes. This is not the 
place to trace the sequence of events which has led 
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to such a situation, but it certainly calls for a remedy ; 
this might perhaps take the shape of an auxiliary 
institute for nuclear research to be operated jointly 
by the schools of the University of London. 


Pror. J. SAYERS, University of Birmingham 


Ir is by no means certain that progress in funda- 
mental research will be greater if a few hundred 
research workers are collected in a central institute 
than if the same workers are divided into independent 
groups at different centres. Perhaps there ıs an 
optimum size of organization from the point of view 
of the efficient use of scientists in fundamental 
mvestigations. If, on the other hand, the aim is the 
efficient use of limited research facilities and equip- 
ment, there can be little doubt about the advantage 
of a central institute as ıs now planned for nuclear 
science. 

It may be worth while considering the possible 
advantages of a research group of limited size as 
represented, for example, by the larger university 
departments in Britam, as some of these advantages 
may be retained in the National Institute. The first 
that comes to mmd arises from the fact that not 
only does research activity enhance the quality of 
teaching but also advanced-level teaching can leven 
research. It is not easy to provide adequate teaching 
opportunities for a large number of scientists in one 
place. The second possible advantage of the smaller 
independent groups is less easily defined. It arises 
from the fact that chance seems to play an appreciable 
part ın discovery. The new ideas, which are the 
seeds of discovery, may often occur almost spon- 
taneously. Since we cannot, in the nature of things, 
say in advance what will be the environment in 
which new ideas of the future will emerge, the best 
that can be done is to provide the maximum diversity 
of scientific environment. This will not be best 
achieved in a large institute, in which research 
planning and policy are under central direction, 
however wide the representation on any controlling 
board. 

The solution may lie in the National Institute 
providing facilities which could be shared among 
university and other groups. This need not preclude 
the Institute employing scientists on its permanent 
staff, and indeed these might constitute one of the 
largest groups using the facilities of the Institute ; 
but if the sharing of facilities is to be effective, the 
Institute staff should not dwarf the larger university 
departments. 


Pror. H. W. B. Sxuvver, F.R.S., University of 
Liverpool 


In the U.S.S.R., most of the research work seems 
to be done in a number of independent institutes, 
grouped around a university, which use some of their 
staffs for teaching purposes. In Britain and in 
the United States, on the other hand, the centres 
of pure research have always been in the universities, 
and this remains true in spite of organizations like 
the Brookhaven National Laboratories. Indeed, 
Brookhaven itself is managed by a group of univer- 
sities of the eastern United States. It seems clear 
that we must not let the new Institute for Research 
in Nuclear Science upset our traditional pattern 
more than can be helped. We cannot afford to let 
it ruin the university nuclear physics research 
departments. For it could easily happen that oppor- 
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tunities for attractive research work, coupled perhaps 
with high salaries as in the Government establish- 
ments, might lure all the best nuclear physics brains 
away from teaching into some large central institute, 
run on the lines of a Government establishment. 

The real problem is how to avoid this. Though 
difficult, it should not be at all impossible to make 
suitable arrangements. The main points are these: 
(1) The existence of the Institute should not lead to 
a curtailment of funds for nuclear physics research 
in the universities. Indeed, these should be supplied 
with ‘medium-sized’ new machmes when their 
present equipment becomes obsolete. There is a 
correct balance in this respect in the United States. 
(2) The Institute, m the not too long run, should be 
developed, not as one establishment but as several 
establishments on @ regional basis. (3) A large 
proportion, probably the majority, of the scientists 
using the Institute should be university staff. This 
would clearly be-faciltated by (2). Some increase 
in university staffs may be involved, to allow periods 
of work away, but this would not be serious. 
(4) Research students, working under the staff of 
their own universities, should be allowed to spend 
up to two of the three years normally necessary for 
the Ph.D. degree at one of the Institute establish- 
ments. (5) Each establishment should have a director 
and, except for financial control, it should be prac- 
tically autonomous. It would thus become the 
high-energy research centre for the universities around 
1. Granted that the Institute is allowed to grow up 
m this way, I think we can make a success of it. 

I found myself in disagreement with one doubt 
expressed in the article in Nature, namely, the control 
of research programmes. My experience in the high- 
energy field has taught me that these programmes 
more or less control themselves. That is to say, a 
programme is always fluid, open to change in the 
light of new ideas. It is not likely that, given reason- 
able common sense, there would ever be any dispute 
between a director and a university as to what 
experiments should be done at any moment. Of 
course there might be an argument as to whether A 
or B should do a certain experiment, but this is a 
relatively trivial matter, and could be settled by 
arbitration. 

No doubt the necessity for the Institute is unwel- 
come; but it is futile to deny that, if we are going 
ahead with high-energy physics, it is a necessity. It 
is necessary because, although we are doing very 
good work m the MeV.-field of nuclear spectroscopy 
and in the high-energy field up to 1 BeV., without 
the Institute we have no hope of going to higher 
energies, and therefore we cannot work with K-mesons, 
hyperons or anti-nucleons. Our institutions ought 
not to be so rigid that they cannot adapt themselves 
to the situation. 


Dr. H. G. Tayztor, director of the British Electrical 
and Allied Industries Research Association, Dorking 
Road, Leatherhead, Surrey 


ULTRA-HIGH energy accelerators are such large and 
costly machines that it seems unlikely that Great 
Britam, or perhaps any other country, will construct 
more than one. There may also be some doubt 
whether the problem to be studied in this extreme 
energy-range would justify duplication in any event. 
The decision that this project should be centred on 
the Atomic Energy Authority is perhaps natural, but 
it does change to some degree the function of the 
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Authority which has not so far undertaken funda- 
mental research m nuclear physics on anything but 
a modest scale. The title of the new Institute may 
therefore be misleading, particularly if it might be 
mterpreted to imply that a large part of the nuclear 
research in Great Britain ıs to be concentrated in the 
Institute. So far this does not seem to be the inten- 
tion. s 

High-energy accelerators are a special case, and 
whatever they achieve there will remain a very large 
amount of work on nuclear research at lower energy- 
levels which can be done in universities with apparatus 
of reasonable cost or by cosmic rays. Nor should the 
important theoretical work done at the universities 
be displaced by the location of specialized experi- 
mental apparatus. Suzh accelerators are, in con- 
struction and operation, very much engineering 
projects, though of course in their design and construc- 
tion they require highly qualified and specialized 
physicists and engineers. There must therefore be 
some separation between accelerator technique and 
the basic problems in nuclear physics which it is 
proposed to study. The former is so specialized 
that no great loss should be suffered by academic 
departments. It is in the planning of experiments to 
be carried out and the svailability of the results that 
grounds for concern may arise. Though the present 
arrangements certainly appear satisfactory, it would 
be easy to reverse the policy at any time following, 
say, & change of attitude on the part of the Atomic 
Energy Authority. Even at best, however, the 
planning of expermments by an expert body could 
discourage the ‘hair-brained’ type of experiment 
which often pays off. The main threats undoubtedly 
stem from security on one hand and bureaucratic 
financial control on the other. These are, of course, 
not new. 

The problems raised in general by the pursuit of 
fundamental research outside universities in relation 
to its impact on university teaching, etc., must now 
be accepted, and there is no real reason why the 
universities should lose on this account. Any 
research department or organization is liable to 
stagnate if there is not an adequate flow of personnel 
through it. The universities can always be expected 
to offer the attraction of greater freedom than either 
industry or Government departments, provided 
adequate remuneration 1s maintained. So long as 
by this means sufficient movement of staff is ensured, 
all should benefit. Indeed, in some cases it can 
prove a decided advance. Thus while the universities 
have long held the lead im research in physics, 
chemistry and the like, in engineering it is true to 
say that the standards of academic teaching and 
research have advanced markedly smce the inception 
of research in industrial organizations. A good 
example of the two-way flow engendered in this way 
is provided by semi-corductors, where the investiga- 
tions carried out in the laboratories of electrical 
concerns have passed back fundamental problems and 
the techniques necessary for their pursuit to academic 
circles. 


Dr. J. THomson, Director of Research, British 
Scientific Instrument Research Association 


THERE are two excellent reasons for establhshing 
& National Institute for Research in Nuclear Science. 
The first is that only in such an Institute can there 
be the essential integration of the academic sciences 
ensuring that real problems receive adequate atten- 
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tion by balenced teams of physicists, chemists and 
engineers. It is no criticism of the universities to 
state that their traditional organization makes it 
difficult for them to assimilate a new technology 
which demands such integration. College teachers 
and research workers are necessarily specialists, who 
are forced to look only at their particular aspect of 
a problem; scientists in a non-academic research 
organization are forced to combine their efforts, so 
that all aspects of a problem may be considered 
simultaneously. This, rather than any consideration 
of bricks and mortar or nuts and bolts, is the most 
important reason for bringing the National Institute 
into being. The second is that the establishment of 
‘an Institute is in accord with the modern British 
concept of combining for research, so that individual 
firms may be able to compete in development and 
production. In this sense the National Institute may 
become the research association of the new nuclear 
.. industry; one might presume that it will have 
established itself as an independent, useful entity 
when the industry is prepared to take it over. and 
to finance it. 
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There need be no conflict of interests between the 
Institute and the universities provided that each 
,concermns itself with its own problems. The Institute 
is to improve our understanding of nuclear science in 
its entirety and of its applications: The universities 
are to teach: and to undertake research in nuclear 
physics, nuclear chemistry and nuclear engineering. 
In short, the universities should continue to provide 
the ‘specialiste’ who (after a period of apprenticeship} 
may become the ‘nuclear scientists’ of the Institute. 
If the latter is to serve the nation, the governing 
board will do well to concentrate on taking whatever 
steps it deems necessary to advance the new science, 
secure in the knowledge that the universities will do 
their best to assist. ‘The future of Britain is so 
dependent upon advances in industrial technology 
that the protocol is a minor matter. All will accept 
without complaint anything which furthers the 
magnificent work already done by the Atomic 
Energy Research Establishment, and scientists 
everywhere will wish the Board of the new National 
Institute well and advise it to let nothing stand in 
its way. 


a 


DOUNREAY EXPERIMENTAL REACTOR STATION 
By Dr. C. R. TOTTLE 


Head of Laboratories, United Kingdom Atomic Energy Authority Industrial Group, 
Research and Development Branch, Dounreay, Caithness 


HE completion of the Windscale plutonium- 
producing piles in 1950 allowed a small effort to 
be diverted from the main commitments of the 
_ Atomic Enérgy Authority’s Industrial Group into the 
field of possible power-producing reactors. During 
the design and construction of the Windscale estab- 
lishment, the feasibility of combined plutonium- 
power producers had been considered, and thoughts 
were naturally turned again in this direction. Never- 
theless, the principle of ‘breeding’, in which more 
than one new fissile atom would result from each 
fission, offered great attractions, and it was decided 
to explore this field. It was obvious from the start 
that many new problems would result. The reactor 
.would require a minimum of neutron-absorbent 
materials, hence it should rely on ‘fast fission’ and 
there would be no moderator. ‘The core must be kept 
small to maintain neutron economy, so that its heat 
rating would be exceptionally high. To remove this 
_ heat, the only feasible coolants appeared to be liquid 
metals, and, of these, sodium offered advantages. 
The fast-reactor project began to grow in com- 
plexity, and as problems were solved one by one, it 
became obvious that an experimental reactor was 
the essential first step towards a power station 
, employing fast fission ‘and breeding. The safety of 
the reactor involved two main issues—the possibility 
of fires caused by the release of liquid metal coolant, 
and the release of fission products. A problem of 
containment of both hazards was thus introduced. 
During the next five years, the need for an exten- 
sive programme of irradiation testing of reactor 
materials and components became more and more 
pressing. As the programme of the Industrial Group 
widened in scope, many problems awaited a solution 


or final confirmation from tests ‘in pile’. This diffi- 
culty was even more evident in the Atomic Energy 
Research Establishment, and with the decision to 
build DIDO and PLUTO at Harwell, a third reactor, 
similar to PLUTO, was added to the facilities of the 
Industrial Group. This reactor was to be directed 
towards the more applied problems of the Group, 
which by this time was heavily committed on a 
power reactor programme. Although much of the 
irradiation testing for Calder Hall was carried out at 
Windscale, and some for the fast reactar also, it was 
obvious that the performance of Calder A showed 
every prospect of a considerable improvement, and 
irradiation testing facilities for civil power stations 
must be speeded up. As the Dounreay site had 
already been chosen for the fast reactor, the facilities 
and services to be made available were extended to 
cope with this materials-testing reactor. 

From time to time, the detailed operation of the 
Industrial Group plents producing and handling 
fissile material required revision, to avoid incidents 
due to the assembly of masses of fissile material (in 
many complex forms) closely approaching the critical 
size, where neutron multiplication becomes extremely 
rapid. Theoretical treatment from data available 
proved difficult, and large factors of safety were 
introduced. It became obvious that more economic 
usage of plant and materials might be possible if 
experimental work covering specific materials in 
particular states of dispersion and environment could 
be carried out. .Such experiments may take the form 
of actual assembly of fissile material packages, 
gradually approaching the critical mass, or employ 
‘exponential’ methods susceptible to further theor- 
etical treatment. The study of critical masses 
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controlled by the insertion of absorbing materials, 
and the general properties of neutrons in the presence 
of materials of construction normally employed in 
atomic energy plants, are allied fields, from which a 
vast amount of useful information can be obtained. 
Once again, the development of the Dounreay site 
offered an opportunity to build a facility for experi- 
mental criticality studies. 

The Dounreay station thus comprises three main 
fields of research and development: the experimental 
fast-fission reactor, the materials-tesbing reactor 
(DMTR) and experimental criticality. A con- 
siderable volume of effort has been devoted in 
development of the fast reactor to complete the 
design stage, and to provide data for the manufacture 
of fuel elements and the chemical processing of 
irradiated fuel. It was necessary in the earliest 
phase to study the degree of breeding which might 
be attained in this reactor. To this end, ZEPHYR 
was built at Harwell, utilizing a plutonium core and 
a natural uranium ‘blanket’, the latter to capture 
neutrons and breed more plutonium. The results 
were extremely encouraging, almost two new fissile 
atoms resulting from each fission. The information 
in the field of nuclear physics provided by ZEPHYR 
also included measurements of cross-sections for 
neutron capture and scattermg, but since the Doun- 
reay reactor was to be fuelled with enriched uranium, 
further details were required of the degree of enrich- 
ment and its disposition in the fuel elements. The 
ZEUS reactor, also built at Harwell, provided this 
information and gave more accurate results from 
cross-section and perturbation experiments. Many 
mstrumentation problems which arose in the Doun- 
reay design were also studied. 

The choice of materials for the experimental fast 
reactor provided a large field of development. 
Theoretical studies at the Culcheth laboratories of 
the Industrial Group showed that conventional heat- 
resisting materials such as alloys based on iron, 
nickel or chromium were incompatible with uranium 
at the maximum temperatures which might be 
attamed, although they were compatible with the 
sodium coolant. The transition metals of Groups 
IVa, Va and VIa of the Periodic System offered the 
greatest advantages, and experimental confirmation 
was obtained at the Industrial Group Research and 
Development Branch Laboratories at Culcheth. Ib 
was not sufficient that materials should be com- 
patible with each other, with uranium, and with the 
coolant, they must also possess adequate mechanical 
strength at temperature over the life of a component, 
and show suitable thermal conductivity to ensure 
good heat transfer. Due to the high heat rating of 
the core, high values of thermal stress were expected, 
and dissimiler metals can only be tolerated if the 
differential in thermal expansion is not excessive. 
Physical and mechanical properties were studied 
experimentally at Culcheth, together with experi- 
mental checks on complete fuel elements. At a later 
stage, manufacture of full-scale fuel element com- 
ponents and tests on complete elements were repeated 
at the Springfields laboratories of the Research and 
Development Branch. One interesting field in the 
development of new materials which arose, first on 
the laboratory scale at Culcheth, and later on a larger 
scale at Springfields, was the necessity to manufacture 
certain metals of appropriate purity, before tests 
could be made or elements assembled. Work on the 
development of niobium has been fully described 
elsewhere. 
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In the design of the reactor, problems of heat 
transfer loomed large from the beginning, due to the 
high heat rating of the core. The Wmdscale labor- 
atories of the Industrial Group Research and 
Development Branch carried out an extensive pro- 
gramme of loop testing, employing sodium coolant 
and materials of construction suitable for fuel 
elements, heat exchangers, pumps and the general 
coolant circuit. The work involved a complete 
appraisal of sodium technology, and much valuable 
information on handling liqud sodium and sodium- 
potassium was obtained. Similar work, employing 
large testing loops containing liquid metal, was 
carried out in the Caperhurst laboratories. Here the 
emphasis was on the design of reactor components 
and the control gear. Studies of coolant flow through 
the core and blanket were made with models em- 
ploying air or water. Although the fuel element had 
been. tested at Culcheth and Springfields to establish 
the principles of the materials used, the radiant 
heating employed was not appropriate, and high heat 
fluxes could not be obtained. At Capenhurst, the 
use of internal electrical heating to give the appro- 
priate flux was successfully developed. The work at 
Windscale employed similar methods to check the 
effect of local ‘hot-spots’ and the evolution of fission 
products from irradiated fuel. Design of the fuel 
element fabrication plant at Dounreay largely 
evolved from the Springfields laboratories, and the 
chemical processes for treatment of irradiated fuel 
were similarly developed at Windscale, The Research 
and Development Branzh at Risley provided theor- 
etical studies of reactor physics problems and liaison 
with the design engineers in all fields. 

Completion of construction on the Dounreay fast 
reactor is expected towards the end of the year. 
Once the reactor has been started up, and reached 
criticality, the experimental programme will com- 
mence. An engineering investigation into the per- 
formance of the coolant circuit, pumps and heat 
exchangers will proceed continuously. The control 
gear will be calibrated, and the neutron flux measured 
at various points. Since the excursion of EBR-1 in 
the United States, the kinetics of the Dounreay 
reactor will be of considerable interest. The Research 
and Development Branch plans to study the power of 
the reactor with variations in coolant flow, and the 
effect of ‘oscillations’ produced by movement of 
neutron-absorbent materials withm the core. - The 
core and blanket of this reactor are cooled by parallel 
coolant streams, whereas EBR-1 utilhzed a series 
cooling circuit, and for this reason the Dounreay 
reactor is not expected to show any alarming 
transient behaviour. The power will be raised in a 
series of steps commencing with low levels of the 
order of 1—4 MW. During this time, experimental 
fuel elements will be irradiated which contain more 
Inghly enriched fuel than the standard core. Since 
the rating of these elements will give approximately 
the same results as the standard core operating at 
higher power levels, their satisfactory performance 
will be the signal for a general increase in power of 
the whole reactor. This method will be used through- 
out in raismg the power, and requires the handling 
of highly radioactive fuel elements in specially 
shielded enclosures, to measure physical dimensions 
and check the physical and metallurgical properties 
of the fuel and canning material after irradiation. 
This will be carried out in two stages, first on 
complete elements, and secondly on small specimens 
cut from the element. 
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With each rise m power-level, the reactor kinetics 
will be checked for any unusual behaviour, and the 
same tests repeated over each period of uniform 
power-level, as the burn-up of fissile atoms increases. 
Neutron flux measurements will be made concur- 
rently, to check the change in reactivity with time. 
The effect of control rod movements will form part 
of this test. 

One of the main objects for the Dounreay reactor 
will be to develop fuel elements capable of burning 
fissile atoms rapidly, and able to withstand high heat 
ratings with high outlet temperatures for the coolant. 
The use of plutonium as a fuel will be investigated, 
to illustrate the economics of a system based on the 
breeding of plutonrum from natural or depleted 
uranium. The economics of the chemical processes 
required to handle highly active irradiated fuel will 
form part of this study, smce there is no requirement 
for separation of ‘poisons’ in the shape of fission 
products with high capture cross-section for neutrons, 
but rather a means of re-formmg fuel which may 
have suffered extensive mechanical damage from the 
fission process. 

To carry out the necessary development of fuel 
elements, the examination of radiated materials and 
the work on chemical processmg, extensive laboratory 
facilities are being provided at Dounreay. 

The Dounreay Materials Testing Reactor will be 
made available towards the end of the year also. 
The experimental programme will be divided into 
three mam groups; large circulating loops for the 
irradiation of complete fuel elements or large-size 
specrmens of reactor materials or componenis, 
moderately sized ‘thimbles’ (employing cooling) for 
irradiation of fuel or other core materials, and small 
‘thimbles’ for testing general materials over long 
periods of time, the latter being situated in regions 
of lower neutron flux. The whole range of reactor 
development within the Industrial Group will be 
covered, including the testing of fuel elements and 
materials for Civil power stations, and, in particular, 
developments associated with uproved gas-cooled 


NATURE 


May 25, 1957 vor. 179 


thermal reactors. Such a programme involves the 
design, construction and testing of a large number of 
complex rigs before insertion in the pile, and their 
breakdown and examination after testing. The 
initial handling and breakdown will be carried out 
within the reactor precincts, as will out-of-pile tests 
conducted simultaneously with irradiation tests. 
Final examination of specimens will take place in the 
facilities already provided for fast reactor develop- 
ment. 

In the Dounreay Experimental Criticality Group, 
investigations are already proceeding on critical 
assemblies of uranium-235 dissolved in various medias, 
which moderate neutron energies, with a reflector 
surrounding the core, as occurs in many plant 
situations. The experimental rig closely resembles a 
reactor system, incorporating means of adding fissile 
material in controlled quantities and at pre-determ- 
ined rates, with control of the reflector (usually 
water). Means of ejecting the reflector rapidly to 
safety, and of insertion of a neutron-absorbing 
material, are normally employed with interlocked 
mechanisms. Control of the experiment and measure- 
ment of appropriate parameters are carried: out from 
a central point in a similar way to a reactor operation. 
Future experiments are planned using plutonium or 
uranium-233 as the fissile material, and studies of 
reactor transient behaviour which is valuable in the 
design not only of reactors, but also of many pro- 
cessing plants. 

The Dounreay Station, centred around the experi- 
mental fast-fission reactor, forms a most interesting 
research and development group, since a large field 
of scientific technique is to be covered. Apart from 
the specific problems of the fast reactor, the irradia- 
tion testing of materials in both reactors offers a 
unique opportunity for the physicist, metallurgist 
and chemist. The engineering effort required to use 
these facilities to the full will be considerable, and 
organization of a planned programme will emphasize 
the full backing needed from engineering and all 
other services on the site. 


BRITISH ASSOCIATION MEETING IN DUBLIN 


By Pror. T. S. WHEELER 
University College, Dublin 


URING September 4-11 next the British 
Association will assemble in Dublin. This will 

be the first meeting to be held outside the Common- 
wealth, though it will be the fifth visit to Dublin, 
one less than the maximum yet achieved by any city. 
It was as far back as 1835 that the Association 
first came to the Irish capital, after previous meetings 
at York, Oxford, Cambridge and Edinburgh. It 
returned to Dublin in 1857, 1878 and 1908. Much 
has changed since 1835, but what Sir William 
Hamilton then said in welcoming the members still 
holds true. Like him, the present organizers look to 
welcome a (in his words) ‘‘goodly company of English 
and Scottish, and foreign visitors to Ireland and to 
Dublin”. They hope that many great names will 
come ; as he said, “enough to give assurance that in 
brilliance and useful effect, this Dublin meeting of 
the Association will not be mferior to former assem- 
blings, but will realize our hopes and wishes, and not 


only give a new impulse to science, but also cement 
the kindly feeling which binds us all together already”. 

It 1s noteworthy that in 1835 the president of the 
Association was the Rev. Bartholomew Lloyd, and 
that in 1857 his son, the Rev. Humphrey Lloyd, 
held that honour. Both were provosts of Trinity 
College, Dublin. The president in 1878 was William 
Spottiswoode, and in 1908 Francis Darwin. 

Dublin has many attractions as a meeting place. 
It is pleasantly situated on the coastal plain looked 
on by the foothills of the Wicklow Mountains. It is 
no mean city and an ancient one. In remote ages 
there was a village where an ancient Insh highway 
from Meath to Wicklow crossed the Liffey, and this 
village became a Danish city some thousand years 
ago. For centuries Dublin has had contact with 
scientific activity. Trinity College, long distinguished 
for its mathematicians, was founded in 1591, the 
Royal Dublin Society in 1731, and the Royal Irish 
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Academy in 1785. University College, Dublin, had 
its origin in Newman’s Catholic University, which 
was established in 1851. It also incorporates the 
Museum of Irish Industry, later the Royal College of 
Science for Ireland, founded in 1845. „The libraries 
attached to all these institutions have much of 
interest in books and manuscripts, and are of an age 
and content such that there are few important 
scientific periodicals of which complete sets are not 
available in them. 

Accommodation for the meeting will be at four 
centres readily accessible from all districts of the 
city. General meetings will be held in the Library 
of the Royal Dublin Society, and sectional meetings 
in Trinity and University Colleges. The reception 
room, administrative offices and press bureau will be 
in the Mansion House, and the B.B.C. studio m 
Trimty College. 

The inaugural general meeting will be held on the 
evening of Wednesday, September 4. Prof. P. M. S. 
Blackett’s presidential address will be on ‘“‘Tech- 
nology and World Advancement”. 

There will be, as usual, a public lecture and two 
evening discourses. One of the latter will be delivered 
by the distinguished atomic physicist, Dr. H. J. 
Bhabha. The other was to have been given by the 
late Prof. Seán P. Ó Riordáin on his excavations at 
Tara, Co. Meath. His recent untimely death neces- 
sitates another choice. In passing, one may pay 
tribute to one of the most outstanding of Dublin 
scientists. He will be a great loss to his University 
and to scientific activities in Ireland. He will not 
quickly be forgotten by all who knew him as a 
scientist and as a friend. [See also p. 1053 of this issue.] 

Mr. G. F. Mitchell, lecturer in Irish archeology, 
Trinity College, Dublin, has kindly agreed to give 
the second discourse. His subject will be “Ireland in 
Antiquity: the Chronological Background”. 

Ireland is an agricultural country, so ıt has been 
the policy of the organizers of the Dublin meeting to 
ensure that a number of the discussions should refer 
to agriculture and kindred sciences. The followmg 
extract from thé sectional topics will illustrate this 
emphasis: Section B, chemistry in the service of 
` agriculture; Section F, agricultural economics ; 
Section G, agricultural engmeering; Section H, 
ancient agriculture in Ireland and North-West 
Europe; Section I, the infant animal; Section M, 
land utilization m Eire; agricultural use of peat- 
land ; Irish agriculture (with special reference to its 
interdependence on British agriculture). There will 
be, too, an exhibition related to agricultural science 
in the Great Hall of University College. 

Other subjects of special Irish interest are included 
in the programme. We have, for example: Irish 
folk-life ; the present state of folk-lore studies in Great 
Britam and Ireland ; the making of the Irish people ; 
economic development in Ireland. While there is an 
emphasis on topics of Irish interest, nevertheless 
the variety of material which characterizes all 
meetings of the Association will be obvious when 
the list of subjects to be discussed is considered as 
a whole. 

As usual at the annual meetings, religious services 
will take place on the Sunday (September 8). Mass will 
be celebrated in the University Church, St. Stephen’s 
Green; Divine Service will be held in St. Patrick’s 
Cathedral. Other churches will also have special 
services. 

The agricultural science exhibition has been 
mentioned. Exhibitions relating to the history of 
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chemistry in Ireland and of atomic models will be on 
view in the Department of Chemistry, University 
College. In Trinity College there will be a display of 
books and manuscripts illustrating the history of 
science. This will include the works of Sir William 
Hamilton (1805-65), and of Prof. John Joly (1857- 
1933), the centenary of whose birth occurs this year. 
The manuscripts and equipment of the Rev. Dr. 
Nicholas Callan (1798-1864) will be shown at St. 
Patrick’s College, Maynooth. There will be continuous 
projection of scientific films in the Aula Maxima of 
University College in Newman House, St. Stephen’s 
Green, on most days of the meeting. A film illus- 
trating some of the distinguished work on the chemo- 
therapy of tuberculosis carried out under the direction 
of Dr. Vincent Barry in the laboratories of the 
Medical Research Council- of Ireland will also be 
shown. 

Dublin being a tourist city, the problem of housing 
visitors to the meewmg has presented no special 
difficulty. The organizers have had the benefit of the 
skilled help of Bord Failte Éireann (The Irish Tourist 
Board). A wide range of accommodation is available 
in hotels and guest-houses. For young people, lodging 
is provided in university halls of residence and similar 
establishments. 

The social functions include receptions by His 
Excellency the President of Ireland, by the Govern- 
ment of the Republic, and by His Grace the Most 
Rev. John Charles MeQuaid, Archbishop of Dublin. 
Messrs. Arthur Guinness, Son and Co., Ltd., and the 
Council of the Royal Zoological Society of Ireland 
will give a garden party in the grounds of the Society. 
An orchestral concert by the Radio Eireann Sym- 
phony Orchestra has been arranged for the Sunday 
evening. 

Some hundred general and sectional excursions 
have been planned. These include visits to regions of 
Ireland of scenic, historical, archeological, botanical 
and geological interess. There will be @ pre-meeting 
geological tour (seven days, Dublin—Lisdoonvarna— 
Kilkee—Ennis—Waterford—-Wexford—Dublin) and three 
post-meeting excursions; geological (three days, 
Dublin—-Wexford—Waterford—Dublin) ; geographical 
(four days, Dublin—Cork—Killarney—Dublin); and 
botanical (three days, Dublin—Sligo-Connemara-Co. 
Clare—Dublin). 

A volume similar in format to the ‘scientific 
regional surveys’ of the past few years, but differing 
somewhat in its scope, will be presented to members 
attending the meeting. It has been edited jointly by 
Mr. J. Meenan and Prof. D. A. Webb. Its title, “A 
View of Ireland”, indicates the fact that the con- 
tributors do not confine their attention to the 
immediate neighbourhood of Dublin; and emphasis 
has been laid throughout on those features hkely to 
interest the scientific visitor in which Ireland differs 
notably from Great Britain. The contributions from 
twenty-four authors are arranged in twelve chapters, 
namely, physiography, geology, botany, zoology, 
inland fisheries, economic structure, agriculture, peat, 
archeology, local traditions, the Irish language, and 
the City of Dublin. The book will be illustrated by 
seventeen photographic plates as well as by maps 
and diagrams. 

Although forty-nine years have elapsed since the 
previous meeting in Dublin, there will be present in 
September next some who attended in 1908. Among 
these will be An Taciseach (the Prime Minister), Mr. 
Eamonn de Valera, T.D., who is a vice-president for 
the meeting. Much can happen im half a century. 
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Since 1908 Mr. de Valera has been condemned to 
death by a British court, escaped from a British 
prison, and held office as a Prime Minister of a 
Commonwealth country. Time and science are good 
solvents of human differences. Again, three young 
chemists, H. F. Coward, Robert Robinson and John 
Simonsen, came to Dublin in 1908 and pitched their 
tent in Raheny, then a rural village outside the city, 
and cycled each day to the meeting. All were destined 
for fame. Coward became director of the Safety in 
Mines Research Station and the others were elected 
to the Royal Society and received the honour of 
knighthood ; Sir Robert Robinson is a Nobel laureate 
and a past-president of the Royal Society. Sir John 


NATURE 


May 25, 1957 vor. 179 


Simonsen had looked forward to commg to Dublin 
in September, but it was not to be. Sir Robert 
Robinson will make the journey. He is organizing 
on behalf of Section B a symposium on the “Bio- 
genesis of Plant Products”. 

It has been the aim of the organizers, while mam- 
taining the traditions of the British Association, to 
give the Dublin meeting something of an Irish 
flavour. In the years since 1835 traditional Irish 
hospitality and friendliness have not altered. It 1s 
hoped that the 1957 meeting in Dublin will be a 
memorable one, and that the overseas visitors will 
return to their homes with happy memories of a 
rewarding stay in Ireland. 


OBITUARIES 


Prof. S. J. Shand 


S. J. Saawp died on April 19 at Broughty Ferry m 
Angus at the age of seventy-four. He was grounded 
in chemistry and geology by Walker and Jehu, 
respectively, while an undergraduate at University 
College, Dundee (University of St. Andrews), and he 
contmued postgraduate studies during 1905-6 under 
Busz at Munster in Germany. Here, by chance, he 
commenced to work on specimens from the curious 
igneous complex near Loch Borrolan in Assynt. The 
particular problems confrontmg him in this task 
provided two lines of research which he continued to 
pursue throughout his life. One was that the principle 
of saturation with respect to silica as shown by 
rock-forming minerals is of fundamental importance 
in petrological classification, and the other that the 
genesis of felspathoidal rocks depends upon changes 
resulting from the assunilation of limestone by 
granitic magma. 

The classification of volcanic rocks was much 
debated in the early part of the century and it was 
in 1913 that Shand enunciated his views. After 
lively controversy with Alexander Scott during the 
next few years, he mecorporated some aspects 
advocated by Prof. Arthur Holmes and emphasized 
the mineral response made to the amount of alum- 
inium present m a rock. Thus he developed a com- 
plete working plan for classification in his book, 
“Eruptive Rocks”, which appeared in 1927. Recast 
and modified in further editions, this philosophical 
book has served and satisfied a generation of students 
in Europe and North America. 

Shand’s studies in Assynt had led him to believe 
that assimilation of hmestone was probably respons- 
ible for the formation of the nepheline-bearing rocks 
m this area. Therefore, when Daly in 1910 pro- 
pounded the hypothesis of desilication of a felspathic 
magma by reaction with hmestone, Shand at once 
became a disciple. He never would abandon hope of 
findmg an adequate body of limestone in the vicinity 
of each nepheline rock complex. During his twenty- 
six years as professor of geology in the University of 
Stellenbosch, he exammed and desembed several 
South African foyaites where limestone is associated. 

After he graduated at Munster in 1906, Shand had 
five years as assistant in the Geological Department 
of the Royal Scottish Museum in Edinburgh, and was 
the author of two ‘guides’, really small text-books 
on mineralogy and petrography, which sold at the 


price of one penny each, an achievement which he 
was amused to recall in later life. During leave from 
Stellenbosch during 1916-19 Shand was commis- 
sioned in the Royal Engineers and served in Meso- 
potamia. After the armistice in 1918 he was seconded 
to the Anglo-Persian Oil Co., Ltd., and under its 
ægis he did some exploration survey in Baluchistan 
and Khuzistan. For a time he was resident geologist 
at Maidan-i-Naftun on the Masjid-i-Sulaiman oil- 
field. In 1919 he first established by microscopic 
comparison of well-cattings and the rock from the 
type locality that the Asmari Limestone was, in fact, 
the main reservoir formation, thereby settling a con- 
troversy of many years standing and solving a 
problem of immense economic importance. 

The third phase in Shand’s life commenced in 

1937, when as a professor at Columbia University in 
New York he had access to an excellent library and 
ccontacts galore with geologists and petrologists of 
many nations. As a result, he wrote a succession of 
provocative and neat petrological papers and pre- 
pared revised editions of his four books. His wife’s 
death in 1947 was a blow from which he never fully 
recovered, and it eventually caused him to resign 
from his post in New York. He returned to Scotland 
in 1950, where he wrote his last book, “Rocks for 
Chemists”, an invitation to chemists to scan the 
domain of volcanic rocks. 

Shand was apt to appear aloof. Probably this 
developed as a result of prolonged isolation at 
Stellenbosch, which was partly due to the disapproval 
incurred when he gave a lecture on the Deluge, in 
which he followed the outline of this event as told 
by Suess in the “Face of the Earth”. He thereby 
shocked orthodox opinion of many local members of 
the Dutch Reformed Church. Nevertheless, he could 
always be depended upon to take part with gusto in 
any discussion on rocks, recent plays, Rugby foot- 
ball, Gaelic or Mary Queen of Scots. As a student 
he served on the Students’ Representative Council at 
St. Andrews. He was the producer of plays, and of 
many Gulbert and Sullivan operas given by the 
students at Stellenbosch, and on occasion he travelled 
as manager of that University’s Rugby fifteen. 
Particular about his dress, precise in his speech, 
lucid in his written works, he will be remembered 
with gratitude by many former students as a stimu- 
lating teacher, always ready and able to give 
unlimited and willing help. J. V. HARRISON 
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Prof, Sean P. O Riordain 


By the death on April 11 of Prof. Seán P. Ó 
Riordáin at the premature age of fifty-two, arche- 
ology has lost its most brilliant Irish exponent, and 
his colleagues have lost an. admired and trusted friend. 
Soán Ó Ríordáin was educated at a primary school, 
and first trained as a primary school teacher. His 
interest in archeology took him as an evening student 
to University College, Cork, where he was encouraged 
by the late Canon Power, who did much for arche- 
ology m Munster. From Cork, Ó Riordáin gained 
both the coveted travelling scholarship of his 
University and a position in the National Museum 
in Dublin, where the late Adolph Mahr was gal- 
vanizing the Antiquities Division into a new life. 
Museum study and travel abroad led to his important 
monograph on the halberd in Ireland and western 
Europe. 

Canon Power’s death brought Ó Riordáin back to 
Cork as professor, and at Cush he organized his first 
large-scale excavation. Here he put a very early 
date on the Irish ring-fort, and it was characteristic 
that he would never accept criticism of his dating, 
but rather sought out other sites where support for 
his view might be found. He then turned to Lough 
Gur, where his work, which ultimately extended to 
eighteen seasons, soon received international recog- 
nition. He was always prompt m publication, and a 
series of papers ranging from Neolithic to Viking times 
added enormously to knowledge of early Ireland. 

Ó Biordgm succeeded Macalster in University 
College, Dublin, in 1943, and as chairman of the 
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New Chair at the College of Aeronautics: 
Prof. A. J. Kennedy 


Tae increasing importance of materials in aero- 
nautical design and propulsion, as well as in structures” 
generally, has led the College of Aeronautics at 
Cranfield to reconsider the place of this subject in 
the teaching of the College. As a first step in ad- 
vancing both the level of instruction and the nature 
and extent of the research work, particularly in the 
field of fundamental physical metallurgy, a professor- 
ship of materials and metallurgy has been created. 
Dr. A. J. Kennedy, formerly head of the Metal 
Physics Section of the British Iron and Steel Research 
Association, has now been appointed to this new 


st. 
per. Kennedy, who is thirty-five years of age, 
graduated from University College, London, in 
physics in 1943. He was commissioned in the Royal 
Signals in 1944, servmg as æ staff major in tele- 
communications from 1945 until his demobilization 
in 1947. Returning to University College, he lectured 
in the Physies Department there until 1950, when, 
on being awarded a Ph.D. for his researches on the 
creep and recovery properties of metals, he went to 
the Royal Institution as a Research Fellow. A year 
later he was awarded the Royal Society Armourers’ 
and Brasiers’ research fellowship in metallurgy, a 
post he held until he joined the British Iron and 
“Steel Research Association m 1954. During this 
period, Dr. Kennedy was able to extend his mterests 
to a more general consideration of the problems of 
deformation and fatigue under complex stress and 
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National Monuments Council, and president of the 
Royal Society of Antiquaries of Ireland, became 
recognized as the doyan of Irish archeologists. In 
1952 he started to excavate at Tara, begmning in 
the already disturbed Rath of the Synods, and pro- 
ceeding to the Mound of the Hostages. Here he 
found Middle Bronze Age material immediately 
below the sod, and was able to show that the sanctity 
of the site did not begin in the Iron Age, but was as 
old as that of Avebury and Stonehenge. The mound 
had a deep rind of clay which yielded several rich 
burials, and below the clay a caim of stone, 
containing an intact passage-grave of Newgrange 
type. 


Few deaths can have been more cruel. Though 
exhausted and alreacy seriously ill, Ó Riordáin 


carried on to the end of the 1956 season, by which 
time the decorated passage was partly cleared, and 
he could look into the chamber, still full of cremated. 
bone. Now his colleagues must finish his task to his 
standards. Having worked with van Giffin and 
Wheeler, his excavaticn standards were high. Full 
of nervous energy, he sometimes forced the pace for 
his colleagues and his helpers. But if he forced 
others, he did not spare himself. Few of those who 
saw his last television appearance realized that he 
had come from a nursing-home, to which he was to 
return immediately for a serious operation. Seán 
Ó Ríordáin advanced archzology by teaching, by 
writing and broadcasting, and above all by excava- 
tion. His death is a grave loss to scholarship in 
Europe. G. F. MITOHELL 
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temperature conditions and to develop electrical 
analogue methods for the solution of special cases. 
His more recent work on the interaction between 
the creep and fatigue processes, and the early 
detection of fatigue damage, has yielded results of 
considerable theoretical and technological significance. 


British Welding Research Association : 
Dr. R, Weck 


Dr. RacearD Weox has been appointed director 
of research at the British Welding Research Associa- 
tion, in succession to Dr. H. G. Taylor, who goes as 
director to the Electrical Research Association (see 
Nature, 179, 290; 1957). Weck was educated in 
Prague and took his degree in civil engineermg in 
1936 at the University there. He came to England 
at the end of 1938. After four years experience in 
British industry, he was appointed to the staff of 
the Welding Research Council in 1943, acting as 
editor of the Institute of Welding “Handbook on 
Structural Steelwork”. In 1944 he became a 
research student at Cambridge working m the 
Engmeering Department on the problems presented 
by the catastrophic faiure of the wartime all-welded 
Liberty ships. Weck daalt with the effect of residual 
stresses, and the result of his research was published 
by the Admiralty in 1950. He was awarded the 
Ph.D. degree m 1948. He returned to the British 
Welding Research Association, which had been 
founded in 1946 from the Welding Research Council, 
and played a prominent part in settmg up a fatigue 
laboratory. In 1951 he returned as a university 
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lecturer to the Engineering Department at Cambridge, 
where he was in charge of the newly established post- 
graduate course of instruction m structures and 
materials. This course is of nine months duration 
and is designed to mtroduce men with industrial 
experience to the latest developments, m particular 
to plastic methods of design and the application of 
welding generally. The course was an innovation in 
Cambridge engineermg teaching and its continued 
success owes much to Dr. Weck’s enthusiasm. He 
carried on at Cambridge his research into fatigue, 
particularly of welded structures, and again built 
' up a fine fatigue laboratory. He has done much, 
by lecturing and advice, to further the use of welding 
by British industry. 


Chemistry at the University College of the West 
Indies ; Prof. L. J. Haynes 


Dr. L. J. Haynes, who has been appomted to 
succeed Prof. C. H. Hassall (see Nature, 178, 521; 
1956) in the chair of chemistry in the University 
College of the West Indies, recerved his early 
education at Sir Joseph Williamson’s Mathematical 
School, Rochester. He then studied m the Chem- 
istry Department of the Imperial College of Science 
and Technology, undertaking, after graduation, 
research work with Sir Ian Heilbron and Dr. 
E. R. H. Jones on the synthesis of unsaturated 
lactones from acetylenic mtermediates. In 1946 he 
joined Sir Alexander Todd’s laboratory at Cam- 
bridge, where he studied the chemistry of nucleotides 
‘and particularly the synthesis of coenzyme 1. 
In 195% he was appomted to a lectureship in the 
University of Edinburgh and there he has undertaken 
a detailed study of the chemistry of the tetronic 
acids, a group of unsaturated lactones which present 
many interesting theoretical problems. He has also 
been interested in the investigation of natural 
products, partly in conjunction with the Colonial 
Products Council and partly in collaboration with 
the Forest Products Kesearch Laboratory of the 
Department of Scientific and Industrial Research. 
This interest in the chemistry of natural products 
Dr. Haynes hopes to pursue in his new sphere, where 
many materials are to be found of the types which 
have specially interested him. During his period m 
Edinburgh, Dr. Haynes has been particularly inter- 
ested in the development of teaching methods and 
in co-operation between schools and universities. He 
leaves to take up his new appointment at the begin- 
ning of August. 


Science Museum: New Electric Power Collection 


THE opening of the new Electric Power Gallery at 
the Science Museum, South Kensington, by the 
Minister of Education, on May 20, marks the cul- 
mination of several years close co-operation between 
the Science Museum and the electrical industry, 
working through the Exhibitions Committee of the 
Institution of Electrical Engineers. The new Col- 
lection covers an area of 12,0U0 sq. ft. and the cost of 
its development, about £75,000, has been borne in 
approximately equal shares by the Government, 
through services performed by the Ministry of Works 
in the bwildmg, decoratmg and furnishing of the 
gallery; by the electrical supply industry, mainly 
through the Central Electricity Authority ; and by 
the electrical manufacturers, mainly through the 
British Electrical and Allied Manufacturers’ and the 
Cable Makers’ Associations. 
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The visitor reaches the new gallery after passing 
through the collection. dealing with the primary 
sources of energy and their application to man’s use, 
to which the Electric Power Collection forms & 
natural contmuation, since it shows the conversion 
of the energy from these sources into a form in which 
it can be conveniently distributed for use wherever 
it is needed. The Collection portrays the growth of 
the electric power industry, from its origin m the 
discoveries of the early nmeteenth century. The 
earlier development is illustrated by many important 
original pieces of apparatus and machines, selected 
from the wealth of historical material collected by 
the Museum over the years, supplemented by models 
and dioramas. For example, forming a fitting intro- 
duction, there 1s a working reproduction of Faraday’s 
original apparatus, of 1831, with which he demon- 
strated the continuous production of an electric 
current. Modern practice is dealt with in a logical 
sequence covering generation (this meludes an 
exhibit on nuclear power), transformation, trans- 
mission, distribution and utilization. 


British Co-operation in Research in Europe 


In an answer on May 14 to æ question in the House 
of Commons regarding the participation of the 
Department of Scientific and Industrial Research in 
the Dutch experiment for de-salting sea water, Mr. 
H. Nichols, Parliamentary Secretary to the Ministry 
of Works, as representmg the Lord resident of 
the Council, said that the Department provided the 
United Kingdom representative on the international 
steering committee which co-ordinated research in 
the Netherlands on de-salting brackish and sea water 
and had contributed about £4,700 in each of the past 
two financial years. The Department had participated 
fully in the research and would have a full share in 
all the benefits accruing from the experiments. 

Replymg to a further question, about co-operation 
in research activities with the Organization for 
European Economic Co-operation, Mr. Nichols said 
that the United Kingdom had frequently suggested 
research activities ın which other members of the 
Organization might co-operate, and where the 
research could appropriately be carried out by a 
United Kingdom research organization or as part of 
a British research programme. Schemes of this type 
had resulted, and when the project was likely to 
lead to patentable results, a clause concerning patent 
rights and thew exploitation was included in the 
agreement between the participating organizations. 
Topics covered by such activities mentioned by Mr. 
Nichols included food and agriculture, building, 
nuclear energy, business management, economic and 
human factors, technical information and trade union 
programmes. 


Spectrochimica Acta 


THE changing emphasis in eee during the 
past ten years and especially the vast increase in 
the number of measurements on molecular spectra 
of many kinds have necessitated a considerable widen- 
ing in scope and reorganization of operation of the 
international journal, Spectrochimica Acta. The 
journal, which used to be mainly directed to problems 
of atomic emussion spectroscopy and spectrographie 
analysis, will now reflect the impact upon chemistry, 
whether organic or physical, of molecular spectro- 
scopy ; at the same time problems of atomic emission 
wili continue to be fully treated. Commencing with 
Volume 9 (March 1957), Spectrochimica Acta will be 
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published with four, mstead of six, issues per volume, 
but will contain the same number of pages per 
volume as formerly. It is hoped to publish the issues 

-at monthly intervals and with this mecreased rate 
of publication to make possible rapid publication of 
papers, short research notes, up-to-date reports on 
spectroscopic meetings and items of general interest 
to spectroscopists. The editorial and editorial 
advisory boards have been reconstituted and the 
editors are now Mr. E. H. 8. van Someren and Dr. 
H. W. Thompson (United Kingdom) and Drs. V. A. 
Fassel and F. A. Miller (United States). 


Imperial Chemical Industries Transfer Scholarships 
Scheme Extended 


Imperial Chemical Industries is to extend its trans- 
fer scholarships scheme and has offered three new 
scholarships to each of the Universities of Bristol, 
Birmingham and Sheffield. These new scholarships 
will be available for the academic year 1957/58. 
The transfer scholarships scheme, first announced in 
March 1956 (see Nature, 177, 606 ; 1956), ıs designed 
to open the door to an honours course i various 
pure and applied sciences to able young men who 
have not specialized m science subjects at school but 
who wish to change over to science at a university. 
The collaborating universities have agreed to provide 
appropriate transfer courses and the Imperial 
Chemical Industries scholarships finance the students 
during the necessary additional university year, no 
account being taken of parents’ income. The scheme 
has, until now, meluded the University of Cam- 
bridge; the Imperial College of Science and Tech- 
nology, London; King’s College, Newcastle upon 
Tyne (University of Durham); the University of 
Liverpool; and the University of Oxford. Some 
fifty scholarships were made available last year, 
their value being based on State Scholarship rates. 
Further particulars can be obtained from the regis- 
trars or bursars of the universities concerned. 


The Professional Engineers Appointments Bureau 


Tan Professional Engineers Appointments Bureau, 
of 9 Victoria Street, London, 8.W.1, m its report for 
1956 continues to provide evidence of the unabated 
demand for technological man-power. An interesting 
feature of the work during the year has been the 
increasing number of Canadian and American firms 
using the Bureau’s service. It is not, however, the 
policy of these firms to recruit engineers from Britam 
whose experience can be described as general, and an 
appointment 1s unlikely to result where the experience 
of a candidate 1s not in some specialized field of 
engineermg. More engineers appear to want to 
emigrate to Canada, the Rhodesias and other 
Commonwealth countries. Despite a decrease in the 
number of engineers registering with the Bureau, 
those placed in 1956 increased. The number of 
vacancies notified did not fluctuate appreciably, but 
a larger proportion was for semor administrative 
posts. The more senior appointments now attract a 
reasonable selection of qualified applicants, which 
suggests larger numbers of more experienced engineers 
are considermg changing their posts than a year ago. 
Average salaries of successful placings were higher 
than for previous years, and it is now difficult to 
find sufficient candidates from those registered who 
are seeking salaries much below £800 per annum, 
compared with past years, when it was relatively 
simple to fill the junior posts. Employers and 
engineers have found the Bureau particularly useful 
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in obtaining information on the current position of 
employment, whether it be the supply of, or demand 
for, members of the Institutions of Civil, of Mechanical 
or of Electrical Engineers. The Bureau offers facilities 
to members, graduates and students of these Institu- 
tions who are contemplating a change of post, and 
to employers wishing co fill a vacancy. 


Queen Victoria Museum and Art Gallery, Launces- 
ton 


THE annual report for 1955-56 of the Queen Vic- 
toria Museum and Art Gallery, Launceston, Tas- 
mania (pp. 8; 1957), states that the director, Mr. W. F. 
Elbs, spent a month at an archeological excavation 
on an aborigmal shelter in South Australia, He was 
also present when a previously unknown aboriginal 
petroglyph site on the west coast of Tasmania was 
investigated. The essential nature of this type of 
activity for museums can scarcely be over-estimated. 
A display entitled ‘‘Baxxite to Aluminium” is typical 
of the modern outlook of this Museum, as is also the 
umpressive list of publications by the staff which is 
included in this report. 


Australian Mathematical Society 

Tue Australian Mathematical Society was founded 
at a meeting of more than one hundred mathe- 
maticians from all parts of Australa, held in Mel- 
bourne during August 1956. Papers were read on a 
wide range of subjects m pure and applied mathe-. 
matics and statistics, and the general principles 
of the constitution of the Society were laid down. 
The following officers were elected: President, Prof. 
T. M. Cherry; Treasurer, Prof. C. H. Davis; 
General Secretary, Mr. P. J. Ryan; Secretary (Pub- 
lications), Prof. T. G. Room. Some half-dozen visitors 
from overseas were present, among them Prof. A. W. 
Tucker, of Princeton University, who, from his 
experience with the American Mathematical Society 
and the Canadian Journal of Mathematics, was able 
to contribute much to the clarification of thought on 
the constitution and publications. One of the main 
objects of the Society is the pubhcation of an Aus- 
tralian Journal of Mathematics. There will be no 
technical difficulty in having the journal printed in 
Australia, and there 1¢ no likelihood of any shortage 
of contributors of adequate standing. Steps are being 
taken to secure the nezessary financial support. The 
second meeting of the Society will be held in the 
University of Sydney during August 28-31. 


Molluscan Anatomy for Parasitologists 


‘Know your species’ is a requirement of supreme 
importance to those concerned with the control of 
animal hosts of parasitic mfections. The difficulty 
of identifying molluscan intermediate hosts from 
conchological data alone has led to the production of 
& short ‘Guide to Moiluscan Anatomy for Parasito- 
logists in Africa’ by Dr. C. A. Wright (pp. 20. 
London: British Museum (Natural History), 1957. 
ls. 6d. net). Dr. Wright gives clear and simple 
directions for the preparation and dissection of three 
kinds of snail hosts from that continent, dealing 
chiefly with the digestive and reproductive systems, 
illustrated by competent diagrams. He warns dis- 
sectors, however, that they should obtain corrobora- 
tion of their identifications from the literature as 
well as from a malacologist. A list of references is 
given, and the conchelogical key to the families of 
African gastropods by Alves and Clarke is recom- 
mended. The malacologist will help and advise the 
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field worker in his identification, but the field worker 
can also help the malacologist. He can send him 
well-preserved specimens, but above all, he can 
assist by making notes on the ecology and repro- 
ductive condition of the snails, relative to their 
infection by parasites. It is suspected that there is 
some direct connexion between the state of the 
accessory genital glands and susceptibility to in- 
fection. f 


Zoological Nomenclature 


THe International Commission on Zoological 
Nomenclature gives notice that as from November 6, 
1957, it will start voting on the following cases 
involving the possible use of its plenary powers for 
the purposes specified. Full details were published 
on May 6 in the Bulletin of Zoological Nomenclature 
(13, Part 5): (1) squilla Linnæus, 1758 (Cancer), 
suppression; adspersus Rathke, 1837 (Palaemon), 
designation of, as type species of Palaemon Weber, 
1795 (Cl. Crustacea, Order Decapoda); (2) Dracun- 
culus Reichard, 1759, validation of, with Gordius 
medinensis Linneus, 1758, as type species (Cl. 
Nematoda); (3) Mansonia Blanchard, 1901 (Cl. 

. Insecta, Order Diptera), validation. Comments 
should be sent as soon as possible and in duplicate 
to Francis Hemming, Secretary to the Commission, 
28 Park Village East, Regent’s Park, London, N.W.1. 


Fruit Sap and Seed Germination 


A. GARRARD has observed that when the seeds of 
Fagraea fragrans are removed from their berries, 
washed, dried and placed on a moist mediúm, they do 
not germinate; but germination can be obtained if 
the whole berry is squashed mto the soil, suggesting 
that the fruit sap contains some substance essential 
for germination. The relationship of sap to seed 
germination in a number of succulent fruits was 
accordingly investigated, with the following results 
(Gardens Bull., Singapore, 15, 276; 1956). If a 
diluted extract of the berry sap of Fagraea fragrans 
is added to seeds, there is a 90-96 per cent germina- 
tion in 12-14 days. The ‘active principle’ causing 
germination is filterable and thermostable at 100° C. 
Its effect is not due to its hydrogen-ion concentration 
or to its action as an auxin. Germination can also 
be effected in washed dried seed by refrigeration at 
10° C. at periods of 1-21 days prior to the germination 
test. Ten-day-old seed will germinate if supplied 
with ten-day-old berry sap which has been auto- 
claved and stored ; or if refrigerated prior to testing. 
The washed dried seeds of Muntingia calabura L. give 
61-5 per cent germination on filter paper in distilled 
water when fully ripe; but this germination is 
inhibited by sap extracts from its own fruit. The 
germination of the seed of Melastoma malabathricum 
L. is unaffected by sap extracts from its own fruit. 
The germination of the seed of Duranta plumieri 
Jacq. is inhibited by berry extracts at high concen- 
trations but unaffected at lower concentrations. 
From the effect of alien sap on seed germination the 
author considers that it is likely that the active prin- 
ciple affecting the germination of these seeds is the 
same in all cases. 


Sitka Spruce in British Columbia 

Mr. W. R. Day, of the Imperial Forestry Institute, 
Oxford, paid a visit to British Columbia to study the 
Sitka spruce, growing in mixture with associated 
species in the forests in part of Graham Island and 
around Terrace in the watershed of the Skeena 
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River. His report is published in Forestry Com- 
mission’s Bulletin No. 28 (London :-H.M. Stationery. 
Office, 1957. 20s. net). Sitka spruce has formed one 
of the chief components of the new forests of Britain. 
The work in British Columbia on which the report is 
based is the result of interest in the development of 
Sitka spruce in the British plantations stimulated by 
a variety of problems in which its susceptibility to 
disease, whether of a non-parasitic or parasitic 
nature, necessitated attention to the environmental 
factors which determme the manner of its- growth. 
The problems raised compelled attention to con- 
ditions of soil, or of climate, as often basically 
determining the presence or absence of disease, rate 
of growth, quality of wood made or length of time 
on which the rate of growth was likely to be efficient 
whether from a biological or an economic pomt of 
view. One of the difficulties in Britain, where exotic 
species are chiefly being used in afforestation, is that 
there is little to indicate the future development of 
any of the species under conditions differing from 
those in its native habitat. It was to obtain such 
information in connexion with the Sitka spruce that 
Mr. Day undertook the study made of the species in 
British Columbia. His valuable monograph should 
prove of use to foresters and botanists alike. 


Leverhulme Research Awards, 1957 


THE Leverhulme Trustees have approved the fol- 
lowing fellowships and research grants, among others, 
tenable for periods up to two years, the subject of 
study being indicated in parentheses. Fellowships : 
Prof. H. T. S. Britton, professor of chemistry, 
University of Exeter (applications of physico-chemical 
methods to investigations in inorganic chemistry) ; 
W. C. Kneale, fellow and lecturer in philosophy, 
Exeter College, University of Oxford (the develop- 
ment of logic). Research Grants: R. M. Appleby, 
lecturer in paleontology, University College of 
Wales, Cardiff (the taxonomy, evolution and affinities 
of the British ichthyosaurs); Miss B. de Cardi, 
assistant secretary, Council for British Archeology 
(archeological excavations in Baluchistan); R. H. 
Litherland, headmaster, School of Art, Royal Tech- 
nical College, Salford (methods of teaching engineering 
design xsthetics); Dr. T. Malkin, reader in organic 
chemistry, University of Bristol (to study facilities 
for oil and fat research in Europe); B. A. O. Randall, 
lecturer in geology, King’s College, University of 
Durham (geology of the Lyngen Peninsula, Northern 
Norway); A. W. Reece, senior geologist, Exploration 
Department, Northern Mining Company, Copen- 
hagen (the structure and stratigraphy of N.W. 
Ankole, Uganda); Dr. J. Smart, lecturer in zoology, 
University of Cambridge (a study of the black flies 
of New Guinea and neighbouring lands); J. A. 
Taylor, lecturer in geography, University College of 
Wales, Aberystwyth (a systematic analysis of the 
geography of British farming). 


Beit Memorial Fellowships for Medical Research 


THE Trustees of the Beit Memorial Fellowships for 
Medical Research in their report for 1956-57 
announce that Viscount Hailsham has been elected to 
the Board of Trustees in succession to Lord Simonds. 
Prof. J. H. Gaddum has been elected to the chair- 
manship of the Advisory Board in succession to Sir 
Rudolph Peters, who has resigned after eighteen 
years membership of the Board. Prof. R. H. 8. 
Thompson has been elected in his place as a member 
of the Advisory Board. 
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The following Beit Memorial Fellowships for 
Medical Research have been awarded for work at the 
places indicated. - Fourth Year Fellowships (£1,000) : 
Dr. B. T. Donovan, to study the hypothalamic 
mechanisms underlying the regulation of the onset 
of puberty and the mechanisms regulating the onset 
of cestrus (Institute of Psychiatry, Maudsley Hos- 
pital, London); Dr. D. S. H. W. Nicol, to contmue 
his investigations of the chemistry and pharmacology 
of peptide fractions of msulin (Dunn Institute of 
Biochemistry, University of Cambridge). Junior 
Fellowships (£800 a year): Dr. G. A. J. Goodlad, to 
study the effect of the presence of a tumour on the 
protem metabolism of the host (Department of Bio- 
chemistry, University of Glasgow); I. Oswald, for 
human electroencephalographic studies of the role of 
the emotional significance of conditioned stimuli in 
determining their arousal value during sleep, and the 
mechanism of inhibition of responses to them (In- 
stitute of Experimental Psychology, Oxford); I. C. 
Roddie, to study the role of high- and low-pressure 
receptors of the vascular system in the regulation o 
the human circulation (Department of Physiology, 
Queen’s University, Belfast); Dr. S. Varadarajan, 
for a comparative study of nucleotide metabolism in 
cancerous and normal tissue (Department of Radio- 
therapeutics, University of Cambridge) ; Dr. Pauline 
M. Meadow, to study the structure and mode of 
synthesis of bacterial cell walls, with special reference 
to their amino-acid and amino-sugar components 
(Department of Biochemistry, University College, 
London), 


International Conference on Radio-lsotopes in 
Scientific Research 


An International Conference on Radio-Isotopes in 
Scientific Research will be held in Paris during 
September 9-20. This Conference is being convened 
by Unesco, after consultation with the United 
Nations Secretariat and interested specialized 
agencies, in particular the World Health Organza- 
tion, the United Nations Food and Agriculture 
Organization and the World Meteorological Organ- 
ization. The Conference will be strictly scientific in 
character. Its purpose is to bring together a large 
number of specialists in the various scientific dis- 
ciplines interested in the use of radioisotopes, so that 
they may submit the results of their research and 
exchange information and views on a series of subjects 
in which developments are proceeding at a particu- 
larly rapid pace. The working languages of the 
Conference will be English and French. The records 
of the Conference will be published. Further in- 
formation can be obtained from Unesco, Radio- 
isotopes Conference, 19 avenue Kléber, Paris 16. 


Safety and Atomic Energy Developments 

In conjunction with the Safety and Factory 
Efficiency (S.A.F.E.) Exhibition, bemg held in 
Birmingham during June 14-21, and with the 
United Kangdom Atomic Energy Authority, a week- 
end congress is to be organized to discuss safety and 
efficiency aspects of atomic energy, under the cham- 
manship of Dr. P. F. R. Venables. The congress, 
which is to take place at Bingley Hall, Birmingham, 
during June 14-16, will include sessions on “Training 
for Atomics” (I. Hopkins, chief training officer, 
Industrial Group, United Kingdom Atomic Energy 
Authority); on “Isotopes in Industry” (Dr. H. 
Seligman, head of the Isotope Division, Atomic 
Energy Research Establishment, Harwell); on 
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“Health and Safety when using Radioactive 
Materials’? (A. S. McLean, chief medical officer, 
Industrial Group, United Kingdom Atomic Energy 
Authority); and on “Atomic Reactors” (Dr. J. V. 
Dunworth, head of the Reactor Division, Atomic 
Energy Research Establishment, Harwell). Inquiries 
should be addressed to Mr. W. G. Appleyard, Indus- 
trial Safety Training Centre, 22 Summer Road, 
Acocks Green, Birmingham 27. 


Announcements 

THE autumn meeting of the Institute of Metals 
will be held in Glasgow during September 17-20, by 
invitation of the Scottish local section. 


A MEETING of the Royal Meteorological Society 
will be held in the Department of Natural Philosophy, 
University of Glasgow, during July 3—5. The meeting, 
which is open to all who are interested, without fee, 
will include sessions on “Cloud Physics” and on 
“The Problem of Hill Climate’. Accommodation 
may be reserved for members, wives and visitors at 
Queen Margaret Hall, Glasgow. Inquiries should be 
addressed to the Assistant Secretary, Royal Meteor- 
ological Society, 49 Cromwell Road, London, S8.W.7, 
not later than June 19. ; 


A CONFERENCE organized by the Physical Society 
on “Materials for Nuclear Engineermg”’ will be held 
at Associated Electrical Industries, Ltd., Alder- 
maston, Berkshire, on July 11 and 12. Non-members 
will be welcome to attend on payment of a conference 
fee of one guinea. Accommodation will be available 
in two halls of residence at the University of Reading. 
Programmes and application forms will be available 
later and all inquiries should be addressed to the 
Physical Society, 1 Lowther Gardens, Prince Consort 
Road, London, 8.W.7, marked for the attention of 
Miss Miles. 

Tue last date for zhe submission of applications 
to the Foundations’ Fund for Research in Psychiatry 
for research fellowships and research teaching grants 
in psychiatry, psychology, sociology, neurophysiology, 
and other sciences relevant to mental health, is 
October 15. Interested persons and departments 
should write for details to the Foundations’ Fund 
for Research in Psychiatry, 251 Edwards Street, 
New Haven 11, Connecticut. 


Tue trustees of the Plastics Industry Education 
Fund invite applications from young men or women 
engaged in the plastics industry for a limited number 
of training grants up to a value of £100 towards the 
cost of a year’s full-time study at an approved course 
leading to a degree, diploma or other equivalent 
qualification in science or engineering, or in indus- 
trial design. Approved courses for full-time study 
include those leading to the associateship of the 
Plastics Institute, intermediate or final B.Sc., or 
Dip. Tech. courses in pure and applied mathematics, 
physics, chemistry or engineermg, and diploma 
courses in chemistry, electrical and mechanical 
engineering, and industrial design. Applications for 
Training Grants must be submitted in writing, before 
July 13, to the Secretary to the Council, Plastics 
Institute, 6 Mandeville Place, London, W.1, from 
whom further particulars can be obtained. 


In Nature of May 11, p. 951, the appointment of 
the Duke of Northumberland as chairman of the 
“Agricultural Research Council was announced; it 
should have been stated that he takes office on 
July 1, 1958. 
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CHANGING DEMANDS OF MODERN WORK AND CONTROL 


HE breakdown. by occupation of the “One per 

Cent Sample Tables” of the 1951 Census reveals 
that the number is relatively small of people whose 
jobs are likely to be directly affected by the advanced 
mechanization, automatic control methods and 
computer techniques which constitute what is 
currently known as ‘automation’. A more important 
and pervading, if less spectacular, ‘new industrial 
revolution’ is contained in the piecemeal mechaniza- 
tion which has been going on for many years, and 
which must be given attention if the trends in 
modern industrial work are to be seen in true 
perspective. The symposium held by the Ergonomics 
Research Society durmg April 8-11 at the University 
of Bristol under the title of “The Changmg Demands 
of Modern Work and Control” was deliberately aimed 
at covering both automation and this wider field of 
development in manufacturing industry and agri- 
culture. i 

The opening speaker, B. H. Dyson (Hoover, Ltd.), 
pointed out that recent developments in industry do 
not depend upon any radically new principles but 
are significant at the present time because of the rate 
of change involved. Their advent has been dependent 
upon technological developments, enabling the attain- 
ment of uniform materials and accurate rapid 
measurement coupled with certain economic factors. 
The main restriction on progress is now likely to lie 
in human factors: machines have taken over many 
human functions, but other sources of strain and 
difficulty remain and may indeed be thrown into 
greater prominence. In former days such human 
difficulties were solved gradually in the course of 
the slow evolution of tools and techniques; to-day, 
however, their. understanding and avoidance in 
advance of building expensive capital equipment are 
an obvious need. 

Mechanization is frequently said to lessen the 
physical load upon the operator but to place increased 
stress on intellectual functions involved in control— 
as one speaker felicitously put it, the operator is 
becoming a “mental craftsman’’. The papers showed 
clearly that both parts of this statement are only 
half-truths. On the physiological side, Æ. S. Belding 
(University of Pittsburg) pointed out that, although 
remote controls could remove operators from certain 
very hot working environments, maintenance men 
might be liable to work in even more adverse climatic 
conditions than before. H. Scholz (Max Planck- 
Institut, Dortmund) described a number of examples 
in which mechanization had reduced the physical 
work load, together with other cases where, although 
mechanization had been satisfactory from an engin- 
eering point of view and at first sight also beneficial 
to the worker, closer inspection had shown the 
physical load actually to have been increased. Similar 
results were noted in a study by V. Sundberg and 
N. Lundgren (Stockholm) of forestry work, where 
effort saved by the introduction of mechanical saws 
and winches for dragging logs was more than offset 
by the heavy task of carrying the saws and cables. 

Automatic control devices obviously reduce rather 
than increase the intellectual load upon the operator. 
So also in a sense do all forms of mechanization 
` which reduce the number of physical movements he 


has to make because fewer actions have to be con- 
trolled. Such mechanical devices do, however, often 
impose other kinds of intellectual load which may 
be more burdensome than those they have removed. 
Two mumportant examples were described of devices 
specifically aimed at reducing such intellectual load. 
One, by W. T. Singleton (Boot and Shoe Research 
Association, Kettering), was a control for industrial 
sewing machines designed after laboratory and field 
experiments. The other example was given by A. W. 
Bailey, who described some of the latest work on 
tracking with ‘display quickening’, a form of aiding 
developed at the United States Naval Research 
Laboratory, Washington, and of topical interest as 
offering a possible means of mitigating a class of 
difficult tasks such as that of flying helicopters. 

The papers specifically bearing upon automation 
were all attempts, by those having knowledge of 
automatic plants already installed, to locate and 
define the essential problems of human performance 
connected with their operation for more precise study 
in the future. The fact that emphasis and views 
differed considerably mdicates that the full nature 
and variety of such problems are still by no means 
clear. Broad surveys were made by G. ©. E. Burger 
(Philips, Eindhoven), A. Lucas (Renault, Bellan- 
court) and the present writer. The first spoke from 
the industrial medical side, and suggested the danger 
of some ill health due to lack of exercise and to the 
minor sickness often associated with dissatisfaction— 
in this case resulting from uncertainty following the 
introduction of radical changes of work methods. 
Lucas laid stress upon possible ‘nervous strain’ and 
upon the adverse effects of isolation when there are 
only a few operators in a large shop, although he 
pointed out that no definite evidence existed upon 
either of these points. 

Most speakers on automation came to either the 
overt or the tacit conclusion that although the war- 
time and post-war Service work on such problems as 
vigilance and dial reading may be of some significance 
for the design of work and equipment in automatic 
plants, there are other factors of greater importance 
which are as yet little studied, and which will require 
fundamental research before the practical problems 
associated with them can be solved. One of the 
principal of these was discussed by E. R. F. W. 
Crossman (University of Reading), who pointed out 
that process workers on existing plants are usually 
able, by knowledge gained from experience, to 
operate them with substantially greater efficiency 
than would otherwise be possible. He suggested 
that although such process work has usually been 
regarded as unskilled, the appheation of such know- 
ledge does represent ‘‘a, specific skill based on intuitive 
knowledge of the statistical structure of the display 
provided by the process and of the interaction 
between controls and display”. This specific skill 
cannot be formally taught, and although it implies 
that the operator has m mind some rudimentary 
conceptual ‘model’ of the process he is controlling, 
it does not depend on accurate conceptual know- 
ledge. 

As reminders that it is difficult to apply automatic 
methods economically to certain processes, especially 
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assembly, inspection and moderately heavy lifting, 
were papers by R. McKenzie (University of Edim- 
burgh) showing how greatly performance of inspection 
work can be improved by suitable training, and by 
R. J. Whitney (University of Oxford) indicating that 
lifting force depends more upon the possibility of 
balancing the weight to be lifted with the weight of 
the body than upon sheer muscular power. 

Viewing the papers as a whole, one can see that 
the application of anatomy, physiology and experi- 
mental psychology to practical problems of human 
work has reached a critical stage. During the later 
1940’s success had been achieved with Service 
problems and ideas of possible industrial application 
were being formulated. Now world-wide interest 
has been aroused, concrete examples of industrial 
application are beginning to emerge, and the approach 
seems likely to become established as an essential 
part of work- and equipment-design. For it to do so 
fully, however, much further research will be needed 
both in industry itself and in the laboratory. In 
this connexion two sessions a little away from the 
main lines of the conference were timely. The first 
was a discussion opened by R. G. Stansfield (Depart- 
ment of Industrial and Scientific Research) on the 
moral responsibilities of the research worker in 
industry, especially m cases when it is necessary for 
the true nature of the investigation to be disguised 
if the results are to be unbiased: stress was laid 
on the need to give full information to representatives 
of the work-people concerned, and to preserve secrecy 
of data about individuals. At the second session 
an account was given by R. M. W. Lund and R. 
Trumbull (Office of Naval Research, Washington) of 
the means employed by the United States Navy to 
sponsor its very large physiological and psychol- 
ogical research programmes. The realistic appraisal 
of the needs and motives of research workers, and 
the recognition of the place of fundamental research 
in relation to applied problems revealed in these 
statements, makes understandable the substantial 
volume of high-quality work which has emerged. 

While the methods of sponsoring research are 
obviously important, a limiting factor m the imme- 
diate future is likely to lie in the obtaining of suitable 
research workers and in their attitude to their work. 
Looking back to the war years it is clear that the 
success achieved then m what has now become 
known as ‘ergonomics’ was due to two factors: 
first, an analytical approach to complex problems 
coupled with careful measurement, and secondly, 
the wide theoretical background brought by the 
research workers from their own disciplines. Since 
that time the former seems to have been well main- 
tained, but both are equally mportant and for the 
preservation of the latter there are two constant 
needs. The first 1s to recognize that applicable 
results usually follow a long period of research 
development. The second is to mamtam a climate 
of opinion in which a young man engaged in the 
human biological sciences can feel that serious 
attempts to tackle certain applied problems will 
improve rather than impair his chances of academic 
advancement, and will certamly enrich the ideas he 
brings to the fundamental problems of his own 
subject. 

The conference was attended by some nmety-five 
members and visitors of whom twenty-one came from 
eight countries abroad. The chair at the opening session 
was taken by Sir Philip Morris, vice-chancellor of 
the University of Bristol. A. T. WELFORD 
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DEVELOPMENTAL PROCESSES 
IN ANIMALS 


HE third in the series of mternational scientific 

meetings sponsored by the Editorial Board of 
the Journal of Embryology and Experimental Mor- 
phology was held in Cambridge during April 10-13. 
Some one hundred and fifty biologists from sixteen 
countries took part, and only the failure of the 
expected Russian participants to arrive gave any 
ground for disappointment at the international 
representation at the conference. 

It is probably true to say that the session devoted 
to demonstrations of research material, at which 
more than forty lines of work were displayed, provided 
the most comprehensive survey of present trends in 
developmental biology. None the less the main busi- 
ness of the conference was conducted in the sessions 
at which papers were read, and in them many of the 
major interests of contemporary embryology were 
presented for discussion. 

The recrudescence of concern with the problems of 
neural induction in vertebrates was very evident. 
Thus Dr. P. D. Nieuwkoop (Utrecht) produced 
evidence, from explantation experiments, for believing 
that the amphibian neural crest is determined by a 
double process, an initial activation being succeeded 
by a transforming influence from the underlying 
mesoderm. He -pointed out that the anterior, 
transverse, part of the neural fold of the neurula 
normally lies in front of the pre-chordal mesoderm 
and is underlain by endoderm. It does not give 
rise to neural crest derivatives in normogenesis or 
when cultured with ectoderm alone, but they may 
be formed from its cells if it is cultured in the presence 
of mesoderm. 

Prof. T. Yamada (Nagoya) has inade important 
progress in the effort to isolate the components of 
guinea pig liver and kidney responsible for their 
regionally specific inductive effects upon competent 
amphibian ectoderm. His results point very strongly 
to the protein part of pentose nucleoproteins as the 
active fraction, though it has not been possible to 
exclude with certainty the lipids or pentose nucleic 
acid itself. Heat treatment of alcohol-killed bone- 
marrow progressively changes the regional character 
of the structures ıt will induce. Unheated, it is a 
specific mducer of mesodermal structures, but after 
heat treatment (by steaming), first spinal and then, 
with increase in the duration of treatment, hind 
brain and finally fore brain inductions are obtained. 
This sequence is also the spatial sequence of the 
presumptive territories of these tissues in the 
blastula. 

Miss M. Brice (Brussels) reported on the conse- 
quences of dividing urodele blastule and young 
gastrule into two by ligature. Contrary to our earlier 
beliefs, an isolated ventral half-embryo may some- 
times form a centre of invagination and later an 
embryonic axis. The formation of such secondary 
‘dorsal lips’ appears to be associated with the local 
trauma involved in ligaturing. Where embryos are 
formed their polarity and symmetry may be reversed. 
In the young gastrula it is still possible to obtam a 
new marginal zone, nor can the symmetry of the 
germ be regarded as fully determined. 

The sites of protein synthesis during early embryo- 
genesis in birds and Amphibia have been studied by 
Prof. C. H. Waddington (Edinburgh) by the auto- 
radiographic location of labelled amino-acids. Glycine 
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and methionine are first incorporated in the nuclei 
of the dorsal lip material of the amphibian embryo. 
Later, radioactivity is found in ever more extensive 
regions of the embryo. Adenine is incorporated 
mainly at the margins of nucleoli. Some time after 
nuclear incorporation can be demonstrated labelled 
material is found in the cytoplasm. During embryonic 
induction there is good evidence that labelled 
molecules pass from the nuclei of the inducer into 
the cytoplasm of the cells of the responding tissue. 

Dr. A. Fieg (Brussels) has studied the incorporation 
of labelled amino-acids in the oocytes of amphibians 
at different stages of their growth. In Rana, 
Pleurodeles and Triturus she has been. able to demon- 
strate that adenosine triphosphate and purine bases 
are synthesized during the period of oocyte growth, 
adenme being incorporated mto the adenosine tri- 
phosphate fraction. Glycine is taken up especially 
actively in the basophilic regions of the cytoplasm 
and it is here that protein synthesis is proceeding in 
the period of yolk formation. 

Several workers described analyses of tissue 
interactions occurring long after primary embryo- 
genesis. -Thus Dr. P. Sengel (Paris) has made an 
in vitro study of the development of the saddle tract 
feathers of White Leghorn embryos. Saddle tract 
skin taken from five-day embryos will not form 
feathers when cultured alone, though a variety of 
tissues, alive or dead, may induce it to do so. Skin 
from six- or seven-day embryos will form feathers, 
but only after regulative adaptation of them spatial 
distribution to the geography of the explant. The 
established feather germs from seven- or eight-day 
embryos continue their normal development m 
explants. Dr. Sengel has also shown that an early 
influence of dermis upon epidermis and a subsequent 
reciprocal influence of epidermis upon derms are 
essential for feather formation. 

Prof. G. V. Lopashov (Moscow), in & paper read 
for him in his absence, reviewed a series of researches 
into the factors controlling the later development of 
the amphibian eye. Among the more important 
factors analysed were the mechanical limitations to 
the ‘spreading’ of the optic vesicle material, the 
influence of the mesenchymal sheath of the eyeball, 
its vascularization and other contacts with body 
fluids, and with the lens ectoderm. 

Prof. Et. C. Wolff (Paris) has examined the leg-bud 
of the embryo chick for its capacity to regulate after 
the loss of parts and after the addition of extra 
material. Regulation after defects is good, although 
the fibula—normally, of course, semi-vestigial—may 
disappear altogether. Regulation of limb systems 
containing additional material, for example, a whole, 
younger, limb-bud, is also achieved, but in these 
cases the fibula may be well formed, a condition not 
known to have occurred in normal birds since 
Archaeopteryx and Archaeornis of Jurassic times. It 
appears that the normal development of the lower 
leg involves competition for material between tibia 
and fibula and that the tibia dominates except in the 
presence of excess. 

Dr. P. Tschumi (Cambridge) revealed hitherto 
unsuspected similarities between the mode of 
development of the amphibian limb, or at least the 
hind-lmb, of Xenopus, and that of birds. Not only 
is the growth of the limb-bud achieved by apical 
proliferation, but the pattern of differentiation within 
it is under the influence of an ectodermal ridge running 
in a pre-axial-post-axial direction along its distal 
margin. There is evidence that a marginal vein 
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underlying this ridge is not only produced under its 
influence but is also responsible for mediating its 
control of the limb mesoderm. 

In a theoretical consideration of the problem of 
reversible and irreversible chenges in the nuclei of 
somatic cells during differentiation, Dr. M. Fischberg 
(Oxford) pointed out that there is increasing evi- 
dence for the oceurrence of irreversible nuclear 
changes. These may also appear in clones of Protozoa. 
He suggested that, in the course of the often con- 
siderable number of chromosome replications neces- 
sary to turn an egg mto a metazoan adult, it was 
possible that specific precursors for particular gene 
replications might become exhausted in cells of 
particular types. Thus, by a sort of selective gene 
starvation, the effective nuclear constitution of 
different cells in the body might come to diverge. 

Prof. J. F. Danielli (London) was also concerned 
with events at the level of the cell. He proposed a 
scheme for the minimum requirements of controlling 
systems for the maintenance of the living cell and 
for its division, and discussed the extent to which 
we could be said at the present time to have dis- 
covered the keys to their understanding. While we 
have, in principle, some conception of the control of 
the specificity of molecules elaborated in the cell, 
and of ther relative proportions and interactions 
within it, we had still to get to terms with the problem 
presented by organization of intra-cellular structure. 
He suggested that the centres of crystallization in 
super-saturated solutions might have analogues 
serving as sources of information for the elaboration 
of intra-cellular structure. 

Dr. P. Tuft (Edinburgh) has studied the water 
relations of the embryo of Xenopus from pre-blastula 
stages through to hatching. He has shown that the 
well-known hydration of amphibian embryos in their 
early life is not a simple result of uptake of water 
into their cells. On the contrary, most of the water 
absorbed by the whole young embryo passes through 
the surface cells into the embryonic cavities—both 
blastoccele and archenteron. Only after the collapse 
of the archenteron does much water accumulate in the 
cells, Accumulation is throughout less rapid than one 
would predict from the osmotic gradients and surface 
permeability. Although the gradient decreases and 
the permeability remaims constant the rate of accumu- 
lation goes up, indicating that the water movement 
is actively controlled. 

Prof. Z. Grodzinski (Krakow) reviewed an extensive 
series of observations on the heart of embryonic 
teleosts. An early phase of peristaltic contraction is 
followed by systole function under the control of 
pacemakers in the auricle and ventricle. A super- 
numerary pacemaker exists in the ventricle which is 
not represented in the adult heart. The efficiency of 
cardiac muscle is shown to increase with time, and 
the embryonic heart proves to be a remarkably 
accurate thermometer, the pulse-rate varying in 
linear manner with temperature over a wide range. 

Dr. L. Saxén (Helsinki) presented an account of 
the function of the pituitary and thyroid in Xenopus 
during larval lfe and metamorphosis. Histological 
examination of the pituitary and histological and 
chemical studies of thyroid colloid combine to give a 
consistent picture of events. The colloid content of 
the thyroid drops sharply during metamorphosis, 
although in the pre-metamorphic period iodine is 
being accumulated there. After metamorphosis there 
is a rise in thyroid iodine, followed by a secondary 
fall. These phases of thyroid activity correspond to 
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changes in nuclear size and cytoplasmic appearance 
in the periodic acid—Schiff-positive cells in the 
Pituitary which elaborate thyrotrophic hormone. 

Regeneration in amphibians was the subject of swo 
reports. Prof. F. E. Lehmann (Bern) reviewed a 
large body of work on the effects of substances 
inhibiting regeneration in the anuran tail. Many 
substances, including amino-acid analogues and 
colchicine, inhibit regeneration without causing cell 
death. Not all, however, are effective at all periods 
of the regeneration process. Thus colchicine is only 
effective during the period immediately following 
amputation, aminoketones act in the middle phase of 
blastema formation, and 1mino-benzo-quinones affect 
the later phase of growth and differentiation. Cathep- 
sin activity normally rises durmg early regeneration, 
to reach a peak after about seven days ; this peak may 
occur later in the presence of certain inhibitors. 
E. M. Deuchar has shown that cathepsin activity 
rises in both blastema and stump, although it 1s 
higher in the former than the latter. 

Dr. D. R. Newth (London) reported that urodele 
and anuran larvæ, with tails made defective by the 
earlier removal of presumptive tail material, could 
none the less regenerate normal tails where the plane 
of amputation lay proximal to the defective region. 
Where the plane of amputation passed through a 
part of the tail lacking dorsal or ventral fin the 
regenerate lacked the appropriate fin. Supernumerary 
limbs induced in urodele larve by nasal placode 
were frequently hyper- or hypo-dactylous. On 
amputation they tended to be replaced by more 
nearly normal limbs, although the restoration of 
normality might require a further amputation and 
regeneration. 

The conference owed everything to the presence 
of so many participants from outside Great Britain. 
British embryologists, in particular, have reason to 
be grateful to the help given by the Wellcome Trust, 
the Science Council of Japan and the British Council 
m making the attendance of many of their foreign 
colleagues possible. Thé conference as a whole was 
indebted to the Royal Society for financial aid. 

D. R. NEWTH 


LABORATORY ANIMALS BUREAU 
CONGRESS . 


YACH year for the past decade the Laboratory 

Animals Bureau has organized a congress of 
animal and laboratory technicians. This year the 
congress, which since 1950 has been a two-day affair, 
was held in Edmburgh during April 4-5 at the Royal 
(Dick) School of Veterinary Studies. More than two 
hundred technicians from all parts of Great Britain 
and Northern Ireland were present, providing a 
record attendance, 

Prof. J. H. Gaddum opened the congress. He 
directed attention to the vital part played by the 
animal technician in the research team and deplored 
the tendency in some quarters for technicians to call 
themselves technologists. Technologists were a 
different type of person, not necessarily a superior 
type. The technician, and in this particular con- 
text, the animal technician, had his own place and 
dignity. 

As 1s usual at these congresses, all the papers but 
one were presented by technicians. Mr. C. R. Kennedy 
spoke of the uses of animals in toxicology, especially 
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of some of the practical problems involved. It is 
refreshing for those whose work involves use of 
animals, but who are not often called upon to give ` 
the physical day-to-day care that animals demand, 
to know what the experiment looks like when seen 
from the animal room. Unsuspected details of hus- 
bandry, nearly always taken for granted by the 
experimenter, become matters of considerable im- 
portance and even significant sources of variation in 
experimental procedures. 

Mr. F. Hoyland, speakmg on the care and health 
of guinea pigs, demonstrated from the records of his 
own laboratory the substantial economies that can 
be effected, first, by the choice of healthy—in this 
case accredited—guines pigs and, secondly, by a high 
standard of care both before and during experimental 
treatment. Mr. lan Samuel, of the Moredun Institute, 
ranged over the wide field of tolerated infections in 
laboratory animals. A cursory acquaintance with 
this problem is sufficient to show that the demand 
for ‘mfection-free’ animals is seldom, if ever, likely 
to be met, short of using germ-free animals, which 
introduces problems of its own. A more useful con- 
ception, which has been gaining ground in Britain 
and receiving particular attention in the United 
States, is that of the ‘specific-pathogen-free’ animal 
(to borrow the Americen phrase). Most experimenters 
are not really interested in being assured that their 
animals are free from all possible pathogens, but 
most of them want to be assured that no pathogens 
which can cause intercurrent losses are present in 
their stock, and some want to go a little further and 
make sure that their animals are free of certain other 
infections which might interfere specifically with 
their own work. i 

On the second mornmg, Mr. R. J. C. Stewart gave 
a largely reminiscent paper on the dog’s place in 
medical research, bringing back to life some memories 
of the late Sir Edward_Mellanby. Mr. D. L. MeLean, 
reporting on the incidence of edema in the young 
guinea, pig, described work being done in Aberdeen 
on this condition in guinea pigs that has been seen 
in recent years and has so far kept its etiology a 
close secrèt. It appears that epidemic edema may 
be due to soil contamination of the grass meal used 
in a particular diet always associated with this con- 
dition. Mr. G. K. A. Smith produced some data of 
his own about the blood picture in common laboratory 
rodents. Finally, Dr. H. E. Lewis gave a review of 
alimentation in a number of common laboratory 
species. ‘ 

On the afternoon of the first day, visits were paid 
to the Moredun Institute and the Veterinary Labor- 
atory at Lasswade; and to the Small Animal 
Breeding Station and the Institute of Animal 
Genetics at the Univecsity of Edinburgh. On the 
second afternoon a visit was arranged to the Zoo- 
logical Park. 

There are two things worth noting about these 
congresses. The first is that about the same number 
of technicians, a little more than two hundred, come 
year after year. Since most of them have their fares 
and subsistence paid by their employers, it must be 
presumed that their employers regard their attend- 
ance as of some value. The second point 1s that each 
year new speakers among the technicians are found 
to present papers, but: the standard of papers shows 
no tendency whatever to fall; an indication of the 
talent, to a large extent latent, among animal tech- 
nicians. No other country in the world has meetings 
of this kind, meetings which belong peculiarly to the 
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technicians themselves. There is an obvious con- 
nexion between this and the fact that we have good 
reason in Britain to be proud of the standard of care 
we give our laboratory animals. 

It is a commonplace that experimental biologists 
are becoming more and more exacting m their 
demands for quality in experimental animals. This 
quality cannot be achieved without first-class” and 
well-trained anmal technicians. Arrangements 
already exist in many parts of Britain for courses of 
instruction for animal technicians, and all this is 
good. It was strikingly noticeable at the Edinburgh 
Congress that the lower ranks of the animal tech- 
nicians are now being recruited from younger boys 
and girls. There was a considerable number of recent 
school-leavers, This too is all to the good, provided 
they are of a type well suited to this particular work. 
We cannot, however, hope to attract to this sort of 
work the type best suited to it unless we can offer 
them the prospect of a good career. A career means 
adopting a discipline, accepting a training and 
ultimately achieving a worthy standing among one’s 
fellows. 

Here we come right up against an educational 
problem that is all too common. Entrance to many 
careers is governed from the age of eleven onwards 
by the ability to clear a series of educational hurdles. 
The idea is, of course, to weed out at an early stage 
those who are not studious or intelligent enough to 
benefit from any training they may be given. It also 

- has the effect of weeding out those whose skill may 
lie more in craftsmanship than in purely intellectual 
attainments. On the other hand, it will let in those 
whose intellectual ability, in the sense of being able 
to clear these educational hurdles, is high but whose 
ration of practical ability may be less generous. The 
ability to pass such examinations as the General 
Certificate of Education is not possessed by all those 
with special aptitudes for skill and craftsmanship, 
particularly of the kind indispensable in the labor- 
atory animal house. 

All sensible experimental biologists pay lip service 
to the value of good animal technicians and many 
genuinely believe what they profess. It is more 
difficult, however, to convince some of them that the 
absence of an educational qualification, such as the 
General Certificate of Education, should not auto- 
matically condemn technicians to a lower category 
in the technical hierarchy. On the other hand, 
employers have a right to expect that the absence of 
qualifications, such as the General Certificate of 
Education, shall be compensated by the pos- 
session of relevant alternatives in full measure. If 
it is undesirable that future animal houses be staffed 
with grammar school alumni lacking aptitude for 
anımal work, it is no less undesirable that the trainmg 
of animal technicians shall be so little exacting that 
it will admit those who are incapable of the high 
standards required. 

The Animal Technicians Association provides 
training and holds exammmations for its members and 
grants qualifications of a standard believed to be fully 
sufficient for the purpose. Employing bodies should, 
in their ‘own interest, examine this standard, so 
that they may either endorse it as it exists, or urge 
that it be modified in a direction that will make it 
acceptable to them; and when this is done they 
should accept it. In this way, and in no other, will 
they ensure a supply of good animal technicians for 
the future, and make possible the supply of good 
laboratory animals. W. LANE-PETTER 
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CARNEGIE TRUST FOR THE 
UNIVERSITIES OF SCOTLAND 


REPORT FOR [955-56 


Bes fifty-fifth annual report of the Carnegie 
Trust for the Universities of Scotland* records 
a continuing growth m the number of applications 
for assistance in the payment of class fees during the 
academic year 1955-56, on which £26,867 was spent, 
compared with £24,232 in the previous year, 1,720 
benefiting compared with 1,502. In view of counsel’s 
opinion that the trust deed embraces matriculation, 
laboratory and examination fees as well as class fees 
in the narrow sense, the Executive Commuttee is 
examming anew its obligations, particularly with 
reference to students who have shown exceptional 
merit at the university. During the year, £32,177 
was disbursed or set aside for grants for research 
schemes, and in addition to awards of one fellowship 
and one senior scholarship, thirty-four scholarships 
were renewed and twenty-five elected to begin 
research in October 1956. Of nine grants to members 
of the staff of universities for study abroad, six went 
to American universities and similer institutions, 
mainly for research m surgery and medicine, one to 
the Institute of Cell Research, University of Munich, 
one to the Vatican Archives, Rome, and one to the 
Department of Zoophysiology, University of Copen- 
hagen. Twelve guarantees were made against loss on. 
publication of manuscripts and thirteen Scottish 
learned societies assisted in the issue of periodical 
publications. The decline in repayments by former 
beneficiaries continued. 

The report upon the work of investigators under 
the research scheme during the year refers to sub- 
stantial improvements m the experimental technique 
made by A. V. Gold in his study of the de Haas- 
Alphen effect for electrical conductors in a magnetic 
field. The standard of work of the thirteen scholars 
in the Chemistry Section was commendably high, 
and Mr. H. M. McGeachin has made important con- 
tributions to experimental technique and to struc- 
tural analysis in X-ray investigations of rhamnose 
monohydrate and sucrose crystals which will be of 
great value in resolving the problems of sugar 
erystallography. Five scholars at St. Andrews are 
studying the kinetics of the thermal decomposition 
of derivatives of benzyl and some organic iodides, 
using a mass spectrometer to detect intermediate free 
radicals. Especially emphasized are Mr. Dennis 
Mackay’s study of the flow of cations through a 
cationic exchange resin, Mr. Donald Mackay’s study 
of free radicals in heterocyclic systems, Mr. I. D. R. 
Stevens’s research on the reaction between nitrogen 
tetroxide and cyclohexane in the presence of bromo- 
trichloromethane, Mr. M. Los’s work on the synthesis 
of heterocyclic systems, particularly compounds 
analogous to the betaines, in which he discovered a 
new method for the reduction of azo-compounds with 
hydrazime, and that of Mr. F. Stevens which has 
demonstrated the existence of certain immunological 
relations between the serum proteins and those 
present in egg-white. 

In the Bıological Section reference is made to 
A. D. Berrie’s work on the parasites of freshwater 
fish, to Helen G. Kerr’s studies at Millport of the 

* Carnegie iTrust for the Universities of Scotland. Fifty-fifth 
Annual Report (for the year 1955-56) submitted by the Executive 


Committee to the Trustees on 18th February 1957. Pp. iv+-73. 
(Edinburgh: Carnegie Trust for the Universities of Scotland, 1957.) 
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algae of the supra-littoral zone of the seashore, and 
to Janet 8. D. Graham’s mvestigations of the influence 
of mineral nutrition on carbon assmilation. A paper 
by Prof. J. G. C. Anderson on the Momian and 
Dalradin rocks between Glen Roy and the Monadh- 
lieth Mountams is recorded as a contribution to 
knowledge in a field where there was little previously 
published information, and Dr. H. I. Drever made 
further progress in his general study of the origin of 
the picritic rocks. A list of publications by fellows, 
scholars and recipients of grants since September 
1955 is appended and also a list of awards under the 
Research Scheme for the year 1956-57. 


ORIGIN OF METEOR: STREAMS 


HE Astronomical Institute of the Czechoslovak 

Academy of Science has issued a comprehensive 
monograph by Miroslav Plavec, “On the Origm 
and Early Stages of the Meteor Streams’*. Plavec 
discusses the subject in four chapters, the first 
of which deals with “Cometary Outbursts and 
the Origin of Meteor Streams’. About seven 
years ago he proved that the mutual gravitational 
attraction between the particles in a meteor stream 
is compensated by radiation pressure, in con- 
sequence of which there is probably no force hold- 
ing the particles together. If meteor streams had 
their origin in the disintegration of comets, there 
arises the question of how the dispersive forces 
originate. 

A short account of the views of various authors 
is given, and summed up in four hypotheses: 
(1) The colhsion theory, which postulates that, in 
general, meteor streams originate in collisions of large 
parental comets with asteroids or meteorites. This 
view was advocated in 1952 by Whipple and Hamid 
to explain the Taurid meteors about November 11 ; 
it was held that Comet Encke had collided with some 
asterdidal bodies. (2) The disintegration of comets 
by the tidal actions of the Sun and planets—a view 
advocated in 1871 by Schiaparelli but no longer con- 
sidered a very probable explanation. (3) The con- 
tinuous escape of meteors from the nucleus, which 
may be a huge cluster of solid bodies of various sizes 
subjected to internal motions with sufficient speed to 
exceed the velocity of escape. (4) The ejection hypo- 
thesis, which supposes that meteors are emitted from 
the nucleus by internal forces in the comet. This 
view was formulated by Bredichin m 1889 and has 
comparatively recently been supported by Dubajo 
and Whipple. 

Plavec explains why he is disposed to prefer this 
last hypothesis, and deals with the dynamics of the 
problem in Chapter 2. Special consideration is given 
to the compact clouds of the Draconids and Leonids, 
which may be regarded as typical meteor swarms at 
an early stage of evolution. It is very difficult to 
explain the formation of these streams by collision 
because this would involve a much more pronounced 
dispersion of the swarms than exists. The large 
dispersion of some other swarms, such as the Perseids 
and Orionids, could be explained by planetary per- 
turbations of an originally thin stream, as was shown 
in 1951 by Abnert and Hamid. It is, however, 

: itute. 
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admitted that tidal disintegration as well as ejections 
may be operating in many comets. The third chapter, 
“Local Perturbations of the Meteor Streams’, ex- 
plains how planetary perturbations may be responsible 
for affecting the structure of swarms, and the last 
chapter shows how the total mass and spatial density 
of the streams can be determined, and describes the 
appheation of the method of computation to the 
Draconids of 1933. M. Davipson 


STRUCTURE AND TAXONOMY OF 
BULINUS JOUSSEAUME! 


N the past the classification of snaila of medical 
and veterinary umportance has been based largely 
on the appearance of their shells, but this system has 
proved madequate and classification is now m such 
confusion that the same snail may be placed in 
different genera, or species by different authorities. 
It has been recommended that classification should 
be based on studies of both internal anatomy and 
shell, but this requires a detailed knowledge of 
anatomy which is not yet available and which can 
only be obtained by investigation. During the past 
three years several important contributions have 
been made in this dirsction, but many species have 
not yet been studied and their identification and 
relationship to other species are still in doubt. It was 
this situation which led the British Museum (Natural 
History), and later the Colonial Medical Research 
Commuttee, to establish fellowships in malacology for 
the study of disease vectors. 

Dr. C. A. Wright, az the British Museum (Natural 
History), has written a paper* which describes a 
detailed investigation of the mternal structure of one 
of the schistosome vectors in parts of West Africa, 
and considers its relationships with other species in 
that area. Some interestmg and important results 
have been obtamed. The size of the shell has always 
been difficult to define and workers have often based 
their description on the largest specimen or on a range 
from the smallest to the largest. In this paper it is 
pointed out that in a sample of snails a normal dis- 
tribution curve of shell lengths is obtained if those 
specimens only are considered which have become 
adult as shown by examination of their reproductive 
glands. The mean length of adult shells of a species 
collected from different localities was found to 
decrease according to cheir distance from the equator, 
which is probably to be related to the length of the 
rainy season. 

A careful anatomical and histological examination 
has been made of the internal organs, particularly 
the reproductive system, and the findings have been 
compared with those of other genera and species. In 
considering the relationship of the snail studied, Dr. 
Wright reviews the spacies of the sub-genus Physopsis 
in West Africa and concludes that the same species 
is present throughout the area and that B. jous- 
seaumet is one of its forms. On account of its smaller 
size and more contracted life-cycle he recommends 
that it should be named Bulinus (Physopsis) globosus 
jousseaumet. This mvestigation will simphfy the 
attempt to classify other snails belonging to this 
sub-genus. T. H. Davey 

> Bulletin of the British Museum (Natural History). Zoology. 5, 
No, 1: Studies on the Structure and Taxonomy of Bulinus jous- 
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"PALAOMAGNETIC EVIDENCE FROM THE CRETACEOUS AND 
CAINOZOIC 


By E. IRVING and R. GREEN 


Department of Geophysics, ‘Australian National University, Canberra 


N some rock types (it is unlikely that these con- 

stitute more than 5 per cent of the rocks exposed. 
to our view on the Earth’s surface) the directions of 
magnetization may be identified with the direction 
of the geomagnetic field at the time of deposition 
and may be described as having ‘stable’ magnetize- 
tion. Some authors!-§, from a consideration of 
palwomagnetic data from such rocks of Jurassic, 
Triassic, Paleozoic and Pre-Cambrian age, have 
found it necessary to contemplate the possibility of 
relative movements between many of the major land- 
masses of the world. Their case is based on the fact 
that the positions of the geomagnetic poles determined 
from the directions of magnetization in rocks laid 
down in the same (pre- -Cretaceous) geological period 
m different continents never agree. Agreement may 
be achieved by supposing that the continents, 
behaving as separate entities, have moved relative 
to one another. These movements may be transla- 
tions or rotations. Translation along a line of latitude 
producing a change m longitude does not give a 
pole discrepancy by the palxomagnetic method. 
Observed pole differences are therefore the outcome 
‘of either translation in a meridional direction, or of 
rotation. There is evidence m the pre-Cretaceous 
paleomagnetic data for both types of move- 
ment. 

In the present communication, the results from 
@ palezomagnetic survey of two groups of basic 
volcanic rocks in Victoria, Australia, are outlmed, 
and an attempt is made to integrate them with 
equivalent observations from the northern hemisphere. 
It is concluded that relative continental movements 
of the type just described have been negligible since 
the Upper Tertiary, but appear to have been operative 
through the Cretaceous into the Tertiary—that is, 
more recently than was supposed from the previous 
palzomagnetic evidence. 

The Newer Volcanics are for the. most part of 
Pleistocene age, although some of the older flows may 
be Pliocene and some of the younger are Recent. 
Samples have been taken from thirty-two localities 
spread over an area of 10,000 square miles. The mean 
direction of natural remanent magnetization is 
parallel to the present geocentric axial dipole field, 
and the pole position consistent with this direction 
is coincident with the geographical pole (Table 1). 
Confirmatory results have been obtained from basalts 
in Tasmania and Queensland. It appears therefore 
that, so far as this region is concerned, the Barth 


during the past 10° years has, on average, behaved 
as if it were a uniformly magnetized sphere with its 
axis (the mean geomagnetic axis) comciding with 
the axis of spin. Reversals occur, but these merely 
mtroduce an ambiguity in the sign of the central 
dipole and are of no interest in the present context. 
In the northern hemisphere, the concurrence of the 
average paleomagnetic direction with the axial 
dipole field has been observed in many rock forma- 
tions (see Hospers*), the ages of which range back 
to the Miocene. In Fig. 1 the pole position calculated 
from the Newer Volcanics is given together with 
three northern hemisphere determinations (many 
more may be obtained from ref. 6), and all coincide, 
within the errors, with the present geographical pole. 
Apparently this uniform character of the geomagnetic 
field has been held for the past 20 x 108 years. 

The Older Volcanics of Victoria are of Lower 
Tertiary age and probably Eocene. Their directions 
of magnetization have been observed at fifteen sites 
covering 5,000 square miles, and the inclinations are . 
steeper than in the Newer Volcanics (Table 1). 
Assuming that the Earth’s field has always main- 
tained the average dipolar character, the pole posi- 
tions consistent with any direction of magnetization 
may be calculated; this assumption may be referred 
to as the dipole hypothesis. The southern hemisphere 
pole consistent with the average direction of the 
Older Volcanics, together with the pole determined 
from the Tasmanian dolerites'! (Jurassic or Cre- 
taceous), and from four rock formations of Cretaceous 
and Lower Tertiary age elsewhere are plotted in 
Fig. 2. From this, two points of interest arise. 
First, the Cretaceous and Lower Tertiary poles from 
Europe and North America, although differing from 
the present pole, are coincident with one another ; 
this substantiates the dipole hypothesis for this area 
during this time, assuming no relative rotation or 
change in latitude between Europe and North 
America since the Cretaceous. (Relative change in 
longitude is not, of course, excluded.) Secondly, the 
equivalent poles from the Indian and Australian 
observations are not only a much greater distance 
from the present pole but are also far distant from 
one another. 

Four possible explanations for this occur to us: 

(1) That inadequate geological dating invalidates 
these comparisons, and that these pole discrepancies 
are due to the occurrence of geomagnetic polar 
wandering (relative to the Earth as a whole'*) between 


Table 1. AVERAGE MAGNETIO DIRECTIONS AND POLE POSITIONS FOR THE CAINOZOIO BASALTS OF VICTORIA 
D and I are the declination and Inclination of mean directions calculated without respect to sign; a is the Fisher circle of confidence (ref. 9) 


at P = 0:05 calculated from the modified formula given by Watson and Irving (ref. 10); êp and dm 


are the semi-axes of the oval of error 


around the pole position in the direction of, and perpendicular to, ‘the colatitude at P = 0 05 
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the time of deposition of the rock formations here 
compared. The effect of such polar wandering, if 
it oceurred, should be present in the European 
and North American results; in fact, it is not 
(Fig. 2). 


(2) That during the Cretaceous and Lower Tertiary 
the surface geomagnetic field, although dominantly 
dipolar in Europe and North America, was not so at 
the opposite side of the Earth in Australia; by the 
Pleistocene this disorder was lost and the average 
field became that of a geocentric dipole at all these 
places. From symmetry considerations this argu- 
ment seems unlikely, and, as there is already con- 
-siderable theoretical? and observational’.* evidence 
m support of the dipole hypothesis, this point of 
view is regarded as tenuous, although it cannot at 
the moment be excluded. - 


(3) That Australia and India have undergone 
translation movements with respect to each other 
and to Europe and North America during Cretaceous 
and Lower Tertiary times. The minimum movements 
necessary are about 1,300 miles between Australia 
and Europe and between India and Australia, and 
about 4,000 miles between India and Europe and 
India and North America. 


(4) That these continents have rotated without 
change in position. For example, if Austraha, North 
America and Europe are rotated clockwise by 120°, 
100° and 150° and India anti-clockwise by 30°, the 
Cretaceous and Lower Tertiary pole determinations 
come to lie much closer to one another in what 15s 
nowadays the region. of New Guinea, North Australia 
and Indonesia (100°~140°E. and 10° N.-30°S.). 
At first sight this drawing together of pole de- 
terminations from four continents by sumple rotation 
may seem important, but in view of the large size 
of this region and the pole errors, we are not inclined 
to attribute any special significance to this, at least 
not until it is substantiated by further determinations. 
It is given here merely as a possibility. 


° 
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Fig. 1. Pole positions determined from rock formations of 
Miocene and younger date: 1, Newer Volcanics of Victoria; 2, 
lavas of Mt. Etna in Sicily covering the past 2,400 years (ref. 7); 
3, Miocene to Pliocene Columbia River basalts with rev: 
magnetization (ref. 8); 4, Miocene lavas of Iceland (ref. 6). In 
this and in Fig. 2, the ovals around the pole position enclose the 
zone within which the pole lay at P = 0-95 j 
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Fig. 2. Pole positions determined from Cretaceous and Lower 


Tertiary rock formations: 5, Older Volcanics of Victoria; 6, Tas- 
manian dolerite sills; 7, Oligocene of France (ref. 12); 8, Eocene 
basalts of Northern Ireland (ref. 18); 9, Dakota sandstones 
(Cretaceous) of the United States (ref. 14); 10, Deccan Traps, 
Cretaceous to Eocene (ref. 8); 11, Deccan Traps (ref. 15) 


Our results from the Newer Volcanics of Victoria. 
are the first confirmat-on from the southern hemi- 
sphere of the average dipole nature of the geo- 
magnetic field during the later part of the Cainozoic. 
The possibility of important movements between 
Europe, North America and Australia during this 
period is. very unlikely. However, to explain our 
results from the Older Volcanics and equivalent. 
observations elsewhere, it is necessary to entertain. 
the idea of large-scale translational and/or rotational 
movements in Cretaceous and Tertiary times. These 
conclusions are contingent on the dipole hypothesis, 
and cannot be avoided if this is true. We realze 
that they raise important geological questions. The 
large rotations in alternetive (4) are difficult to imagine, 
and large-scale translasions may in consequence be 
viewed more favourably. We wish to state these 
conclusions without any prejudice as to their 
geological probability. 

We thank Dr. O. P. Singleton, of the Department. 
of Geology, University of Melbourne, for his very 
great help with the sampling problems and other 
geological aspects of this work. 
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CALCIUM AND THE CONTRACTION OF THE HEART 


Antagonism between Calcium and Sodium 
lons 


T is well known! that the heart-beat becomes 
stronger when the calcium-ion concentration, 

[Ca*+], in the bathing fluid ıs increased. Recent 
evidence suggests* that this is due to an effect of 
calcium ions on the process by which excitation of 
the cell membrane is linked to contraction. The 
heart-beat is also made stronger when a part of the 
sodium chloride content of Ringer’s flud is replaced 
by sucrose*. The observations to be described show 
that these two effects are quantitatively related 
through an antagonism between calcium and sodium 
ions. 

The experiments were made on thin strips (diameter 
less than 0-5 mm.) of the frog’s ventricle. Isometric 
tensions and surface potentials of the strips were 
recorded by methods previously described’. Fig. 1 
shows how the replacement of sodium chloride by 
sucrose affects the peak tension of isometric twitches. 
The tension (ordinate) at a grven concentration of 
sodium chloride has been plotted as a function of the 
calcrum-ion concentration (abscissa). It can be seen 
that the S-shaped relation between peak tension and 
calcium-ion concentration becomes steeper and is 
shifted towards lower concentration of calcium ions 
when the concentration. of sodium chloride is reduced. 
In Fig. 16 the ordinates of Fig. la have been replotted 
against [Ca*+]/[Nat}, where [Ca#+] and [Nat] are 
the concentrations of calcium and sodium ions asso- 
ciated with a given peak tension. It 1s seen that the 
family of curves of Fig. la 1s reduced to a single 
curve, indicatmg that the tension depends on the 
quotient [Ca*+]/[Na+} in agreement with an observa- 
tion of Wilbrandt and Koller’. The result can be 


explamed by assuming that calcium ions and sodium~ 


we 





yot ch 
pF sP e po% “ 


go 


PEAK TENSION (mgm) 3 


$ 


[Ca?*] 

(a) i (6) 
Fig. 1. 
Cece "s fluid are plotted as a function of [Ca*+}, 
centrations (100 per cent = 112:5 mM). 

2/min, throughout the seeriat 


gıven pesk tension 


The effect of diminished sodium chloride concentrations on twitch tension 
{a) Peak tensions of twitches of heart strips equihbrated with a given composition of 
at four different sodium chloride con- 
Heart strip was stimulated at a constant rate 
of (b) Ordinates of (a) replotted as a function of 
[Ca*+}/[Nat}*, where [Ca**] and [Na+] are the ionic concentrations associated with a 


ions compete reversibly for an anionic group R, 
located presumably on the cell surface : 


k 
2 Nat -+ Ca R Nas R + Catt (1) 
kı 
where Ca R is the compound which activates contrac- 
tion whereas Na,F is inactive (k, and k, are rate 
constants). Taking the totel number of anionic 
groups as unity and assuming that these groups are 
oceupied by either sodium or calcium ions, the law 
of mass action leads to: 


[Catt] 
[Nat]? 


Hence the concentration of tne activator [Ca R] 
depends on the quotient [Ca?+]/[Nat]* rather than 
absolute ionic concentrations. 

This idea was tested’ by replacing a part of the 
sodium chloride of Ringer's solution with the chlorides 
of lithium, choline (in the presence of atropine) or 
tris(hydroxymethyl)amino methane. All three sub- 
stitutions caused a rapid and striking increase in 
twitch tensions at low [Ca?+]. This finding suggests 
(a) that the substitution of sodium chloride with 
sucrose acts by withdrawing sodium rather than 
chloride ions, and (b) that the formation of the 
inactive cation compound 1s highly specific and 
distinguishes even between sodium and lithium. 

A, further possibility of testing the competition 
between calcium and sodium is to record tensions 
which develop when the excitable membrane has 
been depolarized in a graded manner by the applica- 
tion of potassium-rich solutions. Contracture ten- 
sions, thus obtained, are known‘ to increase with 
increasing [Ca?+]. If lowering the sodium-ion 
concentration raises the concentration of an activator 
Ca, then withdrawal of sodium 
at constant level of [Ca*t] should 
also increase contracture tension. 
Conversely, adding sodium ions to 
a sodium-deficient solution should 
act like the withdrawal of calcium 
ions and cause the tension to 
decline. In the experment illus- 
trated in Fig. 2, contractures were 
mduced by the application of 
solutions containmg 100 mM pot- 
assium chloride. The resulting 
contracture was very weak in 
Fig. 2a because the calcium-ion 
concentration was low (0-5 mM). 
Fig. 2b shows a contracture of the 
sarne strip when the sodium chloride 
content of the potassium-rich solu- 
tion was iso-osmotically replaced 
by sucrose. A large and sus- 
tamed contracture developed in 
this sodium chloride-depleted solu- 
tion. The effect of adding sodium 
chloride was then tested on the 
same strip (Fig. 2c). This time 
the experiment was started by 
letting the strip become equilibrated 
with a 0:5 mM calcrum—Ringer’s 


kı [Ca R] 
~ ky [l —Ca R] 





(2) 


2 3 
x10-‘mM— 
[Ca+}/[Na*]* 
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solution which had 75 per cent of its sodium chloride 
replaced by sucrose. (Note the higher twitch tension 
in this solution compared with Fig. 2a and b.) Con- 
tracture was induced by applying the same solution 
as in Fig. 2a, that is, sodium chloride was restored 
to a normal level at the same time as 100 mM 
potassium chloride was added. After a transient rise, 
the contracture subsided almost completely in the 
presence of normal sodium chloride. The rever- 
sibility of these effects is shown in Fig. 3. In Fig. 3a, 
a sustained contracture was elicited by applying a 
solution containing 100 mM potassium chloride with 
sodium chloride replaced by sucrose (1). Restoring 
to the normal sodium chloride content (2) causes the 
tension to decline. Replacing sodium chloride by 
sucrose (3) brings the tension back to its former value, 
The same experiment was carried out but tris- 
(hydroxymethy])amino-methane chloride was used to 
replace sodium chloride (Fig. 3b). The striking 
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Fig. 2. Dependence of contracture on sodium chloride concen- 
tration. Contractures always induced after a 30 min. period of 
equilibration in Ringer's fluid during which strip was stimulated 
at a constant rate. Ringer's fluid and potassium-rich solutions 
contained 0°56 mM calcium chloride throughout the experiment 
Diameter of sop: 0:35 mm, (a) Contracture in the presenca of 
100 per cent sodium chloride induced by adding 100 mM potas- 
sium chloride to Ringer's fluid. (b) Contracture induced by 
adding 100 mM potassium chloride and simultaneously replacing 
the sodium chloride content of Ringer’s fluid by sucrose. (c) Initial 
equilibration with 25 per cent sodium chloride-Ringer (75 per 
cent sodium chloride replaced by sucrose). Contracture induced 
by adding 100 mM potassium chloride and simultaneously 
restoring to normal the sodium chloride content of Ringer’s fluid 
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Fig, 3. Reversibility and specificity of the action of sodium ions. 
Ringer’s fluid and potassium-rich solutions contained 2 mM calcium 
chloride throughout the experiment. Diameter of strip, 0-45 mm, 
(a) (1) Contracture induced by adding 100 mM potassium chloride 
to Ringer's fluid and simultaneously replacing sodium chloride 
iso-osmotically with sucrose ; (2) reapplication of sodium chloride ; 
(3) replacement of sodium chloride by sucrose. (b) Same procedure 
as in (a), except that sodium chloride was replaced by the 
chloride of tris(hydroxymethyl)amino methane instead of 
sucrose. Discontinuities in the record are artefacts caused by 
draining and filling the chamber in which the strip was suspended 


resemblance between 3a and 3b was also found when 
using the chlorides of lithium or choline instead of 
sucrose. This supports the suggestion that lithium 
ions, choline+ and trist, do not form inactive com- 
pounds, or at least not as readily as sodium ions. 

It was important to know whether replacement of 
sodium chloride in these experiments alters the degree 
of depolarization of the cell membrane and perhaps 
thereby gives rise to the observed effects upon tension. 
This point was checked by measuring depolarizations 
at a given potassium chloride concentration in the 
presence of either sodium chloride, lithium chloride 
or ‘tris’ chloride. There was no difference in depolari- 
zation under these conditions ; therefore it is not an 
alteration of the membrane potential which causes 
the tension to change by varying the sodium ion- 
concentrations. 

The results show that every known feature of the 
action of calcium ions on contraction can be simulated 
by a diminution of the sodium chloride concentration. 
They support the suggestion that calcium and 
sodium ions compete for a compound which controls 
contraction. 

R. NrEDERGERKE 
H. C. Lirreav 
Department of Biophysics, 
University College, 
London. Feb. 14. 


4 Ringer, S., J. Physiol., 4, 29 (1883). 

* Niedergerke, R., J. Physiol., 134, 569 (1956). 

* Daly, I. de Burgh, and Clark, A. I., J. Physiol., 54, 367 (1921). 

4 Niedergerke, R., J. Physiol., 134, 584 (1956). 

* Wilbrandt, W., and Koller, H., Helv. Physiol. Acta, 6, 208 (1948). 
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Accumulation of Calcium (or Strontium) 
under Conditions of increasing Contractility 


Ir the frog’s heart is immersed in solutions of a 
low calcium-ion concentration (less than 1-5 mM) 
the resulting weak contractions can be restored to 
normal by one of the following changes in the icnic 
environment: (a) by addition of calcium ions, (b) by 
replacement of part of the sodium chloride by 
osmotie equivalents of sucrose or of the chlorides of 
either lithium, choline or  tris(hydroxymethyl)- 
amino methane (tris) (see preceding paper), and (c) by 
omission of potassium ions (Ringer’). The addition 
of calcium ions (change a) improves contraction, 
` probably by restoring calcium to a cellular store 
which has been depleted in the low-calcium medium. 
The experiments to be described show that both 
changes (6) and (c) lead to accumulation of calcium 
ions by the heart tissue. 
The rate of movement of calcium between strips 
of frog’s ventricle and the immersion fluid has been 
‘determined using tracer calcium-45 or strontium-89. 

Substitution of strontium-89 for calcium-45, con- 
venient. because of the harder radiation of stron- 
tium-89, is justified because strontium acts similarly 
to calcium on the contraction, and because tracer 
loss from the tissue which had first. been treated with 
either tracer had a similar time course. 


Relative tracer (strontium) 





Time (he.) 


oo Bigs 1. The effect of replacing the sodium chloride of Ringer’s 
fuid by sucrose on the uptake of strontium-89 tracer in heart tissue. 
Relative amounts of strontium-89 tracer in a ventricle strip durin: 
£: ure to tracer solutions which contained either 112-5 

um chloride or 5 mM sodium chloride + 202 mM sucrose. 
The two solutions had identical concentrations of potassium 
chloride (2 mM) and of tracer *Sr-Ca (1 mM) mixture. Vertical 
bars indicate standard error of the measurement of radioactivity 


Fig. 1 illustrates how replacement of sodium 
chloride by sucrose affects the time course of tracer 
movement into cardiac tissue. A heart strip was 
placed in tracer solutions which contained either 
112-5 mM sodium chloride or 5 mM sodium chloride 
+ 202 mM sucrose. It is clear that the uptake of 
strontium-89 is much enhanced in the low-sodium 
chloride solution ; furthermore, if the strip is trans- 
ferred from the low-sodium chloride solution to 
normal Ringer’s fluid most of the previously accumu- 
lated gtrentium-89 is lost again although the con- 
centfation of the caleium—strontium-89 mixture was 
the same in each-solution. A similar experiment is 
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Fig. 2. The effect of replacing the sodium chloride of Ringer's __ 





fluid by choline chloride on the uptake of strontium-89 tracer in 

heart tissue. Relative amounta of strontium-89 tracer in oa 0 

ventricle strip during exposure to tracer solutions which contain pan 

either 112-5 mM sodium chloride or 125 mM eholine chloride, 

Potassium concentration and **Sr-Ca mixture asin the experiment” 

of Fig. 1. Vertical bars indicate standard error of the measurement ~ 
of radioactivity 


illustrated in Fig. 2, but this time sodium chloride of 
the tracer solution was replaced by choline chloride. 
Tt can be seen that the uptake of strontium-89 is also 
increased with choline chloride—Ringer although to a. 
lesser extent than with sucrose-Ringer. Similar 
results were obtained on replacing sodium chloride 
with lithium chloride or ‘tris’ chloride. These findings 
suggest that at least part of the tracer taken 1 
competes specifically with sodium ions for sor 
common adsorption sites. : 
The experiment illustrated in Fig. 3 shows the 
changes in tracer uptake when a heart strip has been 
transferred from ordinary Ringer’s fluid to a potas- 
sium-free solution (the 2-5 mM potassium chloride 
of Ringer’s fluid having been replaced by equivalent _ 
sodium chloride). Both solutions, the ordinary _ 
Ringer’s fluid and the potassium-free solution, 
contained calcium-strontium-89 mixtures of equal 
concentration. From Fig. 3 it is clear that the uptake 
of tracer is greater in the potassium-free solution 
than in ordinary Ringer’s fluid. Lees 
The time course with which calcium is lost from 
the tissue was determined using calcium-45. Heart | 
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Fig. 3. The effect of omitting potassium ions on the uptake of. 
strontium-89 tracer in hi tissue. Relative amounts of stron- 
tium-89 tracer in a ventricle strip. during exposure to tracer... 
solutions which contained either 2-5 mM potassium chloride or- i 
no potassium (that is, 2-5 mM potassium chloride replaced by 
2-5 mM sodium chloride), The two solutions had identical con~ 
centrations of tracer “Sr-Ca (1 mM) mixture. Vertical bars 
indicate standard error of the measurement of radioactivity. 
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strips were immersed. for periods of 30 or 60 min. in 
Ringers fluid labelled with caletum-45. Afterwards 
the accumulated tracer was washed out into the 
tracer-free solution of which the effect on calcium 
loss was to be tested. Controls were made by reload- 
mg the same strip with calcium-45 and washing out into 
Ringer’s fluid. It was found that calcium-45 was 
lost at a reduced rate when the sodium chloride of 
Ringer’s fluid was replaced by sucrose or the chlorides 
of either choline, tris or lithium, and when potassium 
chloride was omitted from Ringer’s fluid. Calcium 
loss was slowest in the sucrose solution. 

The results indicate that replacement of sodium 
ions or omission of potessium ions of Ringer’s fluid 
causes heart tissue to accumulate calcium; this 
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follows from the observation that in both cases the 
uptake of calcium 1s increased while the rate of loss 
of calcium 1s diminished. A mechanism whereby the 
reduction of the sodium-ion concentration may 
increase the adsorption of calcium on anionic sites 
of the cell surface has been discussed in the preceding 
paper. The mode of action of potassium-free solution 
has still to be explained. 

R. NIEDERGERKE 

E. J. HARRIS 


Department of Biophysics, 
University College, 
~ London. Feb. 14. 


1 Ringer, S., J. Physiol., 4, 37C (1884). 


OLFACTORY ACUITY IN THE DOG 
By Dr. E. H. ASHTON, Dr. J. T. EAYRS and D. G. MOULTON 


Department of Anatomy, University of Birmingham 


HE commonly held view that the sense of smell 

dominates the world of the dog is supported by 
only limited scientific data. Of these, the most 
important are derived from Buytendijk’s analyses of 
the least concentrations of iodoform and of various 
organic and inorganic acids that dogs can detect}. 
The present communication provides further informa- 
tion. about the dog’s olfactory thresholds for the eight 
straight-chain fatty acids in the series beginning with 
formic and ending with caprylic acid. The results 
show that the level of detectability is directly related 
to molecular size. 

Experiments were carried out in a laboratory 12 ft. 
square. Because it is imperative in experiments of 
this type to avoid the possibility of the animal’s 
performance being biased by cues picked up from 
those conductmg the experiment, two ante-rooms 
were provided—one for the supervisor of the experi- 
ment, and the other for the dog and its handler. The 
idea was that the supervisor would set out the 
experiment, but not know what the dog was doing ; 
while the handler would neither know what the 
supervisor had arranged nor about the dog’s success 
or failure until after the dog had performed. 

Near each corner of the experimental room a short 
length of metal pipe, covered with a gauze lid and 
connected to a supply of compressed air, was screwed 
vertically into the floor to serve as a container. 
Above each container was a station comprising a 
signal light and bell push. These were connected to 
switches m the supervisor's room which could be set 
so that each signal bulb lit up or did not light when 
its own bull push was operated. The electric circuits 
were also linked to a flag indicator and to two mag- 
notic counters. One counter summed the numbers of 
times the bulbs lit up after the pushes had been 
operated, and the other the numbers of times they 
failed to light after operation of the ‘pushes. 

In an experiment, the supervisor first placed a 
crucible containing either a dilute solution of acid or 
distilled water in each container, the handler and 
dog being shut in their own ante-room. The crucibles 
were set out according to a random plan in which all 
possible arrangements were presented m a cycle of 
sixteen runs. The plan, which was changed from 
day to day, was recorded on a pro forma kept in the 


supervisor's room. Jt was not seen by the handler 
at any time. The supervisor next set his control 
switches so that only the signal lights above the 
crucibles containing acid would light when. the bell 
pushes on the stations were operated. After each 
trial any traces of acid vapour remaining in the 
containers were removed by a blast of compressed 
air. 

When all preparations had been made, the super- 
visor withdrew to his cwn ante-room, and by means 
of a small bulb located in the other ante-room sig- 
nalled to the handler to take the dog into the experi- 
mental room and to ləad it from one container to 
the next. The animal had previously been trained 
to sniff at the gauze lids, to sit beside those covering 
a dilute solution of acid and to walk past those that 
covered the crucibles containing water. On the 
occasions when the dog sat, the handler pressed the 
corresponding bell-push. If the dog had chosen 
correctly, the signal bulb lit up. Correct decisions 
were rewarded with a piece of meat, and errors 
punished by scolding cr a light smack. 

The operation of the signal switch caused the 
appropriate flag of the supervisor’s indicator to fall, 
thus indicating where the animal had sat. A mark 
was awarded either when the dog made a positively 
correct choice or when it avoided a crucible con- 
taining water, the supervisor recording the numbers 
of correct choices and mistakes on his pro forma. The 
accuracy of the scormg was checked against the 
numbers of times the animal sat beside crucibles 
containing acid (= tha numbers of times the signal 
bulbs lit up after the operation of the bell pushes) ag 
summed in the one counter, and the numbers of 
mistakes (= the numbers of times the bulbs failed 
to light after operation of the bell pushes) in the 
other. 

Hither seven or nize concentrations of each acid 
were tested, groups of three concentrations of each 
being arranged in balanced incomplete blocks and 
tested simultaneously. A second experiment carried 
out some six months after the initial trials with 
acetic acid and at ths end of the main experiment 
showed that the least concentration of this acid that 
the dog could detect had not changed duringethat 
period. 
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Fig. 1. The detectability of different fatty acids. The concentration of each acid at which the dog makes 50 per 
cent correct responses (= probit of 5) is noted together with tts standard error. The number of carbon atoms in 
each acid molecule is given in brackets 


It is believed that all possible cues have been 
guarded against in this experimental design, and that 
the scores obtained by the animal can be attributed 
solely to its capacity to detect the acid vapour. For 
example, since the handler did not know where the 
acid was placed, she could not transmit unintentional 


or intentional cues to the dog. Second, the possi- - 


bility of the dog being helped by the supervisor was 
excluded since the supervisor could not see the 
animal at work. Third, as the numbers and positions 
of the crucibles containing acid were changed after 
each circuit according to a random pattern, it was 
impossible for either the dog or handler to anticipate 
where they could be found. Fourth, as the crucibles 
were sterilized and handled throughout by tongs, 
cues could not be given by reason of variations in 
the amount of human scent they carried. Finally, it 
was impossible for the scores to be biased owing to 
the animal detecting traces of vapour left from 
previous circuits, because these were blown out by 
the compressed air. 

The results were subjected to the standard form of 
probit analysis?,.the concentrations (m) at which the 
dog scored 50 per-cent correct responses being taken 
as a measure of the olfactory threshold. The slopes 
of the probit lines were, within the lunits of sampling 
errors, the same, and although it was not possible to 
control such factors as the temperature and humidity 
of the laboratory, the variance of the results was 
sufficiently low to establish the differences in the 
detectability-.of the various acids as significant 
statistically. 

The results showed that the threshold concentra- 
tion of acid in solution tends to change inversely with 
the number of carbon atoms in the molecule (Fig. 1) ; 
but whereas the first four acids are separated on this 
seale by a distance of approximately one unit, the 
four latter are separated by approximately only 
0-3 units. 

The threshold value for n-valeric acid (5 carbon 
atoms) is appreciably higher than that for n-butyric 
acid (4 carbon atoms). This is associated with a 
sharp change at this point of the series in the quality 
ofthe odour, and it is possible that the acids in the 
series below this point may also stimulate the endings 


of fibres of the trigeminal nerve in the nasal mucosa. 
This finding is supported by the results of Allen’s 
experiments with dogs? in which either the olfactory 
bulb or the maxillary and nasociliary nerves had 


< been transected, and m which the animals had been 


trained to respond to unspecified concentrations of 
acetic and butyric acid. 

The broad conclusion that the threshold is related 
to molecular size is also supported by the results of 
earlier experiments in which the concentration of 
odorous substance in the air was predetermined 
experimentally, and in which estimates were made 
first of the least concentrations of alcohols, acetates, 
paraffins, chloroparaffins, alkyl mercaptans and 
some fatty acids that human beings can detect*8, 
and second of the minimum amounts of alco- 
hols and aldehydes that repel or attract the 
blow-fly®. 

Until the results of the present study can be 
transformed from concentrations in solution into 
concentrations m the air inhaled by the dog, it does 
not seem possible to decide whether, as suggested by 
other workers on the basis of physico-chemical 
analyses, the threshold is best related to the shape 
and size of the molecules’, to their thermodynamic 
activity®®, or to other physical properties, for 
example, the extent to which they: absorb infra- 
red radiation", The data available in the standard 
works of reference do not, in most cases, permit 
these concentrations in the air to be calculated, 
and work is now in progress to determine each 
experimentally. 


1 Buytendijk, F. J. J., Arch. néerl. Physiol., 5, 484 (1921). 

2 Finney, D. J., “Probit Analysis”, second edition (University Press, 
Cambridge, 1952). 

5 Allen, W. F., Amer. J. Physiol., 118, 582 (1987). 


£ Allison, V. C., and Katz, S. H., J. Indust. Eng. Chem., 11, 386 

3 Beck, L. H., 
58, 225 (1954} 

* Kruger, L., Feldzamen, A. N., and Miles, W.R., Amer. J. Psychol., 
88, 388 (1955). 

? Passy, M. J., O.R. Soc. Biol., Paris, 44, 447 (1892). 

8 ultins, L, J., Ann. N.Y. Acad. Sci., 62, 247 (1955). 

° Dethier, V. G., and Yost, M. T., J. Gen. Physiol., 85, 828 (1952). 
Dethier, V. G., J. Gen. Phystol, 87, 743 (1954). 

10 Davies, J. T., Industr. Parfum., 8, 74 (1953). 

u Beck, L, H., and Miles, W. R., Science, 106, 511 (1947). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
Jor opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


The ‘Clock Paradox’ of Relativity 


Ir would be inappropriate to give here an additional 
derivation of the asymmetrical relative ageing of 
twin brothers predicted by relativity theory for the 
familiar round trip. In his first paper on relativity, 
A. Einstem. derives the well-known result! ; he does 
not, as claimed by Prof. H. Dingle, make a “regrettable 
error’’*, The recent derivation by W. H. McCrea? 
emphasizes that the Lorentz transformation of special 
relativity is sufficient to deseribe the round trip from 
the point of view of either twin, provided that one 
retams the usual central role assigned by Einstein to 
“a system of co-ordinates in which the equations of 
Newtonian mechanics hold good (that is, to the first 
approximation)’’4. 

In view of the recent prolonged controversy®, a 
more fruitful approach might be to find the specific 
source of “regrettable error” on Prof. Dingle’s part. 
I have done this, by examination of Prof. Dingle’s 
recent Physical Society paper’. There (p. 930), Prof. 
Dingle makes a key statement which is completely 
clear, free of ambiguity—and incorrect. This state- 
ment, and this alone, leads him from his preceding 
correct results directly to his incorrect conclusion that 
no asymmetrical agemg occurs in the familiar round 
trip. I quote Prof. Dingle. (I have enclosed the 
crucial incorrect statement and resulting incorrect 
conclusion in brackets {}, and have added my own 
Fig. 1 to illustrate Prof. Dingle’s notation.) 
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Fig. 1 


“Consider three clocks, B,, Cis D,, which, at the 
common readmg t = 0, are together and such that, 
if D, is regarded as being at rest, B, and C, are 
moving in opposite directions, each with uniform 
speed V with respect to D,. If these clocks are 
respectively at the origins of co-ordinate systems of 
which the z-axes all lie along the line of motion and 
are positive in the direction towards which C, is 
moving, then these systems are related by the 
Lorentz transformation. There is a fourth clock A, 
at rest at the point (#,0,0) in the D, system, and at 
the event E,’ = (#,0,0, —a/c) in that system let it 

emit a beam of light which, on reaching Dy, is reflected 
` back again to A,, clearly reaching it at the event 
EH,’ = (2,0,0,2/c) in the D, system. By the Lorentz 
transformation, E,’ = (xB,0,0, —xB/c) inthe B, system 
and (2/6,0,0, —z/cB) in the C, system, where 
B = [ (L—-V/c)/(1+ Vic) }?, while E,’=(2/8,0,0,2/cB) 
in the B, system and (x8,0,0,¢B/c) in the C, system. 
Hence, by Einstein’s criterion, the time of the event 
E, at which the light falls on D,, will be 0 in the 
D, system, {(1/2(—a8/e + wje} in the B, system, 
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and 1/2(—-a/cB + p/e) in the O, system)}. Since 
D, is at rest with respect to A,, D 1s synchronized 
with A, if it actually reads 0 at this event. Let 
this be so. Then, by hypothesis, B,, C, and D, will 
be coincident and will all read 0 at the event Ex. 
{ (Hence B, will be slow and C, fast) } by the same 
amount, viz., 7(1/8 —B)/2c, at the event Ex.” 

If Prof. Dingle had used again the same two 
Lorentz transformations that gave him his (correct) 
values for the times of events E,’ and Æ, (emission 
and absorption) as measured in the rest systems of 
B, and C,, he would Eave found that the reflexion 
E; occurs at zero time m those systems as well 
as in the D, system; therefore clocks B, and 
C, are neither slow nor fast, but are both ‘on 
time’. 

Prof. Dingle’s criterion, the use of the expression 
ta = $0, tta) to synchronize a local stationary 
clock with a distant moving clock, is incompatible 
with the Lorentz transformation, and has never 
before been used, either in Einstein's first paper’, 
or in any subsequent conventional presentation’. 
Einstein used the above expression only to define 
“synchronous stationaéry. clocks located at different 
places”’. (To synchronize clocks in two co-ordinate 
systems in uniform relative motion he used an 
entirely different procedure—the setting to zero of 
just one clock in each system at the instant when 
these two particular clocks pass one another and 
are at the same place. (These clocks are usually taken 
to be at the origin of co-ordinates in each system.) 
These two_types of synchronizations, and the in- 
variance of c, determine the Lorentz transformation, 
completely. There is no more freedom to satisfy 
Prof. Dingle’s criterion. Straightforward application 
of the Lorentz transformation to Prof. Dingle’s ex- 
ample shows that in B,’s rest frame the reflexion H, 
occurs in general at ta = $(ts + #:) — £(Ve)(ts — t). 
Prof. Dingle, by using his incorrect criterion instead 
of the Lorentz transformation, omitted the term in V. 
Insertion of Prof. Dingle’s (correct) values for t, and. 
t, leads to t = 0. Similarly, in the C, frame, applica- 
tion of the Lorentz transformation shows that E,’ 
occurs at zero time. The reflexion therefore occurs 
at zero time in all three frames. 

The remainder of Prof. Dingle’s derivation is 
correct, and shows, after correcting the above error, 
the usual result—that the special theory of relativity 
predicts that the asymmetrical age difference acquired 
in the round trip is twice that acquired in the out- 
going one-way trip (if the return trip is taken at 
the same velocity). 

In summary, Prof. Dingle’s regrettable error is 
completely accounted for by his failure to notice 
Hinstein’s clear and explicit statement in section 1 of 
his famous paper’, that the synchronization there 
defined applies only to clocks -having no relative 
motion. É i 

We must now consider Prof. Dmgle’s qualitative 
argument, since it is at first sight rather convincing. 
Furthermore, Prof. Dingle has himself said that if 
some error were found in his quantitative argument 
(as I have done), then he_would still believe in the 
qualitative argument. 

Prof. Dingle argues that we cazinot distinguish by 
any experiment which brother remains ‘at rest’, 
during the round trip, because, he says, according 
to the principle of relativity only the relative motion 
of the brothers has any physical meaning. It is 
therefore, he says, a matter of arbitrary convention 


which brother we regard as being at rest. “It follows 
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that any observed asymmetry would lead to a con- 


‘"| tradiction with the principle of relativity, since we 


could use the asymmetry to determine which brother 
remained at ‘absolute rest’. 
S This argument is wrong. It holds only for con- 


~~‘ tinued uniform relative motion. For. general motion, 


wt 


~~ “including relative accelerations (which are, of course, 


necessary if the brothers are to start and end with 
no separation m space, and no relative velocity), 
one must consider also the (relative) motion of the 
brothers with respect to an important third body— 
the remaining matter in the universe. This was first 
demonstrated experimentally by Newton with his 
famous water-pail experiment. ' Newton showed that 
for accelerated motion (here circular), the Earth, and 
every frame in uniform motion with respect to the 
Earth, is a ‘preferred frame’, that is, one in which 
Newton’s laws are valid. For linear accelerations 
the same is obviously true, as can most easily be 
demonstrated by. a modified experiment wherein a 
pail of water is connected by a spring to an equal 
mass of, say, lead. The whole system is placed on 
a frictionless surface and set into vibration. The 
behaviour of-the liquid surface is completely different, 
depending on whether it ts the lead weight or the 
pail of water that we then hold fixed with respect to 
the Earth, although the relative velocities and 
accelerations of the pail and lead are in either case 
the same. This experiment completely demonstrates 
the falsity of Prof. Dingle’s argument that only the 


DARN »~ ¥elative motion of the brothers matters. Presumably 


in an otherwise empty , universe Prof. Dingle’s 
argument would hold.) }°. 

Newton’s conclusion from the water-pail experi- 
ment was that the Earth was in uniform motion with 
respect to ‘absolute space’. Mach, and later Hinstein®, 
substituted ‘the distant galaxies’ for Newton’s un- 
satisfactory ‘absolute space’. By thus considering 
the ‘third body’—the remainder of the universe— 
the theory of relativity was extended to encompass 
accelerated relative motion of co-ordinate systems, 
so as to eliminate the unsatisfactory favoured role 
taken in the special theory of relativity by the 
‘inertial frame’. Once that role has been so clarified, 
however, we are again free to calculate with the 
concepts of special relativity, even in problems in- 
volving relative accelerations. apne FY. 

“Iii the clock paradox trip, the source of asymmetry 
is not the relative acceleration of the two twins; 
rather, it is the relative acceleration of each twin 
separately with respect to the ‘third body’—the 
mertial frames (all frames in uniform motion with 
respect to the distant galaxies). The ‘stay at home’ 
twin remains in uniform motion with respect to the 
universe, not ‘to ‘absolute space’, and the principle 
of relativity is satisfied. (It does not matter whether 
the travelling twin is regarded as accelerated with 
respect to the universe and the stay-at-home twin, 
or whether, instead, the universe and stay-at-home 
twin are accelerated.) 

In working out the problem by the use of the 
concepts of special relativity alone, the trip can be 
chosen in such a manner that the duration of the 
acceleration periods has a negligible effect on the 
relative asymmetrical ageing, so that the accelera- 
tions need not ,be considered explicitly in working 
the problem®. Nevertheless, the accelerations 
! completely determine the problem, through the 
: crucial (though somewhat hidden) role of the inertial 
i! frame as “a frame in which special relativity 
“\ holds’*4s49> 
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I would like to express my appreciation to Prof, 
Edwin M. McMillan for a number of useful discussions, 
: FrANK S. CRAWFORD, JON. 
Radiation Laboratory, 
University of California, 
Berkeley 4. 


* Einstein, A., Ann. Physik., 17, 891 (1905). See sec. 4. All the 
publications of Albert Einstein to which I refer in this article are 
found in En lation in the recently republished book 
by H. Lorentz, A. Einstein, H. Minkowski and H. Weyl, “The 
Principle of Relativity” (Dover Publications, Inc.). 

2 Dingle, H., Nature, 177, 782 (1956). 

* McCrea, W. H., Nature, 167. 680 (1951). 

Pray À., Ann. Physik, 17, 891 (1905), see sec. 1, first sentence, 

Dingle, H.; McCrea, W. H., Nature, 178, 680 681 (1956). Dingle, H. 
Natira. 179, 865 (1957). i era 

* Dingle, H.; Proe. Phys. Soc., A, 69, 925 (1956). 

’ Einstein, A., Ann. Physik, 17, 891 (1905), see last half of sec. 1. 

8 Moner, O., “The Theory of Relativity” (Oxf. Univ. Press, London, 


°? Einstein, A., Ann. Physik, 49, 769 (1016), seo sec, 2, 
1 Einstein, A., Ann. Physik, 49, 769 (1916), see sec. 1, first paragraph, 


Plane Gravitational Waves in General 
Relativity 


POLARIZED plane gravitational waves were first 


` discovered by N. Rosen!, who, however, came to the 


conclusion that such waves could not exist because 
the metric would have to contain certain physical 
singularities, More recent work by Taub? and 
MeVittie? showed that there were no unpolarized 
plane waves, and this result has tended to confirm 
the view that true plane gravitational waves do not 
exist in empty space in general relativity. Partly 
owing to this, Scheidegger and I’ have both ex- 
pressed the opinion that there might be no energy- 
carrying gravitational waves at all in the theory. 
It is therefore of interest to point out, as was first 
shown by Robinson and has now been independently 
proved by me, that Rosen’s argument is invalid and 
that true gravitational waves do in fact exist. More- 
over, it is shown here that these waves carry energy, 
although it has not yet been possible to relate the 
intensity of the wave to the amount of energy carried. 
Rosen’s metric is 


ds? = (oxp 2g) (d7? — dë?) — u? { (exp 28) dy? + 
f (exp — 28) dg} (1) 

where u =T — E, B = B(u), ọ = plu) and 9’ = up” 
(dashes denoting differentiation). This metric satisfies 
the empty space condition Ry» = 0, but is not flat 
unless uB” + 28’ = uB. Dr. Pirani has kindly 
informed me that, according to his criterion’, this 
space-time contains radiation, but no sources. 

The transformation 


u = rt — Ẹ = t — x, (exp 2) (t +E) = tte — 
(y? + z'u, ulexp B) 4 = y, ulexp — P) C =z 
is non-singular for u > 0 and turns (1) into 
ds? = di? — dic? — dy? — dz? + 28’ [ (ydy — zdz) 
(dé — dx) — (y? — 2°) (dé — daz)? (t — 2)4)] — 
p72 (£ — x°) (dt — da)? (2) 
where use has been made of the empty-space con- 
dition. i 
It is clear that if 8p’ = 0 except for a finite positive 
range of u (and §’” is continuous everywhere) then 
there is a non-flat region of space between two fiat 
ones, that is, we have a plane-wave zone of finite 
extent in & non-singular metric satisfying Lich- 
nerowicz’s criteria’. s 
Consider now a set of test particles at rest in metric 
(2) before the arrival of the wave. Then, after the 
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passage of the wave, the particle that was at rest at 
(Ze, Yo, Zo) Will have the velocity 4-vector : 


4 (exp a) (L + bya + e'z?) + 4 (exp — a), 
+ (expa) (1 + b*yo? + e'z?) — $ (exp — a), 
0 

Chas 
where ọ and B have been assumed to vanish in front 
of the wave and to be constant behind the wave, 
the value of » then bemg 4a, while 

b=(exp $) J du exp {—2 (p—B) } B'(2—up Jur, 

c= —(exp—8) J du exp { —2(ẹ +8) } B'(2+uB’) u, 
both integrals being extended through the entire 
wave-zone. Clearly, this system of test particles in 
relative motion contains energy that could be used, 
for example, by letting them rub against a rigid 
friction disk carried by one of them. 

To evaluate the amount of available energy carried 
by the wave it would be necessary to evaluate the 
reaction on the wave of massive particles moved by 
it, and so far this is unknown. 

The more general wave with a variable plane of 
polarization® given by 
ds? = (exp 2) (dt? — d!) — 
(dy? + dý?) -+ sinh (28) cos (26) (dy? 
2 sinh (28) sm (20) dndt] 

(where 9, B, 6 are all functions of + — &) has also 
been examined. For this wave the empty-space 
condition is 
29’ = (t — &)[B’ + 6 sinh? (28) ] 
Full details of work proceeding at this College on 


gravitational waves will be published elsewhere. 
H. Bonpr 


(cv — č) [cosh (28) 
ae (a — 


King’s College, Strand, 

London, W.C.2. March 24. 
3 Ron, N., Phys. Z. Sovjet Union, 12, 366 GST). See alo, Einstein, 
and Rosen, N., J. Franklin Inst., 223, 43 (1937). 
es A. H., Ann. Math., 53, 472 (1951). 

8 MeVittie, G. C., J. Rational Mech. and Analysis, 4, 201 (1956). 

* Scheidegger, A. E. Rev. Mod. Phys., 25, 451 ia See also Brditka, 

M., Proc. Roy. Irish Acad., 54, 137 (1951 


* Bondi, H., various contributions to datka e nas Taterpational 
Conference on Gravitation, Chapel Hill, N.C., 


6 Robinson, I. (to be published shortly). 

7 Pirani, F. A. E., Phys. Rev., 106, 1089 (1957), 

* Lichnerowicz, A., “Théories relativistes de la gravitation et de 
Pélectromagnétisme” (Paris, 1955). 


Direction of the Friction Force 


Ir is universally assumed that the force resisting 
the sliding of one body over another acts in a direction 
opposite to the relative velocity. However, no recent 
test of this law appears to have been carried out, 
and it seemed worth while, setting up a simple 
experiment to measure any possible transverse 
component of the friction force. 

The apparatus was similar to that described earlier’, 
and consisted of a hemispherically ended fin. 
diameter steel rod pressed by means of a dead weight 
on to the flat surface of a rotating 3-in. diameter 
steel disk. For this experiment the arm holding the 
rod was mounted on a dynamometer capable of 
measuring independently forces in two directions at 
tight angles*, and the signal from its strain gauges 
was fed into a Sanborn 2-channel recorder. The 
rod was carefully arranged in relation to the disk 
so that the ordinary friction force F', effected one 
channel of the recorder only, and thus if any com- 
ponent F; acted transversely it would be detected 
by the other channel. 
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0 l 2 
Fig. 1. Transverse friction trace obtained during sliding. Initially 


two maxima and two minima are found for every revolution 


Fig. 1 shows the trace obtained from this channel 
under typical sliding conditions, load 1,000g, speed 
5 cm./sec., lubricant a machine oil. Transverse 
friction forces of up to + 6g are observed during the 
first revolutions, reaching extreme values twice per 
revolution as the rider crosses diagonally the uni- 
directional lapping marks (height 10 pin. r.m.s.) on 
the disk. If shding is continued over the same track 
these effects soon disappear, but random fluctuations 
of up to + 2g persist and seem to be caused by 
off-centre contact of asperities on the two surfaces. 
During this run the ordinary friction force remained 
rather steady at 122 +. 6g and the two sets of fluctua- 
tions were independent. 

- The ratio of transverse to ordinary friction force- 
FF, 0-05 as observed initially, corresponds to 
friction forces diverging by 3° from their generally 
assumed direction, while even after some time values 
of FaF, of 0-017, corresponding to fluctuations in 


. direction by 1°, are common. These values of FyF > 


are of the same order of magnitude as is the parameter 
o/F, denoting intrinsic fluctuations in magnitude of 
the ordinary friction force and seem to arise in a 
similar way, and hence it is probable that, as for the 
latter fatio, much larger values are possible in the 
extreme case of very rough surfaces and very low 
loads. 

The results suggest that for most purposes the 
friction force may continue to be assumed co-linear 
with the sliding direction. The new friction para- 
meter Fi seems to lend itself well to two uses; first, 
by studying the rate at which the systematic com- 
ponent of the friction force disappears during con- 
tinued sliding over the same track, it is possible to 
estimate the rate at which the initial surface con- 
figuration 1s changing without having to stop the 
experiment to examine the surfaces microscopically ; 
secondly, the F; trace can be analysed by auto- 
correlation techniques, with the important advantage 
over the Fo trace used in earlier work? that the 
fluctuating component, of interest for this purpose, is 
unaccompanied by a large constant term. 

Thanks are due to Praf. B. G. Rightmire for helpful 
supervision of this work, Prof. N. H. Cook for the 
loan of the dynamometer, and the U.S. Office of 
Naval Research for financial support under contract 
Nonr-1841(33). 

ERNEST RaBINOWIOZ 
Department of Mechanical Engineering, 
Massachusetts Institute of Technology, 
Cambridge, Mass. Feb. 15. 


1 Rabinowicz, Rightmire, Tedholm and Williams, Trans. Amer. Soc. 
Mech. Eng., 77, 981 (1955). 

2 Loewen and Cook, Proc. Soc. Hap. Stress Analysis, 18, 87 (1957)- 

* Rabinowicz, J. App. Phys., 27, 181 (1956). 
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A Method for the Determination of the 
Configuration of Organic Molecules using 
‘Stereo-selective Adsorbents’ 


Ir is possible to prepare silica gels in the presence 
of an organic substance, for example, methyl orange, 
im such a manner that the dried extracted gel exhibits 
greater adsorptive power for the dye than a gel pre- 
pared in its absence’. A specific silica gel has been 
used to effect a partial resolution of camphor 
sulphonic acid?. 

We now report the preparation of ‘stereo-selective 
adsorbents’ suitable for application to the allocation 
of configurations to stereoisomers. The adsorbent is 
prepared in the presence of a suitable reference com- 
pound of known configuration. After treatment, 
such a ‘stereoselective adsorbent’ exhibits higher 
adsorptive power for isomers of configuration related 
to the reference substance than for their respective 
stereoisomers, provided their structures are not too 
dissimilar from that of the reference compound. 

The following example illustrates the principle of 
the method and demonstrates the degree of con- 
figurational selectivity of suitable ‘stereoselective 
adsorbents’. Silica gel was prepared in the presence 
of quinine, partially dried, partially extracted with 
methanol, dried, powdered. and then extracted with 
methanol until no more alkaloid was released from 
the powder. This process yields an adsorbent the 
surface of which appears to contain molecular im- 
prints of the desired con- 
figuration. A control gel 
prepared similarly, but in 
‘the absence of quinine, ad- 
sorbs this alkaloid from solu- 
tion less readily than does 
the ‘stereo-selective adsorb- 
ent’; the latter adsorbs 
quinine much more readily 
than its stereoisomer, quin- 
idine (see Fig. 1). This 
adsorbent may now be used 
to distinguish between the 
configuration of stereoiso- 
mers of structure not too 
dissimilar from that of quin- 
ine; for example, cinchon- 
idine (configurationally re- 
lated to quinine) is adsorbed 
more readily than its stereo- 
isomer, cinchonine (config- 
urationally related to quin- 
idine) (see Fig. 1). 

It is possible to obtain 
reproducible results with a 
given batch of adsorbent ; 
batch-to-batch variation is 
not great if the conditions 
of preparation are strictly 
controlled (see Table 1). 
Even when batch variation 
occurred, the relative ad- 
sorptive power for the differ- 
ent isomers remained of the 
same order. 

In Table 1, the results 
of the adsorption of iso- 
mers in a typical experi- 
ment using a ‘quinidine- 
selective adsorbent’ are also 
recorded. As one would 
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Table 1, ADSORPTION OF STEREOISOMERS ON A QUININE-SHLEOTIVE 
ADSORBENT AND A QUINIDINE-SELECTIVE ADSORBENT 
1 gm. of adsorbent used to 10 gm. of solution (25:0 x 107* mole 
per kgm. in 5 per cent acetic acid) 


tch | Uptake expressed as moles x 10*/kgm. of 
adsorbent of 
Quinine Quinidine Cinchonine Olnehórni: 
= e 


Ba 
Adsorbent ‘| No. 


Quinine- 
selective 
adsorbent 


Quinidine- 
selective 
adsorbent 





Table 2, ADSORPTION OF STEREOISONERS ON A QUININE-SELECTIVE 
ADSORBENT 
1 gm. of adsorbent used to 10 gm. of solution (50-0 x 107" mole 
per kgm. in 5 per cent acetic acid) 


Uptake expressed as M x 10°/kgm. of adsorbent of: 


9-Deoxy- 9-Deoxy~ §-Deoxy~ 9-Deoxy- 9-Deoxy- 9-Deoxy- 
quinine quinidine cinchonine cinchonidine quitenine quitenidime 
392, 868 358 384 252 225 


expect, this adsorbent shows a greater selectivity for 
quinidine and cinchonine than for their respective 
stereoisomers, quinine and cinchonidine. 

The uptake of various isomeric pairs of quinine- 
type compounds on a ‘quinine-selective adsorbent’ 
is recorded in Table 2. Compounds of like configura- 
tion to quinine (9-deoxyquinine, 9-deoxycinchonidine 
and 9-deoxyquitenine) are adsorbed to a greater 
extent than their corresponding stereoisomers (9- 
deoxyquinidine, 9-deoxycinchonine and 9-deoxy- 


Quinine on e- 
„Selective aden 
= aati an BA a ET 


Cinchonidine on 
quinine-selective 
adsorbent 


Quinidine and 
elnchonine on 
quinine-seleotive 
adsorbent 


Quinine 

Quinidine 

[R Cinchonine 

Cinchonidina 
on control 
adsorbent 


12 
Concentration in residual solution (moles x 10* per kgm. of solution) 


16 20 24 


Fig. 1. Adsorption of various stersolsomers on i crap Ai and control adsorbents 


(mean results for numerous batches) 
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quitenidine), although the degree of diserymination 
by this adsorbent for one isomer of each pair is less 
pronounced than for those isomers recorded in Table 1. 
However, the discrimination is sufficient to permit 
assignment of configuration to be made from the 
results. 

Efficient ‘stereo-selective adsorbents’ have been 
obtained for optical and geometrical isomers of 
various classes of compounds, for example, alkaloids, 
morphinans; details of the preparation of these 
adsorbents and their appheation m configurational 
analysis will be given elsewhere. Investigation of 
such ‘selective adsorbents’ as models for biological 
receptor surfaces? is in progress, and their use in 
chromatographic separations is being explored. 

We are grateful to Prof. H. Veldstra, Combined 
Quinine Works, Amsterdam, for kmdly supplying 
certain of the isomers used in this investigation. 

A. H. BEOKETT 
PATRICIA ANDERSON 
Chelsea School of Pharmacy, 
Chelsea Polytechnic, 
Manresa Road, 
London, S8.W.3. 
March 4. 
1 eet and Polyakov, Zhur, fiz. Khim., 80, 1901 (1956). Dickey, 


. Phys. ., 59, 695 (1955). Haldeman and Emmett, ibid., 
59, 1039 (1955). ‘Also references cited in those papers. 


* Curti, Colombo and Clerice, Gazz. chem. ital., 82, 491 (1952). 
2? Beckett and:Casy, J. Pharm. Pharmacol., 6, 986 (1954). 


Boron Phosphide, a III-V Compound of 
Zinc-Blende Structure 


THE application of the semi-conducting properties 
of germanium and silicon in devices of great technical 
importance has in recent years stimulated interest 
in the III-V compounds?. Compounds of the group 
III elements aluminium, gallium and indium with 
the group V elements phosphorus, arsenic and 
antimony have the cubic zine-blende structure, which 
is closely related to the diamond structure of the 
group IV elements carbon, silicon, germanium and 
grey tin. The nitrides of aluminium, gallium and 
indium have the hexagonal wurtzite structure. The 
nitride of boron, the lightest of the group III elements, 
has a graphite-like hexagonal layer lattice. 

It has been reported recently? that the General 
Electric Company in the United States has succeeded 
in synthesizing ‘borazon’ crystals, that is, boron 
nitride with the zine-blende structure, which are said 
to be harder than diamond. While, apparently, very 
high pressures are necessary for the formation of 
these, we have prepared boron phosphide (BP) of 
zine-blende structure by the reaction of boron and 
red phosphorus in an evacuated, sealed silica tube 
at 1,100°C. In order to limit the vapour pressure 
of phosphorus, the cooler end of the tube was kept 
at approximately 450° C., corresponding to a pressure 
of about two atmospheres. Analysis of the reaction 
product by X-ray diffraction showed a zinc-blende 
structure, with a lattice parameter (a = 4:55 A.) in 
very good agreement with the covalent tetrahedral 
radii given by Pauling (rp = 1-10 A., rg = 0-88 A., 
men S (B + rp) = 457A). 

Boron phosphide does not seem to have been 
mentioned in the literature since the end of the last 


century’, when the existence of BP and B,P, were 
quoted. 
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Traces of tungsten carbide, originating from the 
mortar, were present in our X-ray diffraction photo- 
graphs, which indicates the high abrasiveness of BP. 
By analogy with borazon and diamond, one would 
expect BP to be harder than SiC and to have also a 
larger energy gap*. These and other physical and 
chemical properties are now being investigated. 

We are grateful to Dr. A. T. Green, director of 
the British Ceramic Research Association, for per- 
mussion to publish this communication, and to the 
Ministry of Supply for financial support of this work. 

~ P. POPPER 
T. A. INGLES 
British Ceramic Research Association, 
Queens Road, Penkhull, 
Stoke-on-Trent. March 22. 

* Welker, H., Z. f. Naturf., 7a, 744 (1952); 8a, 248 (1958). 
2 For example, The Times, p. 8, Feb. 14, 1957. 
a Moissan, H., C.R. Acad. Sei., Paris, 118, 624, 726, 787 (1891). 

Besson, A., bid., 118, 78 (1891). A 
‘Herman, F., J. Electronics, 1, 103 (1955). 


Use of Organic-Montmorillonite Com- 
pounds in Gas Chromatography 


Tue development of the various forms of gas 
chromatography has resulted in a search for more 
selective stationary phases and adsorbents. In 
partition chromatography there appears to be a 
limit to the selectivity which can be obtained with 
solution forces, for as yet no stationary phase has. 
been found which will separate close-boling isomers 
such as meta- and para-xylenes. As it is to be ex- 
pected that surface forces would show more select- 
ivity, adsorption chromatography appears the most 
promising technique for these difficult separations. 
In this respect the recent work of Janak}, in which 
he uses xeolite as an adsorbent, is interesting. This 
mineral has a three-dimensional lattice with replace- 
able cations, and a certain amount of variation in the 
separation characteristics may be achieved by re- 
placing the naturally occurrmg sodium ions by silver 
or manganous ions. 

In a similar manner montmorillonite has replace- 
able cations; but in addition an expansion of the 
lattice can occur in the c-axis, so that the sodium 
ions can be replaced by large organic cations, such 
as amines and aromatic bases*. As the cation exchange 
capacity of any one montmorillonite is constant, the 
area of the clay covered by organic material is 
dependent upon the size of the ion, and can vary 
from 30 per cent covered with the tetramethyl am- 
monium ions? to total coverage with dimethyl diocta- 
decy] ammonium ions. It follows from this that it 
is possible to vary the following characteristics of 
these organo-clay compounds. (1) The amount of the 
clay surface covered by the organic ion. (2) The c-axis- 
spacing of the lattice (this is partly dependent upon 
(1) ). (3) The type of organic base, aliphatic aromatic, 
etc., and where other functional groups are present 
in the basic molecule taese will be spatially localized. 
Thus, starting from montmorillonite, it is possible to 
prepare a large range of adsorbents the surface 
structure of which is known, which should greatly 
facilitate the study of separation by surface forces. 

Preliminary experiments with a montmorillonite 
totally covered with the paraffinic chains of a 
quaternary ammonium compound have confirmed 
the expectations outlined above. 

Table 1 shows that a good separation is obtained 
between the paraffins and aromatics, but rather 
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Table 1 
` Relative retention volumes at 80° C. 
Component 

Liquid paraffin Amine-treated clay 
Benzene 1 00 1 00 
Toluene 2-50 1-69 
Hexane 0 63 010 
Cyclohexane 116 0-17 
Heptane 1:46 0-20 





more surprising is the fact that the shape of the elution 
curves and the heats of adsorption indicate that with 
the paraffins partition chromatography is occurring 
but with the aromatics some type of adsorption 
chromatography. 

Fuller details, together with a theoretical explana- 
tion of this phenomenon, will be published later. 

I wish to thank Prof. A. L. Roberts for his support 
of this work, and the Coal Tar Research Association 
for financial assistance. 

D. Warre 
Dept. of Coal Gas and Fuel Industries 
with Metallurgy, 
University, Leeds. Feb. 25. 
Teron Vapour Phase Chromatography London Mias 100) a 
"Grim, R. E., “Clay Mineralogy”, 250 (McGraw-Hill, 1953). 


? Barrer, R. M., and MacLeod, D. M., Trans. Farad. Soc., 61, Pt. 9, 
1290 (Sept. 1955). 


Improvements in the Technique of 
estimating Amino-Acids (and Other 
Substances) by Paper-Sheet Chromato- 
graphic Methods 


In connexion with a programme of studies of the 
relationships between biochemical and ethnological 
differentiations (some aspects of which have already 
been discussed!) proceeding in this Department, we 
wished to explore the possibility of improving existing 
procedures for the estimation of ammo-acids separated 
on paper chromatograms’, before beginning an in- 
vestigation of the patterns of urinary excretion of 
amino-acids ‘by normal members of various ethnic 
groups living in Malaya. 

In our work, which has been confined to amino- 
acids (taurine and glutamine are included here), we 
have found it both highly desirable and possible to 
standardize and control closely the conditions in 
respect of the followmg: (1) the size, on the filter- 
paper, of the initial spot of liquid containing the 
mixture of amino-acids to be submitted to chromato- 
graphic separation; (2) the compositions of the 
mobile and stationary liquid phases employed in the 
two-dimensional chromatography, as well as the tem- 
perature of operation and the extents of traverse of 
the mobile phases; (3) the basicity and solvent 
properties of the solution of ninhydrin (used in de- 
veloping colorations); it contains a small amount 
of lutidme and so high a proportion of chloroform 
as to render it a very poor solvent for the amino- 
acids on the paper when the latter is immersed; 
(4) the humidity, temperature and other factors 
connected with the air-space in which the ninhydrin- 
treated papers are heated, as well as the time of 
heating. 

We have found it most desirable, also: (a) to em- 
ploy a circular, small-orifice type of densitometer 
designed to estimate (by transmission) the maximum 
light absorption achieved by a band of the ninhydrin — 
amino-acid reaction products, and to avoid the use 
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of slit-orifice densitometers ; (b) to bleach the band 
(we use chlorme, and remove excess by exposing the 
paper to air) and re-measure the light absorption 
after replacing and reorientating the paper in the 
densitometer m the position formerly yielding maxı- 
mum absorption, employing the result to correct for 
the absorption by the paper, with all its irregularities 
of texture. 

In these circumstances, we find that with a tungsten 
filament light-source (unfiltered) the corrected light 
absorptions tend to be very similar for equimolecular 
quantities of various amino-acids and that the means 
of values derived from triplicate chromatograms on 
filter-paper of Whatman No. 1 type, for quantities 
of amino-acids in the range 2-20 millimicromoles, 
have standard errors of only about 8 per cent. 

Our work thus far on urinary excretion suggests, 
among other things, that the frequency with which 
high levels of excretion of B-ammo-isobutyric acid 
occur among adult male subjects of largely Mongoloid 
derivation is very much greater than prevails among 
those of largely Caucasoid origm. The question 
whether a sharp dichotomy? in excretion levels of 
this amino-acid does exist may be decided relatively 
easily with the aid of this procedure. 

It is hoped to pubblsh in the near future a full 
account of the methodological studies and of the 
preliminary work based on small samples drawn from 
& few of the ethnic groups available in Malaya. 

J. W. H. Luea 
E. MoEvoy-Bown 
Department of Biochemistry, 
University of Malaya, 
Singapore. Jan. 21. 
Lugg, T . W. H., and Bowness, J. M., Nature, 174, 1147 7 (1950) ; 
Seme Cong. Tat. Biochim., 18-12 (1955). Bowness, J. M., 38m 


Cong. Int. Biochim., 16-18 (1955). Lugg, J. W. H., and Whyte, 
Ann. Hum. Genet., 19, 290 (1955). 


2 Block, R. J., Durrum, E. L., and Zweig, G., “A Manual of Paper 
Chtomatography and ‘Paper Electrophoresis” (Academio Press, 
Inc., New York, 1955). 


3 Harris, H., Ann, Eugen., 18, 43 (1953). 


Titration and Spectrophotometric Studies 
upon Polyadenylic Acid 


Tux structure of polyadenylic acid can be expected 
to have some influence on the availability of polar 
groups, such as the primary amino-group of the 
adenine base, for binding of hydrogen ions. Titration 
and spectrophotomeiric studies of polyadenylic, acid 
under a variety of conditions indicate that the primary 
amino-group in the adenine base is free in alkaline 
solutions, and probably combines in what appears 
to be a salt linkage with a neighbouring phosphate 
group of another nucleotide in acid solutions. 

Polyadenylic acid was synthesized by the action 
of polynucleotide phosphorylase prepared from 
Micrococcus lysodeikticus'. Contaminating protein 
was removed by the method of Sevag?. Formalin- 
treated polyadenylic acid was prepared by the method 
of Fraenkel-Conrat?. In Fig. 1 are shown the titration 
curves at 26°C. of polyadenylic acid in 0-01 N 
potassium chloride, formalm-ireated acid in 0-01 N 
potassium chloride, and acid in 0-01 N potassium 
chloride plus 0:0022 M calcium chloride. The exten- 
sive binding of hydrogen ion commencing at approx- 
imately pH 6 by polyadenylic acid is greatly reduced 
for formalin-treated acid and acid plus calcium ions. 
Coincident with the strong binding at pH 6 is a 
corresponding change in the absorption curve of 
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polyadenylic acid (Fig. 2). The peak at 257 my is a 
shifted approximately 5-252 my, and the extinction 
coefficient, Ep, is decreased from 11,500 to 9,000, as 
Fig. 2 shows. Given m Fig. 1 is the change in optical Q on 
density at 257 my of polyadenylic acid with pH. r a 
A close parallel between the hydrogen ions bound 
and the change in optical density is apparent. This PN oi b 
behaviour is quite different from that of adenosine : 
monophosphate, the monomer, the ultra-violet spec- 
trum of which shows only a negligible change upon 
titration of the ammo-group. The formalin-treated 
polymer has a maximum* at 263 mp {ep =13,600). 
From these studies’ we conclude that the primary 
amino-group of the adenine base is the hydrogen 
ion acceptor, inasmuch as the action of formaln 
upon the adenine base has been shown to be confined 
to the 6-amino group*»4. Also, since only one group 
is titrated between pH. 6 and pH 4, it cannot very 
well be other than the amino-group. The availability 
of the primary amino-group to hydrogen ions increases 
rapidly with the number of amino-groups which 
have become ionized. The rate of hydrogen ion bind- | 
ing 1s very slow. The marked alkaline displacement I 
4 


Od 


of the amino pK from that observed for adenosine 
monophosphate and the reduction of H+ binding by 
Ca++ suggests that coincident with the iomzation 
of this amino-group 18 an association of the amino- 
group with a neighbouring phosphate group of 
another nucleotide and the formation of an ammon- 
ium phosphate salt linkage. This prevents the keto- 
enol tautomerism of the primary amino-group. As a 5 
result, resonance structures which contain a double- 





° a10 "250 | 290 
Wave-length 4 (millimicrons) 
Fig. 2. Ultra-violet absorption spectra for native and formalin- 
treated polyadenylic acid at neutral and alkaline pH. 
@, Native acid in 0:01 M KCl,yH 7:7; @, native acid in 
0-01 M KCl, pH 5-0; O, formalin-treated acid in 0 01 M KG, 
pH 5-0; O, formalin-treated acid in 0-01 M KCI, pH 7-7 
11,009 bonded primary amino-group cannot make any 
"contribution to the stability of the adenme base. 
Therefore, the absorption peak decreases and shifts 
to a shorter wave-length. Formalin treatment and 
Ca++ lnkage prevent the optical shift by blocking 
the linkage of the amino-group with the phosphate 
10,000 group. Cat+ presumably operates by bmding at the 
phosphate group. 
We wish to acknowledge the assistance rendered by 
Dr. Sidney Bernhard in making available to one of 
us (R. F. 8.) the apparetus used in some of the titra- 
tion experiments, anc for numerous helpful dis- 
9,000 cussions and criticisms. The presence of a hydrogen 
ion binding group with a pK m the viemity of pH 6 
was first brought to our attention by Dr. R. 8. 
Morgan (private communication). The work has been 
supported in part by ths Bowles Research Fund, by a 
grant from Miles Laboratories, Inc., Elkhart, Indiana, 
8,000 and by Public Health Grant No. C-3293, National 
Cancer Institute, National Institutes of Health. 
Rotanp F. BEERS, son. 
Robert W. Johnson Laboratory, 
Bowles Research Tund, 
Children’s Hospital School, 
70 80 50 40 Baltimore 11, Maryland. 
pH ROBERT F. STEINER 
Fig. 1. Titration and spectrophotometric data for native and Naval Medical Research Institute, 


formalin-treated polyadenylic acid. ‘The left ordinate gives the ; : 
number of hydrogen ions bound per adenosine monophosphate unit. National Naval Medical Center, 
The right ordinate gives the extinction coefficient at 257 mp. Bethesda 14, Marvland. 


Titration curve for native acid in 0:01 M KCI; ---, 1 Beers, ., R. F., Biochem. J. (in the $ 
titration curve for formalin-treated acid in 0 01 M KCI;"...... 2 Sevag, aps ee Z., BA P ) 


titration curve for native acidin 0 01 M KCl plus 0:0022 Ss . 
O, ep for native acid in 0 01 M NaOAc; é” tive acid * Fraenkel-Conrat, H., Biochim. et Biophys. Acta, 15, 807 (1954). 


> &p for na 
in 0 01 M NaOAc plus 0-0015 M dat ‘ Steiner, R. F.,.fand Beers, yan., R. F. (to be published), 


AE 
a 12,000 


1-00 


0°75 


0:25 











1078 


Identity of ‘Nudic Acid B’ and ‘Diatretyne IP 


In 1946 two crystalline acidic antibiotics (‘nudic 
acids A and B’) were isolated from the culture 
medium of the basidiomycete Tricholoma nudum 
(Bull.) Fr. and some preliminary work on their 
respective constitutions was carried outl. It has now 
been shown that ‘nudic acid B’ is identical with 
‘diatretyne IL (7-cyano-trans-hept-2-en-4 : 6-diynoie 
acid (I)), which is produced by another fungus, 
Clitocybe diatreta*, and which has been obtained 
synthetically (Ashworth, Jones, Mansfield, Schlégl, 
Thompson and Whiting, unpublished work). 


HOOC—CH=CH-—C =C—C=C—C=N 
I 


A sample of the original ‘nudic acid B’ (10 mgm.) 
was used for establishing the identity. This had been 
stored in darkness for ten years without any special 
precautions against decomposition and had gone 
black due to surface polymerization. However, 
when the sample (10 mgm.) was esterified with 3 per 
cent methanolic sulphuric acid the methyl ester 
(5 mgm.) was obtamed, which was shown to be 
identical with synthetic material (mixed melting 
point (102—104° C.), ultra-violet and infra-red absorp- 
tion spectra). 


N. Q. HEATLEY J. S. STEPHENSON 


Sıx William Dunn The Dyson Perrins 
School of Pathology, Laboratory, 
Oxford. Oxford. 
March 5. 


2? Florey, Chain, Heatley, Jennings, Sanders, Abraham and Florey, 
“Antibiotics”, 358 (Oxford University Press, 1949). 


* Anchel, Sczence, 121, 607 (1956). 


Structure of Conjugated Methyl 
Linoleate Hydroperoxide 


ATTEMPTS to find the position of the hydroperoxide 
group of methyl linoleate hydroperoxide by perman- 
ganate oxidation of esters and ethers of the hydroxy 
component which is produced by reducing the hydro- 
peroxide with stannous chloride have not been 
successful. Recently, it has been reported that the 
hydroxy component formed by reduction of the 
hydroperoxide can be dehydrated!. This reaction 
has been confirmed, but it has been found that a 
more complete conversion occurs when the reaction 
mixture is boiled for half an hour in am atmosphere 
of nitrogen. 

A peroxide mixture obtained from partially autoxi- 
dized methyl linoleate by partition between petrol 
ether (boiling point 40°-60°) and 95 per cent methanol 
was reduced to the hydroxy component by stannous 
chloride. The component, havmg an absorption band 
at 4232 mp (#(1%, 1 cm.) 238) and therefore con- 
taining only a proportion of conjugated diene, was 
dehydrated by boiling methanolic sulphuric acid 
(5 per cent). Most of the diene was converted to a 
conjugated triene. This component was separated 
from the rest of the material, which appeared to be 
a hydroxy mono ethenoid compound, and the free 
acid was finally obtained in the pure state by crystal- 
lization from acetone at — 60° and petrol ether at 0°. 

This compound appeared to be identical with 
B-elwostearic acid spectroscopically, with maxima at 
258 my (E(1%, 1 em.) 1,570), 268-5 mp (#(1%, 1 cm.) 
2,110) and 280 my (H(1%, 1 cm.) 1,650); compare 
f-elostearic acid (melting point 69°) with maxima 


NATURE 


May 25, 1957 VoL. 179 


at 259 my (E(1%, 1 em.) 1,550), 268-5 my (E(1%, 
l cm.) 2,115) and 279-5 my (H(1%, 1 em.) 1,650) 
prepared according to the method of Hilditch’. 
However, its melting point (58-5°-66°) indicated that 
it was impure and probably a mixture of two very 
similar inseparable acids. : 
Sufficient of the acid has been prepared to enable 
the position of the double bond nearest to the carboxyl 
to be determined by permanganate oxidation. The 
dibasic acids thus obtained have been separated and 
identified chromatographically as azelaic and suberic 
acids. Crystalline specimens of the acids melted at 
105° and 141° respectively, that is, a little lower 
than the figures quoted in the literature, but no lower 
then samples available at the time, and there was 
no depression when like samples were mixed. How- 
ever, p-bromophenacyl esters were prepared which 
had the accepted melting points, namely, 130-5° and 
144° respectively, with no depression when the speci- 
mens were mixed with authentic samples of the esters. 
The conjugated triene obtained by dehydration of 
the hydroxy compound was therefore a mixture 
of 9,11,13- and 8,10,12-octadecatrienoic acids, and 
the hydroxy compound was consequently a mixture 
of 9-hydroxy, 10,12-octadecadienoic and 13-hydroxy, 
9,ll-octadecadienoic acids. It is assumed that the 
original hydroperoxide groups occupied the same 
position as the hydroxy] groups obtained on reduction. 
A more detailed account of this. work, which is 
part of the programme of the Food Investigation 
Organization of the Department of Scientific and 
Industrial Research, will be published elsewhere. 


A. BANKS 
J. N. Ksay 
J. G. M. SMITE 
Torry Research Station, 
Aberdeen. 
Feb. 12. 


‘ 


z Sephton, H. H., and Sutton, D. A., J, Amer. Oil Chem. Soc., 38, 267 
> Hilditch, T. P., and Riley, J. P., J. Soc. Chem, Indust., 85, 74 (1946). 


Mucopolysaccharides of Human Nuclei 
Pulposi 


No detailed investigation of, the mucopolysaccharıde 
component of nuclei pulposi has been- reported, but 
the combined results of several groups of workers! 
suggest that more than one type of mucopolysacchar- 
ide is present. The presence of at least three muco- 
polysaccharides in human nuclei pulposi is now 
reported, together with a simple method for their 
partial separation. 

Nuclei pulposi, from the last five lumbar disks of 
a subject aged seventy, were subjected to graded 
extraction as follows. The material was minced, 
suspended in water, and pulverized m a blendor. 
The suspension was filtered and the filtrate, after 
deproteinization by Sevag’s method, furnished frac- 
tion A. A second fraction (B) was isolated by shaking 
the insoluble residue remaining after aqueous ex- 
traction with 10 per cent calcium chloride solution 
at room temperature, and afterwards deproteinizing. 
Under alkalme conditions (0-5 per cent aqueous 
potassium hydroxide) further polysaccharide was 
extracted which yielded the largest deprotemized 
fraction (C). 

Chromatographie investigation of hydrolysates of 
fraction A indicated that major constituent sugars 
were glucosamine and galactose, which suggested that 
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Fig. 1. Electrophoresis of human nuclei pulposi mucopoly- 
saccharides, Conditions: on Whatman No. 3 paper, 0:1 4 
borate buffer (pH 10), 18 V./em for 14 hr.; developed with 
toluidine blue. (4) Fraction 4; (B) fraction B; (C) fraction C; 
(D) chondroitin sulphate 4; (E) hyaluronic acid ; (F) kersto- 
sulphate; (G) fraction obtained by prolonged extraction of 
nuclei pulposi with 10 per cent aqueous calcium chloride 


this fraction contained predominantly @ kerato- 
sulphate type of mucopolysaccharide. This was 
supported by electrophoretic and mfra-red studies. 
Fraction A migrated on the paper electrophoreto- 
gram in borate or carbonate buffer (pH 10) as a 
single discrete spot at a rate intermediate between 
that of chrondroitin sulphate and hyaluronic acid 
and equal to that of an authentic specimen of kerato- 
sulphate from bovine cornea (Fig. 1). The infra-red 
spectra of fraction A and keratosulphate were also 
sımilar, appearing as a composite tracing of pure 
chondroitm sulphates A and C with additional peaks 
at 823 and 770 cm.. Absorption bands at 825 and 
770 cm.-1, which are also absent from the spectra 
of chondroitin sulphate B and hyaluronic acid, were 
noted by Malmgren and Sylven? in the spectra of 
extracts from bovine nuclei pulposi. In the hydro- 
lysate of one such fraction (NP 11), which was kindly 
sent to us by Prof. Sylven, we have been able to 
demonstrate the presence of galactose. This finding 
and spectroscopic observations point strongly to the 
presence of keratosulphate in bovine, as well as 
human, intervertebral disk. 

Chemical and electrophoretic examination of 
fraction B suggested that this was mainly hyaluronic 
acid. However, it was not precipitated with pyridine’, 
a method believed to be specific for hyaluronic acid’, 
and was clearly not identical with the hyaluronic 
acids isolated from other sources such as umbilical 
cord. and heart valve. 

By similar methods the main component of fraction 
C was shown to be chondroitin sulphate (chondroitin 
sulphate A andjor C according to Meyer’s classifica- 
tion*). j 

These results indicate that, in the specimen of 
nuclear material examined, chondroitin sulphate, 
hyaluronic acid and keratosulphate types of muco- 
polysaccharide were present. It must be emphasized 
that the nuclei pulposi undergo drastic transformation. 
during the ageing process, changing from a gelatinous 
fluid at birth to a desiccated mass in old age’, and 
it 18 quite possible that the relative and/or absolute 
amount of each mucopolysaccharide in the system 
undergoes a gradual change. Attention is being 
given to this possibility and to the further character- 
vation of the crude mucopolysaccharides. 

We are indebted to Prof. R. E. Tunbridge for his 
mterest in this work, to Prof. K. Meyer for the 
generous gift of a sample of keratosulphate and to 
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Mr. F. Beaumont for technical assistance. We also 
thank the Bradford Education Authority and the 
Bradford Group ‘A’ Hospital Management Committee 
for the award of a joint scholarship to one of us 
(W. G. H.). 
D. A. HALL 
P. F. Liroyp* 
Nuffield Gerontological Research Unit, ~ 
Department of Medicine, 
The University, Leeds 2. 
F. HArrEY 
W. G. Horron 
Department of Textile Industries, 
Technical College, 
Bradford. 


Royal Infirmary, 
Bradford. 


A. NAYLOR 


* Present address: Department of Chemistry, University College 
of North Wales, Bangor. 


* Meyer, K., in “Modern Trendsin Ophthalmology”, 71 (London, 1948). - 

` Maimgren, H., and Sylven, B., Biochim. et Biophys. Acta, 9, 706 

> Gardell, 8., and Rastgeldi, 8., Acta Chem. Scand., 8, 362 (1954). 

‘ Meyer, K., Linker, A., Davidson, E. A., and Welssmann, B., J. Biol. 
Chem., 205, 611 (1953). 

5 Hadıdian, Z., and Pirie, N. W., Biochem. J., 42, 260 (1948). 

* Dess, W. P., and Leon, A. S., J. Biol. Chem., 215, 685 (1955). 

1 Happey, F., Macrae, T. P., and Naylor, A. in “Nature and Structure 
of Collagen”, 65 (Butterworths, 1953). 


Resynthesis of Adrenaline and _ 
Noradrenaline in the Adrenal - _ 
_Gland of the Cat j 


In a previous communication in Nature, Butter- 
worth and Mann? described some experiments on the 
rate of resynthesis of adrenaline and noradrenaline in 
the adrenal gland of the cat. This work showed that, 
after depletion of the glands with acetylcholine, there 
was a considerable increase in the level of nor- 
adrenaline one week later, whereas the adrenaline 
showed but little resynthesis. Experiments have 
now been performed allowing a resynthesis period of 
one month, 

In these experiments the cat was’ atropinized and. 
both glands were depleted of their amines by repeated 
intravenous doses of acetylcholine. One gland was 
removed as @ control depleted gland, and the animal 
allowed to recover from the anesthetic. After a 
period of one month, the second gland was removed 
and the adrenaline end noradrenaline contents 
determined biologically and chromatographically. It 
was found that by this time there was an equal 
percentage increase of both amines. The increase 
in noradrenaline was less and the increase in adrenaline 
was more than it was at seven days. 

From this type of experiment it was not possible 
to determine whether the adrenaline and noradrenaline 
in the second gland had regained their normal non- 
depleted levels. Hence, a second series of experiments 
was performed in which one gland was removed first 
of all as a normal, non-depleted control, and then 
the other depleted in the usual way. These exper- 
ments showed that by one month the adrenaline and 
noradrenaline in the second gland had returned not 
only to their initial proportions but also to their 
initial absolute amounts. 

Using information from both types of experiments, 
it is possible to show che overall picture diagram. 
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Fig. 1. A composite diagram to show the rate of resynthesis of 
adrenaline (@), of noradrenaline (©) and of total amines (+) im 
the adrenal gland of the cat at various time intervals after 
depletion, All results are expressed as a percentage of the initial, 
E non-depleted leve 


matically (Fig. 1). After two days there was some 
resynthesis of noradrenaline but not of adrenaline. 
At seven days the noradrenaline-level was very much 
greater than it was initially, whereas there was only a 
small amount of resynthesis of adrenaline. By one 
month the noradrenaline had decreased and the 
adrenaline had imereased to their initial levels— 
appearing as though the noradrenaline had been used 
to synthesize the adrenaline. The diagram also 
shows that although it took a month for the adrenaline 
and noradrenaline to regain their mitial proportions 
and amounts, the total amine content had returned 
to its initial level one week after depletion. 

It may be concluded that, under the conditions 
of these experiments, the rate of resynthesis of 
adrenaline and noradrenaline in the adrenal gland 
of the cat is slow, tekmg days and not hours. It 
appears that adrenaline is synthesized from nor- 
adrenaline and not independently. 

i K. R. BUTTERWORTH* 
Monioa Mann 
Department of Pharmacology, 
School of Pharmacy, 
University of London, 
17 Bloomsbury Square, 
London, W.C.1. 
Jan. 24. 


* Present address: Department of Pharmacology, 8t. Mary’s 
Hospital Medical School, London, W.2. 


1 Butterworth, K. B., and Mann, Monica, Nature, 178, 1234 (1956). 


Effect of Aeration of the Small Intestine 
on the Oxyhemoglobin Content of Portal 
' Blood 


Durine recent years, it has been suggested by 
various authors that anoxia of the liver is a condition 
underlying some pathological processes (traumatic 
shock, liver cirrhosis, etc.). About 75 per cent of 
blood supply to the liver is via the portal vem, which, 
however, contains desaturated blood. If ıt were 
possible to augment substantially the concentration of 
oxyhemoglobin in the portal blood without dimmu- 
tion in the blood flow, it would be expected that the 
oxygen supply to the liver tissue would rise. Some 
attempts have been made to improve it by surgical 
procedures. Hay and Webb! lowered the mortality-rate 


by 900 per cent in experimental shock in dogs b 
creating arteriovenous shunts on the splenic vessel 
Clinical observations’ indicate that the supply « 
oxygen via the stomach may be of benefit to pr 
mature babies. As the epithelium of the intestin: 
tube is permeable to gases and the extent of its surfac 
area large enough, one can expect that portal bloc 
can be enriched by oxygen introduced into the lume 
of the gut. 

Our experiments were performed on anzsthetize 
(‘Thiopentene’ 0-2 ml./100 gm. body-weight), adu 
male rats, Wistar strain. After laparotomy, bloc 
was sampled by puncture of the portal vein by gla: 
micropipette. The wall of the gut was punctured an 
10 ml. of gas was insufflated; this did not fill tl 
gut farther than to the ileoccecal valve. The escag 
of gas by the oral route was prevented by ligaturir 
the pylorus. The oxygen content of the portal bloc 
was determined before and at various intervals aft: 
the insufflation by the modified micro-Van Sly} 
method of Natelson?. Hemoglobin was estimate 
in the same sample by the spectrophotometric metho 
of Heilmeier and Mutius. 

Fig. 1 presents the results of experiments in whic 
the gut was insufflated by air, oxygen or nitroge) 
After insufflation by air or oxygen, there is a cor 
siderable rise in oxyhemoglobin content of port: 
blood. The oxyhemoglobin values alone do no 
however, represent the true amount of oxygen sug 
plied to the liver. Volumetric measurement indicate 
that the amount of oxygen washed out from the lume 
of the intestine was about twice as great with pur 
oxygen as with air insufflation. It can be assumec 
therefore, that the perfusion of the gut must t 
greater if oxygen is being used. No nitrogen is washe 
out m the experimental period, which is in accor 
with the observations of McIver et al.3. The sma 
and transitory rise in oxygen content of portal bloo 
after nitrogen is therefore probably due to openin 
of arterio-venous channels m the wall of the gu 
These results seem to warrant the conclusion thi 
insufflation by air or oxygen of the gut is a metho 
suitable for meoreasing the oxygen content of porti 
blood. They also suggest that the blood flow throug 
a selected section of gut can be measured by tk 
application of Fick’s principle. Further work in th 
field is in progress. 

One may ask whether this increased supply < 
oxygen. is of any effect on metabolic processes in live 
tissue. In five non-fasted adult male rats (Wists 
strain) anesthetized with “Thiopentene’ (0-2 ml./1¢ 
gm. body-weight) laparotomy was performed an 
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Fig. 1. Rise in oxyhæmoglobin concentration of portal blood 

after insufflation by air, ozygen or nitrogen of the small intestine 

Arrows indicate insuffiation by respective gas. Time in minutes. 

Numbers in brackets: number of observations. Results exe 
pressed as mean -+ standard error 
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oxygen (10 ml.) was insulated into the gut. Five 
-other animals were anæsthetized and laparotomized 
ily. Sixty minutes later, the content of glycogen 
_ in the liver was determined by the combined methods 

of Nelson and Good, Kramer and Somogyi. Six 
normal animals were decapitated. and the content of 
_ glycogen in the liver served as an initial value control. 
Phe results are to be seen in Fig. 2. In the liver 

of both control groups there is: no difference in the 
_ content of glycogen. During the sixty-minute period 

of increased oxygen supply through the portal blood, 
¿there occurs a rise of more than 200 per cent in 
-glycogen content of the tissue. From these results 
it is apparent that the metabolic activity is affected 
by an inereased oxygen supply. It may be expected 


that other metabolic processes in the liver tissue will 


be affected as well. Further biochemical analysis 

and the application of these observations to disturbed 

‘metabolic patterns of the liver are being carried out. 
By nS O. POUPA 

M. KorEeckÝ 
ae F. CHYTIL 
- Laboratory of Physiology and : 
Physiopathology of Metabolism, 

“Czechoslovak Academy of Sciences, 
: Salmovská 1, Prague II. 

3 Hay, E. B., and Webb, J. K., Surgery, 28, 826 (1951). 

i Natelson, S., Amer. J. Clin. Path., 21, 1153 (1951). 


“8 Melwer, M. A., Redfield, A. C., and Benedict, E. B., Amer. J. 
A Physiol., 76, 92 (1926). 





Culture of Tubal Ova 


|.” Mouse ova at the eight-celled stage consistently 
developed into blastulke when cultured in Krebs- 
_ Ringer bicarbonate containing glucose and crystalline 
- bovine albumin?. It has since been shown that the 
bovine albumin may be replaced by egg albumin, or 
even by glycine (0-003 M). or other simple amino- 
acids and peptides. These findings indicate that 
use ova do not require any specific tubal factor 
this stage, and that the conditions necessary for 
evelopment closely resemble those which extend 
he functional life of the gametes of some marine 
“invertebrates*. 
wo problems were encountered in these experi- 
yents. It was found difficult to manipulate the eggs 
__ in protein-free solutions, even when the glassware was 
treated with silicone compounds. Despite this, it was 
possible with care to wash them four times, making 
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Table 1 











No. of blastuls: 
observed 


No. of ova 
cultivated 

















it unlikely that any factor was provided by tubal 
secretions. It was also found that phenol red (0-02 
mgm./ml.) was toxic to ova in the amino-acid solu” 
tions, whereas even at higher concentrations it had 
no effect in the presence of albumin. 

The technique adopted was the same as previously 
described, except that the gas phase was adjusted 
before and after the addition of the eggs by flushing 
the chamber with 5 per cent carbon dioxide in air. 
When nitrogen was used instead of air, the eggs con- 
tinued to develop ; in oxygen they died. The toxicity 
of oxygen was not prevented by catalase and occurred 


even when the medium contained: glycine as the only” 


amino-acid. It thus appears that the mechanism by 
which oxygen produces its effect is different from 
that observed for spermatozoa by Tosic*. 

Mouse eggs must depend on a maternal source of 
energy which can be supplied in vitro by glucose or 
mannose but not by fructose, galactose, maltose or 
lactose. Similarly lactate, pyruvate or malate sup- 
ported normal growth of blastule ; but under the 
conditions examined, acetate, propionate, citrate, 
glycerol or glycine failed to do so. During these 
observations it appeared that development was more 
rapid in the cultures which contamed lactate. 

Hammond‘ observed that two-celled mouse eggs 
were refractory to in vitro cultivation and failed to 
develop more than four eells. ‘This has been confirmed 
when they were cultured in Krebs-Ringer bicarbonate 
with glucose and albumin. However, cleavage and 
blastula formation were observed in a proportion of 
such eggs when calcium lactate (L+) was used in 


place of calcium chloride in the preparation ‘of the ee 
¿ Ringer, or if isotonic sodium lactate (prepared by — 
` © neutralizing lactie acid B.P.) was added to the 


medium. i 

Table 1 gives the results of a typical experiment 
for which the eggs were collected between 3 and 5 p.m. 
on the day following the observation of the copulation 
plugs Eggs from each mouse were distributed as 
equally as possible between the groups. 3 

It appeared that only those ova which are about 
to undergo the second cleavage responded in the 
presence of lactate; however, those which did not, 
retained normal morphology longer than the con- 
trols, Unfertilized eggs collected on the second day 
after ovulation frequently fragmented in medium 
containing lactate. 

Jt seems reasonable to assume that the egg mem- 
branes are permeable to lactate, since it can support 
growth in culture. The beneficial effect of this sub- 
stance observed on two-zelled eggs may have resulted 
from direct stimulation, or it may be due to the fact 
that essential lactic acid within the cell is not ex- 
tracted when the medium itself contains a sufficient 
concentration. 

Environmental lactic acid, particularly as a product 


of sperm glycolysis, may play a part in cleavage: 


in vivo; and also perhaps in fertilization, as was 
suggested by Harter’. If this is correct, then a 
conditioning of tubal contents by spermatozoa may 


a 
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be a necessary prelude to fertilization and cleavage. 
It may also explain the observations of Chang* and 
Austin’, which have been interpreted as a capacitation 
of the sperm. . 
W. K. WHITTEN 
John Curtin School of Medical Research, 
Australian National University, 
Canberra. 
Feb. 6. 
1 Whitten, W, K., Nature, 177, 96 (1958). 


‘Tyler, A., Biol. Bull., 99, 324 (1950). Runnstrém, J., Monné, L., 
and Wicklund, E., J. Coll. Sci., 1, 421 (1946). 


Tosic, J., Biochem. Soc. Symposia, 7, 22 (1951). 
* Hammond, jun., J., Nature, 163, 28 (1949). 

* Harter, B. T., Anat. Rec., 102, 349 (1948). 
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Stimulation of Hair Growth in Rabbits 

by lonizing Radiations 

In the course of experiments on tracing the location 
òf radioactive phosphorus injected intradermally', 
observations were made concerning the growth of 
hair. A series of rabbits was given a dose of 1,000 r. 
or 1,500 r. (100 kV., 7 m.amp., 2 mm. aluminium 
filter ; half-value layer, 0-11 mm. copper; foeus—skin 
distance, 15-5 cm.) through a ‘new moon and six- 
pence’ pattern in a lead shield backed with ‘Perspex’ 
(a circular area of 3 cm. diameter separated by a 
strip of skin 1 cm. in width, from a crescent-shaped 
exposed area of skin also 1 em. in width surrounding 
half its cireumference), and a solution containing 
0-4 me. of radioactive phosphorus was injected within 
the circle immediately after exposure. 

It was occasionally noted that hair grew only on 
the irradiated skin areas, while the rest of the pre- 
viously depilated rabbit’s flank remained hairless 
(Fig. 1). This striking phenomenon was studied in a 
further series of experiments, and again the growth 
of hair over the irradiated areas occurred on occasion. 
This irregularity of response can be explained by 
varying physiological conditions prevailing in the 
skin at the time of the experiment, as these may 
influence the nature and degree of response*. ‘These 
observations, in a certain respect, can be considered 
as analogous to those made in the course of experi- 
ments on indirect radiation effects with grafting of 
irradiated rabbit skin*, in which it was noted that 
irrespective of the particular phase of the hair- 
growth cycle of the rabbits, fur grew abundantly in 
the immediate vicinity of irradiated tissues, whether 





Fig. 1. 


Fur growing only on areas exposed to X-rays 
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around the grafted area or on the unirradiated skin 
areas transposed upon irradiated graft beds. 

This growth of hair in the neighbourhood of 
irradiated grafts, and in skin areas exposed to an 
amount of radiation which is greater than that of a 
depilation dose, is probably an indirect effect of 
radiation. It may be explained by a diffusion of 
stimulating irradiation demolition products or by an 
elimination of factors inhibiting growth of hair. Both 
explanations are compatible with the idea of an 
interference in the equilibrium of dynamic factors in 
the skin as suggested by Chase‘. 

This problem is being further explored, and the 
effects of injection of the inactive carrier (sodium 
phosphate) of the radioactive phosphorus are being 
studied. 

No inference can be made concerning the growth 
of hair in man under similar exposure conditions, 
because the mode of hair growth differs fundament- 
ally from that of the rabbit. 

B. JOLLES 
S. G. GREENING 
Department of Radiotherapy. 
General Hospital, 
Northampton. Feb. 18. 
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Osmiophile Granules in the Glomus Cells of 
the Rabbit Carotid Body 


= THe concept of an endocrine role for the carotid 
body was implied by Kohn’, when he classed the 
tissue as a paraganglion, but more directly supported 
by Mulon?, who claimed that extracts of horse carotid 
body contained a vasopressor substance. According 
to Smith’, there is considerable variation with species 
in the’ amount of chromaffin tissue in the carotid body, 
le De Castro! claimed that a true chromaffin 
reaction could not be elicited and he and others* do 
not believe that the carotid body is a paraganglion. 
The chemoreceptive role for the carotid body, 
originally postulated by De Castro'*, was confirmed 
and elaborated by Heymans and Bouckaert’, and has 
since been further elucidated by many others*. 
De Castro believes the glomus cell, with its poles 
‘sanguin’ and ‘nerveux’, is the chemoreceptive agent 
of the carotid body. 

A current experimental and electron microscopic 
study has shown that the glomus cells of the rabbit 
carotid body exhibit considerable variation in overall 
electron density. The darker cells contain a baek- 
ground cytoplasm of noticeable electron density in 
which lie compact mitochondria with a content of 
internal eristw and filaments (Fig. 1). In the lighter 
cells, however, this cytoplasmic matrix is less dense 
and the mitochondria are grossly vacuolated and 
distended (Fig. 2). 

Of particular interest has been the constant finding 
in these glomus cells of a small 0-05-0-15y osmiophile 
granular element often seen to be contained by a 
delicate membrane (Fig. 3). Variations in electron 
density within individual granules and from granule 
to granule are common. The population of granules 
is higher in the dark than im the light glomus cell. 
Granules comparable in electron microscopic appear- 
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ance to those here depicted have already been 
described in the rat adrenal medulla’, although the 
medullary granules range in size from 0-05 to 0-4u. 
In view of the possibility of a general or local humoral 
role for the glomus cell within the carotid body 
mechanism, a histochemical inquiry into the nature 
of the glomus granules is at present being conducted 
by Dr. P. R. Lewis, of this Department. 





Fig. 1. Electron micrograph of a ‘dark’ glomus cell from the rabbit carotid bod 
mitochondria (M) and dense osmiophile granules (G) bide a relatively opaque 


cytoplasm. x 18, 


Fig. 2. Glomus cells in an electron micrograph of rabbit carotid body. A is a ‘dark’ cell 
t' cells B and C mitochondria (M) are vacuolated and distended and 
granules are present in fewer number than in A. 


Fig. 3. Electron micrograph of a rabbit carotid body glomus cell intermediate in appear- 
ance between the ‘dark’ and ‘light’ cell extremes (Figs. 1 and 2). Some of the mitochondria 
are vacuolated (V); note mitochondrial internal criste. Densely osmiophile granules 
(@) are present over a wide range of size ; Some are surrounded by a UAn 
x 20, 


(see Fig. 1); in ‘li 
osmiophi 


which is contained within a delicate membrane (D) 


The work reported here is in part aided by a grant 
from the Royal Society to one of us (J. D. L.); 
acknowledgment is also due to the Electron Micro- 
scopy Section of the Cavendish Laboratory for 
electron microscope facilities. 

J. D. LEVER 
J. D. Born 
Department of Anatomy, 

University of Cambridge. Feb. 4. 
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Respiration and Levels of Phosphate 
Esters during Kinetin-induced Cell 
Division in Tobacco Pith Sections 


SkooG and his co-workerst.? have demonstrated 
that tobacco pith sections cultured on nutrient agar 
containing indolylacetic acid undergo considerable 
cell enlargement. Many mitotic divisions occur 
which are unaccompanied by cyto- 
kinesis, and thus give rise to multi- 
nucleate cells. If kinetin (6-furfuryl- 
aminopurine) is added to the 
medium, rapid cell division occurs. 
For tobacco pith, the gross effect 
of kinetin is as a cell division 
hormone and of indolylacetie acid 
as a cell enlargement hormone. 

Jensen? has shown that the region 
of rapid cell division in root tips 
of Vicia faba is a region of low 
respiratory activity compared with 
the cells of the root cap and the 
regions of cell elongation and dif- 
ferentiation, Mazia and Prescott* 
have shown that the capacity of 
amcebe to esterify inorganic phos- 
phate falls during division, while 
Brachet® found that respiration in 
frog eggs may be inhibited by 90 per 
cent without any effect on cell divi- 
sion. An obligatory coupling be- 
tween respiration and phosphoryl- 
ations has become recognized as 
a general biochemical principle 
(Slater*), and it was of interest, 
therefore, to compare the respira- 
tion-rates and levels of phos- 
phorylated intermediates of pith 
sections undergoing rapid cell divi- 
sion as compared with sections un- 
dergoimg cell enlargement, and to 
determine whether low respiratory 
activity and low levels of phosphate 
esters were associated with cell divi- 
sion. 

Tobacco pith sections were cult- 
ured according to the method de- 
scribed by Skoog and Tsuit. Oxygen 
uptake was measured by conven- 
tional Warburg manometric tech- 
niques, the pith sections being 
placed on agar media contained 
in the manometer flasks. Levels of hexose mono- 
phosphates, hexose diphosphate and energy-rich 
phosphate (the terminal phosphate group of adenosine 
diphosphate and two terminal phosphates of aden- 
osine triphosphate) were determined by the method 
of Slater’? adapted to plant tissue by Rowan (un- 
published work). 

The oxygen uptake of sections cultured on indolyl- 
acetic acid — kinetin medium was 16 per cent higher 
over a 5-day period than for sections cultured on 
indolylacetic acid medium, but this difference was 
quantitatively accounted for by a greater increase 
in fresh weight in the former instance. In the 
presence of kinetin the number of cells per section 
was twice that of the control after 5 days, and the 
fresh weight had increased by 36 per cent as against 
29 per cent. A comparison of the respiration-rates 
indicated an early effect of kinetin, well before cell 
division had commenced. Short-term experiments 
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Table t: EFFECT OF KINETIN ON THE RESPIRATION AND ELONGATION 
er TOBACCO PITH SECTIONS z 


Each treatment consisted of eight sections (10 mm. x 4 mm, x 1 mm.) 











on a basal medium of 1 per cent iw/v) agar, 2 per cent (w/v} sucrose, 
and %- mgm. indolylacetic pipers Incubation was in diffusedight 
ro at 30° €. 
z Eo. Immature region* | Mature region | 
ae Quantity Kinetin cone. Rinetin cone, : 
measured (ugm.flitre) | (pgm, flitre) H 
none 100 200 400 none 100 200 400 | 
Oxygen uptake | | i 
over initial 7 hr.) 36 43 44 #49 | B 39 39 44 
(il. jgm. fresh | i 
wijhe. i i 
Elongation of | i 
sections in | 
22 hr, (mim,) 24 25 29 37| 23 27 2:3 23 
Level of signific- i i 
„ance (per cent) — 5 O1 5 — — | 








“e For the immature. 
15 em. from the growing 
to 30 em. from the tip. 





ions were cut from the stalk withir 
The mature region was from 15 cm, 










showed that, kinetin generally increased respiration 
of the pith sections within 3-8 hr. of commencement 
of treatment, and that the increased respiration-rate 
was often accompanied by section elongation. Results 
in this regard were somewhat variable and appeared 
to depend on the physiological age, and state of the 
sections (Table 1). Stimulation of cell enlargement 


“by kinetin hag also been reported for bean leaf disk: 


by Millers and by Scott and Liverman’. 

The changes in the levels of hexose phosphates, 
energy-rich phosphate, and cell numbers per section 
were determined over a 6-day period (Fig. 1). During 


-this time the fresh weight of 55-mgm. sections im- 


creased by 34 mgm. on indolylacetic acid — kinetin and 
by 24 mgm. on indolylacetic acid medium. The 
number of cells per section remained constant for 
the first three days, but between the third and the 
sixth day the number of cells in sections treated with 
kinetin increased about five-fold. This great change 
in cell numbers was not accompanied by any marked 
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Fig. 1. The effects of kinetin on (above) cell numbers and (below) 
levels of phosphorylated intermediates in tobacco pith sections 
grown-on a basal médium of White's nutrient solution, ] per cent 
Gwivyagar and2 mgm. indolvlacetic acid/litre. O— O, Indolylacetic 
eid, x- x, indobylacetic acid- kinetin; A. hexose mono- 
phosphate; B, energy-rich phosphorus ; C, hexose diphosphate 
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changes in the levels of hexose phosphates or energy- 
rich phosphate when compared with the untreated 


-sections which were undergoing cell enlargement only. 


Thus for tobaceo pith sections and on a fresh-weight 


basis, the respiration-rates and levels of phosphate: 


esters are essentially the same for sections under- 
going rapid cell division or cell enlargement. 

The effects of kinetin in stimulating respiration 
and cell enlargement in the initial stages of treatment 
of tobacco pith sections, the stimulation of cell 
enlargement in bean leaf disks, and its effect in 
causing cytokinesis in tobacco pith cells undergoing 
nuclear divisions may indicate that the primary site 
of action of kinetm is in a reaction closely connected 
with cell wall metabolism. 

It, may be concluded that the energy requirements 
for cell division and cell enlargement for tobacco 
pith sections are very similar, and are more closely 
correlated with total cytoplasmic synthesis than with 
the nature of the cytological changes occurring in the 
tissue. 

K. T. Guasziou 

Botany Department, 

University of Sydney, 

Sydney. Jan. 18. 
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Pigments in Trichophyton rubrum 


ALTHOUGH observations on the colouring matter 
produced by Trichophyton rubrum had been made by 
Tate in. 19291, and were verified and extended by- 


: Thompson’, no attempt to isolate and identify the. 
pigments involved has been recorded in the literature. _ 


A more systematic examination of these pigments is 
therefore being carried out in this laboratory, 

Cultures of T. rubrum were prepared for the lab- 
oratory on 50-ml. plates of Sabouraud’s meditun. | 
A preliminary examination showed that the deep red. 
colour, which had diffused into the agar, was only 
slightly soluble in ethanol and acetone, but could be 
completely extracted by repeated grinding with.. 
glacial acetic acid. Twelve plates, after sterilization ` 
at 160° C., were therefore extracted in this way. The 
filtered and combined extracts (240 ml.) were diluted 
to 2 litres with water, and extracted into chloroform 
(2x 300 ml.). After washing with water (3 x 300 ml), 
the solution was dried and evaporated to 100 ml. 
under reduced pressure. Attempts to crystallize a 
pigment from this solution were unsuceessful, removal 
of further solvent leaving a tarry residue. 

A separation of the crude extract into three major 
fractions was achieved by ascending chromatography 
on Whatman No. 3 ALM paper, the solvent being 
70 per cent chloroform, 30 per cent petroleum ether 
(boiling point, 60°-80°), 


Re value Colour (chloroform) 
Pigment 4 0-95 Bright yellow 
Pigment B 0:75 Orange-red 
Pigment C 0-45 Deep bluish-red 
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In addition, a faint pale yellow component was 
-observed at Rp 0-20, and a small amount of brown 
material was left at the origin. , 

The fractions were eluted with chloroform. Their 
solubilities and their colour changes with alkali and 
with reducing agents were examined. No further 
resolution: of any of the three pigments could be 
obtained by the use of different solvent systems. Frac- 


_ tional precipitation was then used for separating these 


components from the bulk of the chloroform extract. 
_ A paper chromatogram was run after each operation 
in order to follow the course of the separation. 
-Pigment A. This was the only component possessing 
_ appreciable solubility in petroleum ether. It was 
isolated as an amorphous solid by precipitation of 
B and C from the extract with excess petroleum 
ether, evaporating the supernatant to a small bulk, 
“and cooling. Although free from the other pigments, 


this material has ‘so far resisted attempts at 


crystallization. 


Pigment B. The petroleum ether precipitate was 


dissolved in chloroform, and pigment B isolated by 
_ repeated fractional precipitation with methanol. The 
final precipitate, free from traces of O, crystallized 
from 90 per cent aqueous acetic acid as fine deep 
red needles, 

| Pigment C. The combined supernatants were 
evaporated to dryness in vacuo, and taken up ina 
minimum of hot 90 per cent acetic acid. On cooling, 
pigment C crystallized as sheaves of fine purple 
“needles. 

. The pigments are believed to be derivatives of 
-anthraquinone. This is supported by the following 
< evidence. 

-© (1) The colour-changes with alkali and with reducing 

agents are characteristic of the many known poly- 

_ hydroxy-2-methyl-anthraquinones which have been 

< isolated from various fungi". 

Alkali Alkali—after reduction with 
sodium hydrosulphite 


Pigment 4 Mauve ‘Pale yellow, green fluorescence 
-Pigment B- Violet, blue fluorescence Yellow, green fluorescence 
Pigment C Blue ip yellow, green fluorescence 











(2) The reduced pigments are readily oxidized by 

_ atmospheric. oxygen, to revert to the original violet 

_ or blue colour. i 

(8) The absorption spectra have been plotted over 

the range 200-600 mp using a Hilger ‘Uvispek’. The 

results obtained are consistent with the view that 

these pigments are substituted anthraquinones. 
Further work on the structure of these pigments is 

< in-progress. ; 

i P. D. MER 

Biochemistry Department, 

Instituto of Dermatology, 

"Leicester Square, 

o-oo London, W.C.2. Feb. 7. 
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: Relationship between Relative Turgidity and 
; Diffusion Pressure Deficit in Leaves 


A PRAOTICAL field-method for measuring water 
deficits in plants has been described* in which the 
water content of samples of leaf disks is measured 
and compared with that of parallel samples rendered 
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Fig. 1. Relationship between relative turgidity and diffusion 
pressure deficit in the leaves of two species... O-——— O, privet ; 


@-—@, tomato. Each point represents the mean of 10 determ- 
inations. Standard error of means: privet, + 0°30; tomato, 
408 


fully turgid by floating on water... The field-water 
content expressed as a percentage of the turgid water 
content was called the ‘relative turgidity’. This 
technique and mode of expression have proved 
successful in studying the ecology of a variety of 
plants: in Uganda’, Israel’, the United States* and 
Australia’. It is, however, difficult to assess the full 
significance of relative turgidity values without a 
knowledge of their equivalence in terms of ‘diffusion 
pressure deficit’. For example, 80 per cent relative 
turgidity in different species might mean quite 
different degrees of ‘water stress’ expressed as the 
diffusion pressure deficit of the leaves. 

Such ‘calibrations’ of relative turgidity in terms 
of atmospheres diffusion pressure deficit have now 
been achieved for privet (Ligustrum japonicum) and 
tomato (Lycopersicum esculentum). In principle, 
there is no difficulty in this. Parallel samples of leaf 
disks were allowed to attain moisture. equilibrium in 
a range of environments of different diffusion pressure 
deficit. The relative turgidity of the disks correspond- 
ing to each of these diffusion pressure deficits was 
then found by floating them on water in the usual 
way. However, allowing samples to attain known 
diffusion pressure deficit values by flotation on, or 
submergence in, solutions of mannitol or other 
solutes was not successful owing to. injection and 
plasmolysis. Instead, samples were placed in small 
closed containers on grids 5 mm. above the surface 
of solutions of known diffusion pressure deficit, the 
containers being 
to + 0-001° C. Equilibrium was reached in 32 hr. 
Full details of this method will be published else- 
where. ; 

Fig. 1 shows that the curves obtained for the two 
species were markedly divergent; thus a diffusion 
pressure deficit of 30 atm. in the leaves entailed a 
much greater water deficit in tomato (relative 
turgidity 50 per cent) than in privet (relative turgidity 
70 per cent). 

Such calibration curves are important in two 
respects. First, they permit relative turgidity 
measurement to give a simple and accurate quantita- 
tive assessment of water stress in terms of diffusion 
pressure deficit, itself difficult and tedious to measure 
in practice. Secondly, the curves have an intrinsic 
interest. Their divergence indicates a difference in 
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cell water-relations between the two species which 
may be of ecological significance. Also they represent 
in effect the relationship between diffusion pressure 
deficit and cell volume, their form reflecting the inter- 
play between wall pressure and the osmotic potential 
of the vacuolar sap. If the latter were also measured, 
clearly the contribution of the wall pressure or 
tension to the diffusion pressure deficit at various 
water deficits could readily be ascertained. This is 
as yet an unassessed but probably important factor 
governing plant responses under conditions of severe 
water stress; this will be the subject of further 
‘publication. 
. This work was initiated in Nottingham, but much 
“of it wag carried out by one of us (R. O. S.) in the 
Department of Botany, Duke University, Durham, 
North Carolina, through the generosity of Prof. P. J. 
Kramer, .whose provision of facilities and helpful 
discussion is gratefully acknowledged. 
P. E. WEATHERLEY 
Department of Botany, 
University of Nottingham. 
R. O. SLATYER 
Commonwealth Scientific and 
“Industrial Research Organization, 
ah Canberra. 
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Paper Chromatography of a 
Sweet Potato Virus 


A QUICK method for detecting vein-clearing virus? 
by paper chromatography has been developed. 

This common virus disease in sweet potatoes which 
grow in Israel causes great reductions in yields. 
Hitherto, no test plant for indexing diseased plants 
= has been found. The only reliable method of identifica- 
“tion is by grafting the diseased scion on a healthy 
stock, The disease symptoms, too, are not always 
clear, especially when masking of symptoms occurs 
during optimal vegetative growth. 

Little work has been done on the use of paper 
chromatography for identification of virus diseases 
in general, Paper chromatography was used by 
Cochran? in 1947 and Gray? in 1952 for identification, 
büt:more specifically for separation of pure tobacco 
mosaic virus. Identification of tobacco mosaic virus 
by this method has theoretical value only, since 
identification generally is carried out by test 
plants. 

In the absence of a suitable test plant for detecting 
vein-clearing virus in sweet potatoes, we found that 
paper chromatography could be used as a reliable 
method. 

Sap, buffered at pH 6-9, was extracted from leaves 
of healthy and diseased plants. After centrifuging, 
the concentrated superfluent was chromatographed 
on Whatman No. 1 filter paper; the solvent was 
molar sucrose. Staining with acid bromphenol-blue, 
used specifically for proteins, gave a good differentia- 
tion between healthy and diseased sap. Fig. 1 shows 
that there was ‘tailing’ with diseased sap, whereas 
healthy sap showed no movement of proteins. 
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Fig. 1. Chromategram of healthy (H. and vein-clearing (V.C.} 


diseased sweet potato plants 


It was found that, before staining, the ‘tailings’ 
absorbed ultra-violet light in the neighbourhood of 
265 my, which indicates presence of nucleic aids. 
Ultra-violet radiation without staining can therefore 
be used for identification on the chromatogram. 

It seems, though further proof is still necessary, 
that the stained ‘tailings’ which absorb ultra-violet 
light are the nucleo-proteins of the virus itself, and that. 
the plant protein does not move with this solvent. 

Similar results were obtained by paper chromato. 
graphy of sap extracted from sweet potato. tubers.. 

This chemical method of quick identification of. 
vein-clearing virus in leaves and tubers of sweet 
potatoes will be of considerable use in the routine 
work of keeping a virus-free stock, i 

Detailed results of this work will be published 
shortly. I wish to thank Dr. Leah Slomnicky and 
Prof. I. Reichert for valuable suggestions. 

G. LOEBENSTEIN 
Department of Pathology, 
Agricultural Research Station, 
Rehovot, Israel. Feb. 15. 
* Loebenstein, G., and Reichert, 1., Bull. Research Council of Israel f 

(in the press). ae 
* Cochran, G. W., Phytopath., 87, 850 (1947). 
` Gray, R. A., Arch. Biochem. Biophys., 88, 305 (1952). 


Use of ‘Nigrosine’ for Staining Proteins 
after Electrophoresis on Filter Paper 


For some time we have used in our laboratories 
a simple and economical technique for staining protein 
fractions of human serum separated by. electro- 
phoresis on filter paper. 

_ Electrophoresis of the sera was carried out accord- 
ing to the technique of Grassmann and Hannig' at 
110 volts for a period of 14 hr. A sodium barbital- 
acetate buffer of pH 8:6 and ionic strength of 0-1 is 
used. The paper strips (Schleicher and Schiill No. 
2043 a) are dried first in air and then for about 
15 min. in an oven at 80° C., before proceeding to the 
staining. Gliiber or Geigy ‘nigrosine’ soluble in water , 
was used at a concentration of 1 per cent, so that 
it will dissolve in a 1 per cent solution of acetic acid. 
The strip of paper is immersed in this solution for 
6 min. and excess dye is afterwards removed by = 
washing with 1 per cent aqueous solution of acetic 
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of three sera stained with nigrosine, that at 
bulinæmia 









Fi . 
ae top corres! to one and that 
at the bottom showing the ‘pre-albumin’ component 


acid, or simply with tap water, until the paper has only 
a light blue tint, when the different protein fractions 
should be perfectly stained a blue-black colour, with 
an intensity depending on the concentration. 

In using this staining method with some sera, a 
band was obtained characterized by a velocity of 
migration greater than that of albumin; but this 

nent did not appear if the staining was done 
with amido black 10 B. w 

Work on the identification of this component, and 
on its significance from the clinical point of view, is 
pro ing. These investigations, and comparative 
results obtained in the photometric study of the 

of the dyed sera by this technique and 
by that of Grassmann and Hannig with amido black 
10 B in methanol/acetic acid (9: 1), will be published 
in due course. 
~ M. ORTEGA 


Facultad de Farmacia, 
Laboratorio de Fisico-Quimica, 
Departamento de Quimica-Fisica Biológica 
del C.8.1.C., 

Madrid. ~- 
Feb. 1. 


1G . and H ma e Hoppe-Seylers Z. Physiol. Chem., 
eg a annig f- 
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A Fertile Tortoiseshell Tomcat 


THE gene for yellow coat-colour in the domestic 
cat is sex-linked'. Tortoiseshell cats are heterozygous 
for yellow and therefore normally female; the rare 
tortoiseshell male is usually sterile. Many theses 
have been put forward to account for its occurrence 
and sterility?, but in our opinion no satisfactory 
solution has yet been found. Fertile iseshell 
males are extremely rare; Doncaster? recor two 

“and Komai‘ three probable examples. A few offspring 
were recorded from the tortoiseshell males known to 


at = - ; 


~~ 
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Doncaster; details of their sex and coat-colotr are 
incomplete and somewhat uncertain, however. 

A tortoiseshell male cf known parentage has now 
produced in the space of two years at least sixty-five 
offspring. Twenty-six were recorded as female, 
seventeen as male and twenty-two were unsexed. - 
These kittens were the result of systematic mati 
carried out in confinement, so their paternity is not 
in doubt. The male concerned (‘Blue Boy’) is dilute 
tortoiseshell ish rex; his father was ‘Kalli’, 
dilute yellow and the first English rex cat®. His 
mother was ‘Serena’, a tertoiseshell heterozygous for 
rex and for dilute. The fortunate circumstance 
the cats concerned are also those used for establishing 
the rex breed has meant that results of matings were 
carefully recorded even before ‘Blue Boy’s’ true 
nature was realized. y 

Eleven further tortoiseshell males have been 
recorded among ‘Blue Boy’s’ forty-three sexed 
offspring. 'Lhree of these males have reached matur- 
ity, but so far none has been proved fertile. ‘There 
do not seem to be any previous records of tortoiseshell 
males siring further tortoiseshell males; one of those 
studied by Doncaster produced tortoiseshell off- 
spring, but their sex was appare unrecorded. 

‘Blue Boy’ has been mated with six diffe 
tortoiseshell females, all related to him. The off: 
have included in each sex all three possible genotypes 
locus ; that is, males and females which 


sex-linked, instead of being completely so. 1t would 
therefore be present in the pairing t of the 
Y-chromosome, instead of being nted in Y. 


genetic constitution would probably be moy 


where X and Y represent particularly the stn 


segments on these chromosomes, presumably - 
taining the sex-determiners. 
Boy’s’ father was a yellow male makes it probable 
that the y gene would be on the Y-chromosome 
rather than on the X. Mated to a tortoiseshell female, 


Rites 

alate a fertile tortoiseshell male of the above 
Tire 4 

constitution could produce yellow males, tortoiseshell 
males and females, and black females as non-recom- 


binant types; and black males, tortoiseshell males > 


and females, and yellow females as recombi t 
types. ‘Ihus the production of all three py. pcs > 
in both sexes would be theoretically possible, which — 
agrees with observation. About half the offspring 
from this type of mating should be tortoiseshells ; in 
fact, fourteen were so out of twenty-five, in fully sexed 
litters. The results of mating ‘Blue Boy’ with ow 
and with black females also agree with the hypothesi 
of partial sex-linkage of yellow. Taken as a whole, 
the results suggest that linkage between the yellow 
locus and the sex-determining gene complex is fairly 
loose. 

Various predictions can be made on the basis of 
this hypothesis; for example, that those of ‘Blue 
Boy’s’ sons which are yellew or black with regard to 
the y-locus should also be capable of producing 


The fact that ‘Blue — 


. 
@, 


, 
= 


toss 








available it is hoped.4o deal with these and other 
matters in detail. 






: A. ©. JUDE 

3 Hill View Road : 

Mapperley, Notts. 
5 A. G. SEARLE 














Department of Zoology, 
University of Malaya, 
Singapore 10. © 


* Little, ©, C., Science, N.S., 85, 784 (1912). Doncaster, L., ibid., 
86. 144 (1912). 
* Bamber, R., Bib. Genetica; 8, 1 (1937). 
Acad., 28, 150 (1982). 
0053 Doncaster, L., J. Genet 11 (19138). 
* Komai, T., J. Hered. (invthe press) and personal communication. 
* Jude, A. C., Nature, 172, 81 (1958). Searle, A. G., and Jude, A. C., 
J. Genet., 54, 506 (1956), 


Komai, T., Proc. Japan 





“Shape Discrimination in the Octopus and the 
Rat 


[EXPERIMENTS on shape discrimination in rats, 
using the Lashley two-card jumping stand, have 
shown. that, wh ts are pre-trained to discriminate 
horizontal from vertical striations (horizontal posi- 
they tend to choose other shapes with a hori- 
zontal base-line, such as a square, triangle or pentagon, 
“in preference to a second shape which lacks the 

horizontal base, such asa circle or inverted triangle. 

'Phis suggests that a horizontal line in one shape of 

a’ pair which have to be discriminated from one 

sanother*isvisolated by the animal as a basis for dis- 
crimination ; this has been verified for a number of 
‘transfer’ shapes, and in each case the horizontal base 
was the effective element in discrimination. These 
experiments, reported in detail elsewhere!, were 

esigned to overcome objections to earlier work in 
this field, for example, the classic studies of Lashley?. 

N. 5. Sutherland? has shown that horizontal and 
‘vertical components of shapes are also important in 
shape recognition in the octopus. He suggests a 
eory of shape recognition to account for the 
aportance of these components in discriminations 
by visually primitive organisms. I have put forward 
a similar theory which also accounts for this phe- 
nomenon ; -both theories would appear prima facie 
to account equally well for both sets of data. On 
closer inspection, however, Sutherland’s theory shows 
a considerable weakness, at least in the form so far 
reported. “In his theory, discrimination is based on a 
comparigd: tween the separate outputs from the 
_rows and columns of an array of cells (cf. Sutherland's 

dia, ) a comparison which involves both the 
number of cells active, and the intensity of their 
, firing in the row output, with the same characteristics 
(of number and intensity) in the column output. 
git seems plausible to suppose that an ‘analysing 
= mechanism’. could be devised to compare these 
quantities when their difference is relatively large 

(in Sutherland’s Fig. 1, one fibre firing at intensity 

five, compared with five fibres at intensity one). As 

soon as the outputs become more complex, for ex- 
‘axople, the third pair of figures in Sutherland’s Fig. 2, 
the theory becomes more difficult to accept. In this 
instance the analysing mechanism has to detect a 
spatial relationship among the fibres which are active, 
irrespective of the position which the set of active 
fibres occupies in the cable. This difficulty is further 
enhanced for the shapes shown in his Fig. 3. Here, 
in three cases, the output is identical in all respects 
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and columns, and hence a comparison: of 
row and column cutputs fora single shape no longer’ 
i distinctive characteristic for that shape y 
tion must depend on comparison’ of the 
output for one shape with the output for ano 
Hence the theory can only function if an analys 
mechanism is suggested which can perform such 
comparisons. 

Unfortunately, Sutherland does not say what 
characteristics this analyser hag which enables it to: 
detect differences in the row and column outputs for 
different shapes, although it is clear that these char- 
acteristics are of fundamental importance for the 
theory. If Sutherland hag.devised an analysing 
mechanism, with the requisite properties, he has made. 
a contribution to the theory of shape discrimination, 
since the classifying of a spatial pattern irrespective 
of its location has always been a stumbling block 
for neural theories of shape perception. With such 
an analysing mechanism, however, the reason for 
postulating. the array of cells becomes obseure, 
because the property by ue of which the analyser 
must (apparently) work in his theory should enable 
it to deal directly with information from the retina 
(in terms of spatial patterns of excitation) without 
the intermediating array. ce 

My own theory! overcomes this difficul 
recognizing spatial patterns of excitation by intro- 
ducing a transformation into a temporal pattern, 
which is transmitted in the output cables for rows 
and columns of an array of cells similar to that 
postulated by Sutherland. ©. 























P. C. Dopwern ` 

Department of Psychology, rage n 

Birkbeck College, Be 
Malet Street, ‘ 

London, W.C.1. 


t Dodwell, P. C., Brit. J. Psychol. (in the press). 
? Lashley, K. S., J. Gen. Psyehol.,.18, 123 (1938). 
3 Sutherland, N. S., Nature, 179, 44 (1957). 


Proposed Nomenclature in the Field of 
Neuraminic and Sialic Acids 


Ir would appear that the chemical relationship of 
the substances designated by various names such as 
neuramini¢, sialic, lagbiminic and gynaminic acid has: 
been established. In-order to avoid further confusion 
we propose to call asic, unsubstituted com- 
pound neuraminic aci Sialic acid is suggested 
as group name for the. acylated neuraminic acids 
(for example, N-acetyineuraminic acid, N-glycolyt: 
neuraminic acid, diacetyIneuraminic acids). For the 
enzyme which splits: the glycosidic linkage. joining 
the terminal sialic acid.to the residual oligo- or poly- 
saccharide the names neuraminidase and sialidase 
may be used synonymously. We have agreed to 
use this nomenclature in future. 













: : F. G. Burx 

Department of Medical Chemistry, 
University of Upsala. 
: A. GOTTSCHALK 








Walter and Eliza Hall 
ute of Medical Research, 
Melbotrne. 

. B. KLENK . 
of Physiological Chemistry, 
versity of Cologne. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, May 27 


ROYAL GEOGRAPHIOAL BOOTY (at 1 Kensington Gore, London, 
RAAL 8.30 p.m.—Mr. B. H. Farmer: “Pioneer Settlement in 
ou 1a”, 


Tuesday, May 28 A 


. UNIVERSITY OF LONDON (at the Wright-Fleming Institute of 
Microbiology, St. Mary's Hospital Medical School, London, W.2), 
at 5 p.m.—Dr. J. F. Loutit: “The Immune Response following 
X-Irradiation’’.* 


(Third of four Almroth Wright lectures.) 


UNIVERSITY COLLEGE, LONDON (In the Physiology Theatre, Gower 
Street, London, W.0.1), at 5.15 p.m.—Prof. P. Balint (University of 
Budapest): "Nervous Regulation of Renal Function”.* 


UNIVERSITY or LONDON (at the Senate House, London, W.C.1), 
sat 5.30 p.m.—Mr. R. Lindsay Robb: “Man and the Soil: Mountain 
Top to City Pavement’’* (Sanderson-Wells Lecture). 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, Port- 

nd Place, London, W.1), at 6'p.m.—Annual General Meeting; 
‘followed by the presentation of the Bowen Prize; and an address 
by Sir Harold Hartley, F.R.S. 


ROYAL AERONAUTICAL SOOIETY (at 4 Hamilton Place, London, 
W.1), at 7 pm.—Mr. F. W. Meredith: “Flight Instruments”. 


Tuesday, May 28—Wednesday, May 29 


HET KONINKLIJK INSTITUUT VAN INGRNIBURS (CHEMICAL ENG- 
INEERING GROUP); DE KONINKLIJKE NEDERLANDSE CHEMISCHE 
VERENIGING (SECTION FOR CHEMIOAL TECHNOLOGY); THE SOOIETY 
OF CHEMICAL INDUSTRY (CHEMICAL ENGINEERING GROUP); and the 
INSTITUTION OF CHEMICAL ENGINBERS (at Church House, Westminster, 
London, S.W.1)—Joint Symposium on “The Scaling-up of Chemical 
Plant and Processes”. 


Wednesday, May 29 


ROYAL METEOROLOGICAL Soormty and the NATIONAL INSTITUTE 
OF OCEANOGRAPHY (at the Royal Meteorological Society, 49:'Cromwell 
Road, London, 8.W.7), at 2.80 p.m.—Joint Meeting on “Long Waves 
and Storm Surges”. s 


Insrrrvre. OP FUEL (at the Institution of Civil Engineers, Great 
George Street, London, 8.W.1), at 5.30 p.m,—-Mr. F.: F. Ross: “Some 
Fuel Developments in the U.S.A.”.* 


Wednesday, May 29—Saturday, June I 


INSTITUTE OF PETROLEUM (at the Grand Hotel, Folkestone, Kent)— 
Summer Meeting. 


Thursday, May 30 3 


ROYAL Society (at Burlington House, Piccadilly, London, W.1). 
at 10 a.m.—Discussion on ‘‘The Initiation and Growth of Explosion 
in Solids”, opened by Dr. F. P. Bowden, F.R.S. > ` 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, West- 
minster, London, S.W.1), at 5.30 p.m.—Sir Claude Inghs and Mr. 
F. H. Allen: “The Regimen of the Thames Estuary as Affected by 
Currents, Salinity and River Flow”. 


LINNEAN Soorkty OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 8 p.m.—-Reception by the President in commemora- 
tion of the 250th Anniversary of the Birth of Linnaeus. His Ex- 
cellency the Swedish Ambassador: ‘Sweden in the time of Linnaeus” ; 

W. T. Stearn: “Botanical Exploration to the time of Linnaeus”. 


$ Friday, May1!31 


UNIVERSITY OF LONDON (af Guy's Hospital Medical School, London, 
S.E.1), at 5 p.m.—Sir John Cockcroft, F.R.S.: “Atomic Energy 
and its Biological Implications” (Fison Memorial Lecture). . 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Dr. N. A. de Bruyne: “How Glue Sticks”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentionéd : 

ASSISTANT LECTURER IN RoTANY—The Hepistzar, ueen Mary 
College (University of London), Mile End Ròad, London, E.1 (May 81). 

ASSISTANTS, NUFFIELD SOHOLARS, and NurrizLp, FELLOWS IN 
GeNETIOS—-The Secretary of University Court, The University, 
Glasgow (May 31). 

LeorurePs (2) IN Puysies in Queen’s College, Dundee—Joint 
Clerk to the University Court, The University, St. Andrews y 31). 

LECTURER IN APPLIED Paysios—The Principal, Municipal College, 
Victoria Circus, Southend-on-Sea (June 1). 

Head (with high academic quahfications and good teaching ex- 
perience) OF THE PHYSICS DRPARTMENT—The Clerk to the Governing 

ody, Battersea Polytechnic, London, S.W.11 (June 8). 

ASSISTANT (honours graduate, with training in zoology, physiology 
and/or biochemistry) IN THE PREGNANCY DIAGNOSIS LABORATORY, 
to participate in research into reproductive physiology—The Secretary, 
The University, Edinburgh (June 6). 


yo 
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CHEMISTS IN THE NUCLEAR POWER SvUB-DEPARTMENT, Central 
Electricity Authority, London, 5.E.1, for (a) to study and advise on 
the suitability of metallic and non-metallic materials used in nuclear 
reactors, with particular reference to the fields of radiation chemistry, 
reaction kinetics, thermodynamics and electrochemistry; and (5) to 
study and advise on the suitability-of analytical procedures involving 
the rarer metals and physical methods of analysis—The Director of 
eee ents, C.E.A., Winsley Street, London, W.1, quoting T/224 

une 7): 

TAART LEOTURER or LECTURER (with special interests in general 
or inorganic chemistry) IN CHEMISTRY-—~The Registrar, The’ Univer- 
sity, Sheffield (June 8). 7 ae 

DEMONSTRATOR IN THE DEPARTMENT OF FUEL TROHNOLOGY AND 
CHEMICAL ENGINEERING—The Registrar, The University, Sheffield 


shire, Keele, Staffs (June 10). 

ASSISTANTS (2) IN GEOGRAPHY—The Secretary of University Court, 
The University, Glasgow (June 10). 

Assistant LECTURER (with a good honours degree) IN PURE 
Senos rt lita aaiain King’s College, Strand, London, W.C.2 

une 11). 

BiocHEMIST (with a good honours degree in biochemistry-and with 
microbiological experience) IN THE DEPARTMENT OF Sot MIORO- 
BIOLOGY, for research on biological nitrogen fixation—The Secretary, 
Rothamsted Experimental Station, Harpenden, Herts (June 11). 


> ‘ASSISTANT LECTURER IN ENGINEERING (CIVIL)—The Registrar,. . 


The University, Manchester 13 (June 12). 

DEMONSTRATOR IN BOTANY and a DEMONSTRATOR IN ZOOLOGY— 
The Registrar, The University, Nottingham (June 14). 

LEOTURER or ASSISTANT LECTURER IN GEOLOGY at the University of 
Malaya—The Secretary, Inter-University Council for Higher Educa- 
tion Overseas, 29 Woburn Square, London, W.C.1 (June 15). 

LECTURER (with special qualifications in physical chemistry) IN 
CHEMISTRY ; and a LEOTURER (with special qualifications in inorganic 
and/or analytical chemistry) IN CHEMISTRY at the University of the 
Witwatersrand, Johannesburg, South Africa—The Secretary, Associa- 
tion of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (South Africa, June 15). 

METROPOLITAN-VIOKERS POSTGRADUATE SCHOLAR (with an honours 
degree tn electrical or mechanical engineering, or in physics or mathe- 
matics) IN THE DEPARTMENTS OF ELECTRIOAL or MEGHANICAL 
ENGINEERING—The Secretary of University Court, The University, 
Glasgow (June 15). p ` > , 

PROFESSOR OF PURE MATHEMATIOS ; & PROFESSOR OF PHILOSOPHY ; 
a SENIOR LECTURER IN PHYSIOLOGY ; and a LECTURER or SENIOR 
LEOTURER IN BOTANY at Rhodes University, Grahamstown, South 
Africa—-The Secretary, Association of Universities of the British 
Sommonwealth, 86 Gordon Square, London, W.C.1 (South -Afriea, 

une 15). 2 ? 

RESEARCH MIOROBIOLOGIST.IN THR DOMESTIO FOOD PRESERVATION 


Sxorion at the Long Ashton Research Station—The Registrar and — 


Secretary, The University, Bristol] (June 15) 2 
LECTURERS (8) (with a good honours degree in chemical engineerin: 
or a degree in chemistry or mechanical engineering and subsequent’ 
industrial experience in chemical engineering, and preferably with 
research and/or industrial experience in chemical engineering) IN 
CHEMICAL ENGINEERING—The Registrar, Manchester College of, 
Science and Technology, Manchester 1 (June 21). f 
PATHOLOGIST (with a first- or second-class honours degree, and 
proforably a postgraduate degree as well, and with evidence of satis- 
actory postgraduate training and research experience in plant patho- 
logy, and preferably experience m tea or a similar plantation crop)— 
The Director, Tea Research Institute of Ceylon, 
wakelle, Ceylon, marking envelope “Pathologist” (June 22): 
LECTURER or ASSISTANT LECTURER (preferably candidate prepared 
to lecture in electronics or nucleanics) IN THE DEPARTMENT OF PHYSICS 
wane PY vagina and Registrar, The University, Southampton 
uné 26). È 
LEOTURERS (2) IN CHEMISTRY at the University of'Cape Town, 
South Africa—The Secretary, Association of Universities of the 
British Commonwealth, 86 Gordon Square, London, W.C.1 (South 
Africa, June 30). ` i 
LECTURER (with qualifications in either pure mathematics or applied 
mathematics) IN THE DEPARTMENT OF MATHEMATICS, Untversity of 
Cape Town, South Africa—The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(South Africa, July 7). à 
LEOTURER IN PHYSICS at the University of Cape. Town, South 
Africa—The Secretary, Association of Universities of the British 
Somm onwealth, 36 Gordon Square, London, W.0.1 (South Africa, 
y 8). ` : 
ASSISTANT PROFESSOR IN THE DEPARTMENT OF PHYSIOS—J. H. L. 
Johnstone, Head of the Departmant of Physics, Dalhousie University, 
Halifax, Nova Scotia, Canada. 
CHIEF ASSISTANT Puysicist (with wide experience of hospital 
phystes work) IN THR PHYSICS DEPARTMENT of the Sheffield National 
entre for Radlotherapy—-The Sserotary, Sheffield Regional Hospital 
Board, “Broom Cross”, Tree Root Walk, Sheffield 10. 
EXPERIMENTAL ASSISTANT (preferably with some laboratory ex- 
perience) for varied and interesting work in oe chemical research 
laboratorios MT: W. A. Wightman, School of Chemistry, The Univer- 
sity, e 
__ LEOTURER (graduate in chemistry); and an ASSISTANT LECTURER 
chnology, Cranwood Street, City Road, London, B.C.1. $ 
LEOTURER Or ASSISTANT PROFESSOR IN THE DEPARTMENT OF 
GEOLOGY —The Chairman, Department of Geology, Mount Allison 
University, Sackville, New Brunswick, ada. : 
METALLURGISTS IN THE RESEARCH LABORATORIES, Central Elec- 
tricity Authority, Leatherhead, Surrey, to work on the creep properties 
of ferrous and non-ferrous metals in an expanding section concerned 
with the generation of electricity in conventional and nuclear power 
stations—The Director of Establishments, Central Electricity Author- 
ity, Winsley Street, London, W.1, quoting Ref. N./193. 


t. Coombs, Tala-" 


(graduato in physics)—The Principal, National College of Food. 
e 


` 
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NON-MEDICAL. BIOCHEMIST, Basic grade (with a cuiteeent degree 
in i hiochoniintry or A R.I.C.) to work me consultant biochemist— 


Th o Secretary, Paddington General Hospital, Harrow Road; London, 
Puystorsr to undertake research on the influence of the frictional 


and viscoelastic properties of wool fibres on the dimensional stability 
of Voo abric eh e Wool Industries Reséarch Association, Torridon, 


PROFESSOR AND iman OF THE DEPARTMENT OF INTERNAL COM- 
BUSTION ENGINES at the Aeronautical Technical Institute, Sao Paulo, 

Brazil--The Ministry -of Labour-and National. ae (E.9), 2 26-28 
King Street, London, 8.W.1,‘quoting A.12/BRA/20 

RESEARCH ASSISTANT and a THOHNICIAN IN eux ENDOORINE 
LABORATORIES, Chelsea Hospital for Women, to apply methods of 
hormone assay to problems in ‘Teproduction——The House Governor, 

asen Charlottes and Chelsea Hospitals, 339 Goldhawk Road, 

SCIENTIFIO OFFICER (with an honours degree and preferably some 
research experience) IN THE BACTERIOLOGY DEPARTMENT, to take 
part in research on the microflora of the alimentary tract of farm 
animals--The Secretary, Rational Instıtute for Research in Dairying 
(University of Reading), Shinfield, Reading, quoting Ref. 57/10. 

SENIOR LECTURER IN ELEOTRICAL ENGINERRING—Tho Principal, 
College of Further Education, Workington, Cumberland. 

SENIOR TECHNICIAN (with an appropriate, science degree or the 
A.B.1.C.,, and extensive experience in clinical chemistry) IN THE 
BIOCHEMISTRY LABORATORY—The™ Hospital Biochemist, Jewish 
General Hospital, Montreal, Qushe, Canada. 


REPORTS and. other DPT 


(not included in the monthly Books Supplement) - GE 


Great Britain and Ireland - 


Defence: Outline of Future Policy. Pp, 11+10. (Omnd. 124.) 
(London :- H.M. Stationery Office, 1957.) 9d. net. [34 
The Future of Sound Broadcasting :-a Plea for the Third Programme, 
By Peter Laslett. Pp.8. (Oxford: ‘Basil Blackwell, 1,1957. le net. (34 
were of Insect Physiolo, Edited by Prof. V. G. 
H. E. Hinton and Prof. M. Lüscher. Vol. 1, No. 1 (Ma: 
Pp. 108. Bubsoription er volume (A) £6, sa 17 ace 
Ə; (B) For individual subscribers certifying tha e joum 
a for thelr private use, £8°10s: (U.S.A. 9.80 dollara including pos 
(Lond on and New York: Pergamon Press, 19: 
Royal College of Science and Technology, ” Glasgow. Annual Repo 
= the One panied mq Sixtleth Session’ 1 1955-1956. Pp. 60. Tehort 
n Research, (Glasgow: Royal College of Science and 
Technolo atk [34 
Procee: ngs of the Ro 61 Trinti Academy, Vol. 58, Section B, No. 5: 
Some Observations on Marsh Formation in Co. Dublin. By 


- H. O'Reilly and G. on te, 8 a 89-128-+-plates 11-14. 5s. 6d. Vol. 


58, Series B, No. 6: Some Observations on the “Interglacial” Platform 

and the Barly Post- 

By: N. Stephens, 129-160+plates 15 and 16. 

Section B, No. 7: Selenium Occurrence in Certain Irish Soils and Its 

Toxic Effect on Animals, By GA jes, ea and T. Walsh. Pp. 151- 

168 + plate 17. (Dublin: Ho 4 and Co., Mie 1957.) Bi 
London dhoga of ygione and edicine, incorporating he 

Ross Institute. Report on the work oie eal School for the year 1955— 

1956. Pp. 147. (London: London School of Hygiene and Tropical 


Medicine, ae ) 
: Chelsea Polytechnic. Sixty-first Annual Report, Session 1955556. 
Pp. 30. (London: Chelsea Polytechnic, 1957. [84 
National Park Guides. No. 1: Dartmoor. “Pp. x1+67+25 plates. 
Parks) Go H.M. Stationery Office, 1957. Issued for the National 
goe Commission and the Dartmoor National Park Comm inmitten 


Sen Museum (Natural History). A Guide to Molluscan Anatomy 
for Parasitologistsin Africa. By Dr. C. A. Wright. Pp.20. 1s. 6d.net. 
Buwenzori Fxpedition, 1945-56. Vol. 2, No. 9: Trypetidae. By 
H. K. Munr Pp. peT 908-1054, 45s. (London: British Museum 
(Natural History) 1 ade {34 

Sheffield City Libraries, Research Bibliographies (New Series). 
No. 63: Strength of Metal Single Crystals. Pp.4. (Sheffield: Sheffield 


City Libraries, 19015) [34 
acre Macaulay itute for Soil Research. Annual Report, 1955- 
Pp. 704-2 plates. (Cratgiebuckler, Aberdeen: Macauley 
Institute for Soil Research, 1957 


+) [34 
Conquest Pamphlet No. 2° B.C.G. Vaccination Against Tuberculosis 
—Outs' tanding questions posed and answered by the Research Defence 
Boolctr, Pp. 6. (London: Research Defence Society, 1957.) 8d. [84 
titate of Fuel. Report of the Council and Statement of Accounts 
fonts to year 1956. Pp.20. (London: Institute of Fuel, 1957.) [84 
Committee on Science and Freedom. Bulletin No. 8: Hungary, 
. 58, (Manchester: hyrs Pe on Science au 


7.) 
Hopkin ana. Williams oe Org 
Heath’ }—Reagent for 
anes Pp. Ta eath: Hopkin md 


Bs 
PE "1967. ) 


Other Countries 


East Africa High Commission, East African Marine Fisheries 
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POWER’ RESOURCES OF THE FUTURE IN BRITAIN - 


w 


HÈN the Minister of Power, Lord “Mills, and 

| Mr. R. Maudling; speaking for him in the House 
of Commons, made. the long-awaited statement 
regarding Britain’s nuclear power programme on 
March 5, requests for a White Paper, particularly on 
Britain’s energy resources, were made m both Houses. 
The Government agreed to consider this request, and 
in April a White Paper was issued accordingly, 
dealing with capital investment in the coal, gas and 
electricity industries. This paper was discussed in 
the House of Commons on “April 30, when Mr. 
Maudling gave a clear exposition of the fuel and 
power policy of Great Britain, particularly in relation 
to the investment Peogrerae described in the White 
Paper. 

Dealing with the PEREN energy problems of 
Britain, the probable demands on energy’ resources 
and the best methods which could be adopted to 
meet that demand, the Postmaster-General suggested 
that we might be at the beginning of a new phase in 
our fuel and power policy, and that in the next few 
years profound changes in the whole energy position 
was possible. Since the War we have been working, 
he said, on quite inadequate margins of fuel supply 
and recent events have emphasized the difficulties 
attending ‘the import of oil,’ particularly, the rate at 
which’. the world demand for oil is growing, the 
pressure ‘on oil supplies and the means of transport ; 
in addition, the rapid progress achieved in the pro- 
duction of nuclear power promises to change the 
picture further. 

Britain’s energy policy, accordingly, should first 
ensure an adequate supply to meet the demands both 
of industry and the domestic user, and, secondly, 
indigenous sources of energy should make the 
maximum possible contribution to the balance of 
payments. Policy should also, he thought, err on the 
side of boldness, but it must also be flexible, and we 
must be prepared to modify it to meet changing 
circumstances, either from rapid and unpredictable 
technical advance or from the changes in the total 
demand for different fuels. So far as possible, we 
should allow'the balancing of demand and supply of 
energy to be determined by normal commercial con- 
siderations ; but the Government must be prepared 
to intervene where necessary to seoure that the 
principles he had indicated were served.: 

The picture Mr. Maudling then presented was that, 
over the decade 1955-65, the demand in Great 
Britain for coal and its equivalents is expected to 
rise from 250 million tons to 300 million tons, and rb 
is hoped also to secure another 10 millin tons as a 
contribution to the net export position." -By the end 
of 1965, the nuclear power stations in Britain should 
be producing electricity equivalent tò that now 
obtainable from 18 milhon tons of coal, but which 
should then be obtainable from 14 million tons: This 
would still leave the equivalent of about. 26 million 
tons of coal to be imported as oil, an increase of more 


than. "60. per cent on the- present imports, towards 
which it is improbable that more than two or three 
million tons could be produced in Britain itself. - 
Mr. Maudling then referred to probable changes 
in the pattern of demand. That for coal for carbon- 
ization is expected to develop rapidly, as is the 
demand for smokeless fuel in connexion with clean 
air policy, while the demand for secondary fuels, 
especially electricity, seems likely to grow much 
faster than the general demand for enèrgy. More- 
over, the increasing proportion of small coal in 
the British output is already -a difficulty, which 


,will be enhanced when nuclear power stations - 


displace the conventidzal power stations that take 
xouch.of the small and poor-quality coal. Mr. Maud- 
ling recognized the over-riding, problem of price 
relationships, though he passed over the use of fiscal 
policy to encourage the domestic production of, for 
example, shale oil. He thought that the plans of the 
gas and electricity industries are likely to meet the 
demand. during the next few years; and that in the 
nuclear field we should exploit our position to the 
full and pay particuler attention to reducing the 


capital cost of the new stations, while finally he ~ 


emphasized the importance of fuel conservation. 
By 1965 about a quarter of the electricity supply of 
Britain will be derived from nuclear sources, -but by 
the early 1970’s this should be more than 40 per cent. 
Important problems have still, however, to be solved, 
especially in regard to the flexibility. of operation of 
these stations, and obviously it is desirable that the 
power required should be produced by as few stations 
as possible. Much attention is accordingly being 
given to obtaining the maximum power from 
individual stations, but the possibilities of the direct 
use of nuclear power in industry 1s also being 
examined. 

Mr. Maudling then took the statement on capital 
investments as read and did not refer specifically to 
the figures given in the White Paper*, which are 
limited to those for 1956 and 1957, apart from -those 
relating to the cost of the expanded nuclear pro- 
gramme which are appended. For 1957, approved 
capital expenditure totals £440 million, compared 
with £390 million in 1958 ; of this, £107 million is for 
the National Coal Board, £233 million for the Central 
Electricity Authority and Area, Boards, £20 million 
for the South of Scotland Electricity Board, £25 
million for the North of Scotland Hydroelectricity 
Board and £59 million for the Gas Council and Area, 
Boards. Of the £233 million for the Central Elec- 
tricity Board, only £12 million is for nuclear goner- 
ating stations, compared with £108 million on™ 
conventional stations, but a table in an appendix to 
the White Paper dealing with the revised nuclear 
power programme shows the estimated effect on the 

* Capital Investment in the Coal, Gas and Electricity Industries. 


Pp. ae (Cmnd. 132.), (London: H.M. Stationery Office, 1957.) 
8d. ne’ 
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capitel budgets of the Central Electricity Authority 
and the’ South of Scotland Electricity Board of 
bringing into operation 6,000 MW. of nuclear output 
capacity by the end of 1965. This total capital 
investment is expected to increase from an average of 
£226 million in 1956-57 to an average of £400 million 
per annum over the five years 1961-62 to 1965-66, 
compared with £270 miillion for a hypothetical con- 


“ventional programme, and to represent a capital 


, 


expenditure on generation, transmission and dis- 
tribution of £3,350 million during the period 1950-57 
to 1965-66 (of which -£1,079 million is on nuclear 
stations, including £160 million on stations coming 
into commission after 1965), compared with an estim- 
ated £2,600 million if all the generating plant 
commissioned or constructed during the period was 


conventional. 


Mr. Maudling’s review was well received in the 


,House of Commons, though it was suggested that he 
-outlined plans rather than a definite policy, and in 


replying on the debate, Mr. D. Renton, the Parlia- 


“mentary Secretary to the Ministry of Power, added 


little to what Mr. Maudling had said ; “nor did Mr. 
Renton attempt to dispel whatever fears had been 
expressed as to the magnitude of the investment 
proposals in relation to other demands on resources, 
or as to whether the measures for securing the 
integration of resources of fuel and power are really 
effective enough. Since the debate, moreover, the 
Central Electricity Authority has indicated that the 
nuclear power station proposed at Hinkley Point, 
Somerset, for which a final tender is to be submitted 


. by the end of June, will have a net output of 500,000 


kW.—more than eight times that of Calder Hall and 
half as much again as that of the nuclear power 
stations for which contracts were let last September— 
while its cost, kilowatt for kilowatt, is about the 
same. It is thus clear that nothing like the sixteen 
new nuclear power stations which Lord Mills on 
March 5 thought would suffice will be required to 
provide 6 million. kW. of capacity by 1965, and it 
should be well within the capacity of British firms 
to provide much more capacity by that date even 
from a dozen or so power stations. 

While there is thus more elbow room for fuel policy 
in Britain than was assumed in the debate in the 
House of Commons on April 30, it is still impossible 
for independent judgment to be formed on the effect 


. of proposals for energy production on the balance of 


scientific and technical resources generally. Ex- 
penditure on research and development for 1957~58* 


~is estimated at £258,695,233 in a memorandum by 


the Financial Secretary to the Treasury, dated 
February 19 ; but although this includes £206,500,000 
on research and development for the Ministry of 
Supply, partly for civil and partly for defence pur- 


. poses, it includes no figures for expenditure on 


nuclear research and development under the Lord 
President of the Council. Research and development 
for the Atomic Energy Authority, like those for the 
Central Electricity Authority and the other national- 

* 1957-58 Civil Estimates and Estimates for Bevenue Departments 


for the year ending Sist March, 1958. Pp. 43. (London: H.M. 
Stationery Office, 1957.) 2s. 6d. net. 
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ized industries, are thus outside the Civil Estimates, 
nor are they given in the White Paper, whith is re- 
stricted to capital investment. Furthermore, the efféct 
on man-power resources could be no less serious, and 
neither Mr. Maudling nor Mr. Renton did more than 
parry inquiries on this point. They showed that the 


_ Government is aware of the danger, and that its 


proposals for the expansion of technical and tech- 
nological education are intended to remove it. 

Nothing has, however, as yet been forthcoming 
from the Government side:to indicate whether in 
fact the economy of Britain is being seriously dis- 
torted in this way and, if so, whether any emergency 
or temporary measures are being taken to minimize 
such damage. Sir John Cockcroft said in Rome on 
April 3 that such developments of new types of 
reactor require a staff of about a hundred scientists 
and could cost half a million to @ million pounds a 
year over five years, apart from the cost of building 
experimental reactors as prototypes. He admitted 
the need for discrimination in the choice of reactor 
projects, and although we are working on # so-called 
fast-breeder reactor, this involves difficult develop- 
ment problems (see Nature, May 25, p. 1048) and is 
unlikely to come into large-scale use before about 
1970. : 

In that address Sir John gave some indication of 
British plans for such technological developments, 
particularly in regard to the use of plutonium and 
for increasing the output of nuclear power: stations, 
but without indicating further the magnitude of the 
demand which such developments will make on 
scientific and engineering man-power. Nor did his 
address at Baghdad on the opening of the Baghdad 
Pact Nuclear Centre on March 30 add anything 
significant to what Sir Christopher Hinton said in 
Stockholm, on March 15, about the cost of producing 
electrical energy from nuclear power. Addressing the 
Parliamentary and Scientific Committee on March 12, 
Sir John expressed his confidence that we shall find 
the additional technical man-power required for our 
nuclear power programme, nor was his view chal- 
lenged in the subsequent discussion. 

There is, however, a further aspect which was 
scarcely mentioned in the House of Commons on 
April 30 and only touched on at the meeting of the 
Parliamentary Committee on March 12 about the 
development of package nuclear reactors for export ; 
in reply to a question, Sir John replied that by the end 
of this year the authorities expect to know much bet- 
ter which of the three possibilities under examination 
is worth developing. The report, published on May 8, 
of the three experts instructed by the Euratom 
Powers in November to consider the amount of 
nuclear energy which can be produced in the near 
future in the six countries, and the means to be 
employed for this purpose, indicates that, to begin 
developing nuclear power quickly, Euratom must 
either buy reactors from the United States and the 
United Kingdom or build them on licence. The six 
countries, moreover—Belgium, France, Germany, 
Italy, Luxembourg and the Netherlands—are recom- 
mended to start on a joint programme of construction 
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which by 1967 wil give them 15- millon kW. of 
generating capacity from nuclear reactors, and most 
of the calculations made in the report assume that 
half the reactors needed will be of the British type 
and half of the American type, the only two ready 
for commercial use. : 

-The recommendation is based on the imperative 
need to halt as. soon as practicable the growth of 
Europe’s imports of energy—at present 23 per cent 
in the six countries, compared with Britain’s 12 per 
cent; but it is clearly in Britain’s interest to exploit 
to the full the opportunity which her scientists and 
technologists have put within her reach. This oppor- 
tunity may well offer a more solid advantage in the 
balance of payments, on which Mr. Maudling rightly 
laid stress, than will the development of the package 
reactors on which Sir John Cockcroft was questioned. 
The latter are important rather for the under- 
developed countries, and their contribution to our 
economic position is likely to be indirect, though they 
too represent an opportumity which should be fully 
utilized and for which both scientific and technical 
man-power must be found. 

Wide therefore as the House of Commons debate 
on April 30 ranged, neither that debate nor the White 
Paper on Capital Investment in the Coal, Gas and 
Electricity Industries sets this question of energy and 
fuel in the essential context of its relation to the 
total scientific and technical resources of Britain. 
For that it is essential to have the overall view 
which the Lord President’s office’should be able to 
supply, but which is denied in the Treasury Memor- 
andum on the Civil Estimates so far as research and 
development are concerned. If it is unwise, for 
security reasons, to supply figures which would 
permit independent judgment and impartial criticism 
of the distribution of scientific and technical effort in 
Britain, it should at least be possible for such a body 
as the Advisory Council on Scientific Policy to make 
an authoritative survey and issue a report which 
would give sufficient information to reassure scientific 
and technological circles in Britain as well as industry 
on @ matter of critical importance. Errors of judg- 
ment in this field, and failure to allocate effort wisely, 
unless corrected early, could well impose strains on 
the economy and issue in waste of effort or resources 
as well as frustration, which could defeat the inten- 
tions and plans which Mr. Maudling outlined to 
Parliament. 
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LABORATORY ADMINISTRATION 


Laboratory Administration 
By E. S. Hiscocks. Pp. xvi+392+8 plates. (London : 
Maemillan and Co., Ltd.; New York: St. Martin’s 
Press, Inc., 1956.) 36s. net. 


HERE is often some prejudicé against the 

scientist turned administrator, and perhaps 
more, and more justly, against the scientist with a 
heavy administrative charge who fails to realize his 
wider responsibilities. Scientists in a laboratory tend, 
as the author of this book puts it, “to call all 
decisions not made by them or their juniors, ‘admmis- 
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tration’, and to regard administration as something 
specially designed to frustrate their efforts to get on 
with their job”. Mr. Hiscocks, for years the secretary 
of the National Physical Laboratory, must have-been 
in an admirable position to note this approach, and 
in undertaking the writing of this book, must have 
known well that practising scientists might regard 
it as an attempt to glorify administration; and 
administrators to regard ıt as amateur’s analysis of 
a not very important aspect of their business. 

Either judgment would be unfair. The book may 
have faults, as it certainly has gaps; it may analyse 
too little foreign and industrial practice, as it -cer- 
tainly refers too much zo Civil Service practice ; it 
may cover method too much while studying the aim 
too little; yet it is a thoroughly useful, sensible 
account of many aspecta of its subject, written by a 
men who has great personal experience of the subject 
on which he writes and who has also taken the 
trouble to read very widely in this field and to quote 
wisely and selectively. 

At times the informed reader will think the author 
is pushing at an open door, if, as I believe, most 
scientists working in a large organization—and most 
do—are just as well prepared to obey, indeed to use, 
sensible administrative instructions as are members 
of any other profession, provided their aim is clear 
and their operation sympathetic. At times the author 
seems to exaggerate the different approach to 
administration by the scientist. This he may do the 
better to make his point, or he may be reflecting the 
feelings of an earlier era when, particularly in the 
Civil Service, there was very little understanding of 
the real special requirements of the scientist, or of 
the necessary personal consequences of his academic 
discipline. 

It is ten years since the Second World War gave 
scientists their chance to show their administrative 
mettle, ten years since the Barlow Report, and nearer 
forty years since the great research organizations 
throughout the world began to show the way. 

The general lay-out of the book is simple. An 
introductory chapter on general considerations suc- 
cessfully sets out the main problems the author will 
discuss. The next, on the “Head of the Establish- 
ment”, makes some good points and injects some 
sensible warnings, though to some it may be marred 
by a tendency to use opinion as evidence, and to 
write down the true value of scientific leadership 
in a director, perhaps on account of the author’s 
failure to believe that special aptitude and high 
general ability are closely allied. A necessary chapter 
on “Functions of Staff”, starting from a Civil Service 
angle, is rather less satisfactory to me, because I 
doubt if the gulf between scientist and administrator 
is indeed so wide as the author says. The next 
chapter, on recruitmens and staff, biased perhaps 
even more heavily by Civil Service practice, I find - 
very satisfactory, perhaps because Mr. Hiscocks 
thinks that the Civil Service on the whole, with help 
from the staff side, manages these things rather well. 
This section is very clear, factual and to the point. 
It could well be read by industrial employers. There 
follows.a study of assessment, promotion and trans- 
fers, peculiarly thorough, analysing methods in use 
m Britain and in America. Adequate samples of the 
various merit assessment forms are provided. Jar 
they may, irritate the reporting officer they certainly 
do. But as they do provide a check on progress, 
supplement and help mterviewing boards and provide 
grounds for accelerated promotion or disciplinary 
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action, they must be used and are here to stay. The 
authors comments are fair and useful. The very 


T difficult problem of retirement is also treated fully. 


There follow a rather parochial chapter on ‘Staff 
‘Relations and Welfare” and & useful selection of 
ideas on “Flow of Information”. Finance is lightly 
handled: it is time a real study was published on 
the value and difficulty of costing research and 
development in a laboratory. Programmmg is dis- 
cussed fairly fully in the light of the author’s own 
experience; on “Evaluation”, he rather courageously 
suggests a scheme which might well be tried. 

Chapters on “General and Technical Services” are 
again a little local in emphasis, and on ‘Laboratory 
Buildings” sketchy. The section on “Patents, Copy- 
right and Trade Marks” is very useful, and the 


- concluding one on ‘“Training for Management” one 


of the best in the book. Twenty-two well-selected 
appendixes and an admirable bibliography document 
1b; the plates scarcely adorn it and do little to 
illustrate it. 

This, then, is a useful book, partly compilation, 
partly suggestive, rarely critical, generally personal. 
It would do good if every aspirant to a senior position 
in a large laboratory, industrial or government, read 
it soon after he joined, re-read it ten years later, and 
reserved his criticisms for another ten years. 

O. H. WANSBROUGH-JONES 


AUTOMATION AND SOCIETY 


Automation and Social Progress 
By Dr. 8. Lilley. Pp. 224. (London: Lawrence and 
Wishart, Ltd., 1957.) 21s. net. 


Automation 

Its Purpose and Future. By Dr. M. Pyke. Pp. 191+ 
8 plates. (London: Hutchinson’s Scientific and 
Technical Publications, 1956.) 168. 


Automation in Theory and Practice 

A Course of Lectures organised by E. M. Hugh- 
Jones. Pp. ix+140. (Oxford: Basil Blackwell, 
1956.) 12s. 6d. net. i 


HESE three books are all intended for the 

general reader rather than the specialist, and as 
such. they are all good m parts. Unfortunately, they 
all demonstrate that when a writer strays from his 
own subject he is likely to be inaccurate in both 
substance and implication. In this matter, Dr. Pyke 
is the worst offender and Dr. Lilley the least, while 


at Oxford the experts are above suspicion, although _ 


the later and more general lectures are misleading in 
some respects. 

Technically, Dr. Lilley’s book is by far the best I 
have yet seen: his history of automation is excellent, 
particularly of what has been done in the U.S.S.R., 
and his discussion of what is likely to happen in the 
future and of the requirements to make automation 
effective in Britain is reasonable. This discussion is 
based on well-documented information and his con- 
clusions are far-seemg and important. It is there- 
more most unfortunate that, when he deals with 
economic and political matters, what he says is 
highly coloured by his political views. He is quite 
convinced that automation cannot be properly 
developed for the benefit of all in a capitalist society, 
on which he pms the blame for most of our economic 
troubles. He thinks that the capitalist system is 
doomed, but fears that socialism will come to Britain 
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too late. Fortunately, he accepts that we shall con- 
tinue with a capitalist system for several yoars and 
considers what can best be done with such a system. 
The requirements to make the best use of automation 
in our capitalist society are carefully worked out and 
deserving of close attention by those who plan our 
education, economics and production methods. Dr. 
Lilley has not only visited the U.S.S.R. but has 
studied the literature closely, and he quotes at length 
from the directives of the Twentieth Congress of the 
C.P.8.U. on the sixth five-year plan given in “The 
Development of the U.S.S.R. (1956-60). These 
directives are of very great interest because they 
show the importance which 1s attached to the 
development of automation by the leading Russian 
statesmen, and also the careful plans which they 
have for its development, plans which might well be 
emulated elsewhere in Europe. Eazlier in the book, Dr. 
Lilley pointed out that the Russians have deliberately 
pursued a different course of development from that 
followed in America and Europe, and as a result, 
although it started as a technologically backward 
country, the U.S.S.R. has been the first to have an 
automatic factory with no direct labour employed in 
1t. In the Automatic Piston Factory which was 
operating in 1950, and in. the Automatic Ballbearing 
Factory, the Russians set themselves far more diffi- 
cult tasks than have yet been undertaken in Europe. 
By carrying out these major schemes, they have 
paved the way for a much more widely spread appli- 
cation of automation than would have been possible 
1f they had been content with developing and equip- 
ping their factories with large numbers of transfer 
machines and digital computers. In these complete 
automatic factories, they came up against problems 
which were difficult to solve, and ıb is probable that, - 
taking into account the cost of development, the 
factories were not economically justifiable; but 
having brought the projects to a successful con- 
clusion, they now have a wide experience in auto- 
mation techniques. 

Dr. Pyke starts by saying that he cannot claim to 
be an expert on automation but he has tried to write 
down what seems to him to be happening, and why 
he thinks it is urgent and important. It is unfor- 
tunate that the early part of the book, in which he 
1s discussing automation as applied to mechanical 
engineering, is full of errors. When he comes to 
automatic chemistry and the petroleum industry, he 
is on safer ground, and his description of what has 
been done is excellent. Dr. Pyke goes on to describe 
what has been done and what might be done in the 
application of automation to fields other than manu- 
facture, such as accounting, transport, food and 
catering and the distributive trades. So far as I 
know, this is the first time that this information has 
been gathered together into a single book, and 
although, of course, Dr. Pyke has had to draw on 
articles in technical and trade journals to obtaim his 
information, it is none the worse for that. Dr. Pyke 
then goes on to discuss guided weapons, which again 
is & field in which he has no experience, and this 
chapter has several errors of fact. His chapter on 
automatic translation is interesting and, in general, 
accurate, while his final chapters on “‘Automation— 
How Soon ?” and “Life Automatic’? should be read 
by all interested in the subject, since his philosophical 
views are excellent. 

The lectures at Oxford are in a different category 
from the other books, and although they were also 
aimed at the general reader rather than. the specialist, 
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they include more information of value to the special- 
ist rather than to the general reader. The earlier 
lectures, which deal with technical matters, are excel- 
lent, and some of the data given in Mr. Argyle’s 
lecture on ‘Social Aspects” are of the greatest value 
to those concerned with planning automation. Mr. 
Spencer’s lecture on ‘‘Administrative Applications of 
Automation” includes two appendixes which give the 
typical work of an administrative office and a sim- 
plified description of a computer, which will be 
valuable to managing directors planning to install 
computers in their firms, but the remainder of his 
lecture is in too general terms to be useful. The most 
impressive of the lectures is, I think, that of Mr. 
Nicholas on “The Trade Union Approach to Auto- 
mation”. Anyone who has taken part in discussions 
on automation with trade union officials will already 
know how sensible and realistic ıs the trade union 
approach, and this lecture is a model of reasoned 
exposition based on sound premises. He emphasizes 
many of our failings both in planning and in industry, 
and points the way of their correction. Finally, let 
me quote what he says we expect of automation, and 
which will be agreed by all whatever their political 
views: “If we want higher wages, shorter hours, 
better education, improved pension schemes, we have 
to be able to afford them. Automation provides one 
way to assist in achieving those things. It is by no 
means the complete answer but, inasmuch as it can 
have a profound effect upon our future wellbeing, we 
must welcome it and not fear it, we must control it 
and not allow it to submerge us, and its advantages 
and benefits must be enjoyed by the many and not 
utilized for the privilege of the few”. 
Joun F. Coarzs 
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ELECTRONIC COMPUTERS 


Electronic Computers 

Principles and Applications. Edited by T. E. Ivall. Pp. 
viii+167-+-53 plates. (London: Iliffe and Sons, Ltd. ; 
New York: Philosophical Library, 1956.) 25s. net. 


HIS book is intended to serve as a non-mathe- 

matical introduction to the principles and appl- 
cation of digital and analogue computers primarily 
for technicians, engineers and students, but also 
for business executives. It starts with a historical 
introduction to computers, and follows with a general 
introduction to computing m which the differences 
between analogue and digital machines are discussed. 
Thereafter the analogue and digital machines are 
treated separately. 

In the description of analogue computer circuits 
the broad principles tend to be overshadowed by 
details. In particular the principle of negative feed- 
back does not seem to be very well emphasized and 
the ‘virtual earth’ concept in d.c. feedback amplifiers 
is mtroduced in an mdirect manner. ‘The simpler 
circuits discussed melude those for reversal of sign, 
summation, mtegration and differentiation, and the 
manner in which the circuits are connected to solve 
a differential equation is explained. A number of 
function generators are described using masked 
cathode ray tubes and biased diodes, and two forms 
of multiplier are mentioned briefly. 

In the chapter on equipment for analogue compu- 
ters the approach is as if the reader was bemg shown 
one of these machines for the first time. While this 
type of approach is interesting, and a number of 
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practical points including power-supply stabilization 
are brought out, it tends to obscure some of the more 
fundamental design features. There is a good general 
account of the applications of analogue computers 
including aircraft design problems, flight problems 
using TRIDAC, pilot training simulators and auto- 
correlation. 

The remainder of the book, rather-more than half, 
is devoted to digital computers starting with basic 
circuits, followed by control and general organization 
and storage systems. The basic circuits include the 
simple two-state circuit, the various forms of gates 
and an adder. The design and use of a shifting 
register are also described. In the chapter devoted to 
control and general organization, the manner m 
which the instructions held in the store are selected, 
interpreted and obeyed is explamed. The emphasis 
is on serial machines, and a scheme for a hypothetical 
computer using delay line stores is built up. Certain 
of the terms differ from those used in normal computer 
parlance, but these ere none the less suitably 
descriptive. 

A brief survey of storage systems is given which, in 
common with the rest of the book, is well illustrated 
by some good plates. A wide variety of digital 
computer equipments is described, meluding mput 
and output mechanisms which are used“respectively 
for feeding information into the machine and for 
obtaining results from it. The applications of digital 
computers are discussed only in general terms, with 
particular emphasis on applications to commerce. 
Mention is made of machine translation of languages 
and computer-controlled machine tools. The book 
concludes with an interesting appendix on business 
computer running costs. 

This book will be of interest to scientists and tech- 
nicians wishing to obtain a general knowledge of 
analogue and digital computers, but with the possible 
exceptions of certain sections on digital computers, 
the treatment is too brief to be of great value to those 
wishing to specialize in the subject. 

R. L. GBIMSDALE 


McCARTHYISM 


The Torment of Secrecy 

The Background and Consequences of American 
Security Policies. By Prof. Edward A. Shils. (Heine- 
mann Books on Sociology.) Pp. 238. (London: 
William Heinemann, Ltd., 1956.) 15s. net. 


‘HIS book analyses in considerable detail the 

social and psychological background of McCarthy- 
ism. It happened to be just after I had read it that 
I heard that the Canadian Ambassador in Cairo had 
committed suicide, apparently as a result of some 
evidence bandied about in a United States Senate 
Committee. Although MeCarthy was, before his recent 
death, more or less discredited, the results of his 
work lnger on. Fortunately, there are many signs 
of relaxation. Though this is only a relatively minor 
matter, 1t may be mterestmg to prospective British 
visitors to scientific conferences to know that it hag 
become very much easier to get a visa. 

The book ıs not easy reading to the uninitiated. 
The famous cases—the Hiss case, the Fuchs case, the 
Oppenheimer case and many others—are constantly 
referred to, but are not actually described. The 
reader not well informed about these cases would be 
somewhat at a loss. Most of the writing refers, quite 
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naturally, to the American scene. The mentality of 
McCarthyism is analysed in terms of various American 
historical movements, and it is shown how the 
isolationist type of outlook, when confronted with 
the challenge of communism, was led to support an 
extreme form of anti-intellectualism involving con- 
siderable loss of liberty and often unfair treatment for 
those individuals unlucky or unwise enough to get 
involved in alleged or real security cases. The men- 
tality of the intellectual of the 30s who became 
involved in communism out of naivety, largely because 
he distrusted his local politics and politicians, is also 
analysed. 

All this may seem rather remote from the British 
point of view, and the book is certainly not to be 
recommended except to those of us who have 
definite interests in the American way of life. But 
some space is given to the British background and 
the very different attitude of mind about security 
to which it has led. While the Americans were 
worrying individuals like Owen Lattimore, who seems 
to have been nothing more than foolish at worst, our 
system was allowing such obvious culprits as Burgess 
and Maclean to make a clear get-away. 

Prof. Shils is certainly no fellow-traveller, and his 
book is a plea for common sense. It is unfortunate 
that he does not do much to elaborate any measures 
which might help to safeguard liberties without 
jeopardizing reasonable security of national secrets. 
But one can hope that this and similar publications 
will help to educate the mind of the public about 
these matters. H. W. B. SKINNER 


COMBUSTION IN HIGH-SPEED 
FLIGHT 


Combustion Processes 
Edited by B. Lewis, R. N. Pease and H. S. Taylor. 
(High Speed Aerodynamics and Jet Propulsion, 
Vol. 2.) Pp. xv +662. (London: Oxford University 
Press, 1956.) 84s. net. 


AD there been a Rip van Winkle among pre- 
war combustion experts, it would be most 
interesting to-day to observe his reactions after a 
sleep of a mere twenty years duration. He would 
surely be even more confounded and confused than 
was his legendary original. Just as the ultra- and 
electron-microscopes have enabled man to probe 
more deeply into the fundamental mysteries of solid 
matter, so too in the field of combustion the appli- 
cation of many novel and varied techniques, acceler- 
ated by a major war, have combined to transform 
completely both the range and minutiz of the subject. 
“Combustion Processes” is the second of a series 
of works to be published by the Board of Editors of 
the Aeronautics Publications Programme at Princeton 
University. The project has the active support and 
encouragement of many industrial and research 
organizations. Under the chairmanship of Theodore 
von Kármán, and the present general editor, Joseph 
Y. Charyk, the Board aims to treat comprehensively 
the basic principles and problems of aerodynamics 
and propulsion as applied to high-speed flight. 

The present editors are fortunate in having the 
services of a galaxy of experts in the branches of 
technology discussed; there are indeed so many 
that it could not be other than invidious to single out 
individuals for mention in a short review. It is 
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perhaps due to the large number of individual authors 
involved that the system of classification of subject- 
matter into parts, sections and chapters is-not all 
that might be desired, but to emphasize unduly a 
minor criticism of this nature would be carping in 
the extreme. A more pertinent complaint miglit be 
that insufficient space is devoted to the practical 
applications of the theoretical and experimental 
studies detailed. Omissions on this score tend to 
render the work somewhat less attractive to students 
and to newcomers to the field, since, to them, the 
events or situations necessitating -the exhaustive 
treatment of a given topic may not be immediately 
apparent. Nevertheless, as a detailed exposition of 
the present state of knowledge of combustion in the 
sphere for which it is intended the work will be of 
great value. 

The first third of the subject-matter covers the 
basic tools of thermodynamics and chemical kinetics. 
Part 1, on thermodynamics, contains a useful section 
on computational methods; Part 2, on chemucal 
kinetics, includes such topics as reactions at surfaces, 
fast reactions and non-equilibrium conditions, as well 
as detailed discussion of a selection of specific 
reactions, including the oxidation of paraffin hydro- 
carbons. 

Further sections are devoted to the propagation of 
flame in gases, the combustion of liquids and solids 
and detonation processes. Gaseous combustion is 
exhaustively treated: appropriate sections deal with 
combustion wave theory m both turbulent and non- 
turbulent explosive mixtures as well as diffusion 
flames. The latter includes a discussion of unmixed- 
ness which gives rise to a lag between the entrainment 
of the combustion air and its reaction with the 
fuel. 

Liquid and solid fuels are more than adequately 
treated. The section on liquid fuels follows the now 
almost classic procedure of breakdown mto the 
individual processes of atomization, mixing, evapora- 
tion and combustion, and that on solid fuels emphas- 
izes the obvious points of similarity and difference 
between the combustion of solid particles and liquid 
droplets. The latter section of necessity illustrates 
many of its arguments by reference to the combustion 
of carbon, but much recent information bearing on 
the possible use of metals as fuel is also given. Aware 
of the paucity of available data in this latter, com- 
paratively unexplored field of research, the authors 
have shown some ingenuity in pointing to the 
application of work in such related fields as corrosion 
and low-temperature oxidation. They have mghtly 
stressed the mmportance of factors governing ignition. 
Later chapters, dealing with liquid and solid pro- 
pellants, repeat the useful technique of an earlier 
section: generalized treatments are followed by a 
discussion of the performance of selected propellant 
systems. 

The reader of the last two sections, covermg 
detonation and energy production by nuclear 
reactions, might be forgiven if he feels that, excellent 
as are the treatments of these topies, the latter, and, 
to a less extent, the former, are somewhat out of 
place in a treatise on combustion. However, this is 
a question which should, perhaps, be judged m 
relation to the series as a whole. To date, four of 
the projected twelve volumes of the series have been 
pubhshed. If the existing standards are maintained, 
workers in fields allied to modern flight propulsion, 
as well as many others, will eagerly await the 
appearance of the remaider. C. HULSE 
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MEASUREMENT OF IONIZING 
RADIATIONS IN MEDICINE AND 
BIOLOGY 


Radiation Dosimetry 

Edited by Gerald J. Hine and Gordon L. Brownell. 
Pp. xiv+932. (New York: Academic Press, Inc. ; 
London: Academie Books, Ltd., 1956.) 22 dollars ; 
157s. 


HE scope of this book ıs at the same time both 

narrower and wider than its title suggests. It is 
narrower in that the book deals only with 1onizing 
radiations (meludmg neutrons because the secondary 
radiations produce ionization) and these chiefly from 
a biological and medical point of view. But at the same 
time, not only 1s measurement of radiation included, 
but also some space 1s given to the production of radia- 
tion, its biological action and some of the technical 
aspects of the medical apphcations. The general 
reader might well feel a little surprised at finding the 
dosimetry of ionizing radiations to be such a com- 
plicated subject requiring such a large volume as this 
for its exposition. The essential idea of dose as the 
energy dissipated locally at a point m a medium 
seems so simple. But 1t should be remembered that 
1t was not until 1953 that such a unit of dose, the 
rad (100 ‘ergs per gram), was finally agreed and 
adopted internationally. The history of dose units in 
the preceding fifty-odd years is one of practical com- 
promises imposed by limitations of the available 
techniques of measurement. The earlier workers 
knew what they wanted but the ideal was unattain- 
able. The amounts of energy absorbed m a medium 
were generally far too small for successful direct 
measurement. Hence the recourse to measurement 
of air ionization and the emergence of the röntgen as 
a unit which did duty fairly well as a measure of 
dose and of exposure. Even to-day, the ionization 
method of dose measurement, based on the Bragg— 
Gray theory, remains pre-emment, but even here 
finality has not yet been reached : witness the uncer- 
tainty m this volume as to the precise numerical 
relation between rdnigen and rad. 

There are now, however, several other practicable 
methods of measuring radiation dose, developed 
under the stimulus of the new discoveries in atomic 
energy. A need existed for a collected account of all 
the available methods, and hence the present book 
has been written. It is the work of well-known 
experts from both sides of the Atlantic, who have 
been responsible either singly or ın groups for one or 
more of xts eighteen chapters. The editors have found 
a very satisfactory answer to what must have been 
a difficult decision by making each chapter largely 
complete m itself. Inevitably, during a complete 
perusal of the book some repetition 18 apparent— 
Bethe’s equation for rate of energy loss seems to 
appear on countless occasions—but undoubtedly this 
plan makes the book more convenient for normal use. 

There are three mam sections in the book. The 
first, about one-sixth of the total, gives an admirable 
summary of fundamental prmciples of dosimetry. It 
also includes a very condensed summary of the 
general biological effects of radiation, but it is ques- 
tionable whether this serves any useful purpose m a 
book on dosimetry. The remainder of the book is 
divided about equally between a section on instru- 
mentation and one on applications, and constitutes 
the book’s mam importance, for there is so much 
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here that is new. All the various techniques are 
critically reviewed and the latest developments dealt 
with fully. At the end of each chapter there is a 
comprehensive and up-to-date bibliography. The 
general level of the contributions is very high, with 
a gratifymg freedom from errors and half-truths. 
The standard of produetion of the book is superb, 
the figures and their arrangement are excellent, like- 
wise the index, and the proof-reading has been 
remarkably thorough. This book is a very significant 
contribution to a subject of mcereasmg importance 
and all concerned in ıb deserve thanks. j 
G. J. NEARY 


THE METAZOAN PARASITES OF 
ANIMALS 


Monnig’s Veterinary Helminthology and Entom- 
ology 

Fourth edition by Dr. Geoffroy Lapage. 

5124+24 plates. (London: 

Cox, Ltd., 1956.) 42s. net. 


IS new edition of Ménnig’s standard text-book 

has been eagerly awaited, as it ıs nine years 
since the third edition appeared and much informa- 
tion on animal parasites has come to light during 
that time. 

It 1s obvious that Dr. Lapage has had the interest 
of both student and teacher at heart, for he has 
endeavoured, wherever possible, to simplify the 
classification and recognition of the various parasites, 
particularly m the section on arthropods. Instead of 
footnotes, a general bibliography with references up 
to 1956 is provided at the end. The original text 
figures have been retazned and nineteen excellent 
photographs added. The plates showing the eggs of 
worm parasites are now on art paper, and these, 
together with the section on technique and diagnosis, 
have been transferred to the end of the book. These 
egg plates might be improved further by including 
diagrams of larve which are passed out in the feces 
and of the infective larve. 

As in the former editions, this book is divided into 
four sections. Section 1 has been completely re- 
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‘written and extended by several pages and deals with 


types of parasitism, typical life-histories, effects of 
parasitic life on the parasites and on their hosts, and 
the resistance by the hosts to parasites. Section 2, 
on helminths, has been extended by twenty-six pages 
and revised with the assistance of Dr. Ménnig him- 
self. Four genera and thirteen species have been 
added, and life-histories, treatments and control 
measures have been brought up to date. Considering 
the growing importanes of Nematodirus battus, one 
would have liked more information on its morphology 
and a drawing of the egg mcluded m the egg plate 
for sheep. 

It ıs to Section 3, on arthropod parasites, that Dr. 
Lapage has given his particular attention. Much of 
it has been rewritten and re-classified, more than 
thirty species added and names altered where neces- 
sary to conform with modern nomenclature. Control 
measures also have been revised, though the strength 
of the D.D.T. dust given on p. 398 for the control of 
hee in cattle seems rather too weak to be effective. 
Section 4 deals with technique and diagnosis and now 
includes the interpretation of worm egg counts, 
additional methods for fixmg and storing trematodes, ` 
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the making of permanent preparations of fleas, mites 
and insects and the collection and examination of 
skin scrapings. 

In a book of this quality it may appear ungracious 
to refer to any errors, of which there are remarkably 
few, but the desemption of Olsen’s method for 
estumatmg the number of eggs of Fasciola hepatica 
per gram of sheep fæces requires correcting, also 
the host parasite list needs further revision to con- 
form with all the changes in the new text. 

This edition will, without doubt, enhance the 
reputation of Monnig’s book and both the author and 
the publishers are to be congratulated on their 
achievement. They have rejuvenated it, yet pre- 
served all the excellent qualities of the origmal and 
provided a text-book which will be welcomed by all 
those interested in animal parasites. 

F. Sr. G. SLEITH 


PLANT HUNTING IN EARLY 
AMERICA 


Edward Palmer 

Plant Explorer of the American West. By Rogers 
MeVaugh. Pp. xviii+430. (Norman, Oklahoma : 
University of Oklahoma Press, 1956.) 6 dollars. 


R. EDWARD PALMER was born about 1831 
in Norfolk and emigrated to America in 1849. 
He became famous during his lifetime as an explorer 
and botanist, and remains the most important early 
collector of botanical material m the southérn United 
States and Mexico. His collecting career extended 
over more than fifty years. He made more than 
twenty thousand gathermgs of plants, and sets of 
them were widely distributed in Europe as well as in 
America. Specimens found in herbaria to-day, how- 
ever, are very frequently incompletely localized and 
without notes. Prof. MeVaugh’s book will enable 
these shortcomings to be remedied. 

Palmer’s career as an explorer began in 1854 when 
he sailed to South America with Captain Page on the 
Water Witch, visitmg Argentina, Brazil and Paraguay. 
He next collected plants while on service as an Army 
surgeon during the Civil War in Colorado, on the 
frontier in Arizona (1865-67) and in the Indian 
Territory itself (1868). This must have been a 
difficult and daring activity, and the account of it 
makes exciting reading. After this, Palmer’s reputa- 
tion as a collector was established, and, from 1869, 
he became a professional field-worker, mainly 
financing himself from the sale of specimens. He 
usually travelled alone to parts of the United States, 
branching off from the stage-lines by joming pack- 
trains or mdmg with a mail-carrier as his guide. As 
civilization spread, he moved ahead: his earlier 
trips were to Colorado, Utah, Arizona and California 
with incursions into Lower California ; later he went 
to Mexico proper (notably with Parry in 1878) and 
Texas; after 1885 he concentrated more and more 
on Mexico and Lower California. He also visited 
Flonda and the Bahamas (1874) and Cuba (1902). 
Palmer himself published at least thirty-five papers 
and many others are directly based upon his col- 
lections. 

The mass of information in this book is very well 
arranged. The biographical account (120 pages) is 
followed by a geographical index (221 pages) in 
which are given elaborate details of Palmer’s localities 
with local itineraries and dates. A summary of his 


NATURE 


June 1, 1957 


journeys forms the first appendix and another com- 
prises an annotated list of herbaria which include 
specimens collected by him. His field notes for 
Colorado (1861) and the Indian Territory (1868) are 
published im full. There is an extensive bibliography 
and an index to persons and mstitutions mentioned 
in the text. One of the most useful features of the 
book for non-American readers is the inclusion of 
footnotes on many of Palmer’s contemporaries. On 
the other hand, such readers may wish the author 
had included a general map oz Palmer’s routes to 
supplement the biographical part of the text. Ideally, 
the geographical index includes precise references to 
an annotated list of modern maps. The twelve pages 
of illustrations include photographs of Palmer and 
of his handwriting. 

Prof. McVaugh has produced a masterpiece of 
comprehensiveness ; his fifteen years of work have 
resulted in an extraordinarily detailed summary of 
Palmer’s botanical life. But not only this, he has 
written sensitively of the man as well as objectively 
of his work, and the book, which understandably has 
many of the characteristics of a catalogue, conveys 
also the human mterest of the hero's unusual character, 

JOHN Lewis 
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SCIENCE AND DETECTION 


The Scientific Investigation of Crime 


- By L. C. Nickolls. Pp. xiii+398. (London: Butter- 


worth and Co. (Publishers), Ltd., 1956.) 50s. net. 


HIS book by the Director of the Police Labor- 
atory, New Scotland Yard, gives an account of 
the work of the seven forensic science laboratories in 
England and Wales, describmg, with many examples, 
the types of investigation undertaken and the equip- 
ment and methods employed. It reveals the great 
progress which has been made, since the first labor- 
atory of the kind was opened at Hendon in 1935, in 
the taking over by the police forces of the forensic 
scientific work formerly done by outside experts. 
The scientific and technological work involved 
is, naturally, of great variety, and the methods 
range from the use of such weapons as X-ray dif- 
fraction, infra-red spectrometry and gas chromato- 
graphy, to the makmg of plaster casts of footprints. 
All the subjects are dealt with adequately, and 
several, which are probably of the greatest general 
interest, mcluding bloodstains, toxicology and identi- 
fication of traces of biological material, are given 
especially thorough treatment. For example, the 
fifteen pages on wood fragments, with sixty-three 
excellent micrographs of sections of different timbers, 
each illustratmg one or, at most, two characters of 
the Chatterton key card, are so good that they would 
be a most valuable acquisition, not only to all 
responsible for the identification of tunbers, but also 
to every student of wood technology. Those pages and 
most of the remainder of the book, except Chapters 
10 and 11, would be particularly useful to many 
educational establishments, research laboratories and 
individuals if they were made available as reprints. 
The subjects of those two chapters and, in particular, 
the unavoidably sordid examples given in Chapter 10, 
would appear to render the publication, as a whole, 
unsuitable for such general circulation. 
The book is well produced, with good illustrations 
and a vory full and useful bibliography at the end of 
each chapter. H. I. MATTHEWS 
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Proceedings of the First International Photobiolog- 
ical Congress 

(4th Intemational Light Congress), Amsterdam, 

August 23-28, 1954. Pp. 472. (Wageningen: H. 

Veenman en Zonen.) 61s.; 8.50 dollars; 3,100 

French francs; 37.50 Swiss francs; 36 D.M. 


HHOTOBIOLOGY covers a multitude of com- 
pleated and fascinatmg subjects: photosyn- 
thesis, vision, photoperiodism in plants and animals, 
the erythemal action of ultra-violet on the skin, and 
many others. This width of scope might at first sight 
appear to be a disadvantage, yet the seeming hetero- 
geneity of these topics does m fact give an oppor- 
tunity for fruitful comparative studies when, as here, 
they are investigated from a fundamental point of 
view, based on photochemistry and general physio- 
logy. The quantum theory forms a link throughout 
the whole field, while technical methods of producing 
and measuring radiation are of common interest to 
all photobiologists. 

The first International Congress of Photobiology 
of which this volume forms the published Proceedings 
consisted largely of three symposia and three sections. 
The subjects of the symposia were photoperiodism, 
the effect of non-1onizing radiations on the genetic 
elements of cells, and the effect of the same radiations 
on the skin. The sections dealt with biological and 
medical problems, and with the physics, chemistry 
and chmatology of non-ionizing radiation. Two 
hundred papers of various lengths were presented. 
Many of them are published only in abstract form, 
but there are valuable summaries of the discussions 
which followed, and critical reports by the chairmen 
of symposia and sections. The Proceedings are 
beautifully produced with many illustrations m lme 
and half-tone. There is an author-mdex. Both the 
participants to the Congress and others interested in 
photobiological problems will find this volume a mine 
of valuable and often unexpected information, 
ranging from measurements of the ultra-violet 
penetrating into the sea to discussions of the very 
complex influences which induce the flowering of 
plants. M. H. PRENNE 
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Progress in Nuclear Energy 

Series 2: Reactors. Edited by R. A. Charpie, D. J. 
Hughes, D. J. Littler and M. Trocheris. Vol. 1. 
Pp. x+492. (London: Pergamon Press, Ltd., 1956.) 
£5 net. 


HE first five chapters are devoted to research 

reactors. Chapters 1, 4 and 5 are reviews, 
written especially for the volume, describmg the 
functions of the various reactors and giving in some 
detail their performance and characteristics. Chapter 
4 is particularly valuable in containing details of the 
experimental work carried out with the European 
reactors. Chapters 2 and 3 are the American and 
Russian papers presented at the Geneva conference 
in 1955 and rewritten for the book. Five important 
Geneva) papers on power reactors make up the 
second part of the book. It is valuable to have these 
grouped together, but an improvement would have 
been achieved by mcluding, at the beginning of this 
section, at least one integrating paper reviewing the 
claims and potentialities of the several systems 
described in chapters 6 to 10. 

A critical discussion of the relative merits and 
possible difficulties of the various power reactor 
systems, coupled with a broad indication of the 
direction and extent of research and development 
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required to establish each system as a competitive 
power station, would fulfil a real need. The last 
chapter is a valuable review of the Geneva paper on 
fast power reactors. The catalogue of reactors, which 
completes the book, is very mteresting and will be 
greatly used. It is hoped that the editors will be 
able to make some attempt to keep the catalogue 
complete and up to date for at least the next few 
years. Adequate line diagrams have been included, 
although some of the photographs of reactor installa- 
tion could have been omitted. In general, the volume 
is well produced and is a worthwhile addition to most 
science hbraries. D. R. Carox 


Small-Angle Scattering of X-rays 

By Prof. André Guinier and Gérard Fournet. Fol- 
lowed by a bibliography by Kenneth L. Yudowitch. 
(Translated by Christopher B. Walker.) (Structure 
of Matter Series.) Pp. <i+268. (New York: John 
Wiley and Sons, Inc.: London: Chapman and 
Hall, Ltd., 1955.) 60s. net. 


HIS very comprehensive book, by two recog- 

nized authorities, should prove especially valu- 
able to anyone actively interested ın the apphcations 
of small-angle X-ray scattering. The maim criticism 
of the book is that some chapters, though not all, 
are very mathematical, but this 1s to. some extent 
inevitable due to the nature of the subject. In the 
first part of the book, the general theory of small- 
angle scattermg is developed, its dependence on such 
factors as the shape, the dispersion and the distri- 
bution of sizes of the scattering particles bemg 
considered. This is followed by a section on experi- 
mental equipment which should be particularly 
useful to anyone contemplating work in this field. 
The principles underlying the design of slit systems 
and bent-crystal monochromators are worked out, 
and many expermmental arrangements are described 
m detail, the discussion of such points as slit dimen- 
sions and exposure times being severely practical. 
The authors then proceed to what they call the real 
problem, namely, the interpretation of the experi- 
mental results m the hght of the general theory 
developed earlier. The book ends with a critical 
discussion of much of the experimental work already 
published on small-angle X-ray scattermg, and 
considers possible future applications of these tech- 
niques. The classified bibliography includes more than 
five hundred references. I. G. EDMUNDS 


Report of the Conference on Recent Developments 
_ in Cloud-Chamber and Associated Techniques 
Comprising collected papers of the conference held 
under the joint auspices of the Physical Society of 
London and University College, London, in March 
1955. Edited by N. Morris and M. J. B. Duff. Pp. 
vi+227. (London: University College, 1956. Dis- 
tributed by Pergamon Press, London.) 30s. 


i Di spectacular developments that have taken 
place in recent years in means of rendering 
visible the tracks of individual charged particles 
prompted the decision of Prof. H. S. W. Massey to 
organize a conference at University College, London, 
durmg March 1955 to discuss these techniques. The 
papers delivered at this conference, which have now 
been collected and published, provide a comprehensive 
account of these developments. 

In the organization of the conference the term 
“Associated Techniques” was mterpreted very broadly. 
Articles in this volume deal with the diffusion cham- 
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ber, the multiplate and high-pressure cloud chambers 
and the hydrocarbon and liquid hydrogen bubble 
chambers in addition to the more conventional types 
of Wilson cloud chamber. They cover not only 
questions of chamber design but also problems 
raised in the interpretation of the photographs, track 
distortion, selection systems, and so on. Of particular 
interest is the discussion of methods used for increas- 
ing the recycling rate of Wilson chambers by usmg 
techniques of fast recompression or overcompression. 
Attractively reproduced, using the ‘Vari-type’ pro- 
cess, there is no doubt that this report will, for a long 
time to come, continue to be of great value to all 
research. workers using these methods of particle 
detection. 
Remington’s Practice of Pharmacy 
Edited by Eric W. Martin and E. Fullerton Cook. 
Eleventh edition. Pp. xii+1707. (Easton, Penn. : 
The Mack Publishing Company, 1956.) 18 dollars. 


‘HIS large volume is primarily a text-book and 

reference guide for pharmacists, including stu- 
dents, retail and hospital pharmacists, lecturers, 
manufacturers and executives. It deals not only 
with. scientific problems but also with questions of 
administration and legal matters. Five years have 
elapsed since the last edition appeared and the book 
has been brought up to date by a team of more than 
two hundred assistant editors and contributors. 
Nearly a thousand pages are devoted to the discussion 
of individual drugs ; Dr. C. T. Van Meter is responsible 
for the chemistry of this section and Dr. Louis S. 
Goodman is responsible for the pharmacology. The 
result is that a vast amount of reliable information 
about American drugs is here available for reference. 
The official drugs used in Britain are generally the 
same, though they do not always have the same 
names, but unfortunately the unofficial drugs used 
in Britam are often different and are not included. 
There are sections on chromatography, statistics, 
biological testing and various other topics. 
- J. H. Gappum 


A Dictionary of Terms in Pharmacognosy and Other 
Divisions of Economic Botany 

By Prof. George Macdonald Hocking. Pp. xxv+ 

284. (Springfield, Ill.: Charles C. Thomas; Oxford : 

Blackwell Scientific Publications, 1955.) 70s. 


A Bes title of this book is a little misleading as 
the contents cover a much wider field than tt 
suggests. Pharmacognosy is the study of those plants 
and animals and their products which are used as 
sources of medicinal and pharmaceutical substances. 
Like other sciences, it has its own technical terms, 
though most of these are derived from the biological 
sciences. While this dictionary does define these 
terms, 1t also gives concise information on the sources, 
active principles, uses, and other details of æ large 
variety of materials. Some of these are mmeral in 
origin, some are synthetic compounds, and some are 
- spices and foods, and would not normally be included 
under pharmacognosy. The book is therefore a com- 
pendium of information on the terms and materials 
likely to be encountered in pharmacy, economic 


botany, and the foods and drugs trade. The names - 


and terms are arranged alphabetically and include 
such diverse items as Bourbon whisky; boysenberries, 
-lysergic acid and streptodornase; thixotropic gel, 
tracheid and tolerance: gamma-globulin, garbling 
and gamopetaly. Each item is defined and, where 
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appropriate, the names of the genus and species are 
given, with a brief description and interesting his- 
torical data. Another useful feature is the melusion 
and definition of many vernacular and popular names 
for commodities. There are eight appendixes which 
include a bibliography, a glossary of terms used in 
therapeutics and botany and a list of plants yielding 
rubber. This dictionary is therefore a very useful 
reference book for anyone connected with economic 
botanical products and related substances. 
J. W. FAIRBAIRN 
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Proceedings of the Third International Congress 
on High-Speed Photography 

Held under the auspices of the Department of 
Scientific and Industrial Research in London, 
10th-15th September 1956. Edited by R. B. Collms. 
Pp. xvi+417. (London: Butterworths Scientific 
Publications; New York: Academic Press, Inc., 
1957.) 70s.; 13 dollars. 5 


INCE 1952, international congresses on high- 
speed photography have become biennial events 
because of continued advances and applications of 
its technology. The third congress took place in 
London during September 1956 and a full report was 
presented in Nature by Dr. J. S. Courtney-Pratt 
(178, 1440; 1956). The proceedings of this congress, 
which have now been published, indicate the inter- 
national character of the art. Apart from twenty- 
two British contributions, papers were received from 
France (13), United States (12), Germany (5), Japan 
(3), Switzerland (3), U.S.S.R. (2) and Holland (1). 
The ever-growing importance of high-speed photo- 
graphy as a research tool is evidenced by the fact 
that more than one-third of the papers deal with the 
application of techniques to such diverse studies as 
aerodynamics, ballistics, biology, combustion, hydro- 
dynamics, and general industrial problems. Rapid 
progress in the development of new techniques and 
in the improvement of old ones is leading to an 
ever-increasing complexity of design and possible 
wastage of effort, and the stage has been reached for 
critical assessments to be made by the leading 
authorities of each field. 

The editor and publishers are to be congratulated 
for the speed with which the volume has been pro- 
duced. It seems advisable, however, for future 
organizing committees to consider standardization of 
the published proceedings. For example, the size of 
the volumes of the first, second and third proceedings 
have been 9 in. x 6in., Ll} in. x 84 in. and 10 in. x ' 
6 in., respectively, while the corresponding languages 
were English, Enghsh/French/German, and English. 

N. DOMBROWSKI 


Chemistry of Carbon Compounds 

A Modern Comprehensive Treatise. Edited by Dr. 
E. H. Rodd. Vol. 3, Part B: Aromatic Compounds. 
Pp. xx+687~-1669. (Amsterdam: Elsevier Publish- 
mg Company; London: Cleaver-Hume Press, Ltd., 
1956.) £8 10s. 


HE present volume of this series continues and 

completes the description of the benzenoid class 
of organic compounds. Again the choice of com- 
pounds in this vast field has had to be discreetly 
limited, but again a most useful source book has 
resulted. As well as describing recent work on the 
more familiar benzenoid systems, the volume also 
deals with the new aromatic systems involving seven- 
and five-membered carbocyclic rings. As usual, the 
index is excellent. R. A. RAPHAEL 
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NON-CONSERVATION OF PARITY* 


By Pror. B. BLEANEY, F.R.S. 


Visiting Professor of Physics, Columbia University, New York 


NE of the puzzling features of meson physics is 
the relation between the 0- and t-mesons. The 
most accurate expermments indicate that the life- 
times of these two particles are identical (approxi- 
mately 10-8 sec.) and that they have the same mass 
(approximately 970 times that of the electron). 
Thus they would appear to be identical particles, but 
the modes of decay are different: m one case two, 
and in the other case three, pi-mesons are produced. 
The difficulty in taking these to be alternate methods 
of decay of the same particle is that the set of decay 
products has even parity m one case and odd parity 
in the other. Thus if parity is conserved in the decay, 
the 6- and +t-mesons cannot be identical particles, 
since they have opposite parity. 

This difficulty led Profs. T. D. Lee, of Columbia 
University, and C. N. Yang, of the Instatute for 
Advanced Study, Princeton University, to examine 
the evidence! for the ‘law’ of conservation of parity. 
They found there was good evidence for the validity 
of this law in the so-called ‘strong interactions’, and 
in processes where electromagnetic radiation is 
emitted. On the other hand, such evidence was 
missing in the cases of ‘weak interactions’—the decay 
of mesons and hyperons, and processes such as 
beta-decay. They therefore proposed a number of 
experiments in which the law of conservation of 
parity might be tested; two such types of experi- 
ment have now been carried out. Each involves the 
direction of emission of the products of the decay 
of radioactive particles relative to the orientation of 
the mtrinsic angular momentum or spm of these 
particles. The connexion between this phenomenon 
and the conservation of parity can be seen as 
follows. 

Let us assume that we are dealing with particles 
spinning about a particular direction in space which 
we take to be the z-axis. Then the particles have a 
constant component of angular momentum about the 
z-axis; on an elementary basis we can say that a 
portion ðm of the particle which has co-ordinates 2, 
y and velocity components @x/0t, dy/at relative to 
the centre ‘of mass carries angular momentum 0G; 
about the z-axis, where : 


ðy Or 

ate om at I 

Now the parity operation may be defined as follows : 
if we invert our co-ordinate system through the 
origin so that the spatial co-ordinates z, y, z become 
—2x, —y, —2, then a quantity which is unchanged in 
sign has ‘even parity’, while a quantity which changes 
sign has ‘odd parity’. It is readily seen that dGz has 
even parity, since it involves only products of two 


* The preparation of this article was supported by the United States 
Air Force through the Air Force Office of Scientific Research of the 
‘Air Research and Development Command, under contract No, AF 
18(600)-1334. Reproduction in whole or part is permitted for any 
purpose of the United States Government. 


spatial co-ordinates ; both these change sign in the 
inversion, but ther product does not. Now let the 
particle be radioactive, emitting rays in various 
directions. The direction of emission is characterized 
by the hnear momentum of the ray, with components 
Prs Py, pz {or by the velocity components (dx/dé), 
(dy/et), (3z/3t)). It is readily seen that the linear 
momentum of the ray is a quantity with odd parity, 
since it changes sign on inversion of the co-ordinates. 
If, however, m the centre of mass system of the radio- 
active particle, as many particles are emitted with 
momentum components pz, Py, Pz as are emitted 
with components —pz, —py, —Pz then the parity 
of the system of decay products will be even, since 
we cannot distinguish between the different particles : 
all we can do is to measure the number of such 
particles emitted in a grven direction. In this case 
parity 1s conserved in the decay. On the other hand, 
if more particles are emitted with components 
Pz, Py, Pz than with components —pz, —Py, —Pz 
then the system of decay products will have a certain 
amount of odd parity, and parity is not conserved. 
Mathematically, we can express the angular distri- 
bution of decay products by the intensity law, 


I(0)d9 = (constant) (1 -+acos8) siné dé 


where 1(0)d@ is the number of particles emitted in 
an elementary cone of directions making an angle 6 
with the z-axis. If parity 1s conserved, the parameter 
« is zero, and J(8)d8 remains unchanged during 
inversion of the co-ordinates’ (smce we-are dealing 
with a system with symmetry about the z-axis, 
inversion has the same effect as a reflexion in the 
plane z=0; that is, it changes 0 into r—@). If« 
1s not zero, then more particles are being emitted 
above the plane z=0 than below it, or vice versa. 
In particular, 1f we measure the intensrties Io, In 
along the positive and negative directions of the 
z-axis (that is, at 0=0 and 0=7), then the value of 
«æ ig given by: 

Io—In 
~ Lo+In 


The first successful experiment* to determine the 
value of œ was carried out at the U.S. Bureau of 
Standards by Messrs. E. Ambler, R. W. Hayward,- 
D. D. Hoppes and R. P. Hudson, in collaboration 
with Mrs. C. S. Wu, of Columbia University. Essen- 
tially, the experiment involved obtaining a set of 
polarized nuclei of the radioactive isotope cobalt-60, 
which decays to nickel-60 emitting beta-rays and 
gamma-rays. The polermation of the nuclei is 
obtained by taking advantage of the fact that the 
nuclei have magnetic dipole moments parallel to 
their spin angular momenta. If they are mmmersed 
in a magnetic field of about 100,000 cersteds at a 
temperature of about 0-01° K., then the nuclear 
magnets will set parallel to the magnetic field because 
the thermal agitation at this temperature is insuffi. 
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cient to supply the energy required to tum them 
anti-parallel to the field. The high magnetic field is 
supplied, not by an external magnet, but by the 
magnetic moments of the electrons in the cobalt ions. 
If a small external field (say a few hundred cersteds) 
is applied, the electronic magnets are oriented parallel 
to this field, and hence so also are the very large 
fields which they produce at the nucleus, a trick 
suggested’ independently by Prof. ©. J. Gorter and 
Dr. M. E. Rose in 1948. That this method success- 
fully polarizes the nuclei had previously been shown* 
by observing the anisotropic emission of gamma-rays 
(more are emitted parallel or anti-parallel to the 
direction of polarization than are emitted in the 
equatorial plane) ; but in gamma-ray emission parity 
is conserved and equal numbers are emitted in the 
up and down directions. Because of the small 
penetrating power of the beta-rays, they had to be 
detected by a counter placed inside the cryostat, and 
the radioactive cobalt had to be m a thm layer on 
the surface of the crystal (cerium magnesium (cobalt) 
nitrate), which is cooled to about 0-01° K. by the 
method of adiabatic demagnetization. The counter 
detected beta-rays emitted parallel or anti-parallel to 
the axis of polarization of the cobalt-60 nuclei, which 
could be reversed by reversal of the external field. It 
was found that the beta-rays were preferentially 
emitted in the direction opposite to that in which the 


nuclear spins were pointing; the asymmetry was so 


great as to suggest that the parameter « might 
approach —1 (Io/In->0) if the nuclei were completely 
polarized. 

Independent confirmation of non-conservation of 
parity has been obtained in an experiment® carried 
out at the Kamerlingh Onnes Laboratory, Leyden, in 
collaboration with the University of Groningen. 
The method employed was similar, but the emission 
of positive electrons from the radioactive nucleus 
cobalt-58 was observed. In this case the positive 
electrons are emitted preferentially in the same direc- 
tion as the nuclear spins were pointing and the value 
of « approached the maximum value possible for this 
example of beta-decay. 

The second experiment is similar in nature but 
uses & quite different type of system; it was carried 
out® by Messrs. R. L. Garwin, L. M. Lederman and 
M. Weinrich at the Nevis Cyclotron Laboratory of 
Columbia University. It was pointed out by Lee 
and Yang that if parity is not conserved in the suc- 
cessive reactions : 


ntopt-+y 
utret+2v 


the spin of the mu-meson will be polarized along its 
direction of motion, and in consequence there should 
be a preferential emission of positive electrons 
parallel to this direction. The large effects observed 
in the cobalt-60 experiment suggested that this 
effect should be readily detectable. Positive mu- 
mesons formed by the decay in flight of positive 
pi-mesons were filtered out from the latter, and 
brought to rest in a carbon target. The passage of 
mu-mesons through the filter was detected by a pair 
of counters (1,2) feeding a coincidence circuit. The 
subsequent decay gives positive electrons which are 


- detected by a pair of counters (3,4) arranged as a tele- 


scope to observe only those emitted at a given angle, 
again using coincidence methods and a time delay 
appropriate to the mean life (about 2-2 usec.) of the 
mu-mesons. Instead of rotating the telescope with 
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respect to the direction of arrival of the mu-mesons 
at the target, and hence also with respect to. their 
direction of polarization, the telescope was left fixed 
and the direction of polarization rotated by applying 
a magnetic field to the target.: This has the double, 
advantage of giving a fixed geometry'and determining 
the magnetogyric ratio (the ratio of the magnetic 
moment to the angular momentum) of the mu-meson, 
since the angle through which the polarization rotates 
in @ given time depends on the product of this ratio 
and the size of the magnetic field. The experiment 
showed that again the asymmetry of emission -of 
electrons approached its maximum possible value, 
and also that (within the experimental error of 
+5 per cent) the magnetogyric ratio has the same 
‘Dirac particle’ value 2-00 in units of (e/2me) as the 
electron. This value shows that the spin-momentum 
of the mu-meson remains closely parallel to its linear 
momentum when travelling through a magnetic 
field, since both are turned through the same angle, 
@ result independently confirmed during the extrac- 
tion of the mesons through the fringing field of the 
cyclotron magnet. This experiment“has been repeated 
at the University of Liverpool by Prof. J. M. Cassels 
and his colleagues, who find the value 2-008 + 0:014; 
at Columbia University it has been refined by the 
use of a magnetic resonance technique, which yields 
the value 2:0064 + 0-005. es ae 

The asymmetry has been observedindéependently . 
at the University of Chicago’, where since October: 
1956 nuclear emulsion pellicles have been regularly 
exposed to the nt beam of the synchro-cyclotron. 
More than 1,300 decays of pi- to mu-mesons to beta- 
rays have been observed, with a considerable pre- 
dominance of emission of the latter in the backward 
direction. These experiments give only a lower limit 
to the effect, owing to the possibility of the formation 
of ‘muonium’ (a hydrogen-like atom with a pt 
meson as nucleus and one electron), a process in 
which -some of the y+ “mesons will lose their spin 
orientation. 

These experiments and others now in progress test 
several principles (invariance under charge conjuga- 
tion and time reversal) in addition to conservation of 
parity. An important result is that they suggest it 
may be possible to use a two-component theory of the. 
neutrino, in which the spin of the neutrino (vy) is 
always parallel to its direction of motion, while that 
of its conjugate particle the antineutrino (v) is 
antiparallel; thus one advances like a right-handed 
screw, and the other as a left-handed screw. Such a 
theory can only hold if the rest mass of the neutrino 
is zero, so that it always travels with the ,velocity of 
light. (It does not provide a direct solution of the 
8-r puzzle, since no neutrmos are involved in their 
decay.) These and other consequences are discussed 
in @ subsequent paper of Lee and Yang*, and were 
independently suggested by Landau? before the 
experimental results were known. 


1 Lee, T. D., and Yang, O. N., Phys. Rev., 104, 254 (1966). 
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-Y_JARVEY, who discovered the circulation of the 
"L blood; was born on April 1, 1578, at Folkestone. 
The family consisted of seven sons and two daughters, 
of whom. Harvey was the eldest of the sons and the 
_first born of his father’s second wife. He died .on 
June 3, 1657, at Roehampton, Surrey, in the house of 
his brother Eliab. The only contemporary details we 
have of his personality we owe to John Aubrey’s 
short “Life”, not printed until 1813. Aubrey was 
forty-eight years younger than Harvey, and only 
thirty-one when Harvey died. The accuracy of his 
narrative has been seriously questioned, and the 
scrupulous politeness practised by Harvey in his 
controversial writings leads us to a better under- 
standing of his character. 

Apart from the tercentenary celebrations of Har- 
vey’s death to be held this year, the College of Physi- 
cians had already organized two others. The ‘first 
of these was held in 1878, in which T. H. Huxley 
played an important part. The second, in 1928, 
devoted to the tercentenary of the discovery of the 
circulation of the blood, was attended by delegates 
from all parts of the world, who were received by 

“King George V. Addresses were delivered by Sher- 
ington, Chauffard and Keibel. 
“ Harvey’s discovery did not create the stir which 
‘it deserved. Jt was almost ignored, and even in some 
universities it was claimed that it had made no 
change’ in the practice of physic. Its supporters were 
referred to in derision as “our modern circulators”, 
or “quacks” as that expression was at the time 
translated. One of its earhest supporters was the 
‘wealthy antiquary and bibliophile Peiresc, who 
removed the title page from his copy of the first 
edition of 1628 and added it to his collection of title 
pages: this mutilated copy was sold in the United 
States recently for £742. Peiresc regarded it as an 
“excellent book” and believed that arteries and veins 
were connected up by “secret anastomoses”. Sir 
‘ Thomas Browne, in 1658, remarks that Harvey, 
though without issue, “‘discoursed . . . excellently 
on generation”. He even considered that the publica- 
tion of Harvey’s work was more important than the 
discovery of America. Boyle, in 1663, tells us that 
Harvey admitted to him that it was the structure of 
the valves of the heart and of the veins which first 
pointed to the “circular motion of the blood”. In 
the University of Bologna it was proposed that medical 
students on graduating be asked to swear that the 
doctrines of “Hippocrates”, Aristotle and Galen were 
not to be overthrown by any person whatever. 
Harvey himself claimed that no physician who had 
passed the age of forty accepted the circulation. 
John Aubrey quotes him as saying that after his 
book was published “he fell mightily in his practice, 
and ‘twas believed by the vulgar that he was crack- 
brained ; and all physicians were against his opinion”. 
Before he died, however, his work was almost univer- 
sally accepted, so that Hobbes, who died in 1679, said 
that Harvey was “perhaps the only man that ever 
lived to see his own doctrine established in his life- 
time”. Harvey had been physician to Lord Bacon, 
but owed nothing to his philosophy, which he wrote, 
according to Aubrey, “like a Lord Chancellor”. 
William Hunter considered that when the valves of the 
veins had been discovered the circulation might easily 
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have been established by any person of common 
abilities. Osler also expressed astonishment that 
Fabricius did not discover the circulation ; but in this 
case as m so many others the simplicity of the dis- 
covery obscured its originality. The fatal error made 
by Fabricius was the assumption that the valves of 
the veins acted as dams to the gravitational flow of 
the blood. In France the opposition of Riolan, a man 
of great learning and experience, prevailed until Louis 
XIV officially endorsed the new discoveries in 1673. 

There can be no question that Harvey was a pro- 
found Peripatetic. “Foremost of all among the 
ancients,’ he says, “I follow Aristotle; he is my 
leader.’ Nevertheless, his injunction to others was to 
study Nature by way of experiment. On the other 
hand, it was:Bacon’s avowed purpose to destroy the 


_ supremacy of Aristotle. According to Payne the study 


of Galen is very important. “It is hard to see how 
anatomy would have arisen when it did had Galen’s 
works perished.” Modern anatomy and physiology 
began when these works were studied in the original. 

Harvey generally refers to himself as an anatomist, 
and although the term ‘physiology’ had been intro- 
duced before he was writing he was also a physiologist, 
but had little knowledge of histology. For example, 
he takes no account of the occurrence of elastic and 
muscular tissues in the walls of the blood vessels. 
Occasionally he mentions using a hand lens; but 
adequate microscopic equipment was not available 
in his time. He refers frequently to demonstrations 


2 


before friends of the truth of his discovery, and claims . 


that he was the only observer to oppose tradition and 
to assert that the blood travelled along a previously 
unrecognized circular pathway of its own. Erasistra- 
tus, in the third century B.c., was the first to believe 
that the arteries contained air and not blood. This 
statement was controverted by Galen, Vesalius and 
Harvey himself, nor did Harvey support the belief 
that the ventricular septum was perforated so that 
blood could pass directly from the right ventricle into 
the left. There are no pores, he says, and it is not 
possible to demonstrate them. When, however, the 
pores wore finally abandoned, later writers assumed 
that blood might after all percolate through the septum, 
the absence of pores notwithstanding. 

It is important to bear in mind that Harvey's 
attitude towards anatomy and physiology is that of 
the comparative biologist. He is, in fact, very empha- 
tic on this point, and stresses that many features in 
human anatomy are readily comprehensible if they 
are studied from the comparative point of view. Hence 
his researches mclude numerous observations on 
arthropods, molluscs, fishes, amphibians, reptiles, 
birds and mammals. ‘The heart, he says, is present 
in almost all animals large or small, and m Chapter V 
his description of it is simple, clear and convincing. 
He did not attempt to dissect the small invertebrates, 
such as insects, owing to the difficulty of obtaining 
accurate results on types so small. Much vivisection 
was practised by Harvey, which enabled him to 
study the nature of the movements of the heart 
under examination. He also succeeded in massaging 
the heart of a dove after all its motions had ceased. 
In eels and some other fishes the heart was found to 
beat after removal from the body, and even when cut 
into pieces each piece continued to contract and relax, 
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The movements of the heart are more easily observed 
in the lower cold-blooded vertebrates such as small 
fishes, amphibians and reptiles and also in some of the 
higher invertebrates such as snails and other molluscs, 
lobsters and crustaceans. He considers that the 
“heart proper” includes only the two ventricles, the 
auricles bemg simply enlarged veins. 

In modern times Harvey’s work on the circulation 
has been extensively criticized. His views on the 
circulation, he says, are so novel and hitherto un- 
known as to make him “‘fear that I may suffer from 
the ill-will of a few, but dread lest all men turn against 
meo”. Most of the argumentative literature has been 
devoted to an attempt to establish Caesalpinus as the 
discoverer of the circulation. His name is mentioned 
once in the 1616 lecture notes but not in the 1628 
work. On the whole, leading authorities such as 
Haller and T. H. Huxley emphatically attribute the 
discovery to Harvey. The latter states that Caesal- 
pinus added nothing to Columbus and claimed noth- 
ing. He did not anticipate Harvey. “The motion of 
the blood, as a whole, is circular . . . due to the con- 
tractions of the walls of the heart.” Harvey was 
completely original on this point. According to 
Huxley it cannot be said that Servetus, Columbus and 
Ceesalpinus deserve any share of the credit of the 
discovery. Harvey was not only the first to analyse 
and synthesize the mechanism by which the circula- 
* tion is brought about, but he was also the first to 
attack a physiological problem by quantitative 
methods, that is, to discuss how much blood is driven 
out of the heart by each heart-beat and how this is 
related to the quantity of blood in the whole body. 
According to Harvey we may assume that the amount 
of blood extruded by each beat of the heart, which 
cannot return to the heart because of the barrier set 
up by the valves, 1s half an ounce. In half an hour 
the heart makes at least a thousand beats, from which 
it follows that five- hundred ounces have passed 
through the heart into the arteries. Such a quantity 
greatly exceeds the amount of meat and drink con- 
sumed within the time specified. Therefore the blood 
must describe & circle, and of necessity return to the 
place whence ‘it started, and the contraction of the 
heart is its sole efficient cause. Other calculations 
made at the time and since have estimated that all 
the blood in the body passes through the heart about 
once in four minutes. Harvey’s figures have been 
questioned as an exaggeration, and Descartes, who 
accepted the circulation, believed that blood returned 
to the heart “drop by drop”. Sherrington, on the 
other hand, finds that “in violent exercise a volume 
of blood five times the whole of that within the body 
may race through the heart each minute”. : 

In 1870, Daremberg introduces an element of ironic 
humour into.the circulation controversy. “I have been 
singularly disappointed,” he says, “to see such an im- 
posing array of citations brought into the service of an 
indefensible cause, and to learn that of all the ancient 
and modern writers it is Harvey who has played the 
smallest part in the discovery of the circulation.” | 

It is possible to apply to the claims of Caesalpinus 
and others who had preceded Harvey a simple acid 
test. The basic vital fact at the root of the contro- 
versy is the existence of one-way traffic only in the 
blood vessels, with the heart as the ceaseless motive 
factor. Until we reach the time of Harvey not a 
single claimant survives the test. Harvey alone does 
so, and is hence the discoverer of the circulation. 
It is true that there is in the works of Caesalpinus a 
passage which assumes that the blood in the arteries 
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is flowing away from the heart and in the veins 
towards it. On the other hand, there are also asser- 
tions that the veins, by a to-and-fro motion, convey 
blood to the tissues. The caval veins, he says, with- 
draw nutrient blood from the liver and distribute it to 
all parts of the body for their nourishment, in spite 
of the venous valves, which are not mentioned. Also 
he accepts a partial transfusion of blood through the 
ventricular septum from the right ventricle to the left. 
Such a writer cannot be allowed to have any know- 
ledge of the Harveian circulation. He could have 
known of the pulmonary circle which was well de- 
scribed by Columbus in 1559, twelve years before the 
publication of his own work. Much has been made 
of the fact that Caesalpinus uses the word circulatio, 
The only other time it appears in classical Latin’ is 
by Vitruvius, who describes the orbit of the planet 
Mercury as & circulatio. The term, however, is found 
also in some contemporary manuscript notes in the 
Bodleian Library of one of the students of Caesalpinus 
at Pisa, and here the context indicates that the move- 
ment in question is one of up-and-down, and to-and- 
fro, which is a chemico-physical phenomenon and not 
Harvey’s conception of the circulation. Boyle, 
when. himself about twenty-nine years of age, asked 
Harvey what had suggested the circulation to his 
mind, and was told that when he realized that the 
valves of the veins permitted blood to travel towards 
the heart but not away from it he had concluded 


that the motion of the blood must be in a circle. ‘: 


Assuming this incident to have been correctly 
reported, it must be added that Harvey’s conclusion 
is not necessarily justified by so isolated an experience. 

Harvey devotes considerable attention to the struc- 
ture and physiology of the heart. He understood the 
functions of the valves and recognized that the heart 
is a double four-chambered structure including two 
circles, pulmonary and systemic, and that there is 
no direct connexion whatever between its right and 
left portions. What we have, therefore, are two 
circles and an apparently single four-chambered heart 
formed by the apposition of right and left two- 
chambered hearts. The entire vascular system, how- 
ever, can also be represented in a diagram as a single 
cirele with two separated right and left hearts. Such 
an arrangement would have pleased Harvey had it 
occurred to him. 

In the lower terrestrial vertebrates Harvey did not 
discover that the auricle was divided as in the frog, 
but he gives a very good description of the heart and 
its function in the higher forms, and observations on 
the comparative anatomy of the heart are also added. 
He did not succeed in finding a heart in many inverte- 
brates now known. to possess one, and in these cases 
he believes that the whole body is a heart and nothing 
but a heart. In insects it is possible with a lens to see 
@ pulsating vessel in their bodies. In Crustacea and 
snails a contractile vesicle or auricle, as he calls it, 
can be observed, but no ventricle, which ceases to beat 
in cold weather. A two-chambered heart and red 
blood are always present in the lower vertebrates. | 
In the higher types a second or “right” ventricle is 
added to drive blood only to the lungs, the other or 
“left”? ventricle supplying the whole body except the 
lungs. The inthrust of blood into the arteries is 
believed to be the cause of their pulsation. 

Ligation experiments play a large and important 
part in Harvey’s methods somewhat late in his life. 
He did not invent the method, but used it to test and 
confirm his conclusions. If a vein is tied, the way into 
the heart is blocked, and the vessel swells up ‘against 
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the ligature, but in a similar experiment on an artery 
the way out from the heart to the tissues is now 
blocked. Hence in an artery the blood is flowing 
away from the heart and in a vem it is flowing towards 
the heart. The mistake made by Fabricius was to 
assume that the function of the valves of the veins 
in the leg was to facilitate some motion of the blood 
towards the periphery, whereas Harvey showed that 
they would prevent any venous blood flowing away 
from the heart and are hence anti-gravitational. 
Harvey attempts to explain, in frogs and reptiles 
where there are true lungs and only one ventricle in 
the heart, how the two bloods are kept separate, but 
his knowledge of those devices which exist to ensure at 
least a partial separation of the venous and arterial 
bloods was inadequate for this purpose. The question 
1s not as simple as he supposed, nor was he aware that 
the auricle is divided in the lower land vertebrates, 
which would have suggested a modification of his 
views. He was thus induced to believe that in mam- 
mals the foetal lungs were idle and functionless and 
hence that there was no pulmonary circulation in 
embryonic life. This major error has been finally 
corrected by the experiments of Franklin and Bar- 
clay, who have established that the foetal circulation 
is mm fact vigorous and rapid. Harvey’s version, on 
the other hand, is based almost entirely on the work 
of his predecessors to which he added only a few 
observations of his own. Arantius in 1564 had stated 


‘that the maternal and foetal bloods did not mix in the 


placenta. This was accepted by Harvey but not 
investigated by him. It was demonstrated experi- 
mentally by injections in the eighteenth century. 
Harvey, however, does not consider that his main 
thesis is compromised by such minor issues, which he 
proposes to deal with in a separate treatise. His 
Chapter VII on the pulmonary circulation in the adult 
and on the uses of the valves is admirable and con- 
vincing, the motion of the blood being continuous, 
unmterrupted and not reversible. Harvey found no 
valves in the arteries, and the capillary vessels were 
discovered in the frog by Malpighi in 1661, four years 
after the death of Harvey. The optical equipment 
necessary for the discovery was not available at the 
time, although in the 70’s and 80’s of the seventeenth 
century Leeuwenhoek added considerably to our 
knowledge of the blood capillaries with the aid of a 
single bi-convex lens. Harvey, however, does mention 
certain “capillary veins’? which unite to form the 
factors of the larger veins. This would suggest 
direct microscopic anastomoses between arteries and 
veins, in addition to a diffusion of the blood through 
the “porosities” of the tissues, which he also accepted. 
In Chapter IX Harvey announces that he is now busy 
with research into the capillaries. 

We are often told that when Harvey left Padua in 
1602 the work of Fabricius on the valves of the veins, 
which was published in 1603, had already begun to 
simmer in his mind. It did not boil over, however, 
until fourteen years later, when the discovery is 
announced in a brief statement in his lecture notes, 
and another twelve years passed before his book was 
printed. In this work his first preoccupation is with 
the pulmonary circulation, which he must have known 
from the work of Columbus, who is quoted a number 
of times in the lecture notes of 1616. Having solved 
the lesser problem he then proceeded to complete the 
task with his experiments on the systemic circle. 
He suspected the existence of the blood capillames 
but had never observed them, nor was he aware that 
the blood underwent any reaction during its passage 
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through the lungs, although he knew that it changed 
in colour. 

According to some modern critics “circulation is 
visualized as a cyclic process of blood regeneration”, 


- Blood circulation is the replica of planetary motion 


and of the zodiac in the animal body. “‘Circulation 
assumes the rank of the microcosmic copy of a general 
cosmological plan.” “It is the fundamental symbol 
and pattern of all life and action in the cosmos” (Pagel). 
Such circle symbolism reminds us of the trans- 
cendentalism which in the nineteenth century seduced 
even Johannes Muller in his early days. 

At the end of Chapter XVI there is a passage dealing 
with the veins of the intestine which should not be trans- 
lated as if these vessels were distributed to the gut. The 
verb used is dissemino and not distribuo, and should be 
translated spread out. Fhe context makes it certain that 
the blood in these vessels is on its way to the heart. 

It is not known how many copies of Harvey’s book 
on the circulation of the blood were printed. In 
1944, Weil, after careful research, was able to trace 
the existence of forty-seven copies of the 1628 volume. 
It is obvious that such a list cannot be complete, and 
the present writer could add six copies to this list 
and mention of three others. A good facsimile copy 
in colour of Harvey’s M.D. Padua diploma has also 
been published. 

When Harvey died his body, “lapt in lead” and 
without any coffin or other covering, was deposited 
in the vault of the Earvey Chapel in Hempstead 
Church in Essex. In 1883 it was found that the 
chapel had reached a shocking state of dilapidation, 
and was not a fitting resting-place for the remains of 
Harvey. The Royal College of Physicians, however, 
restored the chapel and supplied the marble sarco- 
phagus in which the remains are now preserved in the 
chapel above the vault. The last member of the 
Harvey family to distinguish himself was Admiral 
Sir Eliab Harvey (1758-1830), who commanded the 
Fighting Téméraire in the battle of Trafalgar, and 
whose choleric attack on the Admiralty almost 
neutralzed his great services at sea. 


DATES ty HARVRY’S LIFE 


1578 Born April 1, Folkestone, Kent, 
1588 King’s School, Canterbury. 
1593 Caius College, Cambridge. 
1597 B.A. Cambridge. 
1598 Padua. Fabricius. 
1600- A 
01 Conciliarius of “English Nation”. 
1602 Doctor of Physic, Padua, s 
1602 M.D. Cambridge. 
1604 Married daughter of the physician to Queen Elizabeth, 
ars Fellow of College of Physicians. 
1 
43 Physician at St. Bartholomew’s Hospital. 
FTA Censor, College of Physicians. 
i 
66 lLumleian Lectures, College of Physicians, 
1616 First mention of the circulation of the o blood in his lecture 
at the College of Pas moe 
1623 Physician to King James I. 
1628 Publication of work on the Circulation of the Blood. Price 
63. 
1630 Petry abroad in France and Spain. 
1831 Physician to King Charles 
1633 Honorary Burgess of the City of Edinburgh. 
1635 Report on post-mortem of Thomas Parr, aged 152 years. 
1636 Visit to Italy, accompamed by Ent. 
1641 Honorary Burgess of Aberdeen. 
1642 Harvey’s quarters looved and important MSS. lost. 
isie MD. Oxford. 


46 Appointed by the Kingto be Warden of Merton College, Oxford. 
Harvey replies to Riolan’s attack on the circulation. 
Publication of his work on Generation. 

1653 First English edition of the “De Motu Cordis”. 


1657 ‘Died at Roehampton, Surrey, on June 3. 

1666 Great Fire of London. Harvey's books and Museum, which 
had been catalogued in 1660, destroyed. 

1881 Bronze statue erected on Folkestone Teas and dedicated to 
the town by Sir Richard Owen. 

1883 Restoration of the Harvey Chapel by the College of Physicians 


and deposit of Harvey’s remains ın a marble sarcophagus. 
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EFFORT-CONTROL THROUGH BARGAINING 
By Dá HILDE BEHREND 


Social Sciences Research Centre, University of Edinburgh 


INCE the end of the War, British management 
has continuously been confronted with the 
question of finding effective mecentives for labour. 
For some time advocates of payment by results 
thought they knew the answer. The shortage of 
labour and rising wages, however, seem to threaten 
the effectiveness of financial incentive schemes. 
Moreover, the belief that payment by results is the 
only effective mechanism of effort-control has been 
challenged by the actions of a few important under- 
takings. The first accomplishment to attract wide- 
spread. attention was the speedy construction of the 
Esso Refinery, where workers were paid by time- 
rates and yet completed their task well before the 
planned date. Another challenge was the decision in 
1956 of the Vauxhall Company to change from a 
bonus system to time-rates. Ministry of Labour 
statistics? suggest that the period of the increasing 
adoption of payment by results in British industry 
may have come to a halt: the percentage of all 
workers in manufacturing industry who were paid by 
results rose from 33 in 1938 to 40 in 1951, but has 
* remained constant between 1951 and 1955. 

It is pertinent to ask what statistical facts are 
available on the question of the relative labour. pro- 
ductivity of time-rates and payment by results. 
Unfortunately statistical data on this question which 
stand up to scientific scrutiny do not appear to 
exist, and it seems unreasonable to expect them to 
exist. For changes in industry scarcely ever take 
place in isolation; the introduction of payment by 
results is always part of wider changes and is normally 
accompanied by organizational and methods changes ; 
any change in the mtensity of labour effort cannot be 
isolated from the effect of other changes. The situa- 
tions before and afterwards are rarely comparable, 
and there exist no standards for comparison. In the 
course of an inquiry, in which I communicated with 
two hundred firms by letter and visited fifty, I did not 
find a single case where the effectiveness of payment 
by results in raising labour productivity could be 
isolated and measured’. 

The only case, known to me, where the effect of 
payment by results has been demonstrated was in 
a controlled industrial experiment conducted by 
Wyatt‘. In this experiment ten girl operators in a 
chocolate factory while working successively on five 
different processes were switched. from a time-rate to 
a bonus and then to & piece-rate. On four out of the 
five jobs output mcreased when the bonus was intro- 
duced, and it rose further when the piece-rate was 
introduced. On the fifth job there was practically no 
change in the rate of output when the method of 
payment was changed. The experiment shows that 
there is no guarantee that the introduction of pay- 
ment by results will increase output; the response 
depends, among other factors, on type of work. 

In spite of this Jack of guarantee and in spite of 
the absence of valid statistical proof of the effective- 


ness of payment by results, I found in my inquiry on - 


financial incentives that nearly all the management 
representatives I mterviewed believed that payment 
by results is effective in raising labour productivity 


and that there exist different standards of effort 
for time-rates and piece-rates. “Twenty-two out of 
twenty-five people, who were prepared to commit 
themselves to estimates, considered that the pro- 
ductivity of piece-rates was at least 25 per cent 
greater than that of time-rates. They attributed the 
difference in all cases to the method of wage-payment 
and not to the level of earnings. | 3 

My evidence suggests that financial incentive 
schemes rest to a considerable extent on faith in 
their effectiveness rather than on proof of their 
effectiveness. Lack of scientific proof, however, does 
not mean that management’s faith m payment by 
results is necessarily unfounded ; lack of proof only 
means that the case is not established, not that it is 
disproved. : j 

In order to gain more insight into the real issues 
involved it may be useful to approach them from a 


~ different angle. 


The central problem which faces management in 
dealing with labour 1s that of securing @ high and 
sustained level of effort. The problem arises because 
of the lack of precision of the employment contract. 
Nominally, the employment contract is an agree- 
ment which fixes the terms of exchange of work for 
money by defining the obligations of both parties ; 
that is, the wage-payments to be made by the 
employer and the duties to be performed by the 
worker. In a dynamic situation, however, the duties 
to be performed by the employee cannot be clearly 
defined. They may differ from day to day, or over 
longer periods. Workers thus are taken on to perform 
varying work-assignments which means that what 
the employer purchases is not æ given series of 
services but a supply of effort to perform particular 
types of services. The amount of effort involved in 
performing these duties is undefined. - 

This is so because effort is not a substance that 
can be measured ; it is a subjective experience. Only 
the ‘product of effort—output—can be measured. 
This presents a real dilemma-—because of changing 
work-assignments a day’s work cannot be defined in 
terms of output which 1s measurable ; it can only be 
evaluated in terms of subjective standards of effort. 
An individual can say whether the effort he expends 
in performing a particular operation in a fixed time 
is equal to, greater or smaller than, the effort he 
expends on another operation in the same amount of 
time. He cannot quantitatively define the difference, 
but he can clearly distinguish different intensities of 
effort per unit of time. Evidence illustrating the 
distinction between different experiences of effort 
has been given by D. Roy’. Roy found that the 
workers distinguished three types of job: the ‘gravy 
job’, where high earnimgs could be achieved with little 
effort; the ordinary job, where reasonable earnings 
could be obtained with normal effort; and the 
‘stinker’, where it was not possible to make reasonable 
earnings however high the effort. 

The ability to distingraiah different standards of 
effort makes it possible for management and workers 
to bargain about effort-intensity. In return for wage 
concessions, workers may agree to raise their stan- 
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dards of effort. This is essentially what a successful 
financial incentive scheme does: it represents an 
effort-bargaim in which the worker agrees to raise his 
standard of effort in exchange for the guarantee of 
higher total earnings. All this mvolves the tacit 
assumption. that more effort means more output. 

The gap in the employment contract which arises 
from the impossibility of defining the intensity of 
effort is narrowed down by effort-bargaining. For 
although no absolute standard of effort can be estab- 
lished, agreements can be made about relative stan-' 
dards; that is, a worker can agree to raise his 
standards, and this increase would be visible (other 
factors remaining equal) in increased output. If one 
views financial meentive schemes as an effort-bargain 
one can argue that they will tend to be effective so 
long as both sides are aware of the bargain and keep 
their side of the agreement. 

There is a danger that people concerned with the 
technical and human implications of the mstallation 
of financial incentive schemes lose sight of the fact 
that the aim of incentives is primarily a bargain 
between management and workers. The consultation 
of workers may thus become an issue of avoiding 
friction and of maintaining good industrial relations 
instead of one of agreeing on mereased standards of 
effort. This will affect the effectiveness of the schemes. 

If one concedes the possibility of effort-bargaining 
1t becomes possible to visualize alternative types of 
effort-bargain. A wage-merease on time-rates, for 
example, could be made into an effort-bargain by 
linking it to an agreement on output targets. 

The amount of effort-bargaining that takes place 
in a factory depends on the state of the labour and 
product market. Effort-bargaining is particularly 
Important under conditions of full employment where 
the shortage of labour exercises constant pressures 
upon management. In such a labour market situation 
two types of bargaining, one mitiated by manage- 
ment, the other by labour, go on side by side. 
Management will try to increase the level of effort 
which it obtains from its labour force without 
increasing costs per unit of output. Labour will try 
to increase the level of wages for a given level of 
effort. In trying to obtain a greater supply of effort 
out of its labour, management, 1f under pressure 
from the market for its products, will be in a weak 
bargaining position and may have to make wage- 
concessions. These may take the form of a, deliberate 
toleration of loose rates—a disguised merease in 
wages to encourage an increase in the supply of 
effort. (A rate is loose if comparatively little effort 
is reqmred to obtam normal earnings; ıb is tight 
if too much effort is required to obtain normal 
earnings.) Labour, being m a strong bargaining 
position, may be inclined to lower its standards of 
effort and this may necessitate the initiation of 
renewed effort and wage-bargaining. Labour may 
also show a tendency to attack all rates as tight and 
to press for rate-adjustments. Where there is un- 
employment or under-employment, attitudes will 
tend to be very different. For example, m a situation 
where work i8 frequently slack, management may 
tolerate low standards of effort, alhed to low pay, 
and workers may be content with this because they 
like a leisurely pace of work. This would explam | 
why some small firms who pay time rates amounting 
to low earnings are able to keep their labour-force 
and show a low rate of Jabour turnover. 

Low standards of effort, necessitating effort- 
bargaining, may be the result of dissatisfaction. 
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Changes in the worker’s attitude to his job and 
rising discontent may give rise to restriction of effort. 
This fall in effort intensity may lead to the offer of 
increased wages for increased effort if management is 
under pressure to meet urgent orders. The result is 
an increased wage for the original standard of effort. 

A constant process of effort-revision thus appears 
to take place: management considers whether 1b 
requires more effort; workers may relax their stan- 
dards. Both revisions tend to lead to upward revision 
of wages. 

The importance of effort-bargaining depends on 
type of work and organization of work ; for type and 
organization of work determime the amount of choice 
an individual has in varying his supply of effort. In 
some industrial situations it is possible for manage- 
ment to control the speed of work by external controls 
of effort, such as the speed set by conveyor-belts or 
by machine-pacing. In such. situations there is little 
opportunity for varying effort; the choice of the 
right speed is made by management (with or without 
consultation of the workers) and the effort-bargam 
consists in the worker’s acceptance of management’s 
choice of speed. In this type of situation effective 
control of effort on time-rates can be achieved. There 
appears to be a trend towards the increasing use of 
external controls of effort, not only for manual, but 
also for clerical and other types of work. 

At the other extreme is the type of work where 
the individual worker sets his own pace and determines 
himself what speed of work he adopts. It is in this 
type of situation that financial mcentives as a form 
of effort-bargaining and effort-control are important. 
In this case there are no direct external controls of 
effort. The controls which are brought into play are 
what the sociologist calls normative controls (moral 
codes which prescribe what is right, what ought to 
be done). The effort-bargain entered mto in an 
incentive-scheme is an agreement on what standards 
of effort ought to prevail, and what difference there 
ought to be between output on time-rates and on 
piece-rates. It is an agreement to establish norms 
of output. 

As effort cannot be measured, this raises some 
interesting issues. How 1s agreement on standards of 
effort arrived at when standards of effort can only be 
assessed by subjective value judgments ? How is the 
rightness of a standard of effort established when it 
depends on the worker’s experience of effort in domg 
the job as compared with his past experiences ? What 
part does time-study play in all this ?%. The subject 
is fraught with difficulties. Yet, in practice, agree- 
ment ıs usually reached, and the system seems to 
work although it is based on no objective criteria. 
What seems to matter m making ıb work is the 
establishment of an acceptable and effective effort- 
bargain based on normative or external control of 
effort. Time-study may play an 1mportant part in 
striking such a bargain. 


1 See Gray, A. P., and Abram, Mark, ‘Construction of Esso Refinery, 
Fawley” (Brit. Inst. Management, 1954). 

2 Min. Lab. Gazette (April 1956). 

3 For more details of this inquiry, see Behrend, H., “fhe Effort 
Bargain”, Indust. and Lab. Relations Rev. (to be published). 

+t Wyatt, S., assisted by Frost, L., and Stock, F. G. aa “Incentives in 
Repetitive Work”, LH.BB. Bep. No. 69 (193 4). 

Roy OS ioe and Quota Restriction”, Amer. J. Sociol., 

‘Few people nowadays deny that there is a residue of subjective 
Ju ents Involved in time-study. For a discussion of some of 
the difficulties mentioned here compare: Ryan, T. A., “Fatigue 
and Effort in Relation to apanda, of Performance and Systems 
of Payment”, Internat. Lab. . 65 (1952). Whyte, W. Foote, 
“Money and Motivation” faerie Bros., 1955). Foote Whyte 
describes time-study as a “guessing game”, Behrend, H., op. cut 
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OBITUARIES 


Dr. Bashir Ahmad 


Dr. Basum AnMAD, who died suddenly in the 
home of his friend and colleague, Colonel M. K. 
Afridi, at the University of Peshawar on March 14, 
‘was an unassuming man who had won the position 
he held in the scientific life of Pakistan by his ability 
in many fields. A devout Moslem, he received his 
early scientific training at the non-denominational 
Forman Christian College in Lahore, afterwards 
gravitating towards biochemistry and nutrition, and 
working for three years from 1928 with Prof. J. C. 
Drummond at University College, London. 


This was an experience he never forgot, and which _ 


not only shaped his future career in chemistry but 
also gave him a sympathy for and understanding of 
Britain which was never shaken. On returning to 
India he became a lecturer in chemistry, and event- 
ually professor of organic chemistry in the University 
of the Punjab. There he continued his work on 
carotenoids. Later he joined Sir Shanti Bhat- 
nagar in the Indian Department of Scientific and 
Industrial Research, and transferred to Calcutta, 
where he became interested in the B group of 
vitamins. 

On partition of India, he opted for Pakistan and 
returned to Lahore as head of the Institute of 
Chemistry, and became eventually vice-chancellor of 
the University of the Punjab. It was during his 
tenure of this office that he came to Cambridge for 
the Congress of the Commonwealth Viée-Chancellors, 
and received the honorary degree of LL.D., a tribute 
of which he was very proud, as he was of his more 
recent election as a Fellow of University College, 
London. In 1953 he was asked by the Pakistan 
Council for Scientific and Industrial Research to be 
director of the West Regional Laboratory at Lahore, 
one of the three regional laboratories established by 
the Council. 

The progress of this Laboratory is characteristic of 
his skill and energy as an organizer. The preliminary 
plan of work, and the outlines of the main divisions, 
came from the committee of which he was ¢hairman 
in that same year. Work began in a limited way in 
the Institute of Chemistry, and in 1955 a magnificent 
site on the Ferozepur Road, adjoining the new 
buildings of his old College, the Forman Christian 
College, had been acquired. 1956 saw the completion 
of one building, and this summer will see two more 
splendid new institutes finished, with spacious work- 
shops, and houses for the staff. 

In a country which is short of well-trained men, 
more and more burdens are placed on the shoulders 
. of those willing to accept them. Dr. Bashir Ahmad 
organized and ran the Pakistan Association for the 
Advancement of Science, edited -its publications, 
examined at the Universities of Dacca and Karachi, 
organized local meetings of World Brotherhood, was 
in process of organizing an Urdu Academy, led 
scientific missions to China, and ultimately had so 
little leisure that he could not take the rest which 
his medical adviser ordered. 

Dr. Ahmad’s scientific researches are known to 
workers in nutrition, and will not be forgotten, but 
it is not for this that he will mainly be missed. He 
will be missed by his country as a scientist (and 
above all because he was the only well-trained 
nutrition worker in Pakistan), by those who knew 


him and had had the rare privilege of working with 
him in building up his new organization and visiting 
his home and family, and most of all by the young 
graduates who, feeling rather lost in the under- 
developed country into which graduation thrust 
them, found in him a man who never failed them 
with sympathy, help and advice. To half Lahore and 
countless students in both West and East Pakistan 
he was ‘Doctor Bashir’ or ‘Doctor Sahib’. Men were 
willing, once they knew him, to work at Lahore for 
less than they could get in industry. “No man is an 
island” is a truth which Pakistan will come more 
and more to realize in years to come, and one who 
knew his plans for Lahore and what they meant to 
him and would have meant to Pakistan can only 
hope that his labours will not have been in vain. ` 
J. ©. FIDLER 


Mr. K. W. Tremellen eo 


KENNETH Wurm TREMELLEN, who died on 
April 3, was one of the pioneers in radio research. 
He gained his experience in handling radio receivers 
when he was an assistant to Captain H. J. Round in 
the Marconi Company in the years before the First 
World War, and he did outstanding work in Flanders, 
using some of the early valve sets in the interception 


- of radio signals and in locating enemy transmitters 


, 


by a network of direction-finding stations. In par- 
ticular, he plotted the Zeppelin raids and the move- 
ments of the German Fleet. 

It was natural that he should be chosen later by 
the Marconi Company to undertake a journey around 
the world making field-strength and direction-finding 
measurements of the long-wave stations and of 
atmospherics. The mass of information thus obtained 
formed the material for a classical paper jointly with 
Eckersley, Round and Lunnon. With the advent of 
short-wave communications he began a long series 
of observations which supplied most of the data 
around which T. L. Eckersley wrote his remark- 
able papers published by the Institution of Electrical 
Engineers. This work included some of the earliest 
records of scattered signals and around-the-world 
echoes. 

The present system of charts of world-wide iono- 
spheric conditions published each month by various 
organizations had their origin in the ‘shadow charts’ 
which he devised thirty years ago. At the beginning 
of the Second World War he was already constructing 
quite detailed charts based largely on his personal 
knowledge of high-frequency propagation conditions, 
and he played a leading part as the scientific officer- 
in-charge of the Inter-Services Ionosphere Bureau 
established at Great Baddow, for which he was 
awarded the American Medal of Freedom. 

‘Trem’, as he was affectionately known to all his 
friends, was an experimenter with a genius for careful 
and patient observation and for distinguishing 
between rehable and spurious results. He made no 
claim to be an expert in mathematics or physics, 
but he had & healthy scepticism towards erudite 
theoretical papers reared on highly conjectural hypo- 
theses or doubtful experiments. It was not unusual 
when reading æ journal that had already passed 
through his hands to come across such marginal 
comments as “‘so what?” or “very fluffy”. 
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He was a modest man of great courtesy and as a 
bachelor he led a quiet and simple life. On his 
retirement in 1952, he went to hve with friends in 
south-east London, where he found great pleasure in 
gardening and some of the domestic arts. He retained 
one link with radio, for he continued to serve m a 
personal capacity on the Ionospheric Communications 
Committee of the Department of Scientific and 
Industrial Research, where his knowledge of short- 
wave circuits was invaluable. When he attended 
the meeting on March 29 he was obviously failing in 
health, but it came as a shock to hear a week later 
that he had died within a few hours of being taken 
suddenly ill. 

His unique knowledge of propagation conditions 
was of a kind that was difficult to commit to paper. 
He wrote comparatively little, and with his passing 
the world of radio has suffered a great loss. 

g G. MILLINGTON 


Dr. G. E. Foxwell, C.B.E. 


GEOFFREY EDWIN FoxwELL, who died on April 26 
after a short illness, was born ın 1892. He obtained 
his early education at the Hinckley Grammar School 
and at All Saints’ School,.Bloxam. His first appoint- 
ment in science and fuel technology was as a junior 
chemist with the Koppers Coke Oven and Bye- 
Product Co. of Sheffield, where he soon showed ability 
well above the average. In 1916, at the early age of 
twenty-four, he became coke oven manager to the 
Alloa Coal Co., but later returned to the Koppers 
Company as chief chemist. During this period his 
energy and drive were such that he took the B.Sc. 
degree of London and later gained the D.Sc. 
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degree for outstandmg work on the plastic state of 
coal. 

In 1924 Foxwell was appointed senior research 
chemist to the Gas Tight and Coke Company in 
London, but remained only a short time before again 
returning to the Koppers Company as chief technical 
officer. He finally lefs full-time service with that 
Company in 1932, though retained for a time as con- 
sultant,, to move to London to take up various 
professional activities. These activities included a 
close association with Clayton, Son’ and Co., of 
Leeds, gas and constructional engineers, and con- 
siderable work in technical journalism. His articles 
‘were always clear, interesting and informative, and 
it was in this field thas he excelled. 

Foxwell’s interests were by no means narrow. 
During the Second World War he was successively 
vice-chairman and chairman of the British Chemical 
Plant Manufacturers’ Association, and a member of 
the Fuel Efficiency Committee of the Ministry of 
Fuel and Power. He was also editor, and author of 
several chapters, of the book, ‘The Efficient Use of 
Fuel”, first published in 1944 by H.M. Stationery 
Offices A founder member of the Institute of Fuel, 
he served on the Council of the Institute continuously 
from 1942 and was president during 1951-53. He 
was a prominent member of the Committee on Air 
Pollution under the chairmanship of Sir Hugh 
Beaver. He was made C.B.E. m the Birthday 
Honours List of 1955. His outside interests included 
the chairmanship of the Epsom Sports Club and he 
was an active player of cricket to the end. 

Foxwell never spared himself. He was thorough 
and painstaking in whatever task he undertook, and 
always friendly, helpful and considerate. 

A. PARKER 


NEWS and VIEWS 


Civil Aircraft Research and Development, Ministry 
of Supply : Mr. J. M. Gray 


Mr. J. M. Gray retired from the post of director 
of Civil Aircraft Research and Development with the 
Ministry of Supply in April 1957, after thirty-five 
years in the Government Service. He was born m 
Lairg, Sutherland, in 1896, and after serving in the 
R.N.A.S. and R.A.F. for three and a half years in 
the First World War he entered the University of 
Glasgow, where he graduated in engineering, in- 
eluding aeronautics as a special subject. In 1923 he 
joined the Airworthiness Department of the Royal 
Aircraft Establishment and was engaged in assessing 
the structural and aerodynamic qualities of aircraft 
designs, both military and civil. He assisted in pro- 
paring and compiling the first editions of the well- 
known aircraft handbooks A.P.970 and A.P.1208. 
The latter was eventually absorbed in “British Civil 
Airworthiness Requirements”, now issued by the Air 
Registration Board. Mr. Gray also assisted in 
mstituting the Approved Firms Scheme in conjunc- 
tion with the Resident Technical Officer Organization, 
which he supervised until 1931. During that period 
he produced a “Handbook of Aerodynamic Cal- 
culations” for the use of the Department and resident 
technical officers. 

In 1931 he was transferred to the Air Ministry. 
During his first year there he initiated and developed 


new methods for the more rapid checking of per- 
formance estimates for tender designs. These methods 
were afterwards published in the “Handbook of 
Aeronautics”. After a further brief postmg to the 
Royal Aircraft Establishment, Mr. Gray was recalled 
in 1937 to the Air Ministry to assist the newly 
appointed director of Civil Aircraft Research and 
Production. During the War he was, until 1944, con- 
cerned mainly with the development of equipment 
and installations for military aircraft and he headed a 
mission to the United States to investigate progress 
of these items in that country. In 1944 he headed a 
small section in the Ministry of Aircraft Production, 
set up to co-ordinate the development of post-war 
civil aircraft.and associated equipment. During this 
period he acted as technical adviser to the Brabazon 
Committee. He accompanied Lord Winster’s 
delegation m 1946 as technical adviser, to take part 
in the South Pacific Aur Transport Council in New 
Zealand, which was in the process of setting up the 
British Commonwealth Pacific Airlines. Durmg the 
latter part of his career he was closely associated 
with the development of civil transport aircraft for 
the Airline Corporations, such as Britannia, Comet 
and Viscount. 


Mr. H. Templeton 


Mer. H. TEMPLETON has been appointed to succeed 
Mr. Gray. He was born in 1914. After taking a 
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first-class honours degree in -civil engmeering at 
' the University of Manchester in 1935, he jomed 
the design department of Armstrong Whitworth ‘the 
same year. He was initially engaged on the develop- 
ment of stress analysis methods for monocoque 
fuselages and box spar wings in connexion with the 
design of the Ensing. Later, as head of a special 
research and development section, he was concerned, 
among other things, with boundary layer suction, 
the aero-elastic characteristics of tailless aircraft, 
gust alleviating devices, and the economics of turbo- 
jet aircraft. 

In 1947 he joimed the Flutter and Vibration 
Division of the Royal Arcraft Establishment as a 
principal scientific officer m charge df the theoretical 
section. In this capacity he took active measures to 
encourage the aircraft. industry to undertake its 
own flutter investigations, and eventually to increase 
the scope of flutter work generally. In 1950 he was 
appointed head of the Divison, and continued to 
lead activities in the aircraft flutter field, notably in 
the direction of model testing and full-scale flight 
flutter testing, and in the application of high-speed 
computors to theoretical flutter. investigations. Mr. 
Templeton 1s the author. of a Royal Aeronautical 
Society monograph on ‘Mass Balancing of Aircraft 
Control Surfaces” and he 1s a fellow of that Society. 
In July 1956 he was appomted assistant director of 
Civil Aircraft Research and -Development at the 
Ministry of Supply. 


Royal Aeronautical Society 


Honorary fellowship of the Royal Aeronautical “ 


Society has been accepted by H.R.H. Prince Bern- 
hard of the Netherlands. Miss B. Voyce, an ex- 
member of the staff, has been appomted an honorary 
companion of the Society. The following awards 
have been made by the Society: The Society's Gold 
Medal to Prof. J. C. Hunsaker, for his contributions 
to aeronautical research and education, including his 
inspired chairmanship of the Natiohal Advisory 
Committee for Aeronautics, whose work has so 
greatly benefited aeronautical activities everywhere 
(this is the highest honour which the Society can 
confer for work of an outstanding nature m aero- 
nautics); The Society’s Silver Medal to Mr. M. B. 
Morgan, for his contributions in the execution and 
direction of aeronautical research and development ; 
The Society's Bronze Medal to Mr. F. B. Greatrex, 
for his work on the reduction ‘of noise from aero- 
enginés ; The British Gold Medal for Aeronautics to 
Mr. R. L. Lickley, for his outstanding practical con- 
tributions to aircraft design and development ; The 
British Silver Medal for Aeronautics to Mr. Charles 
Abell, for his engineering achievements contributing 
to efficiency m airline operations; Wakefield Gold 
Medal to Mr. Caradoc Williams, for his contributions 
to the development and use of radio aids to navi- 
gation ; R. P. Alston Memorial Medal to Mr. Bernard 
Lynch, for his practical achievement in the flight 
testing of ejector seats; George Taylor (Australia) 
Gold Medal to Mr. G. Forrest and Mr. K. Gunn, for 
their paper on problems associated with the pro- 
duction and use of wrought aluminium alloys; The 
Summs Medal to Mr. E. G. Broadbent, for his paper 
on aeroelastic problems in connexion with high-speed 
flight; The Edward Busk Memorial Prize to Mr. 
I. M. Davidson, for his paper on the jet flap; The 
Orville Wright Prize to Dr. B. S. Stratford, for his 
papers on the jet. flap published in the Aeronautical 


NATURE 


June k, 1957 vo 17 


Quarterly; .The Herbert Akroyd Stuart Memorial 
Prize to Dr. J. S. Clarke, for his review .of some 
combustion problems associated with the aero gas 
turbine; The Branch Prize to Mr. E. R. Major, for 
his paper on some maintenance aspects of Viscount 
operation; The Navigation: Prize to Mr. R. A. 
Burberry, for his paper on aerial systems for air- 
craft ; and The Usborne Memorial Prize to Mr. T. M. 
Corson, for his paper on the propeller-turbine m 
airline service. aes i 


U.K. Atomic Energy Authority : 
tive Committee i 


Tae Atomic Energy Authority Act, 1954, places 
on the Atomic Energy Authority the duty of securing 
that no ionizing radiation from any of its premises 
or from any waste discharged from its premises 
shall cause any hurt to any person or damage to any 
property. The Authority has carried out these 
responsibilities through a number of committees 
dealing with the various aspects of safety policy. 
These bodies have now been re-organized into two 
main committees which will be served by a newly 
formed Safety Branch. The functions of the Safety 
Executive Committee are to consider the safety 
policy of the Authority in the design, siting and 
operation of reactors, process plants and laboratory 
installations, using the standards recommended by 
the Health Advisory Committee (see below); to 
approve, for issue by the Authority, general codes 
of practice in such matters; and to refer tô the 
Reactor Safety Research Committee such items 
as they consider should be the subject .of basic 
research. 

This Committee is served by two sub-committees, 
namely, the Reactor Safety Committee, which has 
absorbed the Reactor Location and Reactor Operation 
Panels of the old Project Health Committee; and 
the Ancillary Establishments Safety Committee, - 
which covers all plants and experimental facilities 
other than reactors. There is also an independent 
Reactor Research Committee, one of the functions of 
which is to advise on the technical suitability of sites 
proposed for nuclear facilities of all sorts, including 
nuclear power stations. 


Safety Execu- 


ae: Health Advisory Committee 
Tue Health Advisory Committee is composed of 
the chief medica] officers and the chief health phys- 
icists of the Authority and the. Authority’s con- 
sultants. The functions of this Committee are to 
consider, and advise the Authority on, the effects on 
public and occupational health and safety of the 
-atomic energy programme ; and to identify research 
problems on which work is required in relation to the - 
control of health hazards in the development of 
atomic energy.’ This Committee also defines standards 
of occupational and non-occupational exposure to 
radiation and radioactive substances and passes these 
standards to the Safety Executive Committee for 
application. 
The newly formed Safety Branch will meet the 
Authority’s need for a.permanent staff to serve this 
Committee structure and will operate from the head- ` 
quarters of the Industrial Group at Risley. It will 
provide the focus for consideration not only of the 
Authority’s own proposals but also of dustrial pro-: 
posals put to it either directly or through Govern- 
ment departments. It will service.the main com- 
mittees and sub-committees and. will furnish the 
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mspection service which will be needed to ensure the 
maintenance of safe working within the Authority. 
It will provide technical advice in the legislative field 
and draft, with the committees, codes of ‘practice in 
design and operation. The Authority has appointed 
Mr. F. R. Farmer to.the post of chief safety officer 
in charge of the Safety Branch. 


Migration from the United Kingdom 


Mucs# has recently been written about the loss to 
Britain of skilled workers and technicians who 
migrate overseas. In a recent broadsheet (“Britain 
and Commonwealth Migration”, Planning, No. 409), 
Political and Economic Planning sets out the basic 
data relating to migration. In the years 1953-55, 
the United Kimgdom lost some 57;000 people on 
balance by migration over the long sea routes: the 
‘movement was made up of 132,000 emigrants and 
75,000 immigrants. Most emigrants go to Canada, 
Australia, the United States and New Zealand; the 
four countries providing the bulk of immigrants are 
Australia, India and Pakistan, Canada and the 
British West’ Indies, respectively. 
quantitatively the net loss to Britain of 57,000 
persons in two years is not a serious matter-in a 
population of 50,000,000, but emigration is selective, 
and among the emigrants, people m productive age 
groups and with high skills are represented out of 
proportion to their numbers m the population. Thus, 
of the women emigrants to Canada 66-3 per thousand 
were nurses, as against 7:2 per thousand in the 
general population. Among men, 22-2 per thousand 
were mechanical engineers as agamst 1-2 per thousand 
in the population. ; 

The broadsheet poses a number of questions which 
need consideration. Do the benefits to the Common- 
wealth as a whole which result from a redistribution 
of labour offset the disadvantages which a loss of 
skilled men inevitably entails for Great Britain ? 
Will migration result in long-term mtangible benefits 
for the home country ? To what extent will im- 
migrants be capable of replacing emigrants to the 
Commonwealth ? What are the social and economic 
problems raised by emigration ? In the present state 
of knowledge no definite answers can be given to any 

-of these problems. The broadsheet shows the need 
for a good deal more empirical research ón this 
hitherto comparatively neglected problem. 


Trinidad Field Naturalists’ Club 


Tur Trinidad Field Naturalists’ Club was founded 
in July 1891. Soon afterwards the decision was 
taken to publsh a journal, the first number 
appearing in April 1892. Thereafter, the journal 
appeared every two months for four years, running 
to two volumes of just over three hundred pages 
each. Publication ceased in February 1896 ; but the 
Club continued to flourish until 1907, when it lay 
dormant until July 1924; it was then revived and 
entered upon its second phase. Attempts were 
made to re-issue the journal, but these were not 
successful. The Club has now entered upon its third 
phase and plans have been made for the publication 
of an annual journal. The first issue contams a 
number of interesting articles. Among them is one 
describing a celebrated occasion in 1938 when a boa 
constrictor laid eighteen eggs, five of which developed ; 
in a normally viviparous reptile this abnormal birth 
of young macajuels was almost certamly due to: 
adverse physiological conditions. The journal may 
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be obtained from Dr. V. ©. Quesnel, cjo Colonial 


‘Microbiological Research: Institute, Port-of-Spain, 


Trinidad, at a cost of 0.55 dollar, B.W.I. 


Design of Equipment for Human Use 


A mEETING on “The Design of Equipment for 
Human Use” was held at Cambridge im the Apphed 
Psychology Research Unit of the Medical Research 
Council during March 26-28. There were sessions om 
the military and industrial aspects of work design, 
on the use and abuse of simulators, on equipment 
design for training and maintenance, and on auto- 
matic data analysis in human research. There were 
also twenty practical demonstrations of various 
aspects of this work, by members of the Apphed 
Psychology Research Unit and also by visiting 
speakers. The meeting was attended by eighty 
representatives, who came from the three Services 
and the Ministry of Supply, as well as from industrial 
firms, university departments, and various national- 
ized industries and government organizations in 
Britain. A summary will be sent on request to the 
Medical Research Council, Applied Psychology 
Research Unit, 15 Chaucer Road, Cambridge. 


t 
Conference on Extra-atmospheric Cosmic Radiation 
Research 


A CONFERENCE of cosmic-ray physicists mterested 
in the application of emulsion techniques and a 
number of engineers and government scientists inter- 
ested in the scientific application of rockets was held 
in Baltimore on March 29 under the sponsorship of 
RIAS (2120 North Charles Street, Baltimore 18, Mary- 
land). The main business of the conference was the 
consideration of the possibility of studying by the 
use of nuclear emulsions cosmic-ray primaries outside 
the atmosphere, and m particular, of detecting the 
presence of any hitherto unobserved component of a 
low penetrating power. Mr. R. Patterson and Mr. 
W. J. Benckert, engineers of the Advanced Design 
Department of the Martin Company of Baltimore, 
presented a preliminary design of a vehicle which 
would allow an oriented stack of 50 Ib. of emulsions 
to be exposed for 40 min. with a total shielding of 
less than 0-1 gm./cm.? while outside the atmosphere. 
This vehicle, which is to be launched in a vertical 
shot, would be capable of preserving the emulsion 
during re-entry into the Earth’s atmosphere and the 
eventual fall to Earth. During the discussion after- 
wards it became evident that such a vehicle could 
also be used to great advantage for a number of other 
experiments without interfering with the emulsion 
studies. p 

In view`of the great scientific potentialities of such 
a cosmic-ray experiment, the physicists formed a 
committee to consider ıb in more detail and to 
arrange a programme of co-operative research by all 
interested scientists at such time as the vehicle is - 
launched. The membership of the committee is: 
G. Groetzinger (chairman), M. F. Kaplon, S. A. 
Korff, E. P. Ney, W. J. Otting, A. Pevsner, 
M. Pomerantz, B. Rossi, M. Schein, M. M. Shapiro, 
S. Silverman and H. Yagoda. In a later meeting the 
committee adopted the title “The National Com- 
mittee for Extra-Atmospheric Cosmic Ray Research” 
and decided to consider also the possibilty of 
othér new extra-atmospheric cosmic-ray experi- 
ments. At this meeting, J. A. Simpson joined 
the committee and W. A. Benckert was made a 
consultant. i 2 g 
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Dust Content and Visibility in Dust Storms 
Ax article by W. S. Chepil and N. P. Woodruff on 


sedimentary characteristics of dust storms and dust‘ 


concentration, published in the American Journal of 
Science (255, February 1957), gives numerical data 
for a subject on which little sunilar information is 
available, but which is of considerable mmportance to 
the design of machinery for operation in arid regions. 
The authors caught dust at heights of from 4 to 20 ft. 
in lorry-borne apparatus in dust storms in Kansas 
and Colorado, in the United States. At the same 
time and on clear sunny days only, they made 
visibility observations, using dark visibility objects, 
and also measured the wind speed. From their work 
they are able to give numerical rules for the variation 
of dust density with height, and extrapolating up- 
wards with an exponential relation, total atmospheric 
dust content, visibility and dust content, and the 
amount of dust transported through a vertical square 
mile. The extrapolation to a height of one mile from 
observations to only 20 ft. may be subject to con- 
siderable error. The authors give some justification 
for it from the work of Wilhelm Schmidt (‘“Massen- 
austausch m freier Luft”, 1925). Their figures give 
a vivid impression of the meaning of the term ‘dust 
bowl. The relation found between visibility V (in 
miles) and dust concentration is V = 0:9 Cg—%8, 
where Cg is the concentration of dust at a height of 
6 ft. in mgm./ft.2. Details are given of some dust 
storms ranging from one with a dust concentration 
at 6 ft. of 0-09 mgm. /ft.5, visibility 4-8 miles, and an 
average rate of soil removal 53 tons/hr./vertical sq. 
mile, to one with corresponding values of 37-6 mgm./ 
ft.3, 0-05 miles and 47,951 tons/hr./vertical sq. mile. 
The values for an average storm are concentration 
6-54 mgm./ft.5, visibility 0-93 miles and rate of soil 
removal 9,945 tons/hr./vertical sq. mile. 


Level of the Caspian Sea 


DURING the past twenty-five years the level of the 
Caspian Sea has fallen by 24 metres, and this is 
affecting shipping, fisheries, petroleum winning and 
salt deposition in Kara-Boghaz-Gol. Recently, a con- 
ference on this subject, organized by the Academy of 
Sciences of the U.S.S.R., took place in Astrakhan. 
Prof. B. A. Apolov gave a summary report in which he 
said that the lowermg of the level of the Caspian Sea 
18 due to the warming up of the climate of the northern 
hemisphere and to the increased utilization of the 
rivers of the region for irrigation and water supplies. 
He estimates that by 1970 the level may have fallen 
another metre. To remedy this, he proposed the 
construction of a dam m the northern part of the 
Caspian Sea. Other proposals (Dvorov, I. M., Priroda, 
No. 1, 111; 1957) included the diversion of the upper 
courses of Onega, Northern Dva and Pechora Rivers 
into the Volga, or the diversion of the Siberian rivers 
into the Caspian Sea. 


Royal Military College of Science, Shrivenham : 
Studentships 


Tue War Office and Ministry of Supply announce 
that the following have been awarded civihan 
studentships, tenable for three years, at the Royal 
Military College of Science, Shrivenham: J. H. 
Garvie (Glasgow Academy), G. H. Gregg (Cockburn 
High School, Leeds), D. A. G. Pedder (Admiralty) 
and K. R. Thomas (Redruth County Grammar 
School). These studentships are sponsored by the 
Ministry of Supply on behalf of all the Government 
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departments employing scientists. Their object is to 
give to young men who intend to enter the Scientific 
Civil Service a university education in science or 
engineermg. To this end, the War Office makes 
available some places on the Young Officers’ Degree 
Course at the Royal Military College of Science, 
Shrivenham. On these courses students are prepared 
for the University of London degree of B.Sc. (Special) 
in chemistry, physics or mathematics or B.Sc. 
(Engineering). In addition to a first-class education 
in science or engmeering, the Royal Military College 
of Science provides ‘a useful background education 
for the study of defence research problems so that 
the courses at the College are particularly suitable 
for training young scientific officers for work in 
Government defence research establishments. 
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Supply of Scientists and Technologists for Industry 


A CONFERENCE on ‘“‘The Supply of Scientists and 
Technologists for Industry”, under the auspices of 
the British Association, will be held in the University 
of Leeds on July 5. The conference has been arranged 
in connexion with the Report of the Science and 
Industry Committee, published by the Oxford 
University Press on May 31,- under the title of 
‘Industry and Technical Progress”, by Prof. C. F. 
Carter and Prof. B. R. Walliams, the directors of the 
two research'units appointed by the Committee. The 
conference will discuss Chapter 9 of this report, which 
18 devoted to a consideration of some of the problems 
connected with increasing the supply of trained men 
and women for industry. These include certain 
problems confronting the schools, colleges and 
universities, such as early leaving, early specialization, 
university entrance requirements, the type of 
university degrees, and the recruiting of science 
teachers for schools and staff for the technical 
colleges. Some of the problems confronting industry 
are also to be discussed, including the qualities 
industry looks for in a scientist or technician, the 
shortage of scientific staff, salaries, chances of pro- 
motion, traming schemes in firms, recriitment by 
large and small firms, efficiency in the use of scientists 
and technologists by industry, and the shortage of 
draughtsmen. The conference-is open to all who are 
interested in this subject, without fee. Applications 
for tickets should be addressed to the Secretary, 
British Association, Burlington House, Piccadilly, 
London, W.1. 2 


Electronics Course at Harwell 


THE twelfth specialized course on the design, use 
and maintenance of electronic instruments used in 
nuclear physics, radiochemistry and in work with 
radioactive isotopes will be held in the Reactor 
School, Atomic Energy Research Establishment, 
Harwell, during July 15-19. The course will mclude 
lectures, demonstrations and practical work on many 
types of electronic instruments, includmg counters, 
d.c. and pulse amplifiers, scalers and rate meters. The 
course is intended primarily for physicists and elec- 
tronic engineers: the fee for the course is 25 guineas, 
which does not include the cost of accommodation 
in the district, but local accommodation can be 
arranged on request. Since the number of places on 
the course are limited, application forms should be 
returned as soon as possible, and in any case before 
June 21. Appheation forms and further information 
can be obtamed from the Divisional Administration, 
Officer, Electronics Division, Atomic Energy Research 
Establishment, Harwell, Nr. Didcot, Berkshire. 
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University of Leeds : Appointments 


Tue following appointments in the University of 
Leeds are announced: Dr. G. R. Tristram, as pro- 
fessor of leather mdustries from October 1; Dr. M. 
Atkinson, as lecturer in the Department of Medicine ; 
Mr. W. C. Gregory, as lecturer in geology from 
September 1; Mr. I. R. McDougall, as lecturer in 
chemical engineering from September 1; Mr. F. OM. 
Shiel, as lecturer in pathology; Mr. R. W. Spencer, 
as lecturer in chemical pathology from August 1; 
Dr. R. J. Williams (at present Turner and Newall 
research fellow in the Department of Physical 
Chemistry) as Brotherton research lecturer in physical 
chemistry for one year from October 1. 

Donations to the University building fund have now 
brought the total amount in the fund to £497,828. 


University of London: Appointments 


Tue followmg appointments in the University of 
London are announced: Dr. John Brown, lecturer 
in University College, to the University readership, 
ın electrical engmeering tenable at that College; 
Dr. J. A. Clegg, senior lecturer. in physics at the 
Imperial College of Science and Technology, to the 
University readership in physics; Dr. Henry Elliot, 
senior lecturer in physics at the Imperial College of 
Science and Technology, to the University readership 
in physics ; and Dr. Robert Latham, senior lecturer 
in physics at the Imperial College of Science and 
Technology, to the University readership in high 
temperature physics, all tenable at that College. 


The Night Sky in June 


FuLL moon occurs on June 12d. 10h. 02m. U.T., 
and new moon on June 27d. 20h. 53m. The following 
conjunctions with the Moon take place: June ld. 
09h., Mars 6° N.; June 6d. Olh., Jupiter 6° N.; 
June lld. 1¢h., Saturn 0:0° S.; June 30d. 00h., 
Mars 6° N. In addition to these conjunctions with 
the Moon, Mars is in conjunction with Pollux on 
June lld. 06h., Mars being 5:5° S., Mercury with 
Aldebaran on June 18d. 13h., Mercury being 4-2° 
N., and Venus with Pollux on June 26d. 04h., Venus 
being 5-4° S. Mercury rises a short time before the 
Sun, but observation will be difficult. Venus sets 
rather more than an hour after the Sun, and is 
visible as a bright object low in the west just after 
sunset. Mars is visible in the west for a short time 
after sunset, its stellar magnitude being + 2-0. 
Jupiter sets at lh. 15m., Oh. 20m. and 23h. 25m. at 
the beginning, middle and end of the month, 
respectively»; it passes from Leo into Virgo on 
June 11. Its stellar magnitude is — 1-6, and its 
distance from the Earth m the middle of the month 
is 500 million miles. Saturn sets at.4h. 10m., 3h. 
10m, and 2h. 05m. on June 1, 15 and 30, respectively ; 
1t 18 retrograding in Ophiuchus, and is north of 
Antares. The stellar magnitude of Saturn is + 0:2 
and its distance from the Earth on June 15 is 840 
million miles. There is one occultation of a star 
brighter than magnitude 6, observation being made 
at Greenwich: June lid. 0h. 25:7m., w1 Sco. (D); D 
‘refers to disappearance. ‘The summer solstice occurs 
on June 21d. 16h. 


Announcements ; 

Mr. J. R. V. Dorres, who has been chief engineer 
to the Weapons Group of the United Kingdom Atomic 
Energy Authority smce 1951, has been appointed 
chief engineer to the Authority’s Research Group. 
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He will take up his new duties at Harwell on 
August 1. p A 


Dr. I. BERNARD Conen, associate professor of the 
history of science and of general education at Harvard 
University, will deliver a lecture on June 13 at 
4.15 p.m. in the Clarendon Laboratory, Oxford, on 
“Wave and Corpuscular Theories of Light from 
Newton to Maxwell”. 


AT @ recent meeting of the Nutrition Society the 
folowing officers were elected: President, Dame 
Harriette Chick ; Hon. Secretary, Dr. R. J. L. Allen 
(Beecham Foods, Ltd., Brentford, Middlesex) ; Hon. 
Treasurer, Dr. W. F. J. Cuthbertson ; Hon. Editor, 
Dr. S. K. Kon; Hon. Programmes Secretary, Miss 
D. F. Hollingsworth. Dr. G. H. Bourne and Dr. 
A. J. Amos retired afser five years service as hon. 
secretary and hon. treaswrer, respectively. 


THE award of the Corday-Morgan Medal and Prize, 
consisting of a silver medal and a prize of 200 guineas, 
is made annually to ths chemist of either sex and of 
British nationality who, m the judgment of the 
Council of the Chemical Society, has published during 
the year in question the most meritorious contribution 
to experimental chemistry, and who has not, at the 
date of publication, attained the age of thirty-six 
years. Copies of the rules governing the award can 
be obtained fromm the General Secretary of the 
Chemical Society, Burlngton House, London, W.1. 
Applications or recommendations in respect of the 
award for 1956 must be received not later than 
December 31, 1957, and applications for the award 
for 1957 are due before the end of 1958. 


Tux 368rd meeting of the Biochemical Society will 
be held in the Department of Chemistry of King’s 
College, Newcastle upon Tyne, on June 28, starting 
at 11.15 a.m. 


A somnz meeting on “The Control of Chemical 
Additives in Food” of the Food Law Institute of the 
United States, the Food Group of the Society of 
Chemical Industry, the Society for Analytical 
Chemistry and the Association of Public Analysts, of 
Great Britain, is to be held at the Royal Institution, 
London, on July 26. Further details can be obtamed 
from the Society for Analytical Chemistry, 14 Bel- 
grave Square, London, 8.W.1. 


Tas Nutrition Society is to hold a symposium on 
“Flour and Bread” in the Anatomy School at Cam- 
bridge on July 5 and 6. The chairman will be Sir 
Rudolph Peters (Biochemistry Department, Institute 
of Animal Physiology, Babraham, Cambridge) and 
the following contributions have been arranged : 
Dame Harriette Chick (Cambridge): ‘Wheaten 
Bread: a Historical Sketch’; Dr. ©. R. Jones (St. 
Albans): “Essentials of the Flour Milling Process” ; 
Dr. E. M. Widdowson (Cambridge): “Problems and 
Pleasures of Human Experiments”; Prof. R. A. 
Morton (Liverpool): ““The Report of the Panel on 
Flour” ; Dr. H. M. Sinclair (Oxford): “Nutritional 
Aspects of High-extraction Flour”; Dr. D. W. 
Kent-Jones (London): ‘The Case for Fortified White 
Flour’; Dr. J. R. Nicholls and Mr. J. R. Fraser 
(London): ‘‘Analytical Problems in the Determina- 
tion and Control of Extraction Rates”. Further 
particulars can be obtamed from the -Hon. Pro- 
grammes Secretary of the Nutrition Society, Miss 
D. F. Hollingsworth, c/o Ministry of Agriculture, 
Fisheries and Food, Great Westminster House, 
Horseferry Road, London, 8.W.1. 
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ECONOMIC AND EDUCATIONAL DEVELOPMENTS IN MALTA 


UBJECT to the approval of Parliament, the 
British Government agreed with the Government 
of Malta on February 27 to contribute a total of 
£6,077,000 to the Maltese budget for 1957—58, of 
which £899,000 is towards the ordinary budget 


“deficit, £540,000 for war. damage compensation and 


£4,638,000 to the capital budget, including war 
damage grants and- Colomal Development and 
Welfare grants. This total compares with £2,705,318 
for 1954-55, £4,382,392 for 1955-56 and £5,433,778 
for 1956—57, and the financial statement for 1957—58 
issued to the Legislative Assembly on March 8, 1957, 
pays tribute to Britain’s growing help to the people 


_of Malta in their economic difficulties. 


Referring to the increasing tempo with which the 
basic facilities for economic development are being 
strengthened, the Statement points out that the cost 
of extracting and storing additional water supplies is 
not greatly different from that in the United King- 
dom, but there ıs much leeway to be made up for 
years of under-investment. For 1957—58, estimated 
expenditure on water development is £1,020,630, 
compared with £493,038 m 1956-57, £239,603 m 
1955-56 and £150,466 in 1954-55, and schemes are 
m hand which could give an increase of just over 
50 per cent on the present daily production of nearly 
7 million gallons. 

The harbour development project is estimated to 
cost about £2 million, of which £295,000 is expected 
to be spent in 1957-58, but it will be two years 
before the first deep-water berths come into operation, 
and in the meantime the Malta Tug and Lighter Co. 
is to purchase, under a Government guarantee, nine 
to twelve steel lighters, designed to Government 
specification, to relieve congestion. Good progress is 
being made with the change-over in the electricity 
distribution system, which is now scheduled for 
completion by December 1958 instead of April 1960. 
The old coal-gas plant is being replaced by a modern 
catalytic oil-gas plant, and up to 5,000 consumers 
will be supplied from a liquid petroleum bottling 
plant at a capital cost for both projects estimated 
at £231,000. 

In technical education 200 boys will be admitted 
to the new Boys’ Technical School at Kordin in 
September 1957 and 200 annually thereafter until 
the complement of 1,000 is reached, while work will 
commence on two new technical schools in 1957-58, 
one for boys and one for girls, and the new Technical 
School and Lyceum should be completed in 1957-58. 
It is hoped shortly to introduce a two-year course 
for emigrants at the Marsa Industrial Trainmg 
Centre and to arrange with the United Kingdom 
Ministry of Labour to place the trainees in fac- 
tories where they will get practical experience of 
operating modern machinery and using modern 
techniques. 

. Industrial development was seriously set back by 
the Suez crisis; but the Maltese Government hopes 
to overcome some of the credit difficulties with its 
proposed ‘Aids to Industry’ Bill, and in the 1957-58 
estimates £30,000 is earmarked for an industrial 
estate and £45,000 for loans and grants to new 
industries. The considerable assistance now being 


given to farmers and fishermen is stemming the exodus 
from these industries: provision for fisheries has 
been increased to £163,520 and for agriculture to 
£421,466. Great emphasis is being placed on agri- 
cultural education and training, and next year 


.trainees will be sent to agricultural colleges in the 


United Kingdom with a view of eventually replacing 
the overseas experts at present helping Malta. The 
road programme for 1957-58 concentrates on roads 
which can be justified on economic grounds, besides 
givmg employment to unskilled labourers, and the 
estimate 1s for £382,100 compared with £442,887 m 
1956-57. 

In reviewing the revised estimates for 1956—57, 
rwhich show an estimated deficit of £692,983 in the 
Ordinary Budget and a deficit of £2,498.190 in capital 
expenditure, the Statement notes that the contribu- 
tion from the United Kingdom includes £1,674,392 
for war damage and reconstruction, £347,049 from 
Colonial Development and Welfare grants, and 
£156,000 towards emigration. Tribute is paid to the 
work of sixty-seven overseas experts in implementing 
new development schemes, but the Maltese Government 
is determined to improve the opportunities available 
for capable Maltese, and since March 1955 sixty-five 
Government employees have been seconded for 
trainmg abroad. During 1957-58 a further eighty- 
eight will attend courses in English universities and 
other seats of learning, of whom thirty will be from 
the Ministry of Education, seventeen from the 
“Ministry of Agriculture, sixteen from the Ministry of 
Health and eight from the Ministry of Works. 

Finally, the Statement concludes that the flow of 
new capital should shortly make it possible for every 
citizen’ to contribute much more towards the welfare 
of the State than was possible in the past, and the 
Maltese people should no longer continue to mvest 
their entire savings abroad. It should become 
feasible to launch local Government-backed bonds 
which could be utilized to set up local industries in 
Malta. 


THE CRICHTON-MILLER REPORT 


T the end of 1956, Mr. D. Crichton-Miller, head- 
master of Fettes College, Edmburgh, visited 
Malta on the invitation of the Prime Minister, the 
Hon. Dom Maintoff, ‘‘to review the progress made in 
the last 21 months m the provision of education ; 
to consider future developments, particularly in 
higher and technical education ; and to suggest ways 
in which these developments can be effectively 
related to the economy of Malta”. Mr. Crichton- 
Miller has since submitted his report (Office of the 
Minister of Education, Valetta, Malta). ' “A 
Malta is facing many important problems coupled 
with the proposals for changes in her political status 
within the British Commonwealth. In spite of 
attempts to encourage her younger people to emi- 
grate and to persuade countries such as the United 
States, Australia and New Zealand to accept more 
Maltese, the mhabited islands, which comprise Malta, 


as 
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Gozo and, Comino, are some of the most densely 
populated in the world. (The inhabited islands are 
121 square miles ın extent, and-these house a popula- 
tion of 314,000.) Malta will be profoundly affected 
by the proposed cuts in the British Armed Forces, 
and she has already been warned of a reduction in 
civilian personnel in her Dockyard, which has, 
hitherto, been her main economie prop. Owing to 
the nature of the islands and the seas around, agri- 
culture and fisheries—her main industries—are 
difficult, and forestry presents problems unfamiliar 
to those used to more fertile and deeper soils. The 
present Government is making considerable efforts 
to get more industries started—sponsored either by 
the State or by private: enterprise. Education in 
this densely populated area is therefore of paramount 
importance, not only to Malta herself but also to the 
, Commonwealth. i 
It may surprise somo people to learn that com- 
pulsory education was not introduced into Malta 
until after the Second World War (March 1946); 
‘but the Crichton-Miller Report reveals that great 
strides towards improvements have been taken since 
then, especially by the present Government. Natur- 
ally, considerable difficulties were met in imple- 
menting the policy of compulsory education, especi- 
ally during its initial stages. ‘This was due mainly to 
the vismg child population, which was increasmg 
at the rate of a thousand a year in an area of 
a total population of 314,000. Inideed, up to so 
recently as September 1954, only 561 out of a total 
of 1,777 primary school classes were receiving full- 
time education m their own class-rooms. 


Primary Education 


A very determmed scheme which was begun in 
March 1955 saw the eradication of all part-time 
work—as the Report indicates, “a truly remarkable 
achievement”. Credit for this must be given to the 
present Government of Malta and especially to the 
Minister of Education, the Hon. Agatha Barbara, 
and to the Director of Education, Mr. J. P. Vassallo. 

Mr. Crichton-Miller expresses his conviction that 
the children are now housed m such a way that 
teaching can be carried out with almost the maximum 
efficiency. .This, coupled with the Government’s 
most recent Financial Statement that the building 
of new schools is to be accorded priority, must be 
gratifying to those most’ closely concerned. There 
are now 120 government primary schools and many 
private elementary schools. At present there are 
about 53,000 children in the government schools, 
and soon the authorities wil be faced with the 
problem of distributing annually about 10,000 
children who, at the age of 11-12-years, have com- 
pleted a comprehensive course of primary education. 
It seems, however, that the Government’s prodigious 
efforts at improving educational opportunities and 
standards are much favoured by children who are by 
nature very intelligent, and whose manners and 
discipline are above average (due to home and 
church influences), and by parents who are co- 
operative. 

, he children are admitted to the primary schools 
at the age of six, and the Report gives cogent reasons 
for not reducing this to five, as in Great Britain. 
The Report also advocates a short junior secondary 
course of 2-3 years duration in the present primary 
schools proper. Such a course, followed by a cer- 
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tificate examination in English and possibly arith- 


metic, might prove kelpful to such school leavers 
when applying for work: Children may leave school 
at the age. of fourteen, and the Report does not 
support the idea that the school-leaving age should 
be raised to fifteen, though pupils should be allowed 
to stay on at school on a voluntary basis. 

A ‘compulsory control examination’ at the end of 


‘the primary school age is recommended. This would 


correspond to the so-called ‘eleven-plus’ examination 
in Britain; but a two-year-range is suggested for 
Malta. Thus the bright child would gain early pro- 
motion, whereas the s.ower child would get a second 
chance. Following th:s examination, children would 
be drafted to secondary grammar, secondary tech- 
nical or secondary cbrical courses, or they would 
take the ‘short secondary’ course mentioned above. 
Thus the present special arrangements for the 
preparation of Docxyard candidates would be 
eliminated—arrangern2nts which Mr. Crichton-Miller, 
in any event, deplores. Moreover, ıf a control exam- 
ination is. mtroduced ıt would be unnecessary to ` 
include in the primary syllabus any special training 
of candidates for the Lyceum in Valetta. 


Higher and Technical Education 


Considerable developments have recently been 
made in secondary ecucation, and new training col- 
leges are bemg develcped for which the Government 
has obtained financial assistance from various 
sources. At present shere are six secondary schools 
(one of them preparatory) and two technical schools, 
apart from the Lyceum. New buildings, especially 
for the Lyceum in Valetta, are in an advanced 
stage. ‘ ` f 

The general aim is to provide for 5,000 pupils in 
the Lyceum and a girls’ school (both of grammar 
school status), senior and junior technical schools and 
a girls’ clerical collegs. These will be m Malta, and 
a similar provision on a smaller scale will be made in 
Gozo. The Report maintains that this aim is 
not too ambitious, provided that the primary 
schools supply -the candidates of the requisite 
standard. 

The main problem here is the provision of a sixth 
form, for staff will be required, and the parents will - 
have to be persuaded to use it. In this connexion, a 
great deal depends or the Royal University of Malta, 
because at present iss students on entry have not 
done the kind of post-certificate course with two- 
advanced-level subjects as is demanded by most 
universities. It is claimed that if the University 
demanded a sixth-form standard in its freshmen, 
then parents would eventually recognize the value 
of such a sixth form 

If and when a sixth form becomes established in 
the secondary schools, the main problem to be faced 
will be its content. .In the past, science subjects have 
been neglected. This is ascribed by some to the 
shortage of science teachers. But according to the 
Report, this is not the only reason, because the 
children of Malta, gc in for the study of languages 
more than do those of any. other country in Europe ; 
in fact, it is not unusual to find a pupil in a grammar 
school ‘studying as many as five languages. In view 
of this, Mr. Crichtor-Miller goes so far as to suggest 
that in the new scierce sixth forms, cultural subjects 
should be virtually excluded if the production of 
high-class scientists and technologists is not to be 
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prejudiced at university entrance-level. It appears, 
therefore, that the only institution in Malta which: 
could maintain a comprehensive sixth form offering 
science and arts subjects, as understood in the 
average large British grammar school, would be the 
Lyceum. The Report also suggests that the other 
secondary schools should specialize in their 
sixth forms ih either arts_ or sciences, or languages, 
etc. 

The suggested ‘clerical’ grammar schools will cater 
for children who. do not intend proceeding to the 
University, so. these schools will have no sixth form. 
Their certificate examination will be, at the ordinary 
level and will embrace more commercial subjects. 
Nothing has so far-been done towards the develop- 
ment of such schools. ~., 

The supply of skilled craftsmen and technicians is 
bemg taken into. careful consideration ; in fact, even 
at the level of ordinary. secondary education, there 
are to be schools having a technical bias. Some 
pupils will drop out of such schools at the age of 
fourteen, and go straight to trade apprenticeships, 
whereas others will, proceed to a senior tech- 
nical school. A polytechnic hohoak: is also being 
planned. 

The secondary school-leaving age is 3 b0 be 15-17. 
Most -of- these school leavers will go- straight into 
employment, though some of them will continue 
part-time.studies, mainly on the technical side. The 
rest will, continue their education (1) overseas; 
(2) at @ teachers’ training college; (3) at the poly- 
technic (when ready) ; or (4) at the Royal University 


. of Malta. Those. who proceed to a British or other 


university will be ensured of a satisfactory advanced 
education. The proposed scheme for a polytechnic is 
still uncertain, but will no doubt develop as the 


, demand grows. 


The Report envisages about 150 students wishing 
to gain admission to the Royal University of Malta ; 
but, alas, the University is at present in no position 
to cope with such a demand. In fact, it is suggested 
in the Report that the University should be sub- 
jected to complete re-organization if it 18 to play its 
part in the quickly developing educational scheme in 
Malta. It is not possible at this stage to make any 
constructive suggestions, though the Report does 
hint at the need for extra-mural advice. The Univer- 
sity is autonomous, but looks mainly to the Govern- 
ment for its funds, so it is only natural that the 
Ph aa should wish to know what it is paying 

or 

It is obvious from: the Crichton-Miller Report that 
the main shortcomings in education in Malta lie m 
the lack of sixth forms in the secondary schools and 
in the general organization of the University. It is 
curious thet the development of education in Malta 
since school education became compulsory is starting 
from the primary schools, whereas in Britain and 
elsewhere it has been the universities which originally 
set the pace. 


Alms and Objectives 
-Fhe aim‘ of the present large-scale programme of 


(1) 


- to give the people one of the fundamental benefits of 


* Itis encouraging to learn that the Government and the ee 
with the assistance of the Inter-University Council for Higher Educa- 
tion Overseas, are,to form a mission comprised of certain authorities 
from Great Britain and others from the Royal University whose 
function it will be to tackle the serious problems involved. 
mission is about to start its work 
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the Welfare State; (2) to supply a training ground 
at home for future leaders; (3) to raise a class of 
skilled technicians which will stimulate industry in 
Malta and produce more types of would-be emigrants 
who would be most welcome in other lands—because, 
in this thickly populated area, emigration is of prime 


~. importance. 


It is clear that training for leadership is out of the 
question until there is a sixth-form system as a 
regular source of high-grade students for the Univer- 
sity, and on the technical side, the proposed poly- 
technic will play an important part." 

One of the most difficult problems to face in this 


-connexion is the fact that Malta. cannot at present 


provide its own secondary school teachers having the 
desirable academic qualifications. Therefore, to make 
the country self-sufficient, a good teaching staff must 
be a priority target, for the Report states that the - 
salaries are adequate. i 

A Director of Technical Education has been 
appointed, because the present Government’s plans 
for technical education are ambitious—and rightly so 
if Malta is to develop industries of her own and_ 
produce emigrants who are able to qualify for 
membership of the craft unions in Great Britain, 
Australia or the United States. The proposed poly- 
technic will provide for whole-time courses, ‘sandwich’ 
courses and a large range of continuation classes. At 
first, examinations in this institute will be for the 
national certificates, City and Guilds diplomas, and 
membership of the various engineering institutions ; 
eventually degrees courses in the polytechnic might 
be instituted. It is significant that the Dockyard 
Authorities are anxious that skilled workers for new 
industries in Malta should be trained outside the 
Dockyard, for they have no wish to hold a monopoly 
in this sort of education. 


Mr. Crichton-Miller expresses the opinion that the 
considerable educational developments in Malta have 
already gone far in the right direction and the future 
standards aimed at are commendably high. But he 
qualifies this by emphasizing: the marked deficiency 
on the academic side and the need for reform in the 
University ; the rather indefinite aspirations govern- 
ing the rapid development of technical education, 
and the obvious risk involved in training craftsmen 
for whom there is, at present, no suitable work; the 
need for a more convincing effort to show that this 
great expansion in the educational services has not 
been done too hurriedly. He concludes his Report, 
however, as follows: “‘. .. when the foundations 
are so good, and the design so promising, the critic 
is inclined to judge by the highest standard. This is 
the best tribute I can pay to those who have worked 
80 hard, and with such vision, during these last two 
years”. 


THE INSTITUTION OF 
CHEMICAL ENGINEERS 


ROYAL CHARTER 


HE foundation of the Institution of Chemical 
Engineers in 1922 was inspired by the experiences 
of the First World War. By the beginning of this 
century, Britain had fallen behind other countries, 
notably Germany, in the development of heavy 


re 


t, 


chemical industry. The outbreak of war was rapidly 
followéd by a serious shortage of munitions, and the 
attention focused on the design, construction and 
efficiency of plant for the manufacture of explosives 
led to a vigorous campaign by Lord Moulton for the 
training of chemical engineers. The industrialists, 
chemists and engineers who founded the Institution 
realized that the design and operation of chemical 
plant needed its own engineering discipline, and it 
was agreed that a new qualifying professional body 
was essential to organize the study of the- new 
technology. _ 

The emphasıs on qualification was important 
because at that time no university in Britain offered 
courses in the subject, whereas in the United States 
courses in chemical engineering had been started at 
the Massachusetts Institute of Technology as early 
as 1888, and by 1920 there were 5,743 students of 
the subject in American universities. The key to the 
recognition of the distinct qualities of chemical 
engineering was the publication of a text-book by 
Prof. W. K. Lewis and the staff of the Massachusetts 
Institute of Technology, where the teaching of 
chemical engineering followed the lines first proposed 
by the English pioneer, G. E. Davis. This used the 
éoncept of ‘unit operations’, whereby the large-scale 
chemical manufacturing processes were analysed 
` according to the fundamental physical principles 

involved: fluid flow, heat and mass transfer, rate- 
processes and thermodynamics. s 
From the beginning the Institution set a high 
standard for its qualifications. The examination 
devised was unique and still retains the original 
essentials, which might well be a model for develop- 
ments in other fields. The examination is divided 
into two parts, the first conducted by conventional 
written papers in the theory and practice of the 
subject, and the second a problem in design which 
the student is allowed two months to complete. 
This amounts to more than a test: it affords training 
in the organization of material which has to be, 
sought in the original papers and patents as well as 
in the text-books. The student who completes it has 
learnt +o derive practical engineering solutions to 
problems for which the data are scattered and 
meomplete. be wach 
These qualifying functions of the Institution are 
still of the first importance, although the task of 
examining students has been lightened by the growth 
of degree, diploma and postgraduate courses in 
chemical engineeririg in British universities and 
colleges of technology, and by the courses for the 
Higher National Certificate. Courses for the train- 
ing of chemical engineers are now offered in more 
than twenty colleges in Britain. Chairs in the 
subject exist at University College and the Imperial 
College, London, and at Birmingham, Cambridge, 
Durham, Edinburgh, Glasgow, Manchester and 
Swansea, and there are departments which include 
chemical engineering at the Universities of Leeds 
and Sheffield. More than three hundred degrees are 
awarded annually. 
~ The membership of the Institution has grown con- 
' tinually over the years, ‘to the present number of 
3,500. .. In the United Kingdom, branches of the 
Institution operate in the Midlands and the North- 
West, and there are informal groups in Scotland, 
Scunthorpe and South Wales. In South Africa there 
is a strong- branch, and advisory. panels operate in 
Australia, India and New Zealand. The examinations 
of the Institution attract entries from all over the 
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Commonwealth, and are normally held ‘in Australia, 
Canada, India, New Zealand, Pakistan, South Africa 
and the West Indies as well as in Britain and Holland. 


_ The steady stream of Dutch candidates is witness to 


the need for the qualification and the esteem in which 
it is held in Europe. : h ng 

Although more thar half the membership of the 
Institution is employec in the chemical industry and 
in the manufacture of chemical plant, a wide dis- 
tribution is to be found among a range of indus- 
tries characterized br their high rate of capital 
investment, such as the textile industry. -An-analysis 
of the functions of chamical engineers within these 
industries, carried’ ous by the Institution, shows 
that more than four-fifths are divided about equally - 
between administratior ; plant operation, production 
and maintenance; plant design, construction and 
installation; and research and development. The 
remaining fifth are occupied in technical sales and 
services, teaching, consulting, etc. = * 

The demand by industry ‘for chemical engineers 
has outstripped the facilities offered by the.univer- 
sities and the specia- courses leading up to the 
Institutién’s examination. A. start has been made 
with Higher National Certificates in chemical en- 
gineering at a.number of technical colleges, and _ 
efforts are being made to expand the facilities. The 
Institution has co-opzrated with the Ministry of 
Education in the preparation. of a modelsyllabus, in 
the moderating of examinations and by the recog- 
nition of the Higher National Certificate with an 
endorsement as exempting a candidate from the first . 
part of the Institution’s examination. It is of the 
first importance to tke British economy, not only 
that these facilities should be enlarged, but also that 
an adequate supply of recruits to the profession from 
the schools should be maintained. To attract and 
inform potential engineers, thé Institution has 
recently ‘issued an iltustrated booklet* describing - 
the work and prospects of the chemical engineer, the 
qualifications and methods of training, and the 
industries in which. he is engaged, for distribution to 
schools on request. 

As part of the work of a professional body, the 
publication of original papers 1s an important activity 
of the Institution. Its Transactions, which are now 
published bi-monthly, contain original communica- 
tions of research cazried out in universities, in 
industry and at research associations. The papers 
cover fundamental investigations into the basic 
mechanisms of. fluid ficw, heat and mass transfer and 
thermodynamics, applied research on industrial 
problems, and questions of safety, economics and 
management. The Transactions are distributed to 
members of the Institution and to libraries, univer- 
sities and industries throughout the world. 

The rapid growth of the processing industries such 
as oil refining, chemicals, artificial fibres and plastics 
has created a demand for chemical engineers which - 
is not satisfied. The development of new industries, 
based on nuclear energy and the processing of-fissile 
material, has added to this demand. The mounting 
appreciation of the importance of the ‘fourth primary 
technology’ to the nazion’s economy and the status 
of the Institution of Chemical Engineers have been 
confirmed by the recent grant of a Royal Charter to- ` 
the Institution (Nature, 179, 947; 1957), which may 
look forward to an assured role in the development of 
British industry. E 

. : : 
institution of Chemical Engneers, i036) Sa Condon: 
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EAST AFRICAN AGRICULTURAL 
AND FISHERIES RESEARCH 
i COUNCIL 


„35+ REPORT'FOR 1956 


HE ‘annual report of. the East African Agri- 
cultural and Fisheries Research-Council* for the 
year ended June 30, 1956, comprises a general review 
and the separate reports of the Organizations for 
Agricultural and Forestry Research, for Veterinary 
Research, for Fishery Research, for Marine Fisheries 
Research, and for Trypanosomiasis Research, each of 
which includes a list of staff and of papers published 
during the period. A Trypanosomiasis Research 
Co- -ordinating ‘Committee was established during the 
year and it is believed that co-ordination is now 
adequate. Generally,” the East African Agriculture 
and Forestry Research Organization-gives preference 
to problems of immediate importance to more than 
one territory,- which require several years research, 
and to problems requirmg both a central research 
team or co-ordinating research officer and territorial 
field officers. Forestry nursery work has been very 
successful in developing improved methods of man- 
aging tree seedlings. Experimental work on the 
conservation of water by fallows at Kangwa has been 
completed and the first stage of the work on assessing 
the fertilizer needs of a soil is nearing completion ; 
an investigation is to be undertaken of factors which 
influence the raté of oxidation of organic matter in 
“tropical soils. A revised edition of the Soil Map of 
‘East Africa is in preparation and work continued on 
the genetical analysis of the resistance of maize to 
American rust disease. The survey of insects attack- 
_ ing East African forest trees has been largely con- 
- cerned with wood-boring species, while studies of the 
digestibility of protein in fodders have shown that 
within’ narrow limits there is a unique relation 
between the crude protein content of a feed and its 
apparent digestibility and that this relation is the 
same for all-ruminants. 

Substantial progress was made in the establish- 
ment of the East African Veterinary Research 
Organization and production of caprinized and 
leprmized rinderpest vaccines was not seriously 
interrupted. A satisfactory technique for producing 
high-quality pleuropneumonia antigen was devised 
using a new tryptose broth medium and a modified 
Lister separator for ‘concentrating the organisms. 

The annual report of the East African Marme 
Fisheries Research Organization for 1955-56 reviews 
briefly the work of the previous four years. A pre- 
liminary report on ‘the distribution in place and time 
of the pelagic fishes will be published shortly, but 
this study still requires a long series of patient 
observations and its scope is being extended. 

The East African Trypanosomiasis Research Organ- 
_ization was almost at full.strength for the first time 
in 1956. It can now be affirmed that G. morsitans 
cand -G. swynnertont normally find most feeds from 

~ wart- hog, seldom, if ever, from zebra and hartebeest, 
” atid: very rately from impala; but given the oppor- 
- tunity: G; mofsitans takes the greater part of its feeds 
- from hippopotamus. In general, research on the 
trypanosome in East Africa is far behind that on the 
tsetse fly, and a chief problem is the extremely com- 

* Bast Africa High Commission. Annual Report of the East African 


agricaltaral and -Fisheries Research Council, j} 196571050: _ Pp. 11+56. 
(Nairobi: Government Printer,. on Sh. 3. . 
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plex problem of the ‘trypanosome challenge’. At the 
Central Trypanosomiasis Research Laboratory the 
whole life-cycle of trypanosomes, particularly those . 


. of the polymorphic group, is under mvestigation, but 


three of the larger projects are epidemiological 
investigations. The pilot schemes for tsetse reclama- 
tion are being wound up and the Organization will 
no longer include that field among its activities. 

The annual report of the East -African Fisheries, 
Research Organization* for the year ended June 30, 
1956, meludes-a list of publications by its staff 
and by visiting scientists and a paper on “The 
Efficient Utilization of the Fisheries of Lake Vic- 
toria’, setting forth the views of the Organization on 
retention of the existing restrictions on fishing. 
Appendixes include papers on the distribution of 
sulphur in the muds, water and vegetation of Lake 
Victoria and its fixation in the bottom deposits ; 
observations on seasonal and diurnal changes of 
stratification in Leke Victoria; the planktonic 
effects of D.D.T. on 
the feeding habits of insectivorous fishes in the 
Victoria Nile ; ring formation in the scales of Tilapia ` 
esculenta ; and a preliminary note on investigations 
being undertaken on the physiology of reproduction 
in fishes. Studies on the water of Lake Victoria were 
severely handicapped by the absence of a hydro- 
logist, but work on the food and feeding habits of 
piscivorous and insectivorous fishes in Lake Victoria 
is near completion. An investigation ‘was started on 
the growth-rate and general ecology of young Clarias 
messambicus in the first two years of life, and research 
on the taxonomy and ecology of the seventy Haplo- 
chromis species m Lake Victoma 1s virtually 


“complete. 


‘i Bar Africa High Commussion. East African Fisheries Research 
nization. Annual Report 1955/1956. Pp. vii+23. (Jinja, Uganda: 
is African Fisheries Research Organization, 1956.) 


` 


TECHNICAL COLLEGE LIBRARIES 


NDER the titlo “Standards for Library Service 
in Colleges of Technology”, a Committee of the 
Sub-Section for Colleges of Technology and Further 
Education, University and Research Section of the 
Library Association, under the chairmanship of L. L. 
Ardern, has compiled a useful report* containing 
basic recommendations for libraries in colleges of 
advanced technology, regional technical colleges and 
those area technical colleges which have advanced 
full-time or sandwich courses. The report sets out to, 
give broad guiding principles based on the experience 
of its members, and the minimum standards set forth 
should not only be of assistance to local education 
authorities, principals and others, including librarians 
engaged in the provision of libraries, but should also 
indicate how much’ remains to be done before tech- 
nical college libraries can assume the regional fune- 
tions that have lately been suggested for them. 

The principal recommendations comprise appoint- 
ment of a suitably experienced chartered lbrarian, 
with the status recommended by the Library Associa- 
tion Council, before the library is- planned, and 
sufficient full-time staff to ensure that-the library can 

* Standards for Library Service in Colleges of Technology: a 
Report compiled by a Committee of the Sub-Section for Colleges of 
Technology and Further Faucatton, University and Research Section, 


The Library Association. Pp. 1 pa ri: Mr. J. Fry, Librarian, * 
” College of Technology, 1857.) Be 
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romain open during college hours. A central library 
rather than departmental libraries is recommended : 


the latter should be provided only for distantly _ 


situated departments and should even then be under 

` the control of the librarian. Seating accommodation 
should be adequate for 10 per cent of the student 
population, each part-time student being counted as 
one-fifth, and as a working formula it is recom- 

. mended that the number of seats should be multi- 
plied by twenty-five, with 20 per.cent added to the 
product, to give the floor area in square feet, allowing 
for a librarian’s office working space. Further 
allowance is required for book storage and future 
expansion. 

The initial grant should be sufficient to provide 
for 10,000 vélumes, with a minimum requirement 
after five years of ten volumes per student, and there 
should be retrospective files of the major technical 
periodicals. Alternative formule for this book fund 
are given, and the furnishings should include visual 
filing systems, ‘internal and external telephones, 
noiseless typewriters, photocopying apparatus and a 
microfilm reader. A recognized classification scheme 
should be adopted and the catalogue should provide 
an accurate, consistent and up-to-date means of 
locating the book stock and its contents. 

How far these standards are at present from being 
generally achieved is shown by an ‘analysis sub- 
sequently issued by the Sub-Section and compiled 
chiefly from data for 1955-56-supplied by members 
of the Sub-Section. Completed returns were received 
from only forty-three colleges and the data are 
arranged in four divisions: large colleges with about 
one million student-hours, two-thirds being full-time ; 
those with 500,000 student-hours, one-third full 
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time; small colleges, with .250,000 studént-hours, 
most part-time and evening; “and monotechnics, 
usually smaller institutions “teaching - only one 
subject. 

Of the large colleges, the six with the largest 
expenditure averaged only £2;740 annually on books 
and periodicals (compared with an average of £4,867 
for six small university colleges and £2,000, recom- 


mended by the London and Home Counties Regional’ 


Advisory Council for Higher ‘Technological Educa- 
tion): and the six with the smallest expenditure 
averaged only £706. The six with the largest expendi- 
“ture averaged: 27,625 books in stock, compared with 
9,995 for the six‘ with the smallest, 83,433 for the 
university colleges, and the 15,000 volumes recom- 
mended. The number of periodicgls taken averaged 
359 for the six with the highest and125 for the six 


with lowest expenditure, the corresponding numbers, 


of staff being six and two, respectively. 
latter figure, it is pointed ‘out, a ‘college library can 
only be manned, not staffed. For the medium 
colleges, the average figures for the four with highest 
and the four with the lowest expenditures are as 
follows: annual expenditure on books and period- 
icals, £1,065 and £513, respectively, compared with 
a recommended £1,000-£1,750; books in stock, 
18,247 and 6,472, compared with 8,000—10,000 
recommended ; periodicals taken, 150 and 120; and 
staff in the four with the highest expenditure averaged 
only one, compared with a minimum of two recom- 
mended. While it is pointed out that expenditure on 
books needs improvement, the staffing problem is 


again the most vital Although many technical”. 
colleges are well served by their single librarian, such . 
provision cannot give real service to an institution. .` 


i 


By A. V. S. de REUCK 
Department of Chemical Engineering, Imperial College of Science and Techriology, Lenders S.W.7 | 


HE surface free energy of ice is an important 
parameter in the theory of homogeneous nuclea- 
tion of ice from supercooled water and in the theory 
of ice crystal growth from the vapour phase, but no 
direct experimental determination of its value.is at 
present available. -It is of interest, therefore, to 
estimate tho work of cohesion across the basal (0001) 
and prism (1010) faces of a single crystal of ice using 
the Rowlinson! model of the water molecule. 
When an ice crystal is cleaved along a basal or 
prism face a molecule bonded tô either surface loses 
one nearest molecular neighbour and three or four 
next nearest neighbours, respectively. A -molecule 
which is not hydrogen-bonded across the cleavage 
~ surfaco loses three next nearest neighbours if it lies 
in the basal plane or two if it lies m a prism face. 
Such bonded and unbonded molecules occur in pairs 
m “both (0001) and (1010) planes; taken together 
they: may be regarded as losing one nearest and six 
, hext-nearest. neighbours in either case. The energy 
` per hydrogen-bond required for’ cleavage is thus 
Eo =U {+ 6U,, where U, and U, are the average 
interaction potentials between molecules in the first 
and second co-ordination zones, respectively, the 


attraction of more distant molecules being taken as | 


negligible. 


e 


With the 


The interaction potentials U, and U, for inter-- 


molecular spacings of 2-76 A. and 4:51 A., respect- 
ively, have been calculated using Rowlinson’ s force 
constants, m which account is taken of dispersion, 


induction and multipale forces, up to and. including - 


terms varying as r~? (Table 1). «For both basal and 
prism faces the calculated energy Eg is thus 6,080 
calories per mole surface. Expressed per unit area 
this free energy represents the work of cohesion 
Wa nd , while the surface free energy F = ud 
Na 
where J is the mechanical equivalent of heat, N4 is 
Avogedro’s number, and s is the area of surface per 
hydrogen bond. From the geometry of the ice 
lattice the area per bond in the basal plane is given 


y V3 = Leag x 10-1 om.? ea = 4:51 A-) whereas 





the bond area in thə prism faco is $- 1-66 x 


10-15 em.? (e = 7-35 A.). 
the more defisely populated and their surface energies 
are slightly higher. The works of cohesion “and cor- 
responding surface free energies are found~to be: 

| Basalplane (Wo)g = 288ergiem*; Fp = 119 ergjom.? 

_ Prism face {W pp. = 258 ergjom.? 3 Fp = 128 erg/om.® 


* > 
a 


X 


Thus the prism! "faces aré ` ; 





1120 NATURE June 1, 1957 voc 170 
3 E M I eC. 
Table 1. POTENTIAL ea Pips (OLEQULE IN IOE AT 0 C " a ; ~ á Since the latent heat of fusion, Lj, is 
A 



















Due toa Multipole Induction Dispersion- Total 
Pgs energy energy overlap energy | potential 

sb ca- J m {e CSN 
ordination ae we 7 
zone 4,305 147 402 U, =4,944 , 
2nd co- 

“ordination : 

zone ° 3 — 115 U,= 189-3 








These values are probably somewhat too high, 
because molecules exposed at the surface on cleavage 
will tend to relax into new equilibrium ‘positions and 
the energy released in the process will serve to 
reduce the work of cleavage. The surface distortion 
of the ico lattice “will, however, be largely absent in 

„a crystal that is immersed in water. An approximate 
value for the difference o between the surface freë 
energies of ice dnd water is obtained by setting 


1,430 cal./mole, we find c = 28 erg/em.* at 0° C. 
Some support for this estimate is provided by 
Fisher et al.2, who calculated o at — 38° C. from 
the results of experiments on the spontaneous 
freezing of supercooled water, using the theory .of 
homogeneous nucleation. - They conclude - that 
o = 32 erg/cm.’. £ 

The surface tension of supercooled water has not 
been measured below — 22° C., but extrapolation. of 
the curve obtained by Hacker’ gives for — 38° O.. 
the value of Fwater = 84 dynes/em. At that tem- 
perature, therefore, Ficg = 84 + 32 = 116 erg/om.?, 
in good agreement with the calculated surface free 
energy for the basal plane. 
1 Rowlinson, J. S., Trans. Farad, Soc., 47, 120, (1951). 
* Fisher, J. C., Holloman, J. H., and Turnbull, D., Science, 109, 168 


(1949). 
* Hacker, P. T., W.A.0.A. Tech. Note No. 2510 (1951). 


INCORPORATION OF RADIOACTIVE AMINO-ACIDS IN THE 
* -PROTEINS OF BULL SPERMATOZOA 


1 


-YT is widely held that ribonucleic acid is directly 
involved in protein synthesis, and there have 
been several recent demonstrations of the necessity 
for the presence of ribonucleic acid during synthesis 
of proteins'. In view of this, it seemed to be of 
interest to examine protein turnover in mature, 
ejaculated spermatozoa, which apparently contain at 
most only traces of ribonucleic acid. Several investi- 
gators?4, using different methods of analysis 
{chromatography and ionophoresis of the bases and 
nucleotides, and estimation of ribose as furfural), 
have been unable to obtain the specific ribonucleic 
acid components from human and ram spermatozoa 
or from heads of fish spermatozoa. The absence of 
the acid from bull semen has been confirmed in the 
present investigation. These observations are sup- 
ported also by cytochemical evidence". This report 
describes the results of preliminary experiments on 
the incorporation of C-labelled amino-acids into the 
proteins of bull spermatozoa and seminal plasma. 
The semen, within an hour of collection, was 
divided into equal parts, one for each time-point. 
The spermatozoa were separated by dilution with 
Krebs’s bicarbonate buffer (pH 7-2; 4-5 per 1-4 ml. 
semen; the quantities given later in the text are for 
this amount) and mild centrifugation. The washed 
cells were suspended in the above buffer (4;5 ml.) 
containing 5 per cent fructose (w/v) and incubated 
at 37° in a Warburg bath under oxygen + carbon 
dioxide (95 : 5), with a mixture of uniformly-labelled 
__amino-acids obtained by hydrolysing ™“C-Chlorella 
` protein (1-185 pc. in 0-05 ml., from 22-5 pgm. pro- 
tein). In one experiment, the supernatants con- 
taining the diluted seminal plasma were also incubated 
similarly. At appropriate intervals, samples were 
taken for cell count and motility determinations, 
and proteins were precipitated with 30 per cent tri- 
chloracetic acid (2 ml.). A solution of non-radioactive 
amino-acids (250 ugm.) was added, and the proteins 


By Dr. P. M. BHARGAVA 
National Institute for Medical Research, Mill Hill, London, N.W.7 


wero purified and rid of radioactive contamination, 
nucleic acid and lipids as described by Simkin and 
Work, The. proteins were plated as.a slurry in 
30 per cent alcohol and.counted on an end-window 
counter giving 1,000 counts/min. with a 10-3 uc./mgm. 
carbon standard of infinite thickness on 1 sq. em. 
The results are given in Table 1 and Fig. 1. 

For determination of ribonucleic acid, 1 ml. of 
semen (containing 2-91 mgm. of deoxyribonucleic 
acid on the basis of an average deoxyribonucleic acid 
content? of 3-04 x 10? mgm./cell) was diluted and 
precipitated with trichloracetic acid at 0°. After 
washing and removing lipids, the protein-nucleic acid 
mixture was hydrolysed with 1 M perchloric acid at 
4° for 21 hr. and ribose was estimated in the super- 
natant by the orcinol method. In this way, a value 
of 9-6 pgm. ribonucleic acid/mgm. deoxyribonucleic 
acid was obtained for the semen; this value is 
within experimental errors and-is too low to be 













Table 1 

Seminal 

‘Washed spermatozoa plasma 

Time Cell Motility Protein 
(min.) count* (arbitrary yleldt yield 

ts) (mgm.) (mgm.) 
14 10-5 21:3 
80° 7 55 24:7 
120 7 05 25:7 
180 8-0 22:7 
240 5-6 24-6 
800 8'8 22 2 








For each time-point 1:4 ml, semen was used . 2, Fig. 1); in- 
yields refer to the initial Pea Ce) Soen ae paola 


* Per mi. semen. 


t Motility of- spermatozoa in semen at 
erara Ga BY; pa room temperature was 


$ In another experiment (Exp. 1, Fig. 1) with 2-8 ml. semen and 
using 2-87 yo. carbon-14 for each time-point, the protein yields at 3, 
16, 30 and 60 min. were 30-3, 26-7, 23-0 and 17-8 mgm., respectively. 
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Fig. 1. Incorporation of radioactive amino-acids in the proteins 
of spermatozoa and seminal plasma. A and B, spermatozoa pro- 
teins in Exps. 1 and 2, respectively; C, seminal plasma proteins 


(Exp. 2). Broken lines are extrapolated. Also see legend to 
Table 1 
significant. It is possible that the ‘cytoplasmic 
p P. 


droplets’? found in semen may contain a trace of 
ribonucleic acid’. The proteins of the seminal plasma, 
which is likely to have retained these droplets and is 
known to be rich in enzymes, in fructose and in 
amino-acids, did not meorporate any radioactivity 
(Fig. 1). 

It will be noticed from Fig. 1 and Table 1 that 
the rate of incorporation of amino-acids m the 
spermatozoa falls with time, almost in parallel 
with the fall in their motility. From the data given 
on the specific activities of the carbon-14 amino- 
acid mixture and the isolated protems, it may 
be calculated that in Exp. 1 the rate of radio- 
active amino-acid incorporation in the spermatozoa 
was 0-12 uM/gm. protein/hr. In the experiments 
reported here, the radioactive amino-acid concen- 
tration in the incubation medium was about 0-05 
uM/ml. With a much higher concentration of labelled 
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amino-acid (I pM/ml.), rat diaphragm cells, rabbit - 


reticulocytes and rabbit bone marrow cells incor- 
porate 0-10, 0-89 and 1-5 uM of labelled amino- 
acid/gm. protein/br., respectively®. Thus bull 
spermatozoa seem to have a fairly high rate of pro- 
tein turnover, and since these cells are virtually 
devoid of ribonucleic acid, this strongly suggests that 
ribonucleic acid is not essential for protein synthesis 
in these cells. This, it should be emphasized, is not 
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completely incompatible with the excellent cor- 
relation between protein synthesis and ribonucleic 
acid obtained in other cells. : 

These observations are particularly interesting in 
view of the unique function of the spermatozoa. It 
is possible that m this case deoxyribonucleic acid may 
be involved in the synshesis of proteins. Some recent 
observations, for example, on protein synthesis ın 
isolated calf thymus nuclei!*, would support this 
view. Such a finding, however, would be unexpected 
in spermatozoa as the deoxyribonucleic acid of these 
cells is in a dehydrated form and therefore has been 
regarded as metabolicelly inert. The other possibility 
would be to regard protein synthesis in spermatozoa 
as an enzymatic process independent of nucleic acids. 
It is hoped that the work now in progiess will throw 
some light on this issue. 

The data in Table 1 suggest a gradual loss of cell 
proteins during incubation, the rate of loss decreasing 
with time. It is possible that the high rates of incor- 
poration of amino-acids on one side, and of protem ' 
loss on the other, may be related, and in fact, as 
suggested by Simpson", may be taking place through 
a common mechanism. 

I am greatly indebsed to Dr. T. S. Work for his 
interest and much helpful advice, and to Drs. 
M. W. H. Bishop and C. R. Austm, whose work on 
germ cells stimulated this investigation and who also | 
provided the bull semen and determined the spermato- 
zoa counts. The Wellcome Trust is also thanked for 
a Research Fellowship. 
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By A. EARNSHAW, Dr. B. N. FIGGIS, Dr. J. LEWIS and Pror. R. S. NYHOLM 


University College, and Imperial College of Science and Technology, London - 


T has been widely recognized by physicists! 
during the past decade that unusual magnetic 
behaviour among the transition metal complexes can 
be understood better in terms of the ligand (crystal) 
field theory than in terms of the more usual Pauling? 
approach. However, although the ligand field theory 
has been increasingly applied by chemists*.* to the 
study of spectra and stereochemistry, its use by them 
in connexion with magnetic properties is less common, 


although its umportance has been stressed’. This 
neglect has led to some misinterpretation of the 
magnetic behaviour of certain complexes, principally 
of the second- and third-row elements. In this 
article we seek to summarize the importance of the 
ligand field theory in explaining the magnetic 
moments of those six-covalent transition metal 
complexes in which so-called ‘inner’ orbital bonding 
occurs, as a basis for interpreting the magnetic 


. 


Spin-free case (weak fleld) 
For example, [FeF,}*- 


r 


Fig. 1 


behaviour of the -various valency states of iron, 
ruthenium and osmium. 

When six octahedrally distributed negative charges 
(that i is, ligands) are’ placed about a transition metal 
ion, the effect can be looked at from two points of 
view. 
actual occupation of d-orbitals by the non-bonding 
d-electrons, or’ one may examine the effect of the 
ligand field upon the spectroscopic state of the ion. 
In connexion with the first of these approaches, it is 
well known that the five d-orbitals split in the 
presence of an octahedral (cubic) field so that, there 
is a lower degenerate triplet (d,-orbitals) and an 
upper degenerate doublet (d,-orbitals). The separa- 
tion (A) between these levels is of the order of 
10,000 cm. in a weak field (for example, in 
{Fe(H,0),]++) and 30,000 cm.-! in the case of a 
strong field (for example, in [Fe(CN),]*-). In practice, 
slight deviations from perfect octahedral symmetry 
usually means, that the members of the d,-triplet 
levels and. the d,-doublet are split slightly apart. 
Fig. 1 illustrates the situation operating in the above 
two ions. 

The effect of an octahedral field upon the magnetic 
moment of an ion depends upon the spectroscopic 
state of the ion.: Thus the Fe II ion in the field-free 
condition is in a D-state (§D,) and when subjected 
to a cubic field due to an octahedral arrangement of 
six negative charges, this level is split into a lower 
triplet and an upper doublet. It is the near degen- 
eracy of the three lower levels which gives rise to 
orbital contribution to the magnetic moment in 
ferrous compounds. Thus, for [Fe(H,0),]*+S0,.H,0, 
u=5-4 Bohr magnetons; the spin-only value is 
4-9 Bohr magnetons. Complete or nearly complete 
destruction of the orbital contribution occurs when 
the splitting is such as to give a singlet-level (or a 
non-magnetic doublet) as the lowest lying state, 
providing it is separated from the next level by an 
energy interval hy >kT. This occurs, for example, 
in octahedral Ni 1I complexes, where the F-state 
is split into two upper triplets “and a low-lying 
singlet. 

However, in the case of certam complexes of the 
heavy transition metals, u is even less than the value 
expected for the spin-only moment on the Pauling 
theory; for example, for K,OsCl,, p=1-4 Bohr 
magnetons at 20° C., whereas a value corresponding to 
two unpaired electrons (2-83 Bohr magnetons) would 
have been anticipated. The reason for this apparent 
anomaly arises from the high value of the spin-orbit 
coupling constant A, in the second- and third-row 
transition metals. 

The spin-orbit coupling constant A may be regarded 
as a measure of the mean energy separation between 
successive possible values of J for the field-free atom. 


Spin-paired case (strong field) 
For example, [Fe(CN).2- 


Hither one may concern oneself with the. 
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l d,-non-bonding dybonding - ` Pliysically it indicates the ‘tight- 
4 - orbitals eg y mbtals ness’ of coupling of the spin and 
| a orbital angular: momenta vectors. The 
A strength of this coupling depends 
A upon the, intensity of the electric 
{ | field which the electron experiences. 
Aj ia This field increases in intensity as 
re mo 2 r —— dintin we get nearer the nucleus. -Hence 
` toe aeee nE A increases with: (1) the charge Z 


on the nucleus; (2) the extent to 
which the electron approaches the 
nucleus, that 1s, the penetration of 
the orbital and the time which the 
electron spends near the nucleus ; (3) a 
third but smaller effect will arise 
from the valency of the atom. As electrons are lost 
by an atom, so the electron shell becomes more 
concentrated (or vice versa) and this in turn affects 
‘the electric field to which the electron is subjected. 
Magnetic results are collected for various spin- 
paired iron, ruthenium and osmium compounds m 
Table 1 with the number of non-bonding d-electrons 
varying from one to six. Some new values are 
quoted from our mvestigations. By applying the 
ligand field theory to the transition metal-complexes, 


„Kotani! has deduced the variation of the effective 


magnetic moment with temperature and spin-orbit 
interaction for d,”-configurations. Fig. 2 shows this 
variation for different electronic states of the central 
10n, in terms of the function kT/A, where k is the 
Boltzmann constant, T is the absolute temperature, 
and A is the spm-orbit coupling constant of the 
central metal ion. The theory predicts that ‘only in 
the case of a d,§-configuration, when there is no 
orbital degeneracy, will the moment correspond to 
\spin-only value over the whole temperature-range ; 
and for the other configurations the moment will be 
markedly dependent on the temperature and thé 
spin-orbit mteraction. In deducing these relation- 
ships, Kotani assumed a perfect cubic field and no 
interaction between neighbouring paramagnetic ions, 


}Unpaired electron 
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that is, that the compounds did not exhibit any 
anti-ferromagnetic or ferrimagnetic interaction. 

For the first-row elements, the value of A is of the 
order of 200-500 cm.~! ; at a temperature of 300° K. 
this gives values of kT'/A of 1:04-0:42. Over this 
range, the magnetic moment would be expected to be 
constant for the d,‘- and d,5-configurations, whereas 
a variation would be expected for the d,!- and d,?-con- 
figurations. With the second- and third-row transition 
metals, the value of the spin-orbit interaction is 
greater. Fig. 3 shows the variations m the magnetic 
moments over the ranges to be anticipated for ruth- 
„enum and osmium salts. Under these conditions, the 
maximum change is to be found for the d,'-con- 
figuration. Table 1 gives observed values of the 
magnetic moments of some comparable salts of iron, 
ruthenium and osmium ; as indicated by the Kotani 
theory, where variation m the effective moment occurs, 
the moments decrease in inverse order of the spin-orbit 
coupling constant; that 1s, osmium < ruthenium < 
iron. It is difficult to assess the effect that unsym- 
metrical substitution m an octahedral complex will 
have on the magnetic moment, as this will impose an 
unsymmetric field on the central metal atom, which 
will lead to a different splitting of the various energy 
levels. This asymmetry may account for the depar- 
tures of the results cited ın Table 1 from the theory. 
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With first-row transit-on elements a variation in A 
occurs with changes n the oxidation state, and it 
may be expected that a similar, but perhaps smaller, 
“variation will be observed, for the second- and third- 
row transition elements. 

Measurements of the variation of the moment with 
temperature have been carried out for some ruthenium 
and osmium complexes which are shown in Fig. 4. 
The complexes K,RuC.,(H,0), (NH,),RuCl,(H,O) and 
K,RuCl, are examples of the d.°-configuration. The 
hexachlororuthenates appear to agree with the 
theory, giving momerts of 1-82 and 1-75 on extra- 
polation to zero temperature. The pentachloro- 
ruthenate has an est-mated moment of 0-85 Bohr 
magneton at zero temperature; but as this 18 prob- 
ably a bi-nuclear complex involving chlorine bridges, 
the low value may arse from metal-metal inter- 
action. The hexachiororuthenate and hexachloro- 
osmiate are examples of the d,‘-configuration. As 
indicated by the Kotani theory, there is a consider- 
able variation in the magnetic moment of these 
complexes with temperature, and the effective 
magnetic moment wa3 found to be proportional to 
the square root of the absolute temperature. Extra- 
polation of the moment to:zero temperature gave a 
value of 0:08 and 3-00 Bohr magneton for the 
moments of the ruthenium and osmium complexes, 
respectively. These results agree with previous 
observations!4 on the complex K,OsBr,, and give A, 
the spin-orbit couplmz constant, as 1,850 and 6,400 
em.-! for ruthenium I~ and osmium IV, respectively. 




















Table 1 
Fe (n = 3) Ru (n = 4) Os (n = 5) 
No. of non- Magnetic moment 
bonding (n)d for spin only Compound Moment Compound Moment Compound Moment 
electrons {Bohr magnetons) = 300° K. ` 300° K 300° K. 
| 6 dia. K,Fe(CN), dia. K,Ru(CN). dia. xo dia, 
` ref. 
5 173 'eD:0la] 2 22 RuDsCla] 1 95 foe 1 88 
ref, 7) (ref, 8) (ref. 8) 
4 2-83 FeD,Ci,*+ 2-98 uF, 28 K,0sF, -~ 142 
(ref. 9) (ref 10) (ref. 10) 
3 3-88 NaFeO, 36 RuF, 3-6 OSE, 32 
(ref. 11) (ref. 10) (ref. 10) 
2 2°83 F004 2 83 —- 2080, 9 
(ref. 12) (ref. 13) 
1 1-73 —- — — — : 
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Attempts to expla the above variations of the 
moments with temperature by a Curie-Weiss law 
lead to impossibly high values for 8, with consider- 
able divergence from a linear plot. 

Measurements were also carried out on the fol- 
lowing complexes of osmium: K,[Os0,;(NO,).}, 3H-0 
and K,[OsNCl,], as they were considered possible 
examples of the d,?-configuration. Both complexes 
‘are diamagnetic. This cannot be accounted for 
on the above theory, for even at zero temperature 
the Kotani theory predicts a moment of 1-22 for a 
d,?-configuration. The diamagnetism in these com- 
pounds may be considered as a breakdown of Hund’s 
rule-—-that is, they mvolve spin-spim interaction— 
although it may be understoad if d‘sp hybrid-bonding 
occurs in these complexes, with resultant pairing of 
the two electrons on the osmium in the single 
remaining d-orbital. 
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PHENYLALANINE INHIBITION OF TYROSINE METABOLISM IN 
THE LIVER 


By I. J. BICKIS, J. P. KENNEDY and Pror. J. H. QUASTEL, F.R.S. 


McGill-Montreal General Hospital Research Institute, 3619 University Street, Montreal 


URING the course of investigations designed to 
throw further light on the factors mfluencing 
tyrosine breakdown to acetoacetate in isolated liver 
tissue, results have been obtamed which indicate that 
u-phenylalanine exercises a considerable inhibitive 
action on tyrosine metabolism in liver slices. 

Experiments were carried out with freshly cut 
rat-liver slices incubated in the. presence of solutions 
of L-tyrosine, potassium’ «-ketoglutarate and sodium 
ascorbate at 37° in the conventional Warburg mano- 
metric apparatus. The acetoacetate formed was 
measured by addition of aniline at the end of 
incubation period, the citrate salt being used. The 
carbon dioxide thus liberated was a measure of the 
acetoacetate produced. The salts of «-ketoglutaric 
acid and ascorbic acid were added to ensure optimal 
rates of acetoacetate formation?. 

Results recorded ın Tables 1 and 2 show the effects 
of the addition of L-phenylalanme at different con- 
centrations on acetoacetate production from L-tyro- 
sine and L-glycyltyrosine when these are incubated 
with liver slices obtained from well-nourished male 
albino rats. Both L-tyrosine (2 mM) and t-glycyl- 
tyrosine (2 mM), under these experrmental conditions, 
yield substantial mereases of the rates of acetoacetate 
formation, the endogenous rate being almost doubled. 
The addition of L-phenylalanine (2 mM) brings about 
only a small rise (if any) in the endogenous aceto- 
acetate formation. When L-phenylalanine is mixed 
with L-tyrosine, or with t-glycyltyrosine, in equimolar 
concentrations, the rate of acetoacetate formation 
from the latter amino-acids is dimmuished almost to 
the level found with L-phenylalanine alone. It is 
difficult to estimate the percentage inhibitory effect of 
L-phenylalanine on L-tyrosine breakdown from these 
results, as the endogenous acetoacetate formation is 
probably partly due to the oxidation of phenylalanine 
and tyrosine present in the iver cells. 

The mhibitory effect of L-phenylalanine is unlikely 
to be due to competition for the «-ketoglutarate 
which brings about the preliminary transamination 


Table 1. EFFECTS OF L-PHENYLALANINE AND OF L-3.4~DIHYDROXY- 
PHENYLALANINE ON AOETOAOETATE FORMATION FROM L-TYROSINE 
AND L-GLYCYLTYROSINE IN PRESENCE OF RaT-LIVER SLICKS 


Present in the Warburg vessel, besides mer amino-acids, are the 
folowing; potassium a-ketoglutarate, 80 mM mA sonam ascorbate, 
mM ; tassium malonate, 20 mM; Ringer-phosphate 
solution (6- 13M NaCl, 0:005 M KCl; 0:003 M Cat 
MgSO,; 0'001 M KH,PO,; 0 01 M sodium hosphate buffer pH 7° 4). 
Total volume, 3-0 ml, ; atmogp! ere, oxygen 


(c.mm. EA formed 
per mgm. dry weight tissue 


per hr. 
Endogenous 89 
Tyrosine 2 mM 65 ~ 
Glycyltyrosme 2 mM -39 
Phenylalanine 2 mM ‘85 


Tyrosine 2 mM + phenylalanine 2 mM 

Glycyltyrosine 2 mM -+ phenylalanine 2 mM 

u-3.4-Dihydroxyphenylalanine 2 maf 

Tyrosine 2 mM + L-3 4-dihydroxyphenyl- 
alanine 2 mM 

Tyrosine 2 mM + L-alanine 2 mM 


wr mmnm g 
f 
So 


Table 2. EFFEOTS oF VARYING CONCENTRATIONS OF I-PHENYLALANINE 
ON\ACETOACETATE FORMATION FROM L-TYROSINE IN THE PRESENOM 
F Rat-LIvER SLICES 


Experimental conditions as in Table 1. 


Ac 

Endogenous 1 60 
Tyrosine 2 mM 3°62 
Phenylalanine 0:4 mat 2 24 
Phenylalanine 1-0 mM 2-22 
Phenylalanine 4 0 mM 1'90 
Tyrosine 2 mM -+ phenylalanine 0 4 m 2-65 
y phenylalanine 1 0 mM 217 

37 phenylalanine 4 0 mM 1:98 


before oxidation takes place. This is shown by the 
fact that the addition of n-alanine (2 mM), which is 
known to undergo vigorous transamination with 
a-ketoglutarate in presence of liver tissue, exerts no 
inhibitory effect on the rate of acetoacetate formation 
in presence of L-tyrosme (see Table 1). 

As is well known‘, liver homogenates bring about 
oxidation of x-tyrosine to acetoacetate’. Results 
given in Table 3 show that, when fortified with 

«-ketoglutarate and ascorbate, acetoacetate is formed 
from L-tyrosine in presence of a dialysed rat-liver 
homogenate. They show, moreover, that the addition 
of L-phenylalanine, which gives little or no aceto- 
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Table 3. EFFECIS OF 1.-PHBNYLALANINE AND OF L-3.4-DIHYDROXY- 
PHENYLALANINE ON ACETOAOETATE FORMATION (IN AIR) FROM 
L-TYROSINE AND L-GLYOYLTYROSINE IN THE PRESENOE OF 1 MG, 
DIALYSED LIVER HOMOGENATE 
Acetoacetate formed 
in 100 mun. at 37° (c.mm.) 


Endogenous 11-2 
Tyrosine 2 mM 110 0 
Glycyltyrosine 2 mM 80-4 
Phenylalanine 2 mM 5-7 
Tyrosine 2mM + phenylalanme 2 mM 105 0 
Glycyltyrosine 2 mM + phenylalanine 2 mM 85-3 
1-3.4-Dihydroxyphenylalanine 2 mM 11:8 
Tyrosine 2 mM + L-3.4-dihydroxyphenyl- 

alanine 2 mM 94 


acetate under the same experimental conditions, 
exercises no inhibitory effect on the breakdown of 
L-tyrosine to acetoacetate. ‘The mhibitory- effect of 
L-phenylalanine on tyrosine breakdown in liver in 
vitro may be due to competition with tyrosine for 
transport into the liver cell; but it may also be due 
to the formation of phenylpyruvate produced either 
by oxidation of L-phenylalanine in the liver or by 
transamination®. Evidence in support of the latter 
view is shown below. - j 


Experiments with Radioactive L-Tyrosine 
and L-Phenylalanine 


Confirmation of the conclusion that the presence 
of t-phenylalanıne inhibits L-tyrosine breakdown in 
the liver comes from the results of experiments 
carried out with the radioactive amino-acids. These 
substances, containing carbon-14 in the «-position, 
give rise to radioactive (carboxyl-labelled) aceto- 
acetate’; this, on treatment with aniline, liberates 
carbon-14 dioxide, which can be absorbed by potas- 
sium hydroxide and measured. For experiment the 
labelled amimo-acids are placed in Warburg mano- 
meter vessels together with. «-ketoglutarate and 
ascorbic acid in the presence of rat-liver slices. 
Incubation, in oxygen, 1s allowed to continue for 
1l hr. at 37°, metabolic carbon dioxide being absorbed 
by potassium hydroxide in the centre well of the 
Warburg vessel. At the end of this incubation 
period the slices are removed, acid ıs added to the main 
vessel to decompose all bicarbonate and reduce spon- 
taneous breakdown of acetoacetate, fresh potassium 
hydroxide is placed in the centre well, and aniline 
citrate is tipped into the main vessel to decompose 
the acetoacetate. The carbon dioxide liberated is 
absorbed by the potassium hydroxide. The carbonate 
in the latter is precipitated with barium chloride 
and the radioactivity of the barium carbonate is 
measured, corrections being made for self-absorp- 
tion. Some typical results are given in Table 4. It 
will be observed that L-tyrosine is much more active 
than L-phenylalanine (for equimolar concentrations) 
in yielding acetoacetate. The addition of 1-phenyl- 
alanine (non-radioactive or radioactive) greatly 
diminishes the rate of acetoacetate formation from 
tyrosine, the percentage inhibition, under the con- 
ditions quoted, bemg 60 per cent. The addition of 
non-radioactive -tyrosine to radioactive phenyl- 
alanine also reduces acetoacetate formation from the 
latter molecule. This is to be expected on the basis 
of dilution of radioactive tyrosine, formed from the 
radioactive phenylalanine’, by the addition of non- 
radioactive tyrosme. 

The addition of sodium phenylpyruvate (2 mM) to 
the tyrosine brings about a very large inhibition of 
radioactive acetoacetate formation. Typical results 
shown in Table 4 indicate an inhibition, at the con- 
centrations quoted, of 92 per cent. Sodium phenyl- 
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acetate, however, exercises no inhibitory action on 
tyrosine breakdown to acetoacetate. 

The inhibitory action of phenylpyruvate is seen 
also in the fall of respiration of liver when this 
ketonic acid is added to the tissue in presence of 
tyrosine (Table 4). 


Table 4. EFFECTS OF L-PHESYLALANINE AND OF SODIUM PHENYL- 
PYRUVATE ON RADIOACTIVE ACETOAOETATE FORMATION FROM DL-TYRO- 
BINE (2-*C) IN THE PLESENOE OF RAT-LIVER SLICES 


Concentration of each amino-acid, phenylpyruvate and phenylacetate 
2mM. The solutions of tyrosine (2-4C) and phenylalanine (20 
contain 10 per cent of the D-fcrm and 90 per cent of the L-form, the 
final concentration of the L-form being 2m. Initial counts of radio- 
active amino-acids per vessel, £0,000 c./min. Present in the Warburg 
vessel also are potassium a-ke«toglutarate 10 mA, sodium ascorbate 
1-7mM and Ringer-phosphate solution. Atmosphere in Warburg 
vessel, oxygen. Time of incubation, 1 hr. at 37° 


Radioactive acetoacetate 
formed. Counts per min. 


per mgm. weight 

. tissue (corrected) QO, 

Tyrosine (2-C) 169 ; 188 12:3 

Phenylalanine (2-“C 20; — —_ 
Tyrosine (2-**C) + phenylalanine 

(2-140) 7 i; — — 

Tyrosine + phenylalanine (2-3) 103; — — 

Tyrosine (2-C) + phenylalanine 68 ; 86° 12 1 

Tyrosine Bag + phenylpyruvate ' — ; 16 89 

Tyrosine (2-**C) + phenylacetate — ; 180 u7 

When a cell-free rat liver extract is used instead 


of rat-liver slices for zhe oxidation of radioactive 
tyrosine, the addition. of non-radioactive phenyl- 
alanine at an equimcler concentration exerts no 
_inhibitory effect on the rate of acetoacetate formation. 
A typical result is givem in Table 5. 


Table 5, EFFECTS OF L-PHEIHYLALANINE AND OF SODIUM PHENYI- 
PYRUVATE ON RADIOACTIVE AOCETOACETATE FORMATION FROM 
DL-TYROSINE (2-10) IN THE PRESENOH OF RAT-LIVER EXTRAcT 


Concentration of each amino-acid and of phenylpyruvate, 2 mM, The 
solution of tyrosine (2-1*C) contains 90 per cent L-form, and 10 per 
cent D-form, the final concentration of L-form being 2 mM. Present 
also are potassium a-ketoglutamte 10 mM, sodium ascorbate 1-7 mM, 
and sodium phosphate buffer solution (0 02 M). Atmosphere in War- 
burg vessel, air. Time of incabation, 40 min. at 37°, Extract was 
prepared by homogenizing 5 gm. fresh rat liver in 9 ml. ice-cold 
0-14 M potassium chloride, centrifuging the homogenate at 18,000g 
for 20 min. Supernatant was used as extract, 0 5 mi. per Warburg 


vessel 
Radioactive acetoacetate 
formed. Counts per min, 
per mgm. dry weight extract 
Tyrosine (2-0 481 ; 633 
Tyrosine (2-**C) + phenylalanine 517 ; 533 
Tyrosine (2-140) — ; 10 


+ phenylpyruvate 


The addition, however, of sodium phenylpyruvate 
(2 mM) brings about almost complete inhibition of 
acetoacetate formation (Table 5). 

The lack of inhibitory effect of L-phenylalanine on 
tyrosine breakdown in a rat-liver extract may be due 
to the fact that oxidation of the amino-acid does not 
occur m the extract (it 13 well known that the L-amino- 
acid oxidase is very urstable) and that the relevant 
transaminase occurs cnly in the insoluble-particle 
fraction of rat-liver homogenates. 

These results lead to the conclusion that L-phenyl- 
alanine exercises an inhibition of tyrosine metabolism 
in the liver, the inhibition being effected by phenyl- 
pyruvate produced in the tissue from the phenyl- 
alanine either by oxidation or by transamination. The 
inhibition by phenylpyruvate is not due to isotopic 
dilution by hydroxypkenylpyruvate as there is no 
evidence that this substance is formed in rat liver® ; 
nor does phenylpyruvate give rise to significant 
quantities of acetoacetate. 

The results do not rule out the possibility that 
L-phenylalanine may itself exert an inhibitory effect 
on tyrosine breakdown; but if so, the inhibition 
takes place only with -ntact cells, for no such effect 
is observable ın a rat-iver extract (Table 5). 


1126 s 


.™ 


: Effects of L-Phehylalanine and Sodium 
Phenylpyruvate on -Tyrosine Incorporation 
into Liver Proteins 

The uptake of free tyrosine by rat-liver slices 
amounts approximately to that calculated for passive 
diffusion of the amino-acid into the tissue, and the 
uptake is not adversely affected by the presence of 

i-phenylalanme or phenylpyruvate (Table 6). 

Incorporation. of tyrosine into ‘proteins of the liver 
shces is, however, definitely affected by ~-phenyl- 
alanine and by phenylpyruvate, under the conditions 
quoted (Table 6), to about the same extent. With a 
concentration of 2 mM u-phenylalanine, an inhibition 
of 36 per cent of incorporation of radioactive tyrosine 
is obtained. 

Table 6. EFFECTS OF L-PHENYLALANINE AND SODIUM PHENYLPYRUVATE 
ON INCORPORATION OF TYROSINE INTO PROTEINS OF Rat-LIVER SLICES 


Conditions as in Table 4, except that initial count per vessel of radio- 
active L-tyrosine was 65,000 c./min 


on Incorporation Uptake of free 
. -of tyrosine tyrosine (2-440) 
(2-10) into into liver 
liver proteins slices 
(c./min.{100 (c./min./100 
mem. tissue) mem. tissue) 
Tyrosine (2-1) 176 1749 
Tyrosine (2-“C) + phenylalanine 112 - 1736 
Tyrosine (2-*C} + phenylpyruvate 96 2140 


Whether the inhibitory effect of L-phenylalanme on 
tyrosine incorporation is due to competition for 


incorporation, or competition for activation pre- - 


liminary to incorporation, is a matter for further 
investigation. . 


Phenylketonuria and Tyrosine Breakdown ` 


These conclusions have a bearing on the inter- 
pretation of metabolic findings in the condition of 
phenylketonuna*»‘4. In this metabolic disorder, which 
is characterized by mental defect, the conversion of. 
L-phenylalanine to L-tyrosine 1s considered to be 
reduced. or eliminated, so that there results an 
mereased concentration .of L-phenylalanine m the 
blood. The amount of this amimo-acid m the plasma 
of phenylketonuric patients varies between 15 and 
60 mgm. per 100 ml.°-4, representing an average of 
thirty-fold increase over the normal plesma con- 
centration of this amino-acid. There is a similar 
increase in the phenylalanine concentration of the 
cerebrospinal fiuid!®. There is a large excretion of 
phenylpyruvate in these patients, but the blood con- 
centration is not abnormally high. Phenylpyruvate 
is excreted in non-phenylketonurics only after in- 
gestion of L-phenylalanine or phenylpyruvate’’. 

It is evident that, if the conclusion that L-phenyl- 
alanine inhibits L-tyrosine breakdown m intact liver 
and L- -tyrosine incorporation into proteins apples to 
human tissues as well as to rat liver, the relatively 
high concentration amounting to 2 mM of L-phenyl- 
alanine in the blood of phenylketonuric patients may 
have a considerable effect on many aspects of L-tyro- 
sine metabolism. Whether the processes, however, 
that L-tyrosine undergoes in the liver, and possibly 
other organs, are affected by the high concentration 
of L-phenylalanine, will depend on whether the 
various enzymes involved in these processes will still 
work at their optimal velocities in spite of the 
mhibitory action of L-phenylalanine on tyrosine 
breakdown. Recently 1t has been shown", from 
measurements of oxygen consumption, that L-phenyl- 
alanine competes with u-tyrosme for mammalian 
tyrosinase obtained from a Harding—Passey mel- 
anoma. The competition, which amounts to an 
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inhibition of:tyrosinase activity of about 15 per cent 
for 1 mM::concentrations of the amino-acids, is 
claimed as a possible explanation for the diminished 
pigmentation that seems to occur in phenylketonuric 
patients. This explanation would be more acceptable 
if it were shown that L-phenylalanine inhibits melanin 
formation from L-tyrosine. For, although competition 
with L-tyrosine for tyrosinase occurs, there may still 
be formed sufficient amounts of the products of` 
tyrosine oxidation to saturate thé enzymes concerned 
with melanin formation so that the rate of the latter 
process may still proceed undiminished. 

It is an interesting fact'4> that phenylketonuric 
patients excrete abnormally large quantities of 
p-hydroxyphenyllactic and p-hydroxyphenylacetic 
acids. It seems possible that this may be due to 
transamination between L-tyrosine and abnormal 
quantities of phenylpyruvate formed in the tissues. 

The inhibitory effects, demonstrated in this com- 
munication, of L-phenylalanine and of phenylpyruvate 
on tyrosme breakdown in the liver and of tyrosine 
incorporation into protein raise the question as to 
whether either or both of: these substances may 
interfere with tyrosine conversion into products such 
as thyroxine, noradrenaline or adrenalme**, An 
interference by L-phenylalanme or by phenylpyruvate 
with hormone production from tyrosine may throw 
hght on the problem of the connexion between 
phenylketonuria and mental defect. 

It is of interest to note that, according to Bickel 
et al, feedmg phenylketonurie chudren (on a 
phenylalanine-restricted diet) with L-phenylalanine or 
phenylpyruvic acid produces a deterioration in their 
mental states, but no untoward effects were produced 
by feeding phenylacetiec acid. 

Results quoted m Tables 1 and 3 show the large 
inhibitory effects of 3.4-dihydroxyphenylalanine 
(2 mM) on the breakdown of tyrosine to acetoacetate. 
The mechanism of this inhibition ıs obscure at 
present, but the phenomenon serves to indicate the . 
sensitivity of the processes of tyrosine metabolism to 
substances allied in chemical structure to tyrosine. 


We acknowledge with gratitude grants-m-aid from 
Eli Lilly and Company and the Cancer Research 
Society, Inc. 
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Correlation between Events in Photon 
f Detectors 


In a recent communication, Purcell! has discussed 
the experiments of Adám, Janéssy and Varga?, 
Brown and Twiss*, and Brannen and Ferguson’ on 
photon correlation, and has given the results of a 

` theoretical treatment of the phenomena.. Purcell’s 
equation 3 can be obtained from a very simple model 
which may help to indicate the nature of the physical 
processes involved. 

Let us picture the radiation from each atom of an 
assembly as a wave-packet of duration To; different 
atoms radiate at uncorrelated instants, the mean 
number of atoms radiating per second in the direction 
of the detector being r. Then the mean number of 
wave-packets falling on the detector m periods of 
duration T isn; = r.T, and the mean square fluctua- 
tion in this number is also ñp. The probability that 
two wave-packets will be emitted from different atoms 
of the assembly at times separated by between ¢ and 
t + 8t is r.exp(— rt).d¢, and the probability that the 
interval between consecutive‘ emissions is less than 
to is therefore 1 — exp(—r.t,), which is approx; 
imately equal to 7.tg as long as f.to 1. In this 
case r.t is the fraction of all wave-packets emitted 
in conditions of partial overlap—and,, within a factor 
of 2, the fraction of the actual time during which 
wave-packets are being generated in which two are 
being generated simultaneously. 

For simplicity J assume that each separate wave- 
packet falling on a photo-cathode is detected, an 
electron being emitted at some instant within an 
interval of length +>. Were we to suppose that the 
wave-packets are superposed meoherently when they 
overiap, we should expect to observe a number ^g of 
photoelectrons in time T, with a mean square 
fluctuation ör? = ñp. 

Tf, on the other hand, we assume that the over- 
lappmg wave-packets are superposed coherently, ‘ab- 
normal’ fluctuations in the field amplitude will 
result ; if the overlapping wave-packets are m phase 
the probability of the emission of a pair of electrons 
within the overlap time is- augmented; if they 
overlap in antiphase this probability is diminished. 
During a fraction r.t, of the actual observing period, 
there are these ‘abnormal’ fluctuations in the rate 
of electron emission. It is reasonable to suppose that 
the additional mean square fluctuation m the emission 
during this time, r.t9(7ip.t,), Will be of the same order 
of magnitude as the mean number of electrons 
emitted in such a period, for the magnitude of the 
‘abnormal’ fluctuation in field amplitude during the 
overlap periods is comparable with the mean field 
amplitude in a wave-packet. So the mean square 
‘abnormal’ fluctuation in the electron emission will 
be: ~ 
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Hence the total mean square, „fluctuation in the number 
of photoelectrons counted in a time`T is: 


Op? + Gy? = np (1 + 1.45) 
This is equivalent to Purcell’s equation 3. 

In the radio case’, tae value of r.t, is large—for 
& 100 Mc./s. radio receiver receiving a signal equal 
to the thermal noise in a predetector stage for which 
Q is 100, 7.T, is about 105, and the overlap periods 
constitute practically 100 per cent of the total 
Thus zhe overlapping is practically - 
complete; it is this which makes possible phase- 
determinations by means of radio receivers’. 

A complete quantum mechanical account of these 
correlation experiments will presumably not stop 
short at a consideration of the photoelectric process, 
but will treat the mixing circuits as well. However, 
naive quantum theoretical considerations do lead one 
to expect a coherent interference in the probability 
amplitude for the emission. of two electrons by over- 
lapping wave-packets, and this interference may be 
equivalent to the coher2nt superposition of the wave- 
packets. During the time that photon wave-packets 
overlap, the state of zhe two-photon system must 
be symmetrical in the two photons because of Bose 
statistics. ‘This means that we cannot say which 
photon gives rise to which electron, and interference 
may arise between those parts of the probability 
amplitude which are associated with the two possible 
permutations in the couplings of emitted electrons 
with absorbed photons. It is presumably some such- 
interference m the probability amplitude that explains 
the ‘abnormal’ fluctustion detected in the experi- 
ments of Brown and Twiss. On this view the effect 
is to be ascribed essentially to the operation of 
quantum statistics, as is suggested by Purcell. The 
result of the ‘beat-frequency’ experiment of Forrester, 
Gudmundsen and Johmson’ can be interpreted in a 
similar way, as a consequence of the coherent super- 
position of photon wave-packets. 

This does not imply. as has sometimes been sug- 
gested, that the interference between two photons 
may give rise to, say, four or none. The photon is 
not a particle, it does mot survive a counting process 
unchanged, and it is detectable only through its 
interaction with matter. What does emerge from 
the argument above—and what can be understood 
in terms of this crude model and suffices to explain 
the experimental resvlts—is that the mterference 
between photons produ2es a distortion of the distribu- 
tion in time of- the events by which photons are 
detected. 

The possible occurrence of analogous interference 
between electrons is mentioned by Purcell, and might 
be detected by-allowmg electron beams to strike 
secondary-emitting surfaces and looking for correla-" 
tions between the instants of emission of the secondary 
electrons. Just as the photon mterference has been 
observed? m ‘intensity interferometers’ analogous to 
the two types of -mterferometer due to Michelson, 
so the electron interference might be observable in 
an instrument analcgous to Marton’s recently 
developed electron mterferometer®. It seems scarcely 
feasible to estimate ths practicability of the experi- 
ment until more is known about the coherence 
length for electrons; ~the coherence length would 
probably have to be greater by several powers of 
ten than the lower limit of 5,800 wave-lengths 
deduced m Marton’s racent work®. 
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I have enjoyed stimulating discussions on this 
subject with my wife, and with Drs. A. R. Fraser, 
B. Meltzer and D. L. Pursey. 

Riowarp M. Smurrro 
Department of Natural Philosophy, 
University, 
Drummond Street, 
Edinburgh 8. 
March 5. 
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The Question of Correlation between 
Photons in Coherent Beams of Light 


In a recent communication, Fellgettt has questioned 
the validity of the formule we have quoted? for the 
correlation between the fluctuations in the output 
currents of two photoelectric detectors when they are 
illuminated by coherent beams of light. 

These formule were derived by a method similar 
to that which we have used. previously‘ for analysing 
the corresponding problem at radio-frequencies. The 
radiation field was represented by a Fourier series 
in which the amplitude and phase of the components 
were assumed to be randomly distributed, and the 
correlation between. the intensities at the two detectors 
was calculated by classical electromagnetic wave 
theory. In the optical case, the fluctuations in the 
_ output current from each detector were then derived 
on the assumption that the probability of emission 
of a photoelectron is proportional to the: intensity 
of the field at the respective photocathode. This 
analysis shows that the fluctuations in the output 
from a single detector exceed the simple shot noise 
by an amount which we have termed the ‘“wave- 
interaction noise”; the shot noise components in 
two detectors are, "of course, uncorrelated, but the 
weve-interaction noise is correlated when the light 
at the two photocathodes is mutually coherent. 

Feligett has objected to our analysis on the grounds 
that the ‘‘semi-classical assumptions” on which it is 
based do not include the totality of our knowledge 
about the properties of radiation, and that they are 
inadequate to-predict fluctuations in general. In 
support of his arguments he directs attention to two 
specific points: first, the same semi-classical assump- 
tions would not predict correctly the fluctuations in 
an assembly of electrons ; secondly, our assumptions 
apparently conflict with arguments from thermo- 
dynamics. 

In reply to his criticisms we must unfortunately 
refer to papers which have not yet been published. 
We have shown elsewhere’ that the “semi-classical 
assumptions” outlined above are fully justified and 
that they yield a value for the fluctuations in the 
output of a single photoelettric detector, and for the 
correlation between two detectors, which is in precise 
quantitative agreement with an independent analysis*® 
of the problem based on quantum statistics. Briefly, 
their justification rests on the fact that the relevant 
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observables of the radiation field are not the phases 
and number of quanta associated with the individual 
Fourier components, but the relative phases and the 
total number of quanta associated with each com- 
ponent. As is well known’, these observables can -be 
epresented by commuting operators, and thus we 
may treat the radiation field classically when analysing 
the correlation between photons. Since the same 
conditions do not hold for electrons, it is not to be 
expected that the same simple assumptions will 
predict the fluctuations in an assembly of electrons. 

The final point raised by Fellgott is that in our 
analysis the ratio of the ‘‘wave”’ noise to the “particle 
noise” in the output of a photoelectric | detector or, 
in our terminology, the ratio of-the ‘‘wave-inter- 
action” noise to the “‘shot’” noise, is proportional to 
the quantum efficiency of the photocathode. In 
criticism of this result he quotes a formula obtained 
by Clark Jones! and by himself? for the fluctuations 
in the number of photons absorbed by a grey body 
in an enclosure; this formula is derived by thermo- 
dynamical arguments and predicts that the ratio of 
the “‘wave-interaction” noise +o.the ‘‘shot’” noise 
should be independent of the emissivity of the body. 
The analysis underlying this formula is based on the 
assumption that the fluctuations in a thermal radia- 
tion detector are equal to the energy fluctuations 
in the radiation field, half being due to the absorbed 
and half to the emitted radiation. In the case of a 
photoelectric detector, where the emitted stream of 
radiation is absent, it is argued that the fluctuations 
in output should be equal to one-half the fluctuations 
in a grey thermal detector with an emissivity equal 
to the quantum efficiency of the photocathode. 

' Fellgett concludes from this disagreement that 
either there is an undetected mistake in the thermo- 
dynamical argument, or that our treatment of the 
photoelectric detector is wrong. Our own view is 
“that the thermodynamical argument is unsound ; 
our principal objection is that, although detailed 
balancing obviously governs the average exchange of 
energy between parts of a thermal system in equil- 
ibnum, it does not follow that the same holds true 
for the fluctuations in energy. Admittedly, the 
fluctuations in the energy E of a thermal detector at 
temperature 7’ have a standard deviation given by 
the Einstein—Fowler formula, A 
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AE? = kT? 
but it ıs by no-means obvious that these fluctuations 
can be equated with twice the fluctuations in the 
energy of the incident radiation field and, in general, 
we maintain that this procedure is not legitimate. 
In the simple case, where the incident radiation 
on a photoelectric detector is effectively mono- 
ehromatic and the photocathode has a quantum 
efficiency e(vo), our expression for the wave-inter- 
action noise in its-output is less by a factor 1/e(vo) 
than that given by Fellgett and Clark Jones. It 
follows that, if their formula is correct, the correlation 
between two detectors illuminated with coherent 
light would be greater by a factor 1/e(v,) than that 
predicted by our analysis. We have performed two 
laboratory experiments?" to measure this correlation 
and both heve shown reasonable agreement with 
our theory. The more recent of these experiments was 
carried out under precisely controlled conditions and 
the observed correlation, using photoelectric detectors 
with a quantum efficiency e(vọ) = 0°15, was within 
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a few per cent of the predicted value. This result 
completely excludes the possibility that there is an 
error of the order of l/e(vo) in our analysis, and 
proves that the formula quoted by Fellgett cannot 
be applied to the fluctuations in. the output ofa 
photoelectric detector. E 





R. Q. Twiss 
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Relativity and:Space Travel 
Tax letters of Dr. W. C and Prof. S. F. 
Singer? on this subject show tha although the issue 
“has, I think, already been clearly outlined, much 
misunderstanding still persists. It is therefore worth 
while to point out briefly why ‘these letters are 
irrelevant. ; es 
Coo In Dr. Cochran’ experiment, only the ‘travelling 
clock’ is used; .the ‘stationary clock’ is omitted. 
| I have already indicated? that on what Cochran calls 
| ‘Dingle’s theory’ (I have no theory ; I merely accept 
the theory of relativ the former will show the 
o tretardation’, but.so will the latter. To establish the 














great as 1 second in 100 years. What I deny is a 
- differential effect that is a function only of the 
= relative velocity of the observers, which in Sir George 
‘Thomson’s example is 2} years in 17. 
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Structure of the Nitrides of Silicon and 
Germanium 


“Tam existence of nitrides of the compositions 
ShN Sis Na SIN? and Ge,Ny Ge,N, ? has been 
reported in the literature. The formation of two 
“nitrides of silicon by nitriding the metal at about 
1,400° C. has been reported recently**; Turkdogan 
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and Ignatowicz state that orie has the composition 
Si,N, and that the otaer is a lower nitride, of com- 
position very close to Si,N,. 

It has been claimed’ that Si,N, amd Ge,N, are 
isomorphous and, in contradiction to the report by 
Jaza and Hahn‘, whe state that Ge,N, is rhombo- 
hedral and structurally very similar to phenacite, 
an orthorhombic unit cell has been proposed, of 
dimensions a = 13°38, b = 8-60, co = 7-74 A. for 
Si,N, and a = 13-84,.b = 9-06, o = 8-18 A. for 
Ge,N,. 

We have found the same two phases (I and TI) 
of silicon nitride as observed by Vassiliou and Wildes. 
These frequently occur simultaneously and it is 
difficult to control the:r relative abundance. Phase I 
has been obtained pure by the reaction of silicon 
tetrachloride and ammonia at 1,400° C., and II was 
found concentrated ix the outer skin of a pellet of 
sowdered silicon which had been nitrided in nitrogen 
at 1,400° C. for 53 hr. The corresponding phases of 
germanium nitride have also been formed. Heating 
germanium in ammoria at 750°C. gave a product 
which was almost entirely phase I, whereas heating 
germanium oxide uncer the same conditions gave 
Tl with traces of I. The X-ray diffraction 
patterns reported by Leslie et al. and by Juza 
and Hahn’ can be inserpreted as originating from 
mixtures, in different proportions, of these two 
phases. 

Phase IL can be imdexed as rhombohedral with 
a= 8-15 A., « = 1080° for Si,N,y and a = 8:62 A., 
a = 108-0° for GesN, (pseudo-hexagonal parameters 
a = 13-16, c = 8-72 A. for Si;N, ahd a = 13-91, 
c = 9-22 for Ge,N,) and is structurally similar to 
phenacite, Be,SiO,, a£ proposed by Juza and Hahn. 
Phase I can be indexed as orthorhombic (smaller 
unit cell than that proposed by Leslie et al.) with 
a = 3-88, b = 6-71, e = 5-64A. for silicon nitride 
and a = 4:10, b = 7-10, c = 6-94. for germanium 
nitride. The availabie evidence suggests, although 
not conclusively, that the composition of both I and 
IL is M,N, The higk electrical resistivity of silicon 
nitride (greater than 10? ohm cm); which is con- 
siderably higher thar the value (1,426 ohm cm.) 
quoted by Collins and Gerby’, suggests a compound 
with saturated valenc:es. 

The details of this investigation, which is being 
continued, will be reported elsewhere. We wish to 
thank Dr. T. A. Ingles for preparing the saiuples 
and Mr. F. G. Wilde for taking the diffraction photo- 
graphs. We thank Dz. A. T. Green, director of the 
British Ceramic Research Association, for permission 
to publish this communication and the Ministry of 
Supply for financial support for this work. 
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Formation of a‘s-Hydroxy Acid as an 
Intermediate in the Microbiological 
Conversion of Monochlorophenoxybutyric 
Acids to the Corresponding Substituted 
Acetic Acids 


Wary and his colleagues! have clearly shown that 
the growth-regulating activity in plants of sub- 
stituted w-phenoxyalkylearboxylic acids containing 
an uneven number of side-chain methylene groups 
can be explained by ®-oxidation of the fatty acid 
side-chain within the plant to give the corresponding 
substituted acetic acids. 

Working with the soil micro-organism N. opaca 
strain Tie Webley, Duff and Farmer? have shown 
that the side-chain of w-phenyl-substituted fatty 
acids also undergoes B-oxidation. It has now been 
demonstrated that strain 7,, will convert 3- and 
4-monochlorophenoxybutyric acids to the correspond- 
ing substituted acetic acids. Further, during these 
conversions an intermediate is formed which from 
y-(4-chlorophenoxy)butyric acid proved to be B- 
hydroxy-y-(4-chlorophenoxy)butyric acid. For this 
purpose the methods detailed by Webley, Duff and 
Farmer? were used. In some cases, and especially to 
obtain separation of the substituted butyric and acetic 
acids from the intermediate, it was necessary to adopt 
the ‘multiple development? technique of paper 
chromatography as described by Jeanes, Wise and 
Dimler?, 

Experiments with strain T,, were set up with 
monochlorophenoxybutyric acids m place of the 
-phenyl substituted fatty acids used previously? 
Other conditions remained the same. Aliquots 
(5 ml.) were removed aseptically, acidified, extracted 
with ether and the residue obtained after removal of 
the solvent examined by paper chromatography and 
infra-red analysis, Fig. 1 shows a chromatogram 
obtained after incubation for five days of a suspension 
of washed cells of strain Ty, (4:6 mgm./ml. dry 
weight cells final concentration) at 25° Č. in 50 ml. 
solution of y-(3-chlorophenoxy)butyric acid (as 
- sodium salt, M/250 concentration) under aseptic 
conditions. The Rp of the intermediate was 0-53 
(Y-(3-chlorophenoxy)butyric acid gives 0-62 and 
3-chlorophenoxyacetic acid gives 0-57). After further 
incubation with the addition of fresh cells ag 
described by Webley, Duff and Farmeri, paper 
chromatography of the extract showed that the 
spots corresponding to y-(3-chlorophen- 
oxy)butyric acid and the intermediate 
had disappeared and that only a strong 
spot corresponding to 3-chlorophenoxy- 
acetic acid remained. At the end of 
the experiment, the product was isolated 
from the solution as a crystalline solid 
with an infra-red spectrum identical 
with that of an authentic sample of 
3-chlorophenoxyacetie acid. 

Similar results were obtained with 
y-(4-chlorophenoxy)butyrie acid; but 
in this experiment the intermediate 
was only slowly converted to the acet- 
ate, so that after seventeen days in- 
cubation it was possible to isolate it 
as a crystalline solid. The infra-red 
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specimen (Fig. 2b). An addi- 
tional band in the natural 
product (marked by an arrow) 
is due to some unchanged y- 
(4-chlorophenoxy)butyrie acid. 
The intermediate was further 
converted to the acetate de- 
rivative by incubation with a 
fresh batch of -celis, Finally, 
an experiment was set up in 
which the synthetic B-hydroxy 
compound was incubated with: | 
washed cells of Pie After” 
seven days incubation the pro- 
duct formed was isolated from 
the solution in t sual way. 
Infra-red examination showed 
it to be 4-ehlorophenoxyacetic 
acid. The melting point (154°) 
after. three” ‘recrystallizations 
from benzene) was not altered 
on admixture with the authentic 
material. a 

It seems likely that the intermediate formed from 
y-(3-chlorophenoxy)butyric acid is also a 6-hydroxy- 
butyric acid. Its chromatographic behaviour re- 
sembles §-hydroxy-y-(4-chlorophenoxy)butyrie acid, 
which also has an Hy (0-42) lower than that of the 
corresponding substituted acetic acid (Rp 0-55) or 
substituted butyric acid (Rp 0-66). 

It is established for animal tissues that one of the 
stages.in the B-oxidation of fatty acids involves the 
formation of a §-hydroxy-acid derivative, although ©. 
in fact such an intermediate has nover been isolated), 3 
The findings presented above proyide direct evidence = 
for the formation of such a compound during 8-oxida- — 
tion. Since no such compound was detected during 
the conversion of y-(phenoxy)butyric acid to phen- 
oxyacetic acid by the organism, it is inferred that the 
electronegative chlorine substituent on the ring in 
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Fig. 1. A: y-(3-chlores 
phenoxy)butyric acid; 
B:  3-chlorophenoxy- 
acetic acid; O: inter- 

mediate its 





the attachment of the hydroxy acid to the enzyme 
complex. Further work is in progress on this aspect 
of 8-oxidation and full details will be published in 
due course. 
We are ing 


side-chain (cf. also.ref. 4), presumably by, weakening 


sbted to Prof. R. L. Wain, Wye College, 
ondon, for his encouragement during 
this work, and also for samples of 3- and 4-mono- 
chlorophenoxybutyrie acids. We are also grateful 























spectrum of this product (Fig. 2a) 
showed it to be principally @-hydroxy- 
y-(4-chlorophenoxy)butyrie acid by com- 
parison with the spectrum of a synthetic 








| 
| 
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Fig. 2. Infra-red spectra of : (a) product from y-(4-chlorophenoxy)jbutyric acid ; 


{b) synthetic §-hydroxy-y-(4-chiorophenoxyybutyric acid 
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to Dr, Heywood, of May and Baker, Ltd., for pre- 
“par and supplying a specimen of 6-hydroxy-y- 
(4-chlorophenoxy)butyric acid. 

WEBLE Yade 
i R. B. Durr ~~ 
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Breakdown of Cellulose Dextrin and Gelatin 
in the Presence of Attapulgite 


‘Pum attenuation in the breakdown of protein 
- materials and soluble cellulose dextrin by micro- 
organisms with montmorillonite has been reported 
y Pinck e¢ al, Ensminger and Gieseking? and 
Lynch and Cotnoir*. This attenuation in the case 
of cellulose dextrin was attributed partially to the 
“Inactivation of the enzyme cellulase®. 

`o Another clay mineral, attapulgite (pH 8-5), inter- 
‘mediate in crystal structure between. montmorillonite 
and kaolinite, has been studied using gelatin and 
cellulose dextrin (prepared from cellulose by de- 
grading it with 72 per cent sulphuric acid)* as the 
substrates. Gelatin alone (100 mgm.) and gelatin 
plus 1 gm. of attapulgite were shaken with a phos- 
phate buffer, pH 6-6, and inoculated with a soil 
suspension. The gelatin. plus attapulgite medium 
evolved 4:15 m.equiv. of carbon dioxide while the 
elatin alone evolved 4-03 m.equiv. of carbon dioxide. 
‘The attapulgite plus 100 mgm. of cellulose dextrin 
_ evolved 1-73 m.equiv. of carbon dioxide, while the 
_ eellulose dextrin alone evolved 2-60 m.equiy.. of 
_ carbon dioxide (Table 1) after 8 days. These values 
_ have been corrected for evolution of .earbon dioxide 
from the yeast extract control which in the 
_ presence and absence of clay gave a value of 1-82 
S millequivalents of carbon dioxide. 

The activity of the enzyme, cellulase, was tested 
in an Ostwald viscometer at 25° C. using methyl 
cellulose (4,000 centipoise) as the substrate. 3:6 mgm. 
of the enzyme in 50 ml. of 0-05 M acetate buffer, 
pH 4-15, were shaken in the presence and absence 
of 100 mgm, of the clay minerals, attapulgite and 


















: -Table 1. Amounts oF CARBON DIOXIDE EVOLVED BY Som MICRO- 
cy ORGANISMS IN THE PRESENCE AND ABSENCE OF ATTAPULGITE 


Carbon dioxide 
(m.equiv.) corrected* 
for yeast extract Protection 


Amount added 
{per cent) 


| Substrate f 





- Cellulose i) 100 
dextrin 
; @) 100 


(Average) 
S.D. 
100 





(Average) 








-ze The carbon dioxide evolved by the yeast extract control has been 


subtracted, 
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Table 2. DEGRADATION OF METHYL CELLULOSE (4,000 CENTIPOISE) 
BY CELLULASE IN THE PRESEN€E AND ABSENCE OF CLAY MINERALS 
AS INDICATED BY EFFLUX TIME FROM OSTWALD VISCOMETER 


Atiapulgite 
4 min. 23 sec. 


1 min. 56 sec. 
1 min. 57 sec. 


Buffer + meth. cell. 
Buffer + meth. cell. + cellulase 
Buffer + meth. cell. + cellulase + clay 


Montmorillonite . 
Buffer + meth. cell. 5 min, 47 sec. 
Buffer + meth. cell. + cellulase 1 min, 46 sec. 
2 min. 37 sec. 


Buffer + meth. cell. + cellulase + clay 


montmorillonite, for 24 hr. The samples were 
centrifuged and 5- ml. of the supernatants were 
incubated for 1 hr. at 25°C. with 5 ml, of 0-5 per 
cent methyl cellulose. The time of efflux was then 
measured. It can be seen from Table 2 that, unlike 
the montmorillonite, the cellulase was not inactivated 
by the attapulgite. 

It is suggested, by analogy with results obtained 
with montmorillonite’, that the cellulose dextrin, 
which exists in units of 20-30 anhydro-glucose mole- 
cules, can enter into the holes or spaces in the 
attapulgite lattice and is thereby protected from 
attack by the soil micro-organisms. The. gelatin, 
because of its greater molecular size, is unable to do 
this. 

Because of the prevalence of attapulgite in many 
soils this observation of the attenuation of break- 
down of cellulose dextrin is perhaps significant in 
terms of soil organic matter relationships. To our 
knowledge, this is the first use of this soil clay mineral 
in this type of study. 

The attapulgite, the cellulase and the methyl 
cellulose used in this work were commercial prepara- 
tions from Ward’s Natural Science Estab., Inc., the 
Bios and General Chemical Companies, and from 
Dow Chemical Co., respectively. 

This communication is published with the approval 
of the Director of the Delaware Agricultural Experi- 
ment Station; funds for the investigation were 
provided by Andelot, Ine., through the University 
of Delaware Research Foundation, 

D. L. LYNCH 

L. M. WRIGET 

L. J. COTNOIR, JUN. 
Dept. of Agronomy and Agricultural Engineering, 

University of Delaware, 
Newark, Delaware. ` 
Feb. 25. 
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Electrophoresis of Glucose Epimers 


Tur movement of sugars in an electric field has’ 
already been used in certain analytical and prepara- 
tive methods. This movement is based “on the 
principle that borate ions form -complexes with 
hydroxyl groups in sugars, so that these will move 
towards the anode in a borate buffer. 

A method by which the epimerization of glucose, 
especially in biological material, could be estimated, 
would be of great interest. Therefore, electro- 
phoresis was applied tc solutions of a- and @-gluco- 
pyranose.. The method used in our investigations 
was that of Consden and Stanier'. Phe mobilities for 
different sugars found by them are well reproducible. 





Average time of efflux ` 
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At pH values slightly greater than 7-0, there is a 
clear difference of mobility between glucose and 


p fructose, which is very useful in many biological, 


especially medical, investigations, as the Ry values 
in ordinary paper chromatography for these two 
important sugara differ very little. 

A fresh solution of d-glucose (supposed to contain 
the «-form of d-glucopyranose), a 24-hr. solution of 
the same (supposed to contain an equilibrated mix- 
ture of the «- and §-forms) and d-glucose heated for 
10 min. with pyridine (supposed to epimerize into 
8-glucopyranose), were subjected to electrophoresis. 
The 0-1 per cent solutions were made up in M/30 
borate, at pH values of 9-2. 

The mobilities of these epimers did not differ. 
Evidently, in borate buffer solutions, glucose epimers 
acquire the same negative charge. This method is 
not suitable for identifying the «- and -form of 
glucopyranose. 

J. KELLEN 

Laboratory of St. Kupele, 

Novy Smokovec, 
Czechoslovakia. 
t Conaden, R., and Stanier, W. M., Nature, 169, 783 (1952). 


Quantitative Evaluation of Hemagglutina- 
tion by means of a Density Column 


Tux ideal substance for evaluation of hamagglutin- 
ation by means of a density column must not enhance 
rouleaux formation or produce hemolysis (osmotic 
fragility ; mechanical fragility). Such a substance 
should not increase the sedimentation of single cells, 
but only of aggregates. Previous work! has shown 
that fibrinogen, certain gums, gelatin, glytogen, 
pectin, agar-agar, hyaluronic acid, polyacrylic acid 
and deoxyribonucleic acid are unsuitable. My own 
experience has shown that saccharose, dextrin, poly- 
vinylpyrolidone (Antara Chemicals, Boston, U.S.A.), 
plasdone C (Antara Chemicals, Boston, U.S.A.), 
` dextran (Grade iv. clinical) (R. K. Laros Co., 
. Bethlehem, U.S.A.), methylcellulose SL 25 (Kalle 
and Co., Wiesbaden-Biebrich, Germany) and cellulose- 
glycolate KN 25 (Kalle and Co., Wiesbaden-Biebrich, 
Germany) are also unsuitable. 


A 





Fig. 1. Distribution of erythrocytes along the density column 
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1 a A Ww Y I A E BY 
Group AB erythrocytes + Group AB erythrocytes + 
anti-B serum anti-d serum 


Fig. 2. Distribution of erythrocytes in the density column after 
agglutination: 


Hydrolysed dextran, Gradə L (R. K. Laros Co. 
Bethlehem, U.S.A), with an average molecular 
weight of 15,000-20,000, causes no rouleaux forma- 
tion and it is suitable for use in a density column. 
Solutions of ‘dextran L’ containing 5 vol. per cent. 
of isotonic phosphate buffer with pH 7-4 were found, 
satisfactory. In order to establish the density column, ~ 
6 ml. of ‘dextran D’ solution of higher density (see _ 
Table 1) is pipetted into a burette of 25 mm. diameter. 
0-9 ml. of the dextran solution of lesser density 
is slowly superposed. upon it. A certain mixing — 
of the medium seetion is achievéd by 15 slow moves 
ments with a spiral-shaped glass rod*. Finally, | 
0-02 ml. of a 50 per cent suspension of washed red. 
cells in sodium chloride are slowly added on top of 
the column ; this suspension quickly spreads out over 
the whole surface, forming a film 40u thick. After 
an hour the distribution of red cells along the density 
column is analysed. 3-ml. portions are run out of the 
burette and the topmost section containing most of 
the cells is divided up in three portions of 1 ml. each. 
The hæmoglobin content is measured at wave-length ~ 
580 my. (Beckman DU) after freezing or hemolysing 
with a fresh 5 per cent solution of saponine. 

The optical density of 0-02 ml. of the 50 per cent 
suspension of hemolysed red cells is taken as 100 per 
cent; and the reading of each section is a percentage 
of this. The sum of the readings of all the sections 
raust be 100 per cent, with a tolerated deviation of 
+ l per cent. Table 1 gives some physicochemical 
data of the three density columns a, b and c. 

Table 1 
a b 
1 oaao 0549 10549/10063 1 oshi a 0790 


20 -2/26-0 26-0 38-1 
ma 18/21 


12/15 

The viscosity index ye is a measure of the average 
contribution of polymer molecules at concentration ¢ 
to the viscosity ; the dimensions of ye are em.*/gm. 
The specific gravity of erythrocytes is 1-092. 

In column ¢ (Fig. 1), with the highest density, all 
red cells are still in the topmost section after I hr. 
But sedimentation of aggregates. proved to be too 
slow, therefore column b was selected for further 
studies. The sensitivity of the density column can 
be varied by changing the range of the two limiting 
densities. 


Viscosity 1 gravity 
iscosity index se 
Dextran L’ (per cent) 
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_ Fig. 2 shows a comparison of hemagglutination of 
the blood of AB group with anti-B serum (Dade 
Reagents, Miami, U.S.A.) (left) and with anti-A 
“serum (Dade Reagents, Miami, U.S.A.) (right). The 
former shows the stronger agglutination, with cell- 
aggregates down in Section IV and even section V of 
the column after 1 hr. Close-up ‘views of the cell- 
in the different sections with phase- 
were carried out. They should establish 



















the. iterdependence between morphological an 
“physicochemical data. : l 
nn A Cu. WUNDERLY | 
_. Medical University Clinic, | 
=o Zwi | 
Feb. 10. | 

H.. and Castle, W. B., J- Lab. Clin, Med., 47, 669 (1958). 

cet Welsman, K., sig Hins, C. F., Arch. Int, Med., 96, 
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Depolymerization of Hyaluronic | 





show a signifi 
related to the intensity of irradiation. In examinin 
the properties of irradiated conjugated proteins, suc 
as nucleoproteins and mucoproteins, I have investi 
gated the effects on the prosthetic groups of thi 
_ molecules. The present communication deals wi 
the action of X-rays on hyaluronic acid. i 
-The acid mucopolysaccharide was isolated fro: 
umbilical cord and purified to provide preparation: 
homogeneous in the electrophoresis and ultracentri- 
fugo. Irradiations were carried out with soft X-ray: 
in a ‘Dermopan’ apparatus (beryllium window ; 
45 kV.; 25 m.amp., at distance of 5 mm. from t 
window). š 3 
After irradiation of a 1 per cent solution of he 
uronic. acid, a slight opalescence was observed and 
an immediate decrease of the viscosity to values very, 
_elose to that reported by Schoemberd et al.1, when 
_ calculated“ for the same dose of X-rays. Fig. 1 
shows the electrophoretic pattern of irradia’ 
hyaluronic acid ; it seems clear that, after irradiation. 
the single boundary is split into several components 
-- migrating with lower velocity. The mobility observa 
tions are summarized in Table 1. 
| Inthe ultracentrifuge the sharp and symmetri 
_ boundary of hyaluronic acid after irradiation becomes 
somewhat broader and the sedimentation constant 
is lowered. This behaviour is very similar to that of 
hyaluronic acid which has been depolymerized b 
hyaluronidase. The sedimentation results are ee 
in Fig. 2. | 
‘Assuming the same diffusion constant for irradiated 
and unirradiated hyaluronic acid——unfortunately it i 


































Case "i 
Table1. MOBILITY DATA, AT pH 7, OF UNIRRADIATED AND IRRADIATED 
$ (200 x 10° R.) HYALURONIC ACID i 
U x 10 cm.* seo. volt- 
Unirradisted hyaluronic acid 10-5 
Irradiated hyaluronic acid 
lat component 
2nd component 


76 
4:2 
Brd component 138 
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(a) (b) 


Fig. 1. Electrophoretic pattern of (a) unirradiated, and (b) irra- 


diated (200 x 10%r.} hyaluremic acid. Phosphate buffer, pH 7, 


#0-1. Exposures teken at same time Interv. 


not possible to determins the exact diffusion constant 
after irradiation, because of the splitting of irradiated 
hyaluronic acid into several components—the mole- . | 
cular weight of hyaluronic acid appears to be lower. 
after irradiations. : 

It seems, therefore, chat ionizing radiations are 
able to determine a kind of depolymerization of 
hyaluronic acid; this kas been confirmed with the 
occurrence of free glacosamine in. solutions of 
irradiated hyaluronic avid. Further, quantitative 
estimation? has shown that the amount of glucosamine 
liberated from irradiated hyaluronic acid is pro- 
portional to the X-ray dose (see Fig. 3). _ 

To ascertain whether the changes observed in 
irradiated hyaluronic ac:d are due to the indirect or 
direct action of X-rays, some experiments have been 
carried out with dry hyaluronic acid, when similar 


Sedimentation constant in 
Svedberg units (S x 1077) 





0 02 Ot ake 0:8 10 


Concentration of hyaluronic acid (gm./litre) 
Fig. 2, Sedimentation constants of unirradiated (0—0) 


irradiated (200 x 10° r.) hyaluronic acid (O—— O) and hyaluronie 
acid treated with hyaluronidase ( x-——- x) 


w 





bo 


Glucosamine (mM) 





i 








X-ray dose (r x 10°) 


Quantitative estimation of glucosamine liberated 


ia from irradiated hyaluronic acid 
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alterations occurred with inereasing dose of radiations, 
Therefore, I conclude that the depolymerization of 
_ hyaluronic acid observed is the result of both m- 
* direct and direct effects of X-rays. f 

Hence X-rays are able to depolymerize an acid 
mucopolysaccharide such as hyaluronic acid in the 
same way as the specific enzyme does ; it seems that 
» ionizing radiations, like hyaluronidase, act on hyal- 

uronic acid by opening the N-acetylglucosaminic 
bond. 

ANTONIO Caputo 


Istituto Regina Elena per lo studio 
o la cura dei Tumori, 
291 Viale Regina Elena, 
Rome. 
Jan, 22. 
‘Schoemberd, M. D., Brook, R. E., Hall, J. J., and Boheiderman, H, 


U.S. Atomic Energy Com., U.C.L.A., 1950, 
4 Elson, L, A., and Morgan, W. T. J., Biochem. J., 87, 1824 (1933). 


Occurrence of Glutaminase in Endamoeba 
i histolytica 


Tue existence of glutaminase in bacteria has 
been demonstrated!-*. However, to our knowledge 
no work has been done on other micro-organisms 
such as Protozoa. Little is known on the enzymatic 
make-up of Hndamoeba  histolyticat. Recently, 
proteolytic enzymes were demonstrated in the 
amoebae’, Since a method became available for 
obtaining large quantities of bacteria-free amoebae? 
an investigation was undertaken to study the glut- 
amine hydrolysing enzyme in this organism. 

The amoebae for the glutaminase assay were 
prepared by growing the organisms in a medium 
which consisted of egg slants overlaid with horse 
serum—Ringer solution, glucose, adenosine triphos- 
phate, ribose-5-phosphate, rice powder, sodium 
thioglycollate, penicillin and streptomycin. The 
amoebae were harvested after 3-4 days of incubation 
at 37°C. and washed 2-3 times in saline solution 
before performing the enzyme assay. These cultures 
of E. histolytica contained no viable bacteria. Three 
strains of amoebae (NRS, UC, HUS-100) were 
employed ; the results with the three strains were 
essentially identical. 

The incubation mixture consisted of 0-3 mil. 
amoeba suspension (approximately 1,000,000 amoebae 
per ml.), 0-5 ml. 0:1 M veronal-hydrochloric acid 
buffer, 0-1 ml. 0-1 M I-glutamine, 0-1 ml. 0-9 per 
cent sodium chloride solution. The mixture was 
incubated in 25 ml. penicillin bottles for 30 min. at 
37-5° C., after which the bottles were stoppered, 
injected with 1 ml. of 20 per cent sodium carbonate 
solution, “and assayed for ammonia*. Glutamine 
ivity was caleulated by subtracting ammonia 
both in the absence of substrate and in the 
sence of amoeba from ammonia liberated in the 
presencé.of both substrate and amoeba. 

The optimal pH of the glutaminase of E. histolytica 
was found to be between 7-0 and 7:5. This is markedly 
different from that of Clostridium perfringens, which 
was reported to be around 5-0; it is interesting to 
note that these organisms are found in the soil 
whereas the intestinal tract of man is the normal 
habitat for E. histolytica. Differences in pH and other 
environmental factors may account for the optimum 
pH of the ghutaminase of E. histolytica. With regard 
to activators of glutaminase, the amoebic enzyme 
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is more like mammalian glutaminase than the bac- 
terial enzyme.. The former is activated: by. phosphate. 
and the latter by monovalent anions, Only phosphate” 
activated the amoebic glutaminase ; sedium:chloride 
did not activate this enzyme in the amoebae. 
Thus the oceurrence of a phosphate-activated:. 
glutaminase in H.-histolytica has been established. 
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Occurrence of Flavokinase Activity in 
Plants > 


RıBorLAVvIN functions biologically as either flavin 
mononucleotide or flavin-adenine-dinucleotide, which: 
constitute the prosthetic group of a variety of. 
enzymes, A study of pathways through which these. 
nucleotides themselves are synthesized from the free 
vitamin would be valuable. The only reports in the — 
literature regarding the enzymatic synthesis of flavin 
mononucleotide pertain to the study of the enzyme. 
from baker’s yeast? and a riboflavin-excreting mutant > 
yeast BY2*, On the basis of the specificity and 
stoichiometry of the reaction, the enzyme was 
designated ‘flavokinase’. In this communication, the 
occurrence of the enzyme in plants is reported for 
the first time. 

For the preparation of enzyme extracts, 5 gm. of 
the acetone-dried powders were ground with equal 
weights of ‘Pyrex’ glass powder and 10-15 ml. water, 
and extracted in the cold (0-5°) for 15-18 hr. The 
supernatant of this extract was dialysed at 0-5° for 
4 hr. The precipitate resulting after dialysis was 
centrifuged off and the supernatant was used as the 
enzyme. The identity of flavin mononucleotide was 
established as follows. A 40 ml. reaction mixture 
consisting of 2 ml. adenosine triphosphate solution 
(obtained by converting 40 mgm. of barium adenosine 
triphosphate‘ to the sodium salt), 2 ml. sedium fluoride 
solution (1 x 107: M), 2 ml. of manganese sulphate 
solution (3-0 x 10-4 M), 4 ml. of riboflavin sohition 
(1-0 x 10-* AL), 14 ml. of veronal—hydrochloric acid 
buffer (0-1 M) pH 8-4 and 16 ml. of enzyme prepara- 
tion (from Phaseolus radiatus) was incubated at 37° 
for 18 hr. The reaction was stopped by adding 
16 ml. of 17-5 per cent trichloracetie acid and heating 
at 80-85° for 5 min. The supernatant was subjected 
to preparative circular paper chromatography*. The 
eluate of the band corresponding to flavin mono- 
nucleotide showed absorption maxima in the region 
264-266 mu. It was chromatographieally identical 
with an authentic sample of flavin mononucleotide. 
On chemical, as well as enzymatic, hydrolysis of 
the product, liberation of phosphate occurred, and 
riboflavin was the only flavin formed after such 





No, ae June L 1957 























Table 1 
Flavokinase activity 
E. {myo flavin mononucleo- 
«Plant source* tide synthesized at 37° and 
PH 8-4 per 2 mil. ‘reaction 
mixture per 6 br,) 
99-7 
3 85-9 
ad 82-8 
ngo (I 76-7 
JGC 4 797 
<6- Dolichos biflorus (horse gram) 99-7 
oT Dolichos lablab (eld bean) 148-8 
Canavalia gladiata (sword bean) 118-1 f 
Pisum sativum (pea) 99-7 
Seramin indicum (sesame) 99-7 
Cajanus indicus (red gram) 99-7 
uni tuberosum (potato 73 6 | 
0 





ers me preparation from. sources 1-11 were. obtained by using 

ng seeds. p 

+2 mil, reaction mixtures contained riboflavin (1:0 x 10~* Af), 

< adenosine triphosphate (erystalline: sodium, 1-0 x 10-9 M), sodium 

|) fuoride (1-0: x 107" M), magnesium sulphate (3-0 x 10-5 M ), 0-7 ml. 
of0+1 M veronal-hydrochlorie acid buffer pH 8-4 and 0-8 ml. enzyme 


| : preparation: 


_ degradation. Flavin mononucleotide was estimated 
_ by the method of Giri and Krishnaswamy*, by sub- 
_ Jecting the supernatants to chromatography, identify- 
ing the flavins under ultra-violet light, eluting the 
_ flavins in water and measuring their fluorescence in a 
_ Klett fluorimeter. Appropriate controls which in- 
_ eluded sets in which adenosine triphosphate was 
omitted were also carried out. Flavokinase activity 
was found. to be optimum in the pH-range 8-0-8-4 
and at 37°. The flavokinase activities of the plant 

materials investigated are presented in Table 1. 
In Fig. 1 the increasing synthesis of flavine monc- 
nucleotide in reaction mixtures containing riboflavin, 
adenosine triphosphate and an enzyme preparation 
from Phaseolus radiatus, with increase in incubation 
period, can be observed. The occurrence of this 
enzymatic process in plants points to the similarity 
_ of pathways through which trace substances like 
_ flavin mononucleotide are synthesized in yeasts and 
. plants. Further work on purification, properties and 









Fig. 1. Chromatogram showing the synthesis of flavin mononueleo- 

tide (lower band) from riboflavin and adenosine triphosphate by 

extracts of Phaseolus radiatus at different intervals of incubation 

(in minutes). Photograph was taken in ultra-violet light using a 
filter of saturated sodium nitrite solution 





NATURE | 


1135 


kinetics of this enzyme are in progress and will be 
published elsewhere. tae 
K. V. Grex 
P. R. KRISHNASWAMY 
N. Appast Rao 
Department of Biochemistry, 
Indian Institute of Seience, 
Bangalore 3, India. 
Feb. 21. 
* Snell, E. E., Physiol, Ret., 33, 600 (1953). 
* Kearney, E. B., and England S., J, Biol, Chem., 198, 821 (1951). 
a ae ie and Krishnaswamy, P, Ra J. Ind. Inet. Sei., 38, 932 
“Le Page, Biochem. Prep., 1, 3 (1949). of 
* Girl, K. V., J. Ind, Inst. Sci., 37, 1 (1955); Mature, 178, 1194 (10954). a 


Substance appearing in Steroid-containing 
Plasma Extracts after Ingestion of Tea or 
Coffee 


In the course of paper chromatography of chloro- 
form extracts of human: plasma several ultra-violet. . 
absorbing spots, in addition to that produced by 
cortisol, have frequently been encountered, both by 
ourselves and by others!. Attention was directed to 
one of these when it was found that in the fasting 
state it was no longer detectable... (In our experi- 
ments the plasma was extracted three times with 
1-5-3 volumes of chloroform. A clean extract was 
obtained by mixing the plasma with one-fortieth 
volume N sodium hydroxide immediately prior to 
the first extraction®.) 

The absorption spectrum of the chloroform eluate 
from this region of the chromatogram showed a 
maximum in the neighbourhood of 275 mu, which 


a) (2) (3) 
Caffei 
Coffee and Plasma 
extract + cortisol extract 





Fig.1. Tracing of spotsabsorbing ultra-violet ight on a chromato- 
gram run for 6} hr. at 28° ©. in toluene~75. per cent methanol, 
(1) Chloroform extract of 0-f ml, coffee percolate, (2) caffeine and 
cortisol standards, and (3) chloroform extract of 20 ml. plasma, 
obtained after ingestion of a cup of coffee 
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was unchanged when the spectrum was determined 
in alkaline solution (0-46 N potassium tert.-butoxide 
-in tert-butanol) instead of in chloroform. The 
position of the maximum was also unchanged whether 
the chloroform solution was (a) washed with water, 
N sodium hydroxide or N hydrochloric acid, or 
(b) taken to dryness and the residue heated in a 
x boiling water-bath with N hydrochloric acid for 
l} hr., then concentrated and redissolved in chloro- 


form. After treatment (b) the chromatographic. 


behaviour of the material was unaltered.. These 
chemical properties, together with the finding (see 
Fig. 1) that the ultra-violet absorbing spot appeared 

“on chromatograms of plasma extracts after the 

ingestion of a cup of coffee, suggested that the 

unknown material might be a dietary purine. In a 

normal subject, from whom 20 ml. blood was 

taken 3, 6 and 9 hr. after the ingestion of a cup of 
coffee, the ultra-violet absorbing spot on the chrom- 
atogram was most obvious at 3 hr. Rp values in 
three solvent systems (0-5-0-6 in toluene-75 per cent 
methanol’, 0-66 in butanol-watert, and 0-63 in 

‘amyl alcohol-water*) were the same as that of a 

_. eaffeine standard run at the same time. Chromato- 

< graphy in toluene-75 per cent methanol of a mixture 
of caffeine with a plasma extract containing the 
unknown constituent gave only a single spot. An 
ultra-violet absorbing spot with the same Rp value 
was also found on chromatograms of plasma extracts 
after ingestion of a cup of tea, and on chromatograms 
- of chloroform extracts of a coffee percolate. It seems, 
therefore, that the unknown compound is either 
caffeine or a closely related substance. 

One of us (D, B.) wishes to acknowledge receipt of 

a grant from the Empire Rheumatism Council. 

D; ABELSON 
D. BORCHERDS 
Department of Medicine, 
Postgraduate Medical School of London, 
Ducane Road, 
London, W.12. 
Feb. 25. 
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Glycogen in the Ligated Silkworm Pupa 
(Bombyx mori) 

Ir has been shown by many workers: that meta- 
morphosis in insects is controlled by the action of 
hormones, and that marked changes in metabolism 
occur in the process of metamorphosis. Recent 
studies on the possible role of hormones as regulators 
] tabolism have involved the comparison of 
normal individuals with those from which specific 
organs had been extirpated. 

Young pupæ of Bombyx mori (within about 15 hr. 
after pupation) deprived of the prothoracic glands 
cannot develop further and remain at this stage until 
death. By implanting the same glands from intact 
donor pupe into such young ectomized pupa», 
imaginal differentiation is resumed and finally adults 
emerge’. In spite of the fact that the role of the 
prothoracic gland hormone in the imaginal differen- 
tiation is thus evident, we still have no idea of the 
metabolic changes induced by this hormone at the 
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Fig. 1. Variation of glycogen content ia normal and ligated slik- 

worm pape (male). ©, Normal pupa; A, ligated pupa. On the 

first day of the pupal stage, the pupe were ligated and the 

determination was done shortly after ligation. On the eleventh 
day adults emerged in the control 


early pupal stage. One of us (T. I.) has shown? in 


silkworm pups ligated at the level of thorax for the 


purpose of eliminating the effects of the prothoracic _ 
gland hormone (1) that discontinuous output of 
carbon dioxide occurs, (2) that the rate of the re- 
spiration and the proportion of cyanide-insensitive 
respiration are decreased and remain at low levels © 
without showing any increase until death, and (3) that 
the activities of cytochrome c oxidase, succinoxidase ©. 
and succinic dehydrogenase are decreased. From“ 
these observations it was concluded that the ligated 
pupæ seem to be in the same physiological condition 
as those of the diapausing pupæ of other kinds of 
insects. 

We have now examined the effect on glycogen con- 
tent of ligating silkworm pups. The pupæ were ligated 
at the level of the metathorax within three hours 
after pupation, while the pupal cuticle was still soft, 
and the part anterior to the ligation was cut off. 
The posterior part was analysed for glycogen after 
hydrolysis to free glucose‘. The results for normal 
and ligated pup» are shown in Fig. 1. 

In normal pupæ the glycogen content per gm. wet, 
weight is decreased during pupal development and 
reaches a value of approximately one-fifth of the 
initial value at the end of the pupal stage. This 
confirms results already published by several authors" 
and suggests that glycogen is consumed as one of the 
energy sources. In the ligated pupæ, however, almost 
the same level of glycogen is maintained during the 
nine days following the operation, and even fifteen 
days after ligation. Since there is no marked difference 
in the decrease in the body-weight between normal 
and ligated pup, it is evident that no appreciable 
decrease in glycogen content occurs in the ligated 
pup, while it decreases markedly in the normal ones 
throughout the pupal stage. As shown in Fig. 1, 
more glycogen is present in the ligated pup» than 
in the control on the first day of the pupal stage. 
This suggests that glycogen is distributed more 
densely in the posterior half of the pupal body than 
the anterior half, because the ligated pupa consists 
of posterior thorax and abdomen. Since the marked 
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decrease in glycogen is one of the metabolic features 
associated with metamorphosis, the maintenance of 
glycogen-level in the ligated pupæ ıs considered to 
be due to the absence of the prothoracic gland 
hormone. In other words, glycogen is decreased in 
the presence of a regulator, in this case the hormone 
secreted from the prothoracic gland at the early 
pupal stage. It is more reasonable to consider that 
the glycogen is not degraded in the ligated pupa than 
to postulate that the rate of synthesis of glycogen 
is of the same order of magnitude as glycogenolysis. 
The most probable mechanism is that a series of 
glycolytic enzymes are activated by the prothoracic 
gland hormone and present at the time of histolysis. 
Tosxio Iro 
Yasuniro Horie 
Sericultural Experiment Station, 
Suginami-ku, Tokyo. 
Feb. 8. 
“The Principles of Insect Physiology” (E. P. 
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Reversal by Diethyl-Stilbeestrol of the 
Depressant Effect of Cortisone on the 
Phagocytic Activity of the Reticulo-endothelial 
System 


Muox has already been published showing that 
cortisone depresses the reaction of the body to com- 
mon bacterial infections in both animals and man’. 
In the human subject there is evidence that it may 
mduce activity m~a quiescent tuberculous lesion?, 
while sudden death from acute fulminating pneumonia 
has been recorded in cases of rheumatoid arthritis 
under treatment with cortisone. It 1s, however, now 
accepted that severe intercurrent infection tends to 
occur only when large doses are given, and Wayne? 
is of thé opinion that the critical dose of cortisone 
in the human subject is.about 75 mgm. per day, since 
adverse side-effects commonly develop in patients 
receiving more than 100 mgm. daily. 

The mechanism by which cortisone depresses the 
body defences has been shown by Nicol, Snell and 
Bilbey* to be due to depression: of the phagocytic 
activity of the reticulo-endothelial ‘system, the total 
and differential white cell counts in the blood and 
the gamma globulin level in the serum; and its 
beneficial use in disease is probably due to a similar 
mechanism whereby it depresses the mflammatory 
reaction of the patient and thus holds in check the 
cycle of pathological changes. They also showed that 
the depression of phagocytic function occurs chiefly 
during the first two weeks of cortisone treatment 
and that durmg the third and fourth weeks the phago- 
eytic activity returns to normal, although the blood 
picture and the concentration of gamma globulin in 
the serum remain altered. These findings suggested 
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that it is during the early stages of treatment with 
large daily doses of cortisone that intercurrent in- 
fection is most likely to develop. In contrast, the 
cestrogens have been shown by Nicol, Helmy and 
Abou-Zikry® to stimulate the phagocytic activity of 
the reticulo-endothelial system, the strongest stimu- 
lant being diethyl-stilbcestrol. 

The present research was designed to ascertain 
whether or not the depressant action of cortisone on 
the phagocytic activity of the reticulo-endothelial 
system could be reversed by diethy]-stilbcestrol. For 
these investigations, male_ white mice (T.O.Swiss 
strain) of 20-30 gm. body-weight were used, The 
phagocytic activity of the reticulo-endothelial system 
was studied as follows. Each animal received one 
intravenous injection of carbon of particle size 250 A., 
the dose of the carbon being calculated on the basis 
of 16 mgm. per 100 gm. body-weight. The rate of 


* disappearance of the carbon from the circulating 


blood, which has been found to be a measure of 
phagocytic activity, was then recorded by an 
absorptiometer. The logarithmic values of the 
absorptiometer readings give an exponential curve, 
the tangent of which has been taken to indicate 
the phagocytic activity or phagocytic index’, which 
is denoted in the present communication by the 
symbol K. 

Eighty control animals used in this and other 
experiments were given carbon only, and showed an 
average phagocytic index or K value of 26. 

Five animals each received 0-5 mgm. of cortisone 
acetate (Roussel) daily subcutaneously for one week. 
The administration of cortisone was then stopped, 
and each anımal was given one injection of carbon 
and the phagocytic index K recorded as described 
above. The average K value was now found to be 
reduced to 7. Each of these five animals then re- 
ceived one injection of 0:5 mgm. diethyl-stilbcestrol 
‘subcutaneously daily for a further week. A second 
injection of carbon was then given and the phago- 
cytic index K was found to be raised to an average 
value of 46. 

A second group of five animals each received 0-5 
mgm. diethyl-stilbeestrol (Organon) subcutaneously 
daily for one week, then one injection of carbon. 
These recorded a phagocytic index K of an average 
value of 105, indicatmg marked stimulation of 
phagocytic activity. 

A farther five animals were each given 0:5 mgm. 
of cortisone acetate (Roussel) followed by 0-5 mgm. 
of diethyl-stilbestrol (Organon) subcutaneously 
daily for one week. They then received one injection 
of carbon and the phagocytic index K of the group 
was found to be raised to an average value of 68. 

- These experiments show that in the mouse the 
normal phagocytic index (K = 26) is depressed by 
cortisone to the low figure of 7, but that if the cortisone 
treatment is stopped, the depressant action of the 
cortisone can be reversed and converted into one of 
moderate stimulation (K = 46) by diethyl-stilbcestrol. 
Further, if cortisone and diethyl-stilbestrol are 
administered -separately but at the same -time, the 
depressant action of the cortisone is prevented and 
considerable stimulation (K = 68) of phagocytic 
activity occurs. In addition, the above results have 
been verified microscopically and are m complete 
agreement with those previously recorded®? using 
the trypan blue technique. 

Chnically these results suggest that when an inter- 
current infection develops during cortisone therapy, 
not only should the cortisone be stopped. and prob- 
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ably a suitable antibiotic given, but also the defence 
of the patient should be stimulated by diethyl- 
stilbestrol. They also indicate that, m cases in 
which the cortisone cannot be withdrawn, diethyl- 
stilbcestro] can be given at the same time to increase 
the general defence against infection. At least 
clinical trials seem to be indicated along these lmes. 


T. Nicoz 
D. L. J. Busey 
Department of Anatomy, 
King’s College, 
London, W.C.2. 
May 22. 
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Some Indole Constituents of Cabbage 


B-INDOLYLACETIC ACID has long been recognized 
as a naturally occurring plant auxin, but the problems 
of its origin, mode of action and metabolism are nob 
yet fully elucidated. In particular, several pathways 
for the in vitro degradation of 3-indolylacetic acid by 
oxidase systems have been postulated, but no un- 
equivocal evidence for the chemical nature of the 
products from such reactions has yet been presented. 

With the isolation of 3-mdolylacetonitrile from 
cabbage and the realization of its growth-promoting 
properties', it has been of interest to examme the 
metabolism of this compound in the cabbage plant. 
Failing attempts to demonstrate an indolylaceto- 
nitrile—-oxidase activity in purified cell-free extracts 
of cabbage material, it has been possible to obtain 
some insight into the problem by investigating the 
occurrence of other indole derivatives m the plant. 
We wish to report the isolation from cell-free aqueous 
extracts of cabbage, by ether extraction and the use 
of adsorption and partition chromatographic tech- 
niques, of indole-3-aldehyde and indole-3-carboxylic 
acid. The compounds were identified by melting 
point and mixed melting point, analysis, ultra- 
violet and mfra-red spectra, by the preparation of 
derivatives, and by chromatographic comparison 
with authentic specimens of the two substances. 
Indole-3-aldehyde was isolated mitially from matur- 
ing plants (vat. January King), the yield being 
6-5 mgm. from 1-9 kgm. of plant material; the 
presence of indole-3-carboxylic acid was suggested 
by paper chromatography—a spot with Rp 0-44 
(tsopropanol/0-15 N ammonia) giving an orange 
colour with ferric chloride spray reagent. Following 
this work, fully grown plants (var. Harly Offenham, 
9-1 kgm.) yielded the aldehyde (67 mgm.) and the 
acid (3-6 mgm.). 3-Indolylacetonitrile was present 
in trace amounts in both cases, but no mdication of 
the presence of 3-indolylacetic acid was obtained. 

Indole-3-aldehyde has previously been claimed, 
on the evidence of paper chromatography, to be 
present in cabbage and other crucifers? and it has 
been suggested as a product of the enzymatic oxida- 
tion of 3-indolylacetic acid’. Indole-3-carboxylic 
acid has been shown to arise when 3-mdolylaceto- 
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nitrile is apphed to plant tissue, the reaction being 
considered an example of the general process of 
«-oxidation of nitriles, and in addition the com- 
pound has been detected in peast. The present work 
confirms these reports of the occurrence of the 
compounds, and suggests that side-chain degradation, 
as distinct from ring fission, is one form of auxin 
inactivation operating within the cell. 

Small amounts of a third 3-substituted indole 
were also isolated in both cases, and the chemistry 
of this new compound is being further investigated. 

E. R. H. JONES 
W. C. TAYLOR 
The Dyson. Perrins Laboratory, 
University, Oxford. 
April 4. 
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Effect of Low Temperature on the Breeding 
of Marine Animals 


Tum work of Appellóft, Runnström? and Orton? 
directed attention to the importance of sea tempera- 
ture in determining the geographical limits within 
which a marine animal could breed. It is now well 
known that the breeding season may vary over the 
different parts of the range, according to the annual 
variation m temperature at different latitudes. This 
effect is particularly evident in species which are 
adapted to warmer seas; their breeding season in 
more temperate waters is increasingly restricted to 
the warmest months. Recently, Loosanoff and 
Davis! have demonstrated experimentally that certain 
of these organisms, notably Venus mercenaria, can 
be brought into the breeding condition in winter by 
gradually raising the temperature of the water in 
which they are kept and providing them with suitable 
food. 7 

Arctic forms livmg in temperate latitudes generally 
produce fertilized eggs in winter or m early spring, 
which suggests an inability to breed at higher tem- 
peratures. However, there is little evidence that in 
arctic waters they spawn over a more extended period, 
or that the season of egg production 1s displaced into 
the summer months. On the contrary, those groups 
with predommantly planktotrophic larve, such as 
fish and cirripedes, which breed in wmter or spring 
in temperate latitudes breed also during the same 
period in the arctic*-?. This may have an advantage 
in giving the larve an early start in a short growing 
seasons. 

So far, I do not think that the direct effect of low 
temperature m promotmg the breeding of cold-water 
forms has been explored by experiments analogous 
to those of Loosanoff. The results of work recently 
earried out in this laboratory may therefore be of 
general interest as well as of practical value. 

Two species of arctic barnacles, Balanus balanoides 
L. and Balanus balanus (L) (= B. porcatus Da Costa), 
which normally become fertilized once a year in 
November and February respectively*, have been 
kept in the laboratory at different temperatures for 
long periods. Those mamtained at temperatures 
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fluctuating between 14° and 18°C. did not become 
fertilized or show any copulatory’ activity at the 
normal breeding season. The only exceptions were 
barnacles brought into the laboratory a few days 
before breeding. activity began m their natural 
habitat. These individuals produced normally 
fertilized eggs at temperatures greatly exceeding 
those prevailing m the sea at the time. B. balanoides, 
for example, bred at a temperature of 17°C. and 
B. balanus at a temperature at least as high as 11°C. 
It is evident, however, that a prolonged period of 
high temperature prevents the animals from reaching 
the breeding condition. 

Specimens of B. balanoides were collected in summer 
and kept in tanks at temperatures ranging between 
3° and 10° C., aeration being provided by mechanical 
stirring. Breeding commenced after one or two 
months, the interval depending on the temperature 
and the previous history of the barnacles. These 
individuals became fertilized and eventually produced 
viable larvæ. Similar results were obtained with 
B. balanus. Thus by maintaining individuals at a 
low or high temperature ıb is possible to cause 
breeding to take place at times of the year other 
than the normal breeding season. The procedure is 
extremely simple smce, provided eggs are developing 
in the ovary, there is no need to feed the barnacles 
while they are being brought to maturity at low 
temperature. Indeed the evidence, though not yet 
conclusive, suggests that starvation accelerates 
maturation. 

Further experiments are being undertaken to 
establish more precisely the relationship between 
temperature and breeding. It seems probable that 
the southern limit of Balanus balanoides, which 
approximates to the winter isotherm: for 45° F., and 
possibly that of B. balanus also, is related to the 
need for a sufficiently long period of low temperatures 
to allow breeding to start, or to start sufficiently 
early. 

There is also a practical application of these 
expermments to anti-fouling research. It is often 
useful when considering materials which may form 
the toxic basis of an anti-fouling paint to carry out 
screening tests against barnacle larvæ using solutions 
of the test substance in sea-water. These tests are 
simple and rapid, and they avoid wasted effort in 
formulating a pamt from substances which may be 
unpromising from the outset. Most barnacles, how- 
ever, breed only for part of the year, the larve of 
Elminius modestus alone of British species being 
available for such tests throughout the year m certain 
districts®. By the procedure described above, it 
should now be possible to have available throughout 
the year a supply of larve of Balanus balanus and 
B. balanoides, which are larger and therefore more 
convenient to use than those of other species. 

D. J. Crisp 
Marine Biology Station, 
University College of North Wales, $ 
eee Feb. 13. 
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A New Technique for Climatological, 
Nutritional and Enargy Metabolism Studies 
with Ruminants 


Proseocrs dealing with the relationship between 
animals and their climatic environments have been 
growing in frequency for some time past. In par- 
ticular, climatological chambers have been established 
wherein domestic animals can be subjected to con- 
trolled variations in temperature, humidity, rainfall, 
wind, etc. Nutritional end energy metabolism studies 
are also receiving concentrated attention with the 
building of room-type calorimeters going on at several 
centres. At this labcratory, however, during the 
examination of certain physiological processes m 
sheep, a new techniqie has been devised which, 
overcomes to a certain degree the need for such 
costly mstallations before calorimetric work can 
proceed. 

This technique is besically a method of indirect 
calorimetry, which overcomes the disadvantages 
inherent in procedures adopted by other workers in 
this field who have used face masks on ruminants. 
The use of a face mask on the ruminant has always 
presented peculiar proctlems on account of the large 
amounts of fermentasion gases, mainly carbon 
dioxide and methane, wrich are continually generated 
in the rumen and pericdically voided by eructation. 
Eructated and exhaled carbon dioxide is removed 
easily from a closed circuit by an agent such as soda 
lime. However, methene production varies within 
wide limits and it is not easy to remove it from a 
closed circuit. Consecuently, many workers have 
been forced to adopt correction factors to readings 
taken when its product-on has fallen to a reasonable 
level after a period of fasting. 

Briefly, the new technique involves fitting the 
experimental animals surgically with tracheotomy 
tubes (modified Fields pattern; 11 mm. lumen). 
The tubes are worn permanently and kept plugged 
except when recordings are to be made. The solid 
plug is then replaced Ey a hollow cone attached to 
the spirometer—in this case a McKesson basal meta- 
bolic rate machine desizned for human usage which 
automatically records >xygen consumption over a 
time period. The hollow cone is fitted with a 2 mm. 
diameter by-pass tube which, extending some 6 cm. 
beyond the cone itself, is bent in an are corresponding 
to the curvature of the upper arm of the tracheotomy 
tube so that the free end is located within the lumen 
of the upper trachea wren the cone is fitted over a 
smaller cone attached to the outer plate of the 
tracheotomy tube. A deflated rubber balloon is 
securely attached to the free end of the by-pass 
tube and is gently indated and clamped off after 
insertion of the tube. By this device the upper 
trachea, is completely occluded and the true 
pulmonary gaseous exchanges recorded on the 
spirometer. 

To ensure a perfectly air-tight jomt between the 
tracheotomy tube and the neck when recordings are 
taken, a sponge-rubber pad and an inflatable cuff - 
are sealed mto position between the base plate of 
the tracheotomy tube ard the skin with plastic putty. 
A cannula 1s being designed to obviate the need for 
any external seal. 

The insertion of the balloon 1s not resented in any 
way by the sheep. Its placing takes only a few seconds 
and usually causes only one or two slight coughs 
due to reflex irritation of the tracheal mucosa. To 
reduce irritation to a minimum, the deflated balloon 


. 


report on elsewhere, 
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is lightly smeared with a non- oily analgesic jelly 
prior to insertion.- 

A programme touching on several aspects of 


ruminant physiology and nutrition has been built up. 


The detailed results of these researches will be 
published from time to time over the next two 
years. 

Acknowledgment is made of the financial support 
of the Research Commrttee of the University of New 
Zealand and of the co-operation of Mr. W. M. 
Webster, head of the Vetermary Department, Massey 
Agricultural College, who was responsible for many 
helpful suggestions and the surgery which he will 
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Bovine Leptospirosis in Kenya 


In Africa evidence for the existence of leptospirosis 

in ruminants has been found in the Belgian Congot, 
Algeria? and Tunisia’. We now record disease in 
cattle, sheep and goats in Kenya caused by lepto- 
spire. 
P Deg May 1956, deaths occurred in all three 
species on ten farms on the Uaso Nyiro River in the 
Nanyuki District. Jaundice, red discoloration of milk, 
photosensitization-like lesions of unpigmented areas 
of skin, particularly that covering the udder and 
teats, and darkening of urine were the main symp- 
toms noted in the acute syndrome in cattle. Sub- 
acute cases were also seen, with death after a long 
period of ill-defined sickness with loss of condition. 
Native and cross-bred sheep and native goats were 
also affected, but merino sheep on adjoining parts 
of the farms did not become infected. Disease in 
the smaller ruminants was usually hyperacute. At 
post-mortem the main findings were nephritis with 
inconstant jaundice. 

The first laboratory confirmation was in necropsy 
materiel from a cow during the natural outbreak, 


by the observation of leptospirea in the formalinized ' 


urine sample using dark-ground microscopy and of 
masses of leptospira within kidney tubules in histo- 
logical sections stained by the Warthin—Starry 
method. Similar findings have since been made in 
specimens from goats and further cattle. A series of 
animals was inoculated with fresh kidney material 
from a clinical case in a goat. The acute disease 


„was reproduced in a pregnant ewe and chronic 


infections established in sheep, goats, yearling steers 
and pigs. In pigs, massive urinary excretion of 
leptospire has occurred without clinically detectable 
illness. 

The guinea pig has proved to be relatively in- 
susceptible to the leptospuree concerned, but infections 
with death at 9-11 days after intraperitoneal inocula- 
tion have been regularly reproducéd in golden 
hamsters, ~ 

Leptospire have been isolated in pure culture in 
Fletcher’s and Korthof’s media from hamster tissues 
and blood, during passage m this species. Isolations 
have also been made, seven days after inocula- 
tion, from the heart blood of chicks given infective 
a by the intraperitoneal route at two days 
of ago. 
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Chronic kidney lesions have been found at the 
abattoir in apparently healthy steers from affected 
farms. Histologically, the lesions resemble those 
described by Hadlow and Stoenner* in chronic 
L. pomopa infection. Leptospire have been isolated 
from some of these and seen in others by dark-groynd 
microscopy. 

The species 
determined. 

It is hoped to publish this work more fully else- 
where. 


of leptospira involved is being 


M. L. BURDIN 
G. Froyp 


Department of Veterinary Services, 
Kenya Colony. 
Feb. 11. 


* van, Rid J., and van Riel, M., Ann. Soc. belge Med. trop., 35, 251 
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Fet., 129, 7 (1953). 
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Gayot, G., Bull, Off. 
Epiz., 41, Med, (1954). 


a Cordier, G., Ree. 
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“Hadlow, W: J., and Stoenner, H. G., Amer. J. Vet. Res., 16, 45 


Normal Resistance-level of Anopheles 
funestus Giles to Insecticides 


Tue tolerance to insecticides of normal and 
resistant strains of A. gambiae Giles has been 
measured by a number of workers'~*, but so far no 
figures for A. funestus, the second main malaria 
vector of Africa, seem to have been published. This 
communication records the results of tests carried 
out on this species in an area of Sokoto Province, 
Northern Nigerie, about ten miles west of the sprayed. 
zones of the Western Sokoto Malaria, Control Pilot 
Project. The test for susceptibility described by 
Busvinet was applied to wild-caught females in the 
blood-fed and gravid states. Results are summarized 
in Table 1. 

These results have been evaluated by the method 
of Litchfield and Wilcoxon’, and values for the 
median lethal concentrations of DDT and gamma- 
BHC, with confidence lmits for 95 per cent prob- 
ability, are respectively 1-32 per cent (1:39 and 
1-24 per cent) and 0:0033 per cent (0:0040 and 
0-0027 per cent). Im the case of dieldrin the data 
are significantly heterogeneous as shown by the y? 
test ; the median lethal concentration apparently lies 


Table 1 
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between 0-05 and 0-1 per cent. The tolerance of 
A. funesius to DDT, therefore, exceeds somewhat the 
figures given for A. gambiae by Busvine? and David- 
son’. The species appears, however, to be considerably 
less tolerant to gamma-BHC ° and Geld: than 
A. gambiae, 

Apart from experimental error, the cause of the 
heterogeneity of the response to dieldrin might be 
either the presence of allied species indistinguishable 
in the adult stage from A. funestus (A. rivu- 
lorum or A. leesont),.or the presence of strains 
of A. funestus sensu stricto of different tolerance-levels. 
The allied species have not been recorded in the 
larval stage from the area, while the proximity of 
the dieldrm-sprayed zone of the Pilot Project, in 
which A. funestus has not been eradicated, means 
that the possibility of the presence locally of selected 
strains differing in tolerance to this toxicant cannot 
be entirely discounted. 
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V. RAMAKRISHNA 
(World Health Organization) 


R. ELLIOTT 
(Malaria Service) 


cjo Malaria Service, 
Federal Department of Medical Services, 
Yaba, Lagos. 
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Brown Stain formed on Wet Cellulose 


Tue phenomenon of the ‘brown stain’ formation 
on wet cellulosic materials was reported! in 1934 and 
has since been studied by Turner? and his colleagues 
at Manchester, and by Appel? and others in the 
United States, but does not even yet seem widely 
known. As the effect may be encountered in paper 
chromatography and with the Weisz‘ ‘ring-oven’, it 
may save trouble to workers in those techniques if 
attention is directed to it. The effect can readily be 
seen by putting a strip of filter paper as a wick in 
distilled water. In a few hours a brown stam is 
found at the top of the wick, or of its wet portion. 
The immediate neighbourhood of the stain has a 
brilhant white fluorescence under ultra-violet light 
and is strongly dyed by methylene blue (0-1 per cent 
in water). 

The mechanism of the effect is twofold, being in 
part the formation of a degradation product of 

‘ cellulose by oxidation at the wet-dry boundary.’ and 
in part, as has recently been found in this Inspector- 
ate, the capillary concentration of the same or a 
similar product already m the paper. It 1s found 
that the amount of this material present is propor- 
tional to the age of the paper, and that its formation 
is accelerated by increasmg temperature, the rate 
doubling for each 10 deg. C. rise. 

When distilled water ıs, run through filter paper 
on the ring-oven, a brown ring is formed which could 
easily mask, or be mistaken for, a precipitate of a 
metal compound. Under ultra-violet light, however, 
the ring fluoresces strongly, and it is strongly 
dyed by methylene blue. The effect can be 
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largely -eliminated by washing the filter paper 
before use. 

The reason that this very common effect with wet 
paper or cotton has not been remarked upon more 
often may well be thai the stain looks like a rust 
stam and is often met with in circumstances in which 
the material is liable to wetting with water which may 
contain iron. Thus a cotton curtam which had been 
in contact with a steam pipe had developed deep 

> yellow stains, which looked exactly like rust stains, 
but which were found to fluoresce strongly under 
ultra-violet light, to be dyed by methylene blue and, m 
fact, to contain negligible iron. 

Details of the preliminary results briefly mentioned 

ere, as well as of the behaviour of some non-aqueous 
liquids and non-cellulosic materials, are being pub- 
lished elsewhere. 
H. R. AMBLER 
©. F. FINNEY 


` 


Chemical Inspectorate, 
Ministry of Supply, 
Station Approach Buildings, 
Kidbrooke, 
London, S.E.3. 
March 6. 
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Mutation to Virulence in Cladosporium 
fulvum 


TuE origin of physiological races of fungi causmg 
plant diseases has been attributed to sexual and para- 
sexual recombination, adaptation and mutation. 
Where pathogenicity depends on the action of several 
genes, recombination results in new physiological 
races. Where pathogenicity on a given host depends 
on a single gene, changes in host-specificity can only 
arise by point changes within the gene as distinct 
from recombination. 

Attempts have been made to induce host-range 
mutants in plant pathogenic bacteria and fungi but 
the changes brought about have mostly been un- 
specific mereases or decreases of vigourt. More 
recently, induced changes ın relation to specific host 
genes for resistance have been studied in Cladosporvum 
fulvum on tomsto? and Melampsora lini on flax’. 
Experiments with a variety of induced auxotrophic 
mutants of C. fulvum have failed to reveal either 
heterocaryosis or somatic recombination. Since the 
sexual stage is also unknown it seems likely that 
physiological races have arisen in Nature by muta- 
tion. 

In this communication we are concerned with race 0 
and race 2, and the mutational step, race 0 — race 2. 
Race 0 is avirulent, but race 2 is virulent on the 
tomato variety Vetomold, homozygous for resistance 
gene Ofa Conidia of race 0 were treated with a 
mutagen and moculated to Vetomold, so that virulent 
mutants might be recovered from any lesions that 
occurred. In order that contaminants could be 
recognized and discarded, a stram of race 0 carrying 
a marker induced by X-rays was used‘. Its host- 
range was wild type but it produced red pigment 
instead of purple. 


. 
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Reconstruction experiments showed that with 
about ten virulent conidia of race 2 per mil., the 
presence of avirulent conidia of race 0 reduced the 
absolute number of lesions on Vetomold. This re- 
duction was proportional to the concentration of 
avirulent conidia over the range 5 x 104 to 108 per 
ml. The lowest number of virulent conidia im the 
highest concentration of live avirulent conidia to give 
one lesion was of the order of 17 to 10° at a concentra- 
tion of 5 x 10° per ml. This gives a measure of the 
sensitivity of the selective method. 

Conidial suspensions of race 0 treated with X-rays 
or ultra-violet radiation at doses to give 90-95 per 
cent kill were inoculated to the host plants directly. 
No mutants were recovered. This failure may be due 
to: (i) delay in the expression of a mutation to 
virulence for a few cell divisions during which time 
‘the growth of the conidial germ tube m the host is 
blocked ; (ii) the conidium of C. fulvum is frequently 
two- or three-celled. Each cell is uninucleate, and a 
germ tube is produced by the cell at each end of the 


‘_eonidium. If only one nucleus mutates to virulence, 
~- and other wild type nuclei are viable, the avirulent 


reaction of the germ tube from a sister cell might 

-inhibit the growth of the mutant ; (iii) the mutation- 
rate in these experiments, although perhaps near 
enough to the threshold-rate of 17 per 10° live conidia, 
did not give rise to enough mutant conidia per ml. to 
give a lesion. 

If a period of growth on a neutral medium is 
allowed to follow irradiation of young mycelium, the 
conidia which develop after irradiation, if they carry 
a mutation, may be expected to have this mutation in 
all their nuclei. The period of growth between the 
mutation and the formation of new conidia will give 
time for expression of the mutant phenotype. It 
should also enable the number of mutant nuclei to 
multiply, and in turn give a sufficiency of mutant 
conidia, for infection. 

Five-day old plate cultures of the red mutant of 
race 0 were irradiated with varying doses of X-rays 
and ultra-violet radiation. Four days after treatment, 
conidial suspensions were prepared from the treated 
plates and moculated to test plants. One treatment, 
receiving 3,750 r. X-rays, gave 96-00 per cent germ- 
ination of the conidia in the inoculum, determined 
by plating. Among 11 isolates from susceptible lesions 
on the test plants in this treatment, 10 were con- 
taminants with wild-type pigment. The other one 
was indistinguishable from the original red mutant 
of race 0 except for virulence on Vetomold. This 
suggests that it was a genuine mutant and not a 
contaminant. : 
> Flor? produced new physiological races of Melamp- 
sora lint by treating a dicaryon heterozygous for 
certain virulence genes, with ultra-violet radiation. 
The virulence alleles are recessive but can operate in 
a monocaryon or a homozygous dicaryon. Some of 
the changes in virulence reported could thus be due 
to partial or even complete chromosome deletions 
caused by the ultra-violet treatment which would 
result in the unmasking of the recessive virulence 
allele. Changes of this kind could only be distinguished 
from a point change by a breeding test to see if the 
dicaryon were homozygous or hemizygous at the locus 
concerned. Such changes in C. fulvum, which is a 
haploid monocaryon, would probably be lethal. 

If mutations to virulence in.general can be obtained 
by such destructive agents as X-rays and ultra- 
violet radiation then it has an obvious moral for those 
who advocate wholesale treatment of plant material 
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with radiations. The increase in virulence due - 
unintentional treatment of pathogens may mo 
than offset host improvements". These changes al 
have implications for any hypothetical mechanis 
of host resistance and susceptibility. One m 
speculate that a resistant reaction involves a prima) 
interaction between host and parasite, which 
followed by the development of blocking mechanisr 
that inhibit the growth of the parasite and mi 
cause localized injuries in the host. If the parasi 
substance taking part in the primary interactio1 
were lackmg or sufficiently changed the resistan 
reaction would not be set off, and the host would 1 
susceptible. A mutation of this kind, in a pathoge 
might well be produced by X-ray or ultra-viol 
treatment. : 
P. R. Day 


John Innes Horticultural Institution, 
Bayfordbury, 
Hertford, Herts. 
? Lincoln, B. E., and Gowen, J. W., Genetics, 27, 441 (1942). 
* Day, P. R., Ph.D. thesis, University of London (1954), 
3 Flor, H. H., Science, 124, 888 (1956). 
‘Day, P. R., Microbiol. Genet. Bull., 9, 6 (1954). 
ë Harland, S. C., Third Bateson Lecture, John Innes Horticultw 
Institution (1955). Fong 


Gene-controlled Sterility in the 
African Mouse (Mastomys) 


A. SMALL stock of Mastomys natalensis was importe 
into England early in 1952. These animals were c 
the normal dark brown colour. 

In their first generation they produced a numbe 
of pale grey offspring which were more attractiv 

their normally coloured brothers and sister 
and were selected for breeding. They produce: 
nothing and the pairs were recombmed, without an: 
result. Finally, grey animals were mated with norm 
ally coloured ones. The grey females then produce 
offspring; but the grey males, though seen t 
copulate, sired nothing. 

The grey males seemed normal in behaviour anı 
anatomy, but histological examination of the teste 
revealed an abnormal spermatogenesis. Spermato 
gonia and primary spermatocytes were present, bu 
there were no spermatids or spermatozoa. Insteac 
the tubules contained a number of free floating 
giant, miultinucleate cells. Examination of thi 
epididymis confirmed the situation seen in the testes 
The tubules of the normal epididymis were distende 
with spermatozoa whereas those of the other wer 
empty. 

A number of normal and grey animals have beer 
examined and the results found to be the same ir 
each case. All the normally coloured animals hac 
normal testes, whereas all the grey animals hac 
abnormal testes. The numbers of each type producec 
suggested that coat colour and sterility are controlled 
by a single pair of genes. Breeding experiments are 
continuing. 

It is understood that there are several stocks of this 
rodent in Great Britain. I would be glad to hear from 
any breeder who has had a similar experience. 


J. I. Menzims 


Department of Botany and Zoology, 
Chelsea, Polytechnic, 
London, S.W.3. 

Jan. 21. 
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Cytological Examination of Herbarium 
Material of Hepatics 


Ir has been found that, when leaves from near the 
apex of dried herbarium material of various leafy 
epatics (Jungermaniales Acrogynae) are stained in 
cetocarmine, certain of the nuclear components are 
learly visible, In. Frullania squarrosa, female 

iterial thirty-three years old and male material 
wo. years old have been examined and found to 
how clearly. the heteropyenotic sex chromosomes, 
teropy(notic fragments of other chromosomes, 
nd. the nucleolus. All these features are also 
istinguishable after staining of fresh material. Since 
ne sex chromosome mechanism in this species and 
in other species belonging to the subgenus Galeiloba 
as an X1-X2-Y mechanism), the sex of the material 
mmay be determined by counting the number of 
heteropycnotic chromosomes. 













~ Fig. 1. (a) Male material dried for two years, showing one hetero- 

pycnotio chromosome and heteropyenotic fragments of other 
; mosomes. (b) Female material dried for thirty-three years, 
« showing two heteropyenotic chromosomes and heteropyenotic 
fragments of other chromosomes 


= Results with other material have been variable. ; 
Sporophytes of Frullania patula collected ten years 


ago showed nucleoli but not heteropyenotic chromo- 
‘somes in spore mother cells and elaters. Gametophyte 
material of Plagiochila squamulosa collected nine 
_ycars ago. also showed only nucleoli, but since there 
ere two nucleoli in some of the cells the examination 
wowed that this species was probably diploid. The 
variability of the results obtained may be due to 
_ variations in the rate of drying of the material after 
collection and the conditions of storage. 

The cytological examination of herbarium material 
may be useful in two ways. First, it is a possible way 









of sexing sterile herbarium specimens of certain . 0 
dimension lines is 1/3 


_hepatics, and of checking on the sex mechanism in 
“species of which fresh material is not available. 
‘Secondly, if the normal complement of heteropycnotic 

chromosomes and nucleoli in related species is known, 

-it is a way of discovering possible polyploid races in 
herbarium material. 





G. K. BERRE 
Botany Department, 
University College, 
o Ibadan, Nigeria. 
" March 4. 
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A Modification of the Hensen-Stempel 
Pipette 


AttHouGcH widely used in plankton studies, the 
-Hensen-Stempel pipette does n əm to have been 
employed for investigations o microbenthos. 

Clearly, its use or potential us important, since 
efficient sub-sampling of soil èe ts can reduce 
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Fig.1. W. Neoprene washers 6° 





possible errors in estimates of population; but it 
cannot be used in ifs normal form owing to the pres- 
ence of fine particlessin the extracts... - 

Those who are familiar with the Flensen—Stemple 
pipette! will recall that the requir olume is taken 
up in a hollowed portion, the top and bottom of 
which fit the outer cylinder tightly ; while above the 
top is a series of metal and cork washers which also 
fit the outer cylinder tightly.” 

To overcome the effects.of fine soil particles caught 
up in and grinding away the working parts, a piston 
of the type shown in Fig 1 was adopted; a chamber 
designed to hold 1 c.c. gave a constant delivery of 
1:1 c.c. over many trials, Although following the 
basic type, it will be seen that the modification de- 
parts from it by use of ‘Neoprene’ washers which 
alone fit the outer chamber tightly, the metal washers 
being so designed that taere was sufficient clearance 
to prevent undue abrasion or jamming. The ‘Neo- 
prene’ washers, although capable of a. tight fit, were 
sufficiently soft to allow. the soil particles to press 
into them and so redues undue wear on the outer 






cylinder. ig a 
Few measurements are given in the figure, to avoid, 
confusion ; the distance between two dots on the 













Department of Natural “listory, 
University of St. Andrews. 
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Antagonistic Effects of Alternaria, tenuis on 


Certain Root-fungi of Forest Trees 


Alternaria tenuis has been o red to produce 
antagonistic effects ön a numb < mycorrhiza- 
formers for ectotrophie tree species. The two active 
strains of A. tenuis tested were isolated from two: 
forest nursery soils ofthe arable type in which this 
fungus is generally abundant. Reactions of the 
mycorrhizal mycelia to the antagonistic ‘principle of 
A. tenuis were_recordec. for mixed cultures on a 
synthetic medium (glucose, 20 gm.; magnesium 
; ammonium chlorid: 5 gm. ; 
e 1 gm.; malt 
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Fig.t. Antagonistic effect of Altetnaria tenuis (centre culture 
E Ea Magar ee um; e + Sone foe 
inoculation. (Part of a culture photographed from the 

afeverse gis ) 


1,000 c.c.) in the following order of degree: Boletus 
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in the soils under observation, is invariably accom- 
panied by a lack of true mycorrhizal associations 


and, at same time, by a noticeable profusion of 
pseudo rrhizal infections. Experiments designed 
to analyse certain factors involved in this hypo- 


thetical relationship are in progress. 
IDA LEVISOHN 
Bedford College, 
University of London, 
Regent’s Park, 
London, N.W.1. 
March 1. 
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Tomato Grafting Experiments at Tihany 

Tue results of our grafting experi made on 
the F, generation of the tomato ies Golden 
Apple and Oxheart were published in 1951. These 


ulatus, B. variegatus—markedly inhibited; B. * experiments resulted in definite genetical changes?, 


bovinus, Rhizopogon luteolus—inhibited ; B. scaber— 
2 mildly inhibited. The accompanying photograph 
demonstrates the condition of B. scaber eight weeks 
from inoculation. 4 


Dr. P. W. Brin, who tested the effect o£ culture 
filtrates of a strain of A. tenuis under observation 


rens and Rhizoctonia-like myc i ; 
not show any effects from A. is i cul 


on the nutrient medium refi above and or 4 


Pa 
The reactions of the mycorrhizal mycelia to A. 
tenuis seem to represent a parallel nomenon to 
the effects induced species of Penicillium as 
described by Briant, ported a differential 
susceptibility of mycorrhizal fungi toygliotoxin pro- 
duced by a Penicillium species active in the heathland 
soil of Wareham (Dorset). B. inus, observed by 


bee be less affected than other ectotrophie 
fi _is the only mycorr: 
+ which is initially présent r 


hiza-former of for 
in this 

heathland soil?. It is of interest that B. scaber, found 
to be least inhibited by the fungistatic properties of 
as been successfully inoculated, on various 
sery soils of the arable type in 
eg Phizal celia, more markedly 
A. tenwis, fail to grow. In this connexion 
Al teworthy that pseddomycorrhiza-formers, 
recorded tosbe unaffected by A. tenuis, are generally 
abundant in the soils under consideration and, if 

not present initially, may easily be introduced. 
Since there Ie experimental evidence (as yet) 
that the react of aa to A. tenuis in 
the natural soil are similar’to those observed on 
synthetic media, it seems t ly to suggest that 
the fungistatic property of uis may be respon- 
sible, at least in part, for absence of certain 
mycorrhizal activities under field conditions. How- 
ever, one feels tempted not to dismiss the attractive 
nypithoailtoe a possible 1 ionship between the 
antagonistic behaviour of uis to mycorrhiza- 
formers and the poor growth of young trees which, 


te 











~ without segregation. Plants be 









irther results were handed over during a visit to 
Hungary to Anne McLaren and Donald Michie, and 


they were published in. Nature*. t Dr. A. J. 
Bateman samples from our ma is request, 
for genetical control. The results of his investigation 
were communi to me in personal letters also 
publi in Nature”, _ 

The we had observed were of two kinds : 


(1) changes of sexual hybrid character, with 

tion in the progenies, and (2) mutation-like changes 
longing to the first 
group are, according to Bateman’s results, pre- 
sumably sex-hybrids, and the changes we had 
observed? referred to quantitative characters. Leav- 


ying aside Prof. J. B. S. Haldane’s explanation‘ that 


_the inheritance of characters may be attributable to 
virus transduction, I can only explain the occurrence 
of these sex-hybrids as due to lack of care. In that 
summer there were in the greenhouse many tiny 
insects, including thrips, and the simple isolation 
with cotton must have been insufficient. It is also 
possible that, under the influence of the stock, cross- 
fertilization could have happened more easily 
(‘vegetative approximation’). 

In the cases of non-segregating types, Bateman? 
refers also to the possibility that these are the results 
of grafting. I cannot accept the supposition that the 
Oxheart material originally used was polymorph. 
Both varieties had been regularly inbred by us since 
1946, and neither spontaneous cross-fertilization. nor 
mutation-like changes had been observed. I must 
also emphasize the fact that these non-segregating 
types have no practical importance. 

1 am very grateful to my English colleagues for 
their interest, and especially to Dr. A. J. Ba 
for his criticisms and the exact genetical evaluation 
by which k demonstrated the correct interpretation 
of our war 

L. J. M. Fetréupy 

Department of Botany, 
Biological Research Institute of 
Hungarian Academy of Science, 

Tihany Lake Balaton. 

Feb. 2. 
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FORTHCOMING EVENTS 


Monday, june 3 


ROYAL ae Soomsry (at 1 Kensington Gore, London, 
Wea), at 6 p.m.—Mr. D. L Botting: “Oxford Expedition to 
seotra”’, 2 


Tuesday, june 4 


PHYSICAL SOCIETY (in tho Lecture nae of the Science Museum, 
xhibition Road, London, 8.W.7), 45 p.m.—Annual General 
eating. Prof. N. F. Mott, F.R.S.: Presidential Address, 


INSTITUTION OF THE RUBBER INDUSTRY (at the Royal Society 
? Tropical Medicine and Hygiene, 26 Portland Place, London, 
a6 p.m.—Mr, Q. F. Oesterling (U. S.A, ): “Special Purpose fon, Ww). 


Wednesday, June 5 


GEOLOGICAL SOOIETY OF LONDON (at Burlington House, Piccadilly, 
„ndon, W.1), at 5 p.m.—Dr. W. 8. Pitcher, Prof. H. H. Head, FR. i 
tr, B. L. Chessman, Dr. I. C. Pande and Mr. O. F. Tozer: “The Main 


Jonegal Granite”. 


Soomry FoR ANALYTIOAL CHEMISTRY, MICROCHEMISTRY GROUP 
n the restaurant room of ‘Ihe Feathers” Tudor Street, London, 
0,4), at 6 30 p.m.—Discussion Meeting on “ o Micro-Determination 
f Functional Groups”, opened by Dr. W. I. Stephen and Mr. G. 
ngram, 


Wednesday, June 5—Friday, June 7 


INSTITUTE oF NAVIGATION (joint meeting with the INSTITUT 
TRANOAIS DH NAVIGATION and the AUSSCHUSS FUR FUNKORTUNG, 
oS the Royal Geographical Society, 1 Kensington .Gore, London, 
W.7)—Conference on “The Avoidance of Collision by Airborne and 
poorno Means”. 


“Thursday, June 6 


ROYAL Soorty g Burlington House, Piccadilly, ‘London, “W.1), 
ut 4.30 p.m.—Dr. È. G. Butler: “Some Work at Rothamsted on the 
Soctal Behaviour of Honeybees”, 


POLAROGRAPHIO SOCIETY (at the “Duke of-York”, 8 Dering ‘Street, y 
Mayfair, London, W.1), at 7 p.m.—Informal Discussion Meeting. 


OHEMIOAT SOCIETY (at Burlington House, Piccadilly, London, W.1), 
at 7.30 p.m.-—Scientific Papers. 


\ 


‘ 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 


before the dates mentioned : 

ASSISTANT IN MATHEMATIOS—The Secretary of University Court, 
ae ee doping Pikes Glasgow June 7). 

‘THEMATICS—The Secretary of University 
conri, The University. Glasgow (June 7). 

R LEOHNIOIAN IN PHYSIOS IN THR X-Ray DIAGNOSTIO DE- 
PENNI for duties which will include the care and maintenance of 
apparatus, radio- Teen service service in the Department, and the super- 

sion of the ‘k-room techniclans—The Secretary, University 
College Hospital, Gower Street London, W.0.1 (June 8). 

BRSHAROH STANT (Man or woman, , preferably, with an honours 
degree in medical science or biology and a knowledge of German) 
IN THE DEPARTMENT OF ANATOMY, for work mainly on the central 
nervous system—The Secretary, University College, Gower Street, 
London, W.C.1 (June 10), 

LEVERHULME STUDENT (with a postgraduate diploma in chemical 
engineering or equivalent qualifications) IN CHEMIOAL E ENGINEERING 
and an ASSISTANT LxoTuRER (with good honours de IN PURE 
aE arine Registrar, King’s College, Strand, rt ae W.C.2 

une 

Le 


OTURER IN APPLIED MaTHEMATIOS—The Secretary, The Durham 
gge in the University of Durham, 88 North Bailey, Durham, 

June 

LECTURER (Grade T or Grade II) IN APPLIED MATHEMATICS ab the 
University College, Ibadan, Nigeria—-The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn. Square, London, 
W.0.1 (June 14). 

READER IN PURE MATHEMATICS ; & READER IN APPLIED - 
MATICS; and a LECTURER IN MATHEMATICS at the University of 
Western Australia-—The Secretary, Association of Universities of the 
a 36 Gordon Square, London, W.C.1 (Australia, 

une 

ASSISTANT LEOTURER IN Paysios—The Secretary, St. Mary’s 
Hospital Medical School. Paddington, London, W.2 (June 15). 

ASSISTANT LECTURERS (2) Ey ZOoLOG@Y—The Registrar, The Üniver- 
aty, Manchester 18 (June 15). 

CTURER or ASSISTANT LECTURER ee a special interest and 
qua rialifica tions for teaching political hilosophy) IN Parosorgyy—The 

oglstrar, The University, Manchester (June 15 

CURATOR/LIBRARIAN (preferably with qualifications in geo- 
gapi and librarianship) IN THE DEPARTMENT OF GEOGRAPHY—The 

Registrar, The University, Sheffield (June 15). 

RESEARCH ASSISTANT (graduate in mathematics, physics, chemistry, 
fuel technology, chemical engineering, or mechanical en, neering) TO 
THE PROFESSOR OF FUEL TECHNOLOGY AND CHEMICAL ENGINEERING 
—The Registrar, The University, Sheffield (June 15). 

SENIOR LECTURER IN ANOIENT PHILOSOPHY —The Secretary, The 
University, Edinburgh ( (June 15). 
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aoe LECTURER or LECTURER IN PHARMACOLOGY—The- Regis- 
trar, The University, Shemela. unei 15). 

BIOOHEMIST, Basic grade (with a science degreè at Doncaster 
Royal Infirmary—The Group secretary, Doncaster ospital Manage- 
ment Committee, Doncaster Ro: Infirmary, Doncaster (June 16). 

ASSISTANT LECTURER (preferably woman) IN CHEMISTRY; and an 

forably woman) IN Puysios—The Èrinetpal, - 


ASSISTANT LECTURER (pre! 
Royal poe Colle glefield Green, Surrey (June 17). 
LECTURERS (2) (wit tees in the physico- chemical aspects of 


biology) IN THE BIOPHYSICS pane he Secretary, The University, 
Edinburgh (June 17). 

SENIOR SOIENTIFIO OFFICER (with! an honours’ degreé in biochem- 
istry or an equivalent qualification and research experience in proteo- 
lysis) IN THE BIOCHEMISTRY DEPARTMENT, for work which will involve - 
fundamental studies on the effects, of enzymes on the caseins that 
occur in milks—The Secretary, H: ‘Hannah Dairy Research. Institute, 
Kirkhill, Ayr, Scotland (June 17). 

LECTURER (with good -academic ualifieations and” practical: ex- 

ence in any section of the electrical engineering industry) IN 

Hinorntout ENainznRING—The Registrar, The University, Leeds 2 
une 

ASSISTANT LEOTURER (preferably with ezperloncs in experimental 
zoology and/or comparative physiology), IN ZooLogy—tThe Registrar, 
The University, Leeds 2 (June 19). 

ASSISTANT IN THE DEPARTMENT OF GEOLOGY, for duties ‘which in- 
clude the registration, indexing, preservation and care and mainten- 
ance of exhibition material ; assistance in the pre; tion~of ex- 
hibition lay-outs; use and routine maintenance of: scien {ficinstruménts 
—The Director, ‘Royal Scottish Museum, Edinburgh 1 (June 20). 

RESEARCH FELLOW ae th the degree of Ph. D., or some postgraduate 
experience) IN THE DEPARTMENT OF GEoLoGyY—'The Deputy Regis- 
trar, The University, Edgbaston, Birmingham 15 (June 21). 

OLYMER CORPORATION Post-DocroraL RESEARCH FELLOW to 

ME oi with Dr. P. H. Plesch on cationic polymerization--The 

Trelai, University College of North Staffordshire, Keele, Staffs 
une 

UNIVERSITY ASSISTANT LECTURER IN THE FAOULTY OF MORAL 
Sorence to take part in the ag peed of Symbolic Logic and Founda- 
tions of Mathematics—Dr. C. Le Secretary of the Appointments 
Committes of the Faculty of Mora “peperotary 49 de Fre Avenue, 
Cambridge (June 22). 

ISTANT LECTURER (preferably with some experience in bio- 
chemistry) IN THE DEPARTMENT OF BACTERIOLOGY in the Faculties 


of Science and Medicine—The Registrar, The University, Manchester - 


13 (June 24). 
ELLOW IN THB DEPARTMENT OF NUCLEAR Paysics; and a FELLOW 
(chemist, with experience in vacuum toohiniques and mass spectro- 


metry) IN THE, DEPARTMENT OF RADIO-OHEMISTRY, Research School 
of i bears 1 'Sciences, Australian National University, Canberra— 
The Secretary, Association of Universities of the Brit riish Common-. 


wealth, 36 Gordon Square, 4 London, 
RESBABOH ASSISTANT (with a degree in botany, biochemistry or 
microbiology) IN THE DEPARTMENT OF BOTANY, for- research on the 
biochemistry of micro-organisms; and a RESEARCH ASSISTANT (with 
‘a degree in botany, biochemistry or miicroblology, and preferably 
with an interest in genetics) IN THE DEPARTMENT OF BoTANY—The 
Secretary; University College, Goyer Btreet London, W,0.1 (June 24). 
ALMROTH WRIGHT ` w ( first- or second-class honours 
or 
immunology—The Secretary, Wright-Fleming Institute of Micro- 
pipio i k Mays I Hospital Medical School, Paddington, London, 
une 
ASSISTANT LECTURER or LECTURER (honours graduate in botany 
or agricultural botany) IN AGRICULTURAL Borany—The Registrar, 
Room 9 (O.R.B.), The University, Reading oie 29). 
RESEARCH STUDENT IN ORGANIO CHEMISTRY, for work on the 
synthesis of high Gian 20), related to cont the Secretary, The 
r 


University, be une =) - 

EXPERIMENT. IN THE DAPARTMENT OF INSEOTIOIDES 
AND FUNGICIDES. te: assist T in the development of analytical techniques , 
(particularly traces of insecticides in biological materials, soil, etc.)— 
The Secretary, Rothamsted Experimental Station, Harpenden; Moris 


Tun une 30). 

LECTURER IN PSYCHOLOGY in St. Salvator’s College—Joint Clerk 
to Bee University Court, The University, St. Andrews (June 30). 

OTURER (with an honours degree, and undertaken postgraduate 

ertai in i al or theoretical physics) IN PHYSICS; and a 
SENIOR LEoTURER (with a higher degree) Dy Puysics at the University 
of Western Australia—The Secretary, Association of Universities a 
the British Commonwealth, 36 Gordon - Square, London, W.C.1 
(Australia, June 30). 

PROFESSOR OF ZOOLOGY at the University of Melbourne, Australia 
—the Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Melbourne, June 30). 

SENIOR LECTURER IN PHYSIOLOGY at the University of Hong Kong 
—The Secretary, Association of Universities of the British Common- 

wealth, 36 Gordon i Square, London, W.C.1 (Hong Kong, June 30). 

LECTURER IN BIOOHEMSTRY IN THE RHEUMATISM RESEARCH 
CENTRE—The Registrar, The University, Manchester 18 (July 1). 

RESEARCH OFFIOBR (with a university honours degree in physics 
or electrical engineering, together with some postgraduate research 
experience) IN THE DIVISION oF ELEOTROTEOHNOLOGY, C.8.LR., 
located in the University Grounds, Sydney, to take part in a research 
programme for (a) the development of precision standards and methods 
of measurement; and (b) the investigation of the behaviour of 
materials under “high voltage stress—The Chief Scientific Liaison 
Officer, Australian Scientific Liaison Office, Africa House, Kingsway, 
London, W.C.2, quoting Appointment No. 760/94 (July 6). 

ASSISTANT LECTURER IN PHysioLoGy—The istrar, University 
ce of 8 South Wales and Monmouthshire, Cathays Park, Cardiff 


(July 8). 
BOTANIST (of high academic standing with a considerable record 
of personal research, and preferably experience of tropical plantation 
crops), for work particularly concerned with the study of the growth 
characteristics of the tea bush in the chief soll climatic regions of 
East Africa; the study and provision of improved planting material ; 


W.C.1 (Australia, June 24), 7> 


a 


> 


e 
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vand the botanical iaternretation of: field ‘experiments—The Director, re i 
‘Toa Research Institute of East Africa, P.O. Box 91, Kericho, Kenya, Other Countries 
marking envelope Sy eel (July 31) United States Depa ort ol of Agriculture. Farmers’ Bulletin Ni 
> DmeEcron OF THE COMMONWEALTH Phos OF DAMY SOMNOE 2099: Control of Caterpillars on Commercial Cabbage and othe 
_ ‘ AND TEoHNOLOGY, Shinfield, near Reading, Berks—The Secretary, coig Crops in the South. Byw J. Reid, Jr., and F. P. Cuthbert, J» 
Commonwealth Agricultural Bureaux, ‘arnham Royal, Bucks Pp. 2 4. 15 cents. Technical Bulletin No, 1158: Collecting Insects b, 
~ (September 15). Airplane in Southern Texas. By Perry A. Glick. Pp.ii+28. 15 gent 
Mawnan HEALTH RESEARCH Fun Fentows (Senior and Junior), (Washington, D.C.: Government Pr ting Oftice, 1957. {9 
for full-time research work bearing on problems of mental healt Consejo Superior de Investigaciones Cientificas. Publicaciones di 
whether in clinical: psychiatry or In one of Its is sup ting sciences— Institut de Quimica “Alonso tba,” Vol. 10, Año 1956. Pp. 21s 
The Secretary, Research Committee, Mental H Research Fund, (Madrid: Instituto de Quimica “Alonso Barba,” 1957.) {9 
39 Queen Anne Street, London, Wt (October i N Deutscher Wetterdienst. Deutsches Meteorologisches Jahrbuci 
ASSISTANT LEOTURER IN Puysios—The Clerk to the Governors, 1955. Pp. xxxviii+225, (Bad Kissengen: Deutscher Wetterdienst 
Northern Polytechnic, Holloway, London, N.7. 1957.) 
- CHEMICAL ANALYST, to serve a research team working on problems Smithsonian Miscellaneous Collections. Vol. 134, No. 5: Trochan» 


on liquid metal alloys for use in advanced nuclear reactors—Prof. minidae and certain Lituolidae (Foraminifera) from the recent Brach 
J. G. U, Metallurgy Department; Imperial College, London, 8.W.7. Sandars: Sediments of Trinidad, British West Indies. By Jobn E» 


DEMONSTRATOR (honours graduate in botany with at least one year’s . Pp. ii+16+4 plates. (Publication 4270.) (Washington 
postgraduate experience in mycology, plant pathology or micro- D.C.: Smithsonian Institution, 1957.) [9; 
biology) IN HORTICULTURAL Solence—The Registrar, The University, caine Report of the Director of National Museums, Ceylom 


Bristol. for 1955. Pp. 20. (Colombo: Government Publications Buresi, 1956. 
LABORATORY TECHNICIAN (preferably with some knowledge of. 50 cents. 114 
chemistry, physics, metalwork and-woodwork), for work involving' Tokyo Astronomical Observatory. Tokyo Astronomical Bulletin 
the care and maintenance of laboratory equipment in Chemistry, (Second Series.) No. 87 (October 20, 1956): Five New Variable Stars 


Physics and Biology Laboratories, stockkeeping and a apparatus con- TV 1-5. By Sigeru Kaho. . 891- No. 88 (October 20, 1956) 

struction—The Principal, City of Worcester Training College, Henwick Photographic Observations of Minor Mahek and Comets (38). By H 

Grove, Worcester. Hirose and K. Tomita. , Pp. 908-910. Bulletin af Solar Phenomena 
MASTER TO TEACH MATHEMATIOS to advanced and scholarship level Vol. 8, No. 1 (January-March, 1956): Sunspots, Ca Floceuli and Ho» 


—The Ehe Readmaster, Hutton Grammar School, near Preston, Lancashire. Prominencea. Pp, 22. Annals, (Second Series.) Vol. 4, No.4: Five 
CIPAL OF MASSEY AGRICULTURAL COLLEGE (University of New Inner Satellites E Saturn, 1938-1947. By Yoshihide Kozal. Pp. 191- 
Zeaiad)the Registrar, Massey Agricultural College, Palmerston 284.” (Tokyo: Tokyo Astronomical Observatory, The University, 


North, New Zealand (September 16). 1956. 
SENIOR LECTURER IN METALLURGY at Coventry Technical College— Federation of Nigeria, Annual Report on Forest Research an ite 
The Director of Education, New cgun! Offices, Coventry. . Forest Schoól, 1954-55. Pp. 16. (Lagos: Government Printer, 
3 u net. 


Vitro Corporation of- America. Annual Report, 1958. ppd. 


REPORTS and other PUBLICATIONS - aae E Mie a Rea ee unlit 


‘Lunda—Angola. Museu do Dundo. Publicacoes Culturais No. 31. 


(riot inclided in the monthly Books Supplement) > 3 Page a História, Arqueologia ogia e Etnografia dos povos da 
- Lunda.’ ceras de madeira da e Alto Zambeze. Por José 
-Great Britain and Ireland $ re Bedlnha pee se} Pp. 70+28 plates. (Lisboa: Companhia de cana a 

gola, 

Weed Control Handbook, 1957.: Becommendations and Information Institut des Parcs Natlonaux.du Congo Belge „pruzelles. Exp. a 
concerning the use of Chemical Weedidiiers, Er vii +163. (London: tion du Parc National Albert: Mission J. di inzelin de Braucourt 
British Weed Control Council, 1957.) .5s. net. (84 . (1956).. Fascicule 2: Les Fouilles d'Ishang o; Par Jean de Heinzelin 

Annual Report on the Progress of Rubber Technology, Vol. 20, 1956. - -de Braucourt. Pp ues 6 planches. Exploration du Parc National 
Edited by Dr. T. J. Drak keley, Pp. xi+141+x:i. (Cambridge: W; dela Garamba : Mission H- de Saeger en collaboration avec P. Baert, 
Heffer ana Sons, Ltd., Published for the Institution of the G. Demoulin, I. Denisof, T Martin, M. Micha, A. Noirfalise, P. Schoe- 
Rubber Industry.) a l [84 _ maker, G. Trou in, et J. Verschuren (1940-1952), Fascicule 7: 

University of Cambridge: School_of, Agriculture. Agricultural © z Écologie, ‘Biologie ot Systématique des Cheiroptéres. Par Jacques 


Research and ‘Teaching at Cambridge; . Vol. 1 (comprising Review Verschuren. Fe 3. (Bruxelles: Institut des Parcs Nationaux du 
Sortes Nos. jy. Pp. 72. (Cambridge : _ University chool of Congo o Belgo, 186 [1864 
7.) 78, 6d. 84 da Vinius Report of the Forest pepartment for the 

ational eih Develqpment Corporation.: Report and State-, ya ie Pp. 32. (Geo: orgotown : Government Printer, 1957. 164 


ment of Accounts for the year 1st July, sage to 30th June, 1956. French Bibitographi Digest, No. 20, Series 2: Archaeology 
Pp, utle. (London: H.M. Stationery pae, 1957.) 1s. net. [114, (1945-1955). Part 1: The Eastern Mediterranean, . ii +80 +8 


f Marino Ecology (formerly. Hull Bulletins of Marine plates. (New York: Cultural Division of the French Embassy, 
Roology). Edited b Dr. a Hardy, Dr: C. E. Lucas and K. M. Rae. - 1956.) 164 
Nos, 86 and 86 (February, 1957): ‘Continuous Plankton Proceedings of the Staff Meetings of the Beilinson Hospital. No. 5, 
Records orn ə istration of Young Gadus poutassou (Risso), By Vol. 3 (1955). Pp. 144 -+10 plates, ı Süpplement to Dapim Refuiin)} 
Dr. i T. D. Henderson. The Forms of Rhizosolenia alata Brightwe (Petach-Tiqvah: Beilinson Fospita 955.) 164 
By G. A. Robinson. Pp. 170209; (Edinburgh: Scottish Marino Indian Council of Medical sree ties Report a the Nutrition 
Biological Association, 1957. [11 Research Laboratories, Coonoor (South India), for 1955-56. Pp. 

Imperial Cancer Researc Pia. Yifty-fourth Annual Report, ii+47. (Coonoor: Nutrition Research Laboratories, Indian Council of 
1955-1966. Pp. 48. (London: “Imperial Cancer Research Fund, Medical ‘Research, 1956.) (164 
1057.) 114 Comptes Rendus des Travaux du Laboratoire Carlsberg. Série 
The Registrar General’s Statistical -Review of England and Wales Physio ogique, Vol. 25, No. 17: The Thelephoraceae of Donmaz. 

for the year 1955. Part 2: Tables GIVI, Pp. x+191. (London: * The Stereaceae. BY A. Skovated. Pp. 389—418 +2 plates. 
H.M. Stationery Office, 1957.) 7s. 6d. net + [114 30 øre. Vol. 25, Nos. 18-19: A Genetic Analysis of alibiose ho 
=- Science Masters Association. Report ‘of Committee and Balance . Raffinose Fermentation. By Ø- Winge and Catherine Roberts. The 
os 1087: 1956. Pp. 34. (London: Sclence Masters Assoclation, Hydrolysis of Raffinose by Yeast Melibiase and the Fermentation of 


N 


2 [11 Raffinose by. es Gene Action. wy Manuel Losada., Pp. 
* B.C. Engineering Monograph No.11: Engineering Training in the 419-482. érie Chimique. Vol, 30, No. 6: Studies on Pino- 
BE C. By Dr. K.R. pou turley. Pp. 24. „(London : British Broadeasting cytosis in the Amoebae Chaos chaos and Amosba proteus. By Cicily 
Corporation, 1957. [11 Chapman-Andersen and David M. Prescott. Pp. 67-78. 1 kr. 80 øre 
Wool Industries Searoh Assoclatlan: Publication No. 208: Report Vol. 30, Nos. 6, 7 and 8: The Synthesis of Phenyiarhemoyi Deriva- 

of the Director of Research for 1956-57, Pp. 32. (Leeds: yol tives by Lossen Rearrangement of Dibenzohydroxamic Acid: . By 


. Industries Research Association, 1957.) ae Wiliam Andersen. Phenylcarbamoy!l Derivatives of Insulin. By 
~ United States ‘Department of Labor : -` Bureau of Labor Statistics. Wiliam Andersen. Sedimentation Studies on Phenylearbamoy! Deriva- 
‘Bulletin No. 1198: ‘Automatic Technology: and Its Implications: a tives of Insulin. By William Andersen. 4 kr, 60 are. Vol. 80, No. 9: 
Selected Annotated Bibliography. Pp. “64, (London: United States The Strength of Tyrosyl-Carboxylate Hydrogen Bonds. By Donald B. 
“Information Service, 1957.) {84  Wetlaufer. Pp. 185-146. 1 kr. (Copenhague: H. Hagerup, 1956 
Murphy Low Volume Spraying Conferences : Papers ented at and 1957.) £ (164 
the Conferences held at Bury St. Edmunds; Malvern; and Maidstone, ` 
November and December, 1956. Pp. u+70. (Wheathampstead : The 
Murphy Chemical Co., Ltd., 1967.) 116: 
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SECONDARY EDUCATION IN BRITAIN ; | l 


T is now twelve years since the last major Education 
Act became operable in Britain, and the time is 
ripe for a stock-taking of the provision of secondary 
education and, in particular, the supply of potential 
scientists and technicians coming from the secondary 
schools. 

From the time of the 1944 Act, much research has 
been carried out in various places on the best methods 
of selecting children at the age of eleven. Inevitably, 
investigations have been made to examine the validity 
of the various tests which have been given in the 
eleven plus examination and the prognostic value of 
the whole examination. Moreover, the effects of 
‘coaching’ in raising apparent standards of attain- 
ment and intelligence quotients have been subjected 
to experimental investigation and statistical analysis. 
It is doubtful whether the examination at its best is 
susceptible to much improvemént. Because parity of 
esteem, at any rate in the eyes of most‘ parents, has 
not been achieved between the various forms of 
post-primary education; grammar school places for 
children, particularly in the initial stages of the 
school course, are anxiously sought by most parents ; 


and ‘in many quarters a sense of failure, almost’ 


amounting to a social stigma, attaches to those who 
have failed to go to grammar schools. Some parents 
send children who have failed to secure grammar 


school places to private schools, where the standards ` 


of teaching mathematics and science are often low. 
All local education authorities have a system whereby 
the progress of children in each type of secondary 
school is reviewed at the end of the first or, more 
often, the second year, and late transfer can be made. 
This is perhaps not so easy as it seems. Authorities 
are often unwilling to damage the amour propre of 
child and parents by taking children away from 
grammar schools, & process which is regarded as 
down-grading ; and the upgraded children often find 
difficulty with such subjects as French and algebra 
if they come to grammer school education at the age 
of thirteen. 

The most disturbing feature of grammar school 
education in Britain is the large number of premature 
leavers—an average of 25 per cent throughout the 
country who depart at the statutory age of fifteen 
without having completed the first part of the course 
and taken the General Certificate of Education. This 
represents an enormous waste of potential technicians 
“and scientific workers, among others, which is un- 
fortunate both for the people concerned and for the 
futute of the country. Some critics have sought for the 
causes of premature withdrawal in defects in the trans- 
fer examination. The intention of the Education Act 
was to achieve parity of esteem between the secondary 
grammar, technical and modern schools, and tó select 
a school for each child according to age, aptitude and 
ability. The division was to be a ‘horizontal’ one: at 
- present, the majority of children are separated ver- 


` 


- prepared to make sacrifices for their children. 


tically, and often the dichotomy is between grammar 
school children and others. 

It is appropriate that an examination should be 
made of the factors which make for success in @ 
grammar school career, if this can be judged by 
results in the General. Certificate of Education 


examinations and in the continuity of the work at, 


both ordinary and advanced levels. It is not un- 
expected that a successful grammar school career is 
related not only to initial high intelligence quotient 


Y 


and attainment in English and arithmetic but even , 


more so to social and economic conditions. In other 
words, the home-life of the child is of supreme 
importance. A recent investigation by Dr. Jean 
Floud deals with this aspect*. 

It is of incalculable advantage to the grammar 
school child to live in a home where the conversation 
is intelligent, where quiet, comfortable conditions can 
be provided for homework, where there is a collection 
of suitable books, where television is rationed and, 
above all, where the parents have a real belief in the 
value of education, -have adequate means and are 
No 
doubt increased grants will partly meet the difficulties 
of early withdrawal, but they will do little to pro- 
duce a suitable home background—only an improve- 
ment in the education and social qualities of parents 
will do that, and this is not quickly or easily obtained. 

The past few years have seen pressure brought 
from a number of quarters against the selection of 
primary school pupils at thé age of eleven—the 

‘eleven-plus examination’. A few local education 
authorities in Britain have made experiments towards 
modifying it. The comprehensive schools or, less 
comprehensive, the bilateral (grammar—technical) 
schools, of which some are already in being, have 
been suggested as means of obviating the need for 
the eleven-plus examination and permitting a better 


- selection of child according to ability, more or legs 


continuously during: school life. 

‘It is too early to judge the educational and social 
values of the comprehensive school. To several 
writers it is the answer co the elevén-plus difficulties} ; 


but it is sometimes forgotten that much grading and. 


assessment have to take place within the school. A 
number of local authorities are experimenting with 
the view of eliminating or modifying the eleven-plus 
examination. A scheme introduced in the Midlands, 
which has had wide publicity, projects a new type 
of school, from which the better children will be 
‘creamed off’ to supply the grammar school. But the 
morale of schools is largely determined by the quality, 
intellectually and ne of the upper forms. It 


* Social Class and Educational Onporkan a E Floud (editor), 
A. H. Halsey and F. M. Martin. Pp. xix+ (London: Willlam 
Heinemann, Tta, 1956.) 128. 6a. net. 


+ Hleven-Plus and All That: the Grammar School in a Changing 
Society. By Dr. Flann Campbell. Pp. xvili+1938. (London: ©. A. 


Watts and Co., Ltd., 1956.) 15s. net. 
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remains to be seen whether such new high schools 
will become educational ‘sloughs of despond’. 

It would appear that the division between children 
in the future will reveal those who, because of intel- 
ligence, application, ambition and home-background, 
benefit from public education and those who do not. 
For the future there should be a wider provision of 
scientific and technical education with more highly 
qualified and able teachers, a realization that effort 
is required on the part of learners and a sympathetic 
understanding on the part of parents. These things, 
vital to the life of the community, will not come 
easily. 


SIR RICHARD GREGORY 


Sir Richard Gregory 

His Life and Work. By Prof. W. H. G. Armytage. 
Pp. viii+241. (London: Macmillan and Co., Ltd. ; 
New York: St. Martin’s Press, Inc., 1957.) 21s. nab: 


HIS book by Prof. W. H. G. Armytage ıs- 


important not simply because it is an excellent 
biography of an editor of this journal. It certainly 
is that, because the author has succeeded admirably 


in bringing a most lovable character back to full life. ’ 


Nor is it because Sir Richard Gregory rose from 
humble beginnings to a high level of social eminence. 
Every editor of Nature has been distinguished in his 
own right and has merited a biography. The sig- 
nificance of this book lies in the fact that he acted 
in this capacity during one of the most vital and 
creative periods of the history of science in Britain, 
that he was fully conscious of the meaning of the 
events that were happening around him, that, as 
later history has amply proved, he read its lessons 
correctly, and that “he used his position with judg- 
ment and effect to arouse the consciousness of 
scientists and non-scientists alike to the importance 
of what was happening. 

Richard Gregory was born in 1864, five years after 
- the publication of “On the Origin of Species” by 
Charles Darwin; and he died in 1952, seven years 
after the first atom bomb explosions at Hiroshima 
and Nagasaki had demonstrated to a horrified world 
the tremendous powers for destruction that modern 
science had placed in the hands of governments. 
During these eighty-eight years of packed life, the 
whole fabric of science had been almost completely 
re-woven; the industrial life of Britain had been 
drastically transformed as a result of scientific dis- 
covery and engineering application. He had seen 
Britain rise to become a great Colonial and Imperial 
power, and’ had watched the United States, one of 
Britain’s former Colonies, grow like a giant, again 
powered by modern science, and press its way to the 
forefront, as Great Britain fell back to second rank 
in world politics. He had lived through the Franco- 
Prussian War, the occupation of Egypt by Britain, 
the British invasion of Tibet, the British wars in 
China, in East and West and in South Africa, and 
then two World Wars. It was in the period between 
these two Wars that Gregory, in his quiet, firm 
and unobtrusive way, exercised his greatest in- 
fluence. 

To understand Gregory and what motivated him 
one must dig back into his early life, and this the 
author of this biography, with deep penetration, has 
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done admirably. Gregory’s forebears were of very 
humble circumstances. His grandfather was a lay 
preacher, his father a poverty-stricken boot repairer, 
a poor man’s fighter, a writer of verse, a devotee of 
Ernest Jones, who was a friend of Karl Marx. His 
father—and of course the family—suffered for his 
views, and the efforts he made to organize working 
men for a higher standard of life. At twelve years 
of age, Gregory had already left school and was 
delivering newspapers at 4s. 6d. per week. He moved 
up in the scale, became a washer-up at a public house, 
then @ machine-boy drawing 5s. per week for`s 10- 
12 hr. day. In his ‘spare time’ he attended evening 
classes at a Trade School, where he became a voracious 
reader and learnt arithmetic, writing, Latin and 
French. It could have been no easy battle that 
eventually won him a scholarship of £1 per week to 
the Royal College of Science in London. With this 
he was already earning much more than his father, 
who struggled along, fighting a battle of justice for 
others. ‘Lhis early history left its imprint on him; 
and in later years, as he watched the Trade Union 
and Labour movement grow and develop, he saw ıb 
as the organized manifestation of what individuals 
had attempted to achieve in his early youth. To him 
it had primarily an ethical justification, part of the 
broad struggle for justice. This, then, was the first 
factor that conditioned his outlook. 

With his £1 per week at the Royal College of 
Science, his natural genius found a new atmosphere 
in which to flourish. If, coming from Bristol, he left 
behind him boys like Ben Tillett, Jim O’Grady and 
Ernest Bevin, he discovered a new companionship in 
such fellow-students as H. G. Wells. These two 
became life-long and devoted friends, collaborating 
and co-operating, each in his own way, towards a 
common end. In a College so deeply influenced by 
its dean, Thomas Henry Huxley, these two young- 
sters blossomed out, seeing as their mission science 
in the service of man. This in a sense became 
Gregory’s god, and for this he pressed and fought 
consistently. Hence his continual support for the 
National Union of Scientific Workers (later to become 
the Association of Scientific Workers), for the setting 
up of a Parliamentary and Science Committee, his 
work for the British Science Guild, for the initiation 
of a division of the British Association devoted to 
the study of the social relations of science, for the 
inauguration of a Ministry of Science, and so on. As 
he saw it, British industry could have no future 
unless it equipped itself to take a progressive role m 
the new age of science, and by the same showing so 
also had the Labour and Trade Union movement. To 
realize how fully these ideas had rooted themselves 
in his mind, one requires only to run over the 
editorial leaders of Nature in the late 1920’s and 
°30’s. He fought tenaciously and persistently for a 
recognition of the need in the educational world for 
a change-over from the classical to the modern 
scientific tradition, with all that this would imply in 
the building up of a new type of Civil Service.. 

If Sir Richard Gregory was a product of his age, in 
no small measure his age was a product of ‘Gregory.’ 
Some of uš may not agree that he had got down to 
the root of the troubles he sought to remove from 
society ; but nevertheless those of us who knew him 
personally will be able to say with feeling that Prof. 
Armytage in this biography has brought to life again 
the characteristic kindness and genuineness of a man 
whom Nature will be able to call one of its great 
editors. H. Levy 
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THE FOURTH PRIMARY 
TECHNOLOGY 


Chemical Engineering Practice ; 

Edited by Herbert W. Cremer and Trefor Davies. 
Vol. 1: General. Pp. xiv+494-+xiv. Vol. 2: 
Solid State. Pp. vi+-632+xxiii. (London: Butter- 
worths Scientific Publications ; New York : Academic 
Press, Inc., 1956.) 95s. per volume. 


i es Institution of Chemical Engmeers was 
founded in 1922 and the first university courses 
that would be regarded to-day as chemical engineering 
were started in London in the same year. If we note 
for comparison that the corresponding American 
Institute was founded in 1908 it is at once clear that 
Britain has had a lot of leeway to make up in 
recent years m this subject. The real awakening to 
the importance of this subject as suitable for a 
university curriculum occurred in 1937 when an under- 
graduate course was started m London. Very con- 
siderable progress has been made from these early 
days, and there are now several universities offermg 
undergraduate courses in chemical engineering. In 
step with the acceptance of the subject in univer- 
sities the chemical and process industries have found 
an increasing need for men tramed in this way. 

Tt 1s against this background that we must look at 
this ambitious project undertaken by Mr. H. W. Cremer, 
with Mr. T. Davies acting as managing editor. We 
shall look forward in this work to being given a clear 
mdication of those fields of professional knowledge 
which make the chemical engmeer of value. We 
shall look for a clear indication of just why this kind 
of training should be encouraged and why it should 
be regarded as the fourth primary technology. During 
the past thirty years chemical engineering, m common 
with other technologies, has advanced considerably 
and many of the practical techniques are made 
available before an adequate theory is provided to 
explain them in detail. It is to be hoped that in this 
new work we shall be given instances of this and 
brought face to face with the profession actually at 
work. Moreover, we have now reached a stage in 
which it is important that the present state of know- 
ledge, both in theory and particularly m practice, 
should be set down as a guide to those entering and 
practising the profession. 

In this field of knowledge valuable series of texts 


have been published, mamly in the United States, but ' 


they have on the whole tended to be academic and 
theoretical in outlook. While these works have pro- 
vided an excellent groundwork for academic courses 
they have not proved so helpful m showing the 
methods that industry actually uses in solving its 
problems, the practical solution of which frequently in- 
volves considerations which over-ride purely theoretical 
argument. Thus the first text by Walker and Lewis 
in 1923 set a pattern for chemical engineering which 
has only recently been modified to any extent. We 
have special texts on heat transfer, distillation, and 
chemical engineering thermodynamics, but we have 
relatively little that will guide the practising engineer 
over the hurdles which he encounters from day to 
day: What kind of excess capacity should be pro- 
vided in a unit to be designed ? What is the most 
satisfactory material of construction ? What are the 
best pumps for handling boiling liquids? Which 
type of still will give the lowest drop in pressure per 
plate? What are the really reliable methods for 
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scaling up m size? The important problems of 
process development and operation have been rather 
overlooked, and the problems of availability, cost, 
urgency and even of substitution have been scarcely 
discussed. 

This work is at present planned in twelve volumes, 
of which the first two are now published. The titles 
are (1) General, (2) Operations and Processes involv- 
ing the Solid State, Part I, (3) Part II, (4) Processes 
involving Fluid Systems, Part I, (5) Part II, (6) 
Part ITI, (7) Heat Transfer, (8) Bio-chemical and 
Electro-chemical Processes, (9) Design and Construc- 
tion of Chemical Plant, (10) Ancillary Services and 
Plant, (11) Evolution of an Industrial Chemical 
Project, (12) Works Design, Layout, Costing and 
Construction. These serve to mdicate the range of 
activities of the profession and are broadly indicative 
of the technical processes that must be mastered. It 
will be seen that none of the volumes carries the 
title ‘unit operations’, yet this was the term that in 
the earlier years was most characteristic of chemical 
engineering. 

Volume 1 opens with a chapter on the origins of chem- 
ical engmeermg by Prof. D. M. Newitt followed by a 
chapter on the chemical engineer by Prof. W. E. Garner. 
These are both valuable chapters in that they bring 
out the reasons for the slow development of the sub- 
ject and the growth of the subject corresponding with 
the growth of continuous processes. Jn discussmg 
the origins of the heavy chemical industry, Prof. 
Newitt 1s able to indicate steps which we to-day call 
chemical engineering but which at that time were 
simply looked upon as engineering developments. He 
also takes the opportunity of emphasizing the enor- 
mous importance of the growth in physical sciences 
and their impact on chemical engineering. Thus the 
work of Rumford, Carnot arid Willard Gibbs is pomted 
out as of vital importance to chemical engineering. 
Prof. Garner describes the activities of the chemical 
engineer in process development, process costing, 
process improvement, process control and plant 
layout and installation. This section will be of great 
value to all contemplating joining the profession. 

In the third chapter Mr. Brearley discusses the 
economics of production and provides a valuable 
introduction to this subject. The next two sections 
on the investigation and development of the industrial 
process bring out the considerable difference in the 
attitude of the chemical engineer to a process, com- 
pared with that of a chemist. We are led step by 
step from the preparation of material and energy 
balances to the idea of a complete plant. This volume 
is, however, most noteworthy for the long section on 
pilot plants and semi-commercial units written by 
members of the staff of the Shell Petroleum Co. and 
thew Dutch associates. This provides for the first 
time a really concise account of. the way in which 
pilot plants are developed. The discussion is of real 
practical value and provides the kind of information 
for which these texts are undoubtedly required. The 
great merit of these chapters is that the authors are 
describing things that have been done and not 
simply things which are thought about. These are 
followed by a useful chapter by Mr. Hopton on the 
preparation of flow diagrams for full-scale produc- 
tion. 

Volume 2 opens with a series of chapters on the 
fundamentals of the solid state, mechanical properties, 
alloy equilibrium diagrams, types of steels, and pro- 
perties of plastics. To camplete this section there are 
two chapters on fatigue and creep in metals, 
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Some of this material, particularly that in the first 
chapter, will be unfamiliar to most chemical engineers. 
There is a clear difficulty, in presenting these volumes, 
in determining how much material which is not chemi- 
cal engineering, but which is allied to it and used by 
chemical engineers, should be included. It is difficult, 
however, to feel that a discussion on wave mechanics, 
on the Heisenberg uncertainty principle and on the 
nature of chemical bonds fits clearly in a’ text on 
chemical engineering practice. The second chapter, 
though still containing a basis of solid-state physics, 
has some useful information of a practical nature. 
The section on alloy equilibrium diagrams gives the 
metallurgist’s outlook on this question, and that on 
alloy steels is written very much on the same lines. 
One would like to have found many examples from 
practice of the successful and unsuccessful uses of 
these alloys, but perhaps this will be given in a later 
volume. The section on corrosion gives useful 
coverage of this vital subject, but again from rather 
too theoretical an angle. ` 

There are a number of chapters on porous masses 
and powder metallurgy. The long discussion on 
methods of determining the drop im pressure for a 
fluid passing through a bed of materials would have 
been much improved with some practical examples 
of these methods. The section on powder metallurgy 
and transpiration cooling is very specialized and the 
coverage seems rather extensive for a text of this 
kind. 

There can be no doubt that these volumes will form 
a@ valuable reference for chemical engineers, but it 
must be hoped that they will concentrate very much 
on what is purely chemical engineering and not 
cover too widely those many allied sciences which 
will more properly be consulted in specialist textes. 
In this series we shall, above all, hope to see the 
application of the sciences to chemical efigineering. 
Finally, Mr. Cremer’s preface should be read by all 
those intending to take up this profession. 

J. M. COULSON 


ENTOMOLOGY IN REVIEW 


Annual Review of Entomology 

Edited by Edward A. Steinhaus, in association with 
Ray F. Smith. Vol. 1. Pp. ix+466. (Stanford, 
Calf.: Annual Reviews, Inc., m co-operation with 
the Entomological Society of America, 1956.) 7 
dollars. Vol. 2. Pp. vinit+407. (Palo Alto, Calif. : 
Annual Reviews, Inc., 1957. Published with the 
co-operation of the Entomological Society of America.) 
7 dollars. 


T is a curious reflexion on the economies of scientific 
book publishing that we should have had to wait 
until 1956 for the appearance of an annual review 
covering the largest smgle field of zoology: There is 
no question that such a publication is badly needed 
not only because of the enormous volume of entomo- 
logical literature published yearly but more especially 
because of the increasing fragmentation and special- 
ization in both pure and applied research m this 
field. It is thus interesting but unfortunate that m 
both the volumes under review this specialization 
becomes very evident in the great preponderance of 
papers dealing with insect control by chemicals, 
whereas papers relating to the fundamental biology 
underlying insect infestation problems are very few. 
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This Review is produced in the United States an 
edited by a board including some very eminen 
applied entomologists, and since m America th 
concept of insect control by chemicals is the accepte 
canon of entomological research we cannot be sur 
prised at this'emphasis. But when to this genera 
policy is allied extreme insularity of approach (there 
are several papers with 70-80 references all bu 
5-10 of which are American) these volumes tend t 
lose much of value. This is particularly true a: 
regards European entomology, where in recent years 
there has been a reaction against the widespread anc 
indiscriminate use of chemicals in insect control ir 
favour of research on the principles underlying 
insect infestations. The heavy weighting of both 
volumes with work related to insecticides and their 
application has led to the inclusion of papers covering 
substantially the same ground. Jn Vol. 1, for 
example, C. W. Kearns contributes a useful paper on» 
“The Mode of Action of Insecticides’ ; in Vol. 2 the 
paper by P. A. Dahm on “The Mode of Action of 
Insecticides exclusive of Organic Phosphorus Com- 
pounds” is thus based mainly on the literature 
published between June 1955 ‘and June 1956 and is 
hence deprived of that broad comparative basis so 
essential to a balanced review. 

The problems of insect taxonomy and systematics, 
sensory physiology and the central nervous system, 
the behaviour of insects, their endocrine systems, 
their ecology—all these are fields of active research 
scarcely mentioned in the present volumes. Yet 
their significance in insect mfestation and control 
is clearly very great. For example, there can be no 
doubt that one of the greatest difficulties in accurate 
assessment of crop damage by insects 1s the fact that 
in many important economic groups (for example, 
stalk borers) larval identification is at present 
difficult or impossible. Thus a paper hko “The 
Taxonomic Significance of the Characters of Im- 
mature Insects” by F. I. van Emden (Vol. 2) has 
equal value in the fields of taxonomy ahd control. 

Another interaction of the fields of pure and 
applied research has been the recent proposals on the 
use of insect growth hormones as insecticides, and a 
paper on insect hormones would have the interest of 
both sides and could contribute something to that 
integration which is so much to be desired. One 
paper which illustrates yery well the possibilities of 
such integration is that in Vol. 1 by V. G. Dethier 
on “Repellents”. Dr. Dethier points out that early 
work on this subject was purely arbitrary and 
empirical, and goes on: ‘‘few attempts were made to 
investigate the mechanism of repellency [and] 
almost nothing was known of the behavioural and 
physiological aspects of the problem’. He then 
shows how investigation of these aspects has altered 
the whole concept of the practical approach to the 
problem. The editors may rightly msist that they 
cannot get a quart into a pint pot and have been 
forced to pass over many important subjects. They 
could, however, easily alter the ratio of papers on 
the pure and applied sides, to the great benefit of 
the review as a whole. 

It is only worth while making such criticisms of a 
work which is of great actual and potential value, 
and there is no doubt that this is the case with the 
“Annual Review of Entomology”. The editorial 
board states .that its objective is “to publish 
authoritative and concise treatments of definitive 
subjects of current interest”, and in this, subject to 
the above criticisms, it has largely succeeded. 
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Particularly praiseworthy is its policy of allowmg 
a subject of general interest to be presented from 
opposing points of view in subsequent volumes. In 
Vol. 1, W. R. Thompson presents his theories on the 
control of insect populations in a paper, ‘“The Funda- 
mental Theory of Natural and Biological Control’, 
m which he attacks the theories of A. J. Nicholson. 
In Vol. 2, M. E. Solomon in his paper, “Dynamics of 
Insect Populations’, examines the evidence relating 
to the theories of Thompson and Nicholson, while m 
Vol. 3, Nicholson is to contribute a paper, presumably 
defending his views. This dynamic, contmuous con- 
troversy can be stimulatmg and constructive and is 
one of the most valuable features of a review of this 
type. But it rests entirely with the editors as to 
what standard is set and how it is maintained, and 
this policy, if not carefully regulated, leads to the 
situation—-commented on earlier ın relation to papers 
on insecticides—where one paper virtually nullifies 
another. 


In general, the papers are of a high standard, with s 


little lapsing into the ‘card-mdex’ type of review. 
The contributors have been well served by both 
editors and publishers, the proof-reading being of a 
high standard and the whole clearly printed. One 
minor irritation is that alphabetical biblographies 
are not used by all contributors and it is difficult to 
see why the editors do not insist on this throughout. 
All entomologists will welcome this powerful new 
weapon in their constant battle with the over- 
whelmuing litérature of the subject, and if the “Annual 
Review of Entomology” widens its approach 10 
should be assured of a large and appreciative public. 
P. T. HASKELL 


PLANKTON OF LAKES AND SEAS 


The Marine and Freshwater Plankton 

By Prof. Charles C. Davis. Pp. xii+562 (681 figures). 
(Ann Arbor, Michigan: Michigan State University 
Press; London: Constable and Co., Ltd., 1955.) 
80s. net. 


HERE is no comprehensive text-book on plank- 

ton in the Enghsh language and one is much 
needed, so the present volume, although not entirely 
satisfactory, is to be welcomed. One must admire 
Prof. C. C. Davis’s courage m attempting to treat 
fresh- and salt-water plankton’ together, but the 
subject is too large to be successfully compressed 
into one short volume. The book is based on a@ 
course of lectures given to graduate students at the 
Umversity of Miami and for such readers it ought to 
prove a useful introduction. 

After a prelimmary chapter, which deals mainly 
with the evolution and ecology of lakes, there is 
a discussion of the adaptations which planktonic 
existence requires. This is followed by a very short 
account of the cycle of production m aquatic environ- 
ments which merely outlines the subject and does not 
relate it to any work in the field. Phytoplankton has 
a chapter to itself in which there are discussed 
problems of distribution both geographical and 
seasonal and the cause of phytoplankton ‘blooms’. 
A short discussion follows on the relations between 
phyto- and zoo-plankton. 

Distribution is dealt with again in the next chapter, 
with the emphasis on zooplankton, and this includes 
geographical and seasonal distribution, the effect of 
currents on dispersal, and vertical migration. There 
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is then a short description of the variations m form 
which are found m different habitats and seasons, 
and this first, general, section of the book ends with 
a discussion of the food of the plankton and of the 
animals which prey upan it. 

It is impossible to cram a full account of plankton 
and its problems into 140 pages and the treatment 
is therefore bound to be selective. Prof. Davis has 
depended most upon the older authors and much 
interesting recent work has been omitted. Thus, m 
the chapter on geographical and seasonal variations in 
structure there is no mention of marme zooplankton 
and no reference to the important work on the races 
of copepods in Italian lakes. In the section on 
diurnal vertical migration one would have welcomed 
an account of the recent work m both fresh and salt 
water. 

The next section is purely systematic, and after a 
short description of each group of plankton organisms 
there is a simple key to the commoner genera so that 
the student may identify the specimens he has found. 
The keys are helpful and easy to use, although algo- 
logists may not approve of the wholesale bundling of 
all flagellated green cells into the Mastigophora. 
This section 1s illustrated by a long series of figures 
which, with their legends. take up more than a third 
of thé whole book but ars the least satisfactory part 
of it. Many of the figuras are clear and useful line 
drawings, but m many, faulty reproduction has 
blotted out all detail. Here and in the systematic 
section the student is given no guidance on the 
habitat of the organism. Fresh and salt, rare and 
common, tropical and temperate are all mixed up 
together. For anyone accustomed to a temperate 
water plankton the choice of ‘common’ genera will 
be strange; for example, one hundred tigures of 
radiolarians to only thirty-four of diatoms and 
ninoteen of dinoflagellates. Many figures are without 
ascale, and the drawings give no idea of relative size. 
The volume also contains a glossary of technical 
terms and a selected bibliography. 
i S. M. MABSHALL 


MEDIEVAL SCIENCE 


Le Système du. Monde 

Histoire des Doctrines Cosmologiques de Platon & 
Copernic. Par Prof. Pierre Duhem. Tome 7. 
Pp. ii +664. (Paris: Hermann, 1956.) 3,200 francs. 


T the death of Pierre Duhem in 1916 five volumes 

of his magnum opus, “Le Système du Monde”, 
had been published or were in the press (Paris, 1913- 
17). Of the seven others, which the complete work 
was to comprise, four were wholly finished, but the 
difficult post-war circumstances prevented them from 
being published. It was not until 1954, simultane- 
ously with a second edition of the first five volumes, 
that Vol. 6 could appear. Now the year 1956 has 
brought us Vol. 7, and all Duhem’s admirers ardently 
hope that from now on publication will proceed at 
this pace, so that before long they may be in full 
possession of the stupendous mass of results on 
medieval science accumulated by him. 

Chapters 1 and 2 of the present volume deal with 
considerations of various thirteenth- and fourteenth- 
century scholars on the infinitely small and the 
infinitely great; Chapter 3, with theories of place 
before and after the condemnations pronounced by 
Etienne Tempier in 1277. In Chapter 4, problems of 
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rest of the volume is taken up by important medieval 
discussions on the latitudes of forms : before Oresme, 
in his works and those of his followers, and at the 
University of Oxford. i 

Of course, the hew volume again displays all the 
briliant qualities of style and composition character- 
istic of Duhem’s writings. One cannot help, however, 
deploring earnestly that such a long time should 
have passed since his first publications on the 
subject in Vol. 3 of the “Études sur Léonard de 
Vinci” (1913). In the course of more than forty 
intervening years much important new material on 
medieval science has been discovered, and many 
articles and books on it have appeared. Jn almost 
all of these some of Duhem’s views have been subjected 
to severe criticisms or at least have been shown to be 
in need of modification. The reader of the present 
posthumous volume has to realize that results obtained 
after the death of the author could not possibly have 
been taken into account, but this consideration will 
not prevent him from wondermg at pages which could 
not have been written in our days by a competent 
author. Indeed, they belong already to the history 
of the history of science. It is to be feared that in the 
eye of an inattentive reader they will derogate from 
Duhem’s everlasting and incontestable merits. 


E. J. DIJKSTERHUIS 
i] 


RANK AND POWER IN THE 
SOLOMON ISLANDS 


A Solomon Island Society 
Kinship and Leadership Among the Siuai of Bougain- 
ville. By Prof. Douglas L. Oliver. Pp. xxii- 534+ 


16 plates. (Cambridge, Mass.: Harvard University 
Press; London: Oxford University Press, 1955.) 
80s. net. 


HIS work is e descriptive and analytical record 

of two years field research on an island in the 
Western Solomons in the Australian Trust Territory 
of New Guinea. The term Siuai, originally applied to 
a cape on the south coast of Bougainville Island, was 
later applied to a village there and finally come 
to be regarded as the name for a large area and for 
the native people living there. These people, num- 
bering nearly five thousand, are agriculturists living 
in hamlet clearings in the rough forest on a heavily 
watered plain. ‘Lhew staple crops are taro and sweet 
potato, with coconut, breadfruit and bananas as 
important ancillaries. As with most Melanesians, the 
simplicity of their economy ıs not matched ın their 
social life, which has much of a spectacular, even 
dramatic, quality. 

‘Lhe book begins with a description of the physical 
adaptation of the Siuai people to their environment, 
and of their beliefs and myths about themselves and 
their universe. One difficulty mentioned by the 
author at the outset 1s in relating the categorization 
of their universe to the categories of their language. 
For example, the Motuna language which the Suai 
people speak has at least forty ‘noun classes’, the 

- nouns of each class being distingwshed by the use of 
a separate set of numerical adjectives. Though 
cautious in his view, the author suggests that the 
differences of quality expressed by special gram- 
matical usages for small round things lke nuts and 
eggs, or long thin things like cord, or flat thin things 
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like leaves, do. represent something basic in the way 
in which the Siuai look at the world around them 
But he does not feel able to pursue this relation off 
language to logic. Of natural science the Siuai- hays 
little beyond a crude empiricism: While they :aře 
careful agriculturists, cognizant. ‘of a large number off 
entities in the natural world arotind them, they have 
not troubled to fit these into any, neatly orderec 
system of beliefs. They are incurious about the size, 
shape and nature of the Earth, they have some 
bizarre fancies about the physiology of reproduction, 
and they use magical rather than medical remedies 
for curing the ills. Yet they regard industry as a 
prime virtue—while being humanly inconsistent 
enough to look on paradise as a place where no one 
has to work—and they- attribute great importance 
to ambition and renown. 

But while thew industry gives them a good living, 
like their ambition it is mamly significant in æ sociaN 


- field. The author’s analysis here reveals with subtlety 


the various types of social unıts and social ties which» 
are relevant ın work and striving for renown., The 
constitution of’ hamlet and household, the cycle of 
development of the nuclear family, the structure of 
primary and secondary kin relations, the organization 
of production teams and other associations are all 
examined and in particular the great, importance of 
matrilineal kin units is emphasized. The section on 
leadership is a most useful one, of direct value to 
those interested in a practical as well as a “theoretical 
understanding of native affairs in the western, Pacific. 

The facts given are not novel—on the accumulation 
of capital in food, pigs and shell ‘money’, and -the 
role of wealth m building up prestige and power 
through competitive feasting and display—but the 


. treatment of the facts is fresh and stimulating. The 


rewards, burdens and social effects of leadership’ in 
such a community are made clear, and we are given 
one of the best accounts of ‘social climbing’ m a 
Pacific society that has yet appeared. Once again, 
too, the radical difference between the government- 
appointed native official and the local leader is made 
plain. 

The author’s primary aim has been to produce a 
single-volume account of all the main aspects of 
Siuai culture, a task which he has thought necessary 
in-contrast to the dispersed ethnography on most of 
the other standard cultures studied by the anthro- 
pologist. He has,amply succeeded in this lively, 
original, ethnographic account. The final section 
on generalizations, conjectures and questions is & 
stimulatmg set of reflexions of wide theoretical value. 

RAYMOND Frere 


STAINING TECHNIQUES 


A Practical Manual of Medical and Biological Stain- 
ing Techniques 

By Edward Gurr. Second edition. Pp. xxv-+ 451. 

(London: Leonard Hill (Books), Ltd., 1956.) 


HE fact that a second edition of this book has 

been made necessary within the comparatively 
short space of time since the first edition appeared is 
evidence enough of its utility and popularity with the 
many workers concerned with micro-technique as 
applied to biological material. This edition‘is con- 
siderably enlarged and incorporates many new 
particulars which have come to hand since 1953: A 
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short, special section on histochemical methods has . 


been added, though the value of such a separation 
may be questioned, since many of the standard 
staining methods are, m effect, histochemical. If 
this section is continued in future editions it would 
be well to furnish it with cross-references to 
appropriate staining reactions included in other 
sections. 

An introduction on. the principles of fixation em- 
phasizes some important points which are often for- 
gotten, while the section on fixatives is limited to a 
selection of those in general use, a wise restriction in 
view of the mnumerable ‘modifications’, of doubtful 
value, which have found ther way into prmt. In the 
section on embedding and mounting media one is 
glad to see the glycols coming to the fore, though 
the treatment given does not exhaust their possibili- 
ties in this connexion. 

The section on staining methods for animal 

histology lists 170 techniques with operational 
schedules. The botanical section contams sixty- 
eight methods, though the two sections are by no 
means mutually exclusive. For example, the animal 
section gives thirty-nine methods employmg hæma- 
toxylin and the botanical section only four, but many 
of the former also have botanical uses. Source 
references are given for most of the newer methods in 
each section. 
+ There is a new section on fluorescence microscopy 
which is“a useful introduction to this important 
technique and another section of seventy-six items on 
smear preparations. It is in this last section that 
most of the microbiological methods cited are’ to 
be found, though there ıs room for a good deal of 
expansion in this connexion. It would surely be 
better to separate the microbiological methods 
under that name, apart from blood film stains and 
other types of smear. Incidentally there is no 
mention ,of the extremely important cellular smear 
techniques for the study of meiosis, which have 
become indispensable in genetic studies. A number 
of appendixes give formulm, refractive indices, and 
other useful data, in particular the solubilities of 
reagents and stains, which are often troublesome to 
discover. 


Altogether this edition has markedly improved the, 


value of the book as a laboratory companion and it 
‘should be in the hands of every microscopist. 
- R. C. MoLEAN 


THE GRANITE CONTROVERSY 


The Granite Controversy 

Geological Addresses Ilustratıng the Evolution of a 
Disputant. By Prof. H. H. Read. Pp. xix+430. 
(London : Thomas Murby and Co., 1957. Distributed 
by George Allen and Unwin, Ltd.) 42s. net. 


N the controversy on the ongin of granitic rocks 

which has stirred geological thmking in the past 
two decades Prof. Read has played a prominent part, 
and here in compact form are presented eight of his 
published contributions delivered as presidential or 
other addresses between the years 1939 and 1954. 
They provide a stimulating and entertaining record, 
confessedly for the most part of one side of the 
controversy, and reflect clearly the progressive evolu- 
tion of his own ideas. The author as a protagonist of 
wet granitization has not spared rival hypotheses, 
but all has been done with good humour, and what is 
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more, the story is enhvened by frank confessions of. 
his own misinterpretations, so that none has cause 
to take offence. ut 

The new matter now ‘provided appears in & short 
preface to the volume, reviewing the major points of 
contention, the course of the author’s own deductions 
and a summary statement of his present position. 

The disclosures are revealing. The changing out- 
look is reflected in the ultimate scepticism on ‘basic 
fronts’ once so favourably regarded, a revision of 
views of dents de cheval and what appears to be a 
recantation,on rapakivi. 

These are moves which will be welcomed by the 
rival champions of magma and deplored by the solid 
diffusionists. 

The development of the idea of a granite series in 
time and place, surely to be recognized as a fruitful 
conception, followed without doubt a clearer apprecia- 
tion of the point of view of the magmatist. 

Let it be said at once that the magmatist has also 
moved. Most have conceded a place for granitization 
though the medium assigned an active role has been 
primarily granitic liquid or its emanations, and there 
has been, smce Bowen and Tuttle’s studies, increasing 
recognition of the crystalloblastic texture of many 
granites traced to a magmatic origin. The nature of 
the ‘emanations’ postulated by the wet granitizer 1s 
seldom disclosed, though the conception that “each 
country rock took what 16 wanted to make itself 
into granite’ doubtless gives him the required 
answer. 

Prof. Read’s later preference traces the origm of the 
emanations responsible for granitization to the lower 
and basic part of the crust (the sima), and though he 
held and holds that “granites and basalts are different 
things... in their ultimate source they may thus be 
closely and genetically connected”. 

This 1s indeed a concession, and a further sign that 
the author is moving to a middle position m the con- 
tinuing disputation. 

The line of evidence provided by the experimental 
laboratory approach to the subject of granite finds 
little favour in the author’s discourses. 

“Many of us, fortunately, prefer the field to the 
crucible and the triangles and more complex geometry 
that seems to go with them,” indeed sums up his 
outlook on this question. Yet much of the present 
controversy is the product of conflictmg mterpreta- 
tions of field evidence, a position reflectmg in many 
cases the inadequacy of the field relations for reaching 
a firm decision. ; 

All data relevant to the problem need to be pressed 
into service, and the neglect in this discussion of the- 
results of expermental study on the mineral phases 
of granite 1s to be regretted, the more so now that the- 
techniques of mvestigating wet mmeral silicates at: 
high temperatures and pressures have been success- 
fully developed, and much new data critical for the 
interpretation of the granite system already made 
available. 

Even the “consolidated bibliography and full index” 
which the author provides to enable the reader 
“to seek the truth for himself” omits reference to 
the literature on these experimental investiga- 
tions. 7 

Though this approach to the problem still remains ẹ 
field for Prof. Read’s meditations, it is pleasant to 
reflect that his evolution has brought him already to a 
middle position in the controversy, indeed to that 
receptive state which. augurs well for further real 
advances. E 43 ul <e C. E. TULEY 


1154 


‘Weather Map 

An Introduction to Weather Forecasting. Meteor- 
ological Office. Air Ministry. (London: Her 
Majesty’s Stationery Office, 1956.) 10s. net. 


HE fourth edition of ‘‘Weather Map” is the 

latest attempt to explain in simple terms the 
science (or is it the art ?) of weather forecasting to 
an. interested but often critical public. The author 
is the possessor of an attractive style and has done 
much to lighten the content of his text by the 
addition of well-selected historical detail. Mathe- 
matical treatment ‘is carefully avoided.’ Generally 
the subject-matter is set out in logical sequence, 
though it is odd that the statement, perplexing to a 
novice, that ‘thickness lines give a broad picture of 
the thermal structure of the atmosphere” on pp. 9-10 
should have no cross-reference to the explanation on 
pp. 72-73: The chapters on “Forecasting from 
‘Weather Maps” and on ‘“‘Prebaratics and Upper Air 
Charts” give the reader the comfortable feeling that 
he is being brought into touch with the latest 
developments in meteorological research. Many will 
wish to read further, and it is therefore rather a pity 
that the bibliography (in the preface) contains a list 
of only four elementary text-books. These, however, 
are minor blemishes on an otherwise excellent book, 
the beautifully printed maps of which give it @ 
character all its own. 

“Weather Map” will appeal to all those who wish 
to read more into published weather forecasts. There 
is much in it for students of physics and geography 
who see the necessity of developing a background 
to their subjects. It is also to be hoped that there 
will be a sufficient public ready to buy such an 
admirable book for its own sake. J. B. Rice 


A Weasel in My Meatsafe 
By Phil Drabble. Pp. 192. (London: 
Collins, Sons and Co., Ltd., 1957.) 14s. net. 


N a world which becomes increasingly dominated 
by the consequences of physical science, it is 
heartening to remember that the quality of natural 
history observation over the past twenty-five years 
has been equal to that of any other period in history ; 
White and Fabre would have been glad to find them- 
selves in the company of many of our contemporary 
naturalists. 

One who would have much to tell them would be 
the author of this book, who writes as racily as he 
appears to live. His account is not of patient 
observations quietly made but of exciting communion 
with animals with whom he has lived. From Hairy 
Kelly, the rat-catcher, he learned to pick up rats 
without being bitten ; from Haw-Haw, his pet rat, he 
was able to resolve the age-old controversy whether 
it takes two rats to move an egg. The acquisition of 
& very young badger and the attendant difficulties 
of breeding reveal a love for wild animals which is 
genuine and passionate. It also shows that here is 
an author who can successfully communicate his 
thoughts and feelings to others. “When I walked 
in,” says Mr. Drabble when about to collect young 
Bill Brock, “the walls bulged, and the shadows from 
the | Jemp shifted over a bit to make room for 
me.’ 

In this attractive book are descriptions of the 
cunning required to capture an escaped stoat, the 
bathing habits of rooks, a cross between a ferret and 
a pole-cat which led to many adventures, the food 
of wild animals and many other topics which cannot 
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fail to enthral anyone with the slightest glimmer of 
interest in wild animals. Two features only mar this 
fascinating work. One is the absence of an index— 
Mr. Drabble might have guessed that his book would 
be used for reference as well as for recreation. 
The other is that he is at less than his best when 
describing his failures; one regrets the smack of 
pomposity which goes ill with such a distinguished 
naturalist and entrancing writer. T. H. HAWKINS 


An Outline of Bacteriology and Immunity 
By Prof. Ronald Hare. Pp. ix+418. (London and 


“New York: Longmans, Green and Co., Ltd., 1956.) 


35s. net. 


HE importance of bacteriology in the medical 

curriculum is rapidly changing. Many diseases 
which were common. and often fatal only a few years 
ago are now scarcely seen except in the museum, and 
the organisms which’ caused them are encouritered 
more often in the laboratory than in real life. In 
other ways, too, fashions are changing, and the 
medical ‘student is no longer expected to have the 
detailed knowledge of systematic bacteriology which 
was sometimes demanded in the past. On the other 
hand, other aspects of the subject have increased in 
importance—for example, in the field .of chemo- 
therapy, of epidemiology and virology ; and there is 
still a need for the medical student to have a sound 
grasp of the principles of microbiology and immun- 
ology. Prof. Hare has met the challenge of these 
changes in emphasis by producing a book which 
really does make a new approach. The book is 
interesting to read, and that, in a work of this kind, 
is no mean achievement. It gives proper attention 
to principles rather than details; it should help the 
medical student to see the wood as well as the trees, 
and it preserves a good sense of balance throughout, 
Some minor criticisms can be made, and there are 
more misprints than there should be—but these are 
things that can be easily put right in a further edition. 
Prof. Hare is to be congratulated on producing a 
useful and stimulating book which it is certainly to 
be hoped will run into future editions. R. KNOX 


Traité de Micro-Analyse Minérale ` 
Qualitative ebt Quantitative. Par Clément Duval. 
Tome 3. Pp. 548. (Paris: Presses Scientifiques 
Internationales, 1956.) n.p. 


N setting out to provide a four-volume compendium 

of micro-analytical procedures, qualitative and 
quantitative, Prof. Duval undertook a formidable 
task. This,- the third volume of his treatise, follows 
the patterns of Vols. 1 and 2, and deals with the 
elements iron, cobalt, nickel, copper, zinc, ruthenium, 
rhodium, palladium, silver, cadmium, osmium, 
iridium, platinum, gold and mercury. i 

The book provides a summary of information 


- supplemented by extensive bibliographies, and covers 


much ground., In addition to the chemical information 
to be expected in an analytical work, sections are 
included which deal with, inter alia, natural occurrences 
and mineralogy, scientific and industrial uses, 
chromatographic separations, absorption and emis- 
sion spectrography, and polarography. Adequate 
working details are given for methods selected by 
the author, and copious notes on other methods are 
provided. Prof. Duval’s book is a valuable work of 
reference for all concerned with inorganic analytical 
chemistry. C. O. Harvey 
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CAROLUS LINNAEUS 


By FRANCIS HEMMING, C.M.G., C.B.E. 


HE passage of a quarter of a millennium will 

often dim the glories of men esteemed as great 
in their day ; but Carolus Linnaeus, the two hundred 
and fiftieth anniversary of whose birth fell on May 23 
(new style) this year, is seen to-day as a figure fully 
as important and significant as he appeared to his 
contemporaries. 

Born in 1707, Linnaeus was the eldest son of the 
pastor at Rashult in the Swedish province of Småland. 
It had been his father’s hope that he would follow 
him into the ministry; but Linnaeus showed no 
melination to follow that calling. Greatly disappointed, 
his father at one time contemplated placing his son 
with a tailor or shoemaker. Luckily, however, the 
young Linnaeus, who from his earliest years had been 
an. enthusiastic student of plants, attracted the atten- 
tion of J. S. Rothman, a local doctor who believed 
that he had a future before him in medicme and 
natural history and who himself gave him such 
instruction as he could. At the age of twenty, 
Linnaeus entered the University of Lund, but in the 
following year transferred to Upsala, which was to 
be his home for the remainder of his life and of which 
he became the brightest ornament. Here he came 
into contact with such eminent men as Celsius and 
Olaf Rudbeck the younger, at that time professor of 
botany in the University, both of whom gave him 
encouragement and assistance in his botanical studies. 

During these early years, Linnaeus had greatly 
developed his innate passion for collecting botanical 
specimens and, inspired by Rudbeck, whose adjunctus 
he had become in 1730, he conceived a great ambition 
to undertake the exploration of Swedish Lappland 
for the purpose partly of making collections of 
botanical and zoological specimens but in part also 
in the hope of discovering valuable mineral deposits 
which were then believed to exist in that virtually 
unknown area. In 1732 Linnaeus obtained a small 
grant for this purpose from the Academy of Sciences 
of Upsala and set off on his famous journey, during 
which he traversed more than four thousand (English) 
miles, often suffering great hardships. Upon his 
return to Upsala his journey was acclaimed as an 
outstanding success and added greatly to the already 
considerable reputation of Linnaeus not only at home 
but also abroad. For Linnaeus himself the journey 
was of the greatest value, providing him with an 
opportunity for making detailed observations in the 
field, a kind of work to which he attached the greatest 
importance. Later in life, Linnaeus never missed an 
opportunity of undertaking similar journeys in other 
parts of Sweden, making journeys in Dalecarlia in 
1734, and in Oland and Gothliind in 1745. These 
journeys gave Linnaeus a knowledge of his own 
country that was unrivalled by any of his contem- 
poraries, greatly enriched his collections, provided 
him with almost unlimited material with which to 
illustrate his lectures and enabled him ultimately to 
compile his “Flora svecica’ (1745) and his “Fauna 


svecica” (1746), works at that time without rival as 
contributions to the systematic knowledge of the 
flora and fauna of a single country. 

Indirectly, ıt was the journey through the Swedish 
province of Dalecarlia which, set Linnaeus on his 
foreign travels, for it was on this journey that at 
Fahlun he was strongly urged by Johan Browallius 
to complete his studies by taking his doctorate in 
medicine at some foreign university. Though greatly 
handicapped by financial difficulties, Linnaeus decided 
to take this advice. He left Sweden in 1735, going 
first to Hamburg and from there to Holland. Here 
he took his doctorate at Harderwijk. He then went 
on to Leyden, where he met the celebrated and 
wealthy Johannes Fredericus Gronovius. This was a 
most important event, for in the scanty luggage 
which Linnaeus had brought with him from Sweden 
were the manuscripts af various projected works, 
outstanding among which was that of the “Systema 
Naturae”, which was later to raise him to the pinnacle 
of fame among his contemporaries. From his earliest 
days Linnaeus had not only been an ardent collector 
of botanical and zoological specimens but had also 
been constantly engaged m devising schemes of ` 
classification by which to arrange the species with 
which he was acquainted m what appeared to him 
to be a natural system based upon likenesses and 
differences displayed’ by the groups concerned. It 
was the tentative conclusions which he had reached 
on this subject that were embodied in the brief 
manuscript which he showed to Gronovius on his 
arrival at Leyden. Gronovius was at once profoundly 
ımpressed by the originality of Linnaeus’s concep- 
tions and by the great advance both in scope and 
treatment which this little work displayed over any- 
thing previously attempted in this field. He showed 
his appreciation in the most practical manner by at 
once offering to defray the cost of publication. Thus 
it was that the first edition of the “Systema” of 
Linnaeus came to be published m Holland in 
1735. 

In all, Linnaeus spent almost three years abroad. 
The greater part of this time was spent in Holland, 
where he laboured with extraordinary pertinacity, 
writing during this period more than a dozen im- 
portant works on botanical subjects. During this 
time, Linnaeus visited also both England and France. 
In London he called at once upon Sir Hans Sloane, 
to whom he had been warmly recommended by 
Boerhaave and for whom he grew to feel the greatest 
admiration. After meeting at Sloane’s house and 
elsewhere all the leading botanists and naturalists in 
London, Linnaeus proceeded to Oxford. Here he 
visited Sherard’s herbarum, the European collection 
in which he considered superior to any that he had 
previously seen. At Oxford he was given a warm 
welcome by Thomas Shaw, who already looked upon 
himself as one of the disciples of Linnaeus. On his 
first arrival he was, however, coldly received by 
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Dillenius who, it appeared, had been deeply incensed 
by Linnaeus’s “Genera Plantarum” (1737), which he 
had looked upon as a personal attack upon his 
own views of classification. Thanks, however, to 
Linnaeus’s pertinacity and fair-mindedness, it was 
not long before these initial misunderstandings were 
dispelled, the two men thereafter becoming the 
closest friends. On leavmg England, Linnaeus 
returned to Holland for some time, continuing to 
work incessantly upon the various books on which he 
was then engaged. When at last he felt that he 
could not delay his return to Sweden much longer, 
he decided before setting out for home to pay a 
brief visit to Paris. Here he was warmly welcomed 
by de Jussieu, through whom he met all the leading 
French men of science then in the capital. Every- 
where he was received with the greatest consideration 
and before he left Paris received the honour of being 
elected a foreign correspondent of the French 
Academy. By the works published during his stay 
abroad, by the acquaintance which he made with 
leading men of science in Holland, England and 
France and by the immense correspondence which 
throughout those three years he carried on with 
specialists in every centre where active work on 
botany or zoology was in progress, Linnaeus had 
already earned for himself the highest `inter- 


national reputation by the time when in 1738, at’ 


the age of thirty-one, he once more set foot in 
Sweden. . 

Although in the course of a life of unremitting 
labour Jimnaeus published more than one hundred 
and eighty different works, many of enduring im- 
portance, it is the “Systema Naturae” upon which his 
fame justly rests. The first edition, consisting as 
it did of only twelve folio pages, was little more than 
a prodromus of the work which Linnaeus had set him- 
self to write, being described indeed by Linnaeus 
himself in 1758 as being but a “‘Conspectus tantum 
operis et quasi Mappa Geographica’. Nevertheless, 
the appearance of this little volume had an electrical 
effect upon Jinnaeus’s contemporaries and was 
quickly followed by further editions, enlarged, 
amplified and corrected, but all constructed on the 
same basic plan. These culminated, so far as the 
animal kingdom was concerned, in the appearance in 
1758 of the celebrated tenth edition. By this time a 
separate volume of more than eight hundred pages 
was required for describing the “Regnum Animale”, 
more than four thousand species m which were now 
recognized by Linnaeus. ‘That within the space of 
little more than twenty years Linnaeus was able to 
enumerate so large a number of species was due 
partly to his own ceaseless combing-over of the 
existing literature and to his voluminous corre- 
spondence with zoologists in foreign countries, but 
above all was attributable to the enthusiasm with 
which he inspired his students to undertake journeys 
in distant lands for the purpose of making natural 
history collections. Linnaeus was profoundly sensible 
of the debt which he owed to these discipuli, eleven 
of whom he picked out for special mention in the 
introduction to the tenth edition of the “Systema”. 
In this list we find the names of such well-known men 
as, for example, Peter Kalm, who collected in Penn- 
sylvama and Canada in 1747; Fredrik Hasselquist, 
who collected in Egypt and Palestine in 1749; Olof 
Torén, who made collections in Malabar and Suratte 
im 1750; and Peter Osbeck, who obtained important 
material in the same year from Canton and from 
Java, both for Linnaeus and for Queen Ludovica 
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Ulrica of Sweden. Thus ıt was by the position whic] 
Linnaeus had built up for himself as the head af a 
enthusiastic school that he was able to classify anı 
name such large numbers of new species in all branche 
of the animal kingdom. 

Linnaeus’s treatment of the animal kingdom was : 
model of conciseness and method which must indee: 
have been startling to the zoologists of his day 
Within the animal kingdom Linnaeus recognized fou 
systematic categories, of descending order of mag 
nitude—the Classis, Ordo, Genus and Species. Th 
five classes which he recognized were defined on. : 
uniform basis, and a similar method was adopte: 
for characterizing the orders comprised within eac) 
class and the genera within each order. For eaci 
species Linnaeus gave a brief diagnosis accompanie 
by bibliographical references to previously publisher 
descriptions and figures, particulars of distribution 
and in some cases supplementary descriptions ani 
information of what would now be called an ecologica 
character. In addition, in the tenth edition Linnaeu 
introduced for the description of the animal kingdon 
the system of binominal nomenclature which a fev 
years earlier he had applied to the naming of plants 
The advantages of the binominal system of nomen 
clature over the cumbrous polyverbal method em 
ployed by all previous authors were so obvious tha 
binominalism won for itself an acceptance with ; 
speed which in view of the difficulties of communica 
tions about two hundred years ago can only b 
regarded as extraordinary. 

The whole concept of animal life has witnessed : 
profound change since the days of Linnaeus throug! 
the acceptance of the theory of evolution, and late: 
the growth of the science of genetics, and the develop 
ment of other sciences bearing on zoology. In thes 
circumstances, it might have been not unnatural t 
expect that any works on zoology written. before th: 
time of Darwin, Wallace and Huxley would be out 
moded, possessmg thenceforward no more than : 
historical interest. That this has not happened in th 
case of Linnaeus is the enduring monument to th 
importance and originality of his work. He knev 
nothing of many aspects of zoology which are familia 
to every worker to-day; his work contained man; 
features which would now be regarded as mistakes 
and in addition much of it was derivative from th: 
work of his predecessors. Why then is it that afte 
two hundred years Linnaeus is still the giant that h 
appeared to his contemporaries ? Without doubt th: 
answer is that by his vision and imagination, by hi 
devotion to logical method and by his immens 
eapacity for work he introduced order and systen 
into the classification and description of livin; 
organisms, a reform which provided, as it were, : 
new jumping-off ground for his successors by givin; 
them a systematic schema which, though developec 
and corrected by later workers, remains substantialh 
unshaken to this day. 

As part of the celebrations of the two hundredt] 
and fiftieth anniversary of the birth of Linnaeus, th 
Swedish people have erected a statue of Linnaeus n 
the ancient city of Upsala where for so long he live 
and taught and to the renown of which he addet 
such lustre. It is well that the great Swedish natural 
ist should to-day be honoured in this way. But hi 
true memorial rests elsewhere. It 1s that for ever 
working systematist Linnaeus is still a powerfu 
living figure, to whose works constant reference is a: 
necessary as it was to the zoologists of two centurie: 
ago. 
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AERONAUTICS AT THE IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 


By G. JACKSON 


HE Committee on Education and Research in 
Aeronautics, appointed by Lord Weir of East- 
wood in October 1918 to consider what steps should 
be taken to organize education and research in 
aeronautics after the First World War, reported in 
h 1919 to the Secretary of State for Air, the 
Right Hon. Winston 8. Churchill : “Education and 
research are clearly very closely interrelated. The 
education with which we have chiefly concerned our- 
selves is that suitable for Aeronautical Engineers and 
Constructors, that- is to say, post-graduate work for 
which the students will be fitted by a previous 
undergraduate course of either mechanical or general 
engineering training at one of the Universities or 
‘Technical Colleges. We have not dealt with the 
training of pilots or of mechanics. The course we 
contemplate will comprise & special study of the 
following matters: Aerodynamics—the laws of 
motion of bodies moving in the air, illustrated by 
experiments and researches in wind channels; the 
inciples of design and construction ; engines and 
SE methods of propulsion of aircraft ; the investi- 
gation of instruments used in flight, with problems 
in Meteorology and Navigation. The engineer must 
also gain the practical knowledge acquired only in 
the workshop and must have experience of the full 
seale researches necessary to test and verify his 
theoretical conclusions. Such a course might event- 
ually involve one or more centres of theoretical 
instruction with experimental aerodromes and labor- 
atories where the full scale problems may be worked 
out, but as the number of persons likely to require 
this higher post-graduate education will not be great, 
we consider that it will be wise for the present to 
concentrate the work in one central institution with 
which the experimental aerodromes should be closely 
connected. Such a central institution we find in the 
Imperial College of Science and Technology at which 
the Professorship lately founded by Sir Basil Zaharoff, 
G.B.E., is to be held. Turning now to Research : 
this is the means by which advance in Aeronautics is 
possible and it is required by all interested in the 
progress of the subject ; by the State whether for 
the purpose of defence or to enable it to lay down 
the rules necessary for the safety of aircraft when 
used for civil purposes ; by the Professor whose aim 
is to increase knowledge, and by the Industry in 
order that they may maintain the superiority which 
British aircraft has already achieved. Research is 
difficult, its requirements are costly, and the men 
who can undertake it are few. To establish separate 
research laboratories and acrodromes for each 
of these special interests is for the moment out 
of the question; here again combination is called 
for; combination too with the agencies concerned in 
education”. : 

By the end of 1919 the chairman of the Committee, 
Sir Richard Glazebrook, had been appointed Zaharoft 
professor of aviation. The new Department of Aero- 
nautics received its first students in 1920, five ow 
attending regularly courses in engineering and aero- 
rom given at 1 Lowther Gardens, and in 
meteorology and navigation at the rooms of the 


Meteorological Office and in the Air Ministry Labor- 
atory of the Physics Department of the College. The 
following year there were ten full-time students, four 
of whom were research students, and a full-time 
teaching staff of four, namely, the director of the 
Department, the professor of aerodynamics (Prof. L. 
Bairstow), the professor of meteorology (Sir Napier 
Shaw) and the lecturer in design (Mr. F. T. Hill). 
Now, in 1957, the Department is just completing its 
thirty-seventh year with thirty-nine final-year under- 
graduates, twenty postgraduate and research students, 
a teaching staff of ten, and for the first time with 
premises of its own. After moving first tø the buildings 
of the Royal College of Science and then to the City 
and Guilds College, the Department now occupies 
the western half of the new Roderic fill building, 
opened by the Chanceller of the University of London, 
H.M. Queen Elizabeth the Queen Mother, on May 28. 

The major increase in the number of students 
passing through the Department has taken place 
since the end of the Second World War. Prof. (now 
Sir Leonard) Bairstow, who succeeded Sir Richard 
Glazebrook as Zaharoff professor in 1923, had retired 
in 1945, and the present Department represents the 
fulfilment of plans launched by Prof. (now Sir Arnold) 
Hall and continued since 1952 by the present head 
of the Department, Prof. H. B. Squire, for the expan- 
sion, re-equipment and rehousing of the Department 
to meet the new requirements of the second generation 
of aeronautical engineers. As foreseen in 1918, the 
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Fig. 2. Experiment on the diffusion of load into a stressed skin panel. In background, 1 ft. 


number of students of aeronautical engineering is now 
sufficient to support departments of aeronautics in 
many colleges and universities. ‘Lhe organization and 
aims of the Aéronautics Department at the Imperial 
College are still accurately described by the intentions 
of the 1918 Committee, except in so far as meteorology 
has been separated from aeronautics, the respons- 
ibility for aircraft navigation has largely been trans- 
ferred to electrical engineers, and the teaching of 
aeronautical subjects has been extended into the 
undergraduate syllabus. 

Aeronautics now has three main subdivisions— 
aerodynamics, aeronautical structures and propulsion. 
The first two are dealt with by the staff of the 
Department and propulsion is taught by the Mech- 
anical Engineering Department. Aerodynamics and 
aeronautical structures are the main activities of the 
Department, the importance of the latter having 
been recognized by the creation in 1955 of a chair in 
aeronautical structures, held since its inception by 
Prof. J. H. Argyris. Since 1945 the principal tasks 
in these two fields of activity have been to design 
and install experimental apparatus for study and 
research and to establish up-to-date courses for both 
undergraduates and postgraduates. 

Forty-five undergraduates enter the Imperial College 
each year for a three-year course of study in aero- 
nautical engineering, leading to the B.Se.(Eng.) 
degree. In their first year these students take a 
common course with other students of engineering in 
the City and Guilds College. In the second year 
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about one-third of their time, and in the third year 
all their time, is spent in the Aeronautics Department, 
studying specifically aeronautical engineering sub- 
jects. Postgraduate students may spend one year in 
studying in the Department for the diploma of the 
Imperial College (D.I.C.) or may work for the M.Se. 
or Ph.D. degrees of the University of London. The 
current expansion of the Imperial College is unlikely 
to see any great increase in the number of under- 
graduates, but the number of postgraduate students 
may increase to forty in the next three years. 

The Department is housed on four floors and has 
three lecture rooms, a library, a drawing office and a 
well-equipped workshop, where much of the equip- 
ment of the Department is made. The laboratories 
are on a scale which, although modest by the stan- 
dards of contemporary aeronautical establishments, 
certainly justifies the observation of 1918 that the 
requirements of research are costly. The supersonic 
wind tunnel now nearing completion has a working 
section one foot square and will, with its associated 
equipment, have cost more than £50,000. There are 
five wind tunnels, all designed in the Department and 
all built since the War. The working section sizes of 
the three low-speed general-purpose tunnels are 
5 ft. x 4 ft, 3 ft. x 2 ft. (both rectangular) and 
20 in. x 20 in. (octagonal), the latter being intended 
mainly for elementary student experiments, All 
three are of the closed working section, closed-return 
type which is now standard. The top speed of all 
these tunnels is about 200 ft./sec. Several research 


June 8, 1957 


and students’ experiments in low-speed aerodynamics 
are made each with its own air supply from a blower 
taking from 1 to 5 h.p.—an arrangement much more 
economical and in many cases more convenient than 
using a wind tunnel. 

The supersonic tunnels have working sections 
lft. x 1 ft. and 8in. x 22in. Both have a maximum 
Mach number of two and both are of the induction 
type, supplied from a series of air vessels with & total 
capacity of 2,420 cubic feet. This source also supplies 
air to other small pieces of apparatus for experuments 
in high-speed flow. The storage pressure is up to 
1,000 Ib./in.*, provided by compressors requiring 
altogether 517 h.p. The larger supersonic tunnel is 
designed to be run at stagnation pressures up to 
3 atmospheres in order to extend the Reynolds 
number range. Higher Mach numbers will later be 
obtained by a relatively simple modification into a 
semi-blowdown tunnel. A small hypersonic tunnel 1s 
at present being designed. 

The aeronautical structures laboratories contain a 
series of test frames based on two reinforced concrete 
slabs 3 ft. thick, built into the ground floor; a 
universal fatigue testing machine of 60 tons capacity 
taking specimens up to 6 ft. in length; a machine 
for compression tests on stiffened panels; a testing 
machine of 4 tons capacity for determining strength 
and stiffness properties of matenals and small 
structural elements ; apparatus for the determination 
of elastic moduli of sheet materials at high and low 
temperature and apparatus for the investigation of 
structural effects-due to kinetic heating. 
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The Department has also a small hydrodynamics 
laboratory and an electronic analogue computer. 

Current research work in the Department includes 
various studies of the effects of rotation in fluid 
motion, theoretical work on transonic and hypersonic 
flows, the flow m regions of recirculation (cavity 
flows), vortex flow near slender wings and bodies, 
the use of analogue computers in investigating air- 
craft stability problems, the theory and application 
of matrix methods in structural analysis m con- 
junction with electronic digital computers, the 
analysis of buckling modes of stiffened and sandwich 
panels, the calculation and measurement of vibration 
frequencies and modal shapes of thick plates and the 
investigation of thermal stresses and distortions in 
structures. 

“The engineer must also gam the practical know- 
ledge acquired only in the workshop and must have 
experience of the full scale researches necessary to 
test and verify his theoretical conclusions.” All 
engineering undergraduates of the College receive 
instruction in manufacouring processes; aeronautics 
students also participate in a course in flight testing 
at the College of Aeronautics, Cranfield, and fly in 
gliders from the Lasham Gliding Centre, and some 
fly with the University Aw Squadron. In large 
measure, however, the practical side of aeronautical 
education, equal in importance with academic 
training, 1s the province of the aircraft industry 
where nowadays undergraduate and postgraduate 
apprenticeships link up closely with university 
courses. 


SOME BIOCHEMICAL PROBLEMS OF CANCER CHEMOTHERAPY 


By Dr. HOWARD E. SKIPPER 


Kettering-Meyer Laboratory, Southern Research Institute, 
Birmingham 


Dr. CHARLES HEIDELBERGER 


McArdle Memorial Laboratory, University of Wisconsin, 
Madison / 


AND 


Dr. ARNOLD D. WELCH 


HE conviction that cancer is fundamentally a 
group of closely related metabolic diseases has 
“often been expressed. If this rather widely accepted 
concept be regarded as correct, 1t follows that there 
must be important biochemical differences between 
neoplastic cells and their normal counterparts. 
Accordingly, in suitable circumstances, these postu- 
lated differences might be explorted selectively to the 
disadvantage of malignant growth. That the funda- 
mental biochemical lesion or lesions of neoplasia, and 
of autonomous cancer cells have not been discovered, 
despite the efforts already made, refiects the in- 
adequacy of our knowledge of the multitudinous 
inter-related chemical reactions concerned with the 
maintenance of life, with the reproduction and 
differentiation of cells, and with such special functions 
as mvasiveness (or the absence of it). Nevertheless, 
metabolic knowledge has advanced so rapidly during 
the past decade or two that no justification can be 
found for the assumption by biochemical mvestigators 
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of a defeatist attitude toward the cancer problem. 
On the contrary, the metabolic problems of normal 
and abnormal growth appear to deserve even more 
intensive study, not only for wholly adequate reasons 
of mherent scientific curiosity, but also because of the 
need for information that might help to combat the 
rapidly mounting death-rate from various forms of 
malignancy. In view af the concept that mereased 
knowledge of the biochemical differences between 
normal cells, tumour cells, and highly malignant cells 
can be regarded as a possible key to cancer control, 
too few scientists appear willing to risk the possible 
frustrations attendant upon so formidable a problem. 
Recognizing the need for fresh approaches to cancer 
chemotherapy and for improvement in and expansion 
of research in this area, various agencies have joined 
in the establishment of a new Cancer Chemotherapy 
National. Service Center housed at the National 
Institutes of Health of the U.S. Public Health Service 
in Bethesda, Maryland. These agencies include the 
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American Cancer Society, the U.S. Atomic Energy 
Commission, the Damon Runyon Memorial Fund, 
the Food and Drug Admimstration, U.S. Public 
Health Service, and the Veterans Administration, 
and are advised by an active committee representing 
the chemical and pharmaceutical industries of the 
United States. To guide the Center, five advisory 
panels of scientists and a Co-ordinating Committee 
have been appomted; the areas covered by these 
panels are indicated by their designations: Chemistry, 
Screening, Endocrinology, Clinical ` Studies, and 
Pharmacology and Biochemistry; this article has 
been prepared by members of the last-named panel*. 

The great umportance of fundamental biochemical 
investigations, carried on without practical objectives, 
and their potential contributions to the cancer prob- 
lem, must be evident to all. In fact, basic studies 
are supported financially to a steadily increasing 
degree by so-called cancer funds, and rightly so, 
for from such basie studies done for their own sake 
may come the knowledge which could permit 
important chemotherapeutic advances to be made. 
However, investigators who conduct much basic 
research with the aid of cancer funds probably should 
feel an obligation to become informed concerning 
certain appropriate aspects of the cancer problem 
and to consider how their studies are related to and 
might benefit applied investigations in this important 
area. 

The progress which has been made during the past 
ten years in the field of cancer chemotherapy, 
together with the gradually increasing number of 
scientists working in this area and the mecreased 
funds for such research made available m the United 
States by many private donors and agencies and by 
Congress, and in many other countries, strongly 
justify further attempts to develop better drugs with 
which to control disseminated cancer in man. The 
existence of the possibility of such control makes it 
increasingly important that all scientific disciplines 
which could contribute to the advancement of the 
status of cancer chemotherapy be brought to bear on 
the problem. In particular, however, we wish to 
suggest that there is & pressing need for intensification 
of biochemical studies closely associated with the 
current effort to synthesize more effective anti-cancer 
agents. Experimental or clinical cancer chemo- 
therapists will co-operate gratefully with those 
desiring to help provide a better rationale for guiding 
searches for. more effective cancer-inhibitory drugs. 

Relatively recent history demonstrates the suc- 
cessful use of so-called screening techniques in dis- 
covering new chemotherapeutic agents. Nevertheless, 
increased understanding of those aspects of meta- 
bolism which must be peculiar to the cancer cell 
would greatly increase the efficiency of selection of 
compounds with desirably selective cytotoxicity. 
Polemical discussions among those engaged in cancer 
research often concern the relative merits of two 
approaches to the advancement of the status of 
cancer chemotherapy: (1) empirical screening of 
large numbers of compounds against various animal 
and human neoplasms, versus (2) searches for exploit- 
able differences between normal and neoplastic cells 
as an essential prerequisite to the planned synthesis 
or selection of compounds of greater selective toxicity 


da, jand, Members of the Panel are: Bernard B. Brodie 
Grarles Heidelberger, Charles A. Nichol, Frederick C. Philips, Howard 
E. Skipper, Geoffrey B. Woodard, Charles P. Huttrer (consultant and 
executive ceoretary) and Arnold D. Welch (chairman). 
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for neoplastic than for normal cells in man. However, 
most cancer mvestigators will now admit the need 
for both types of effort. Indeed, many up-to-date 
cancer-screening programmes not infrequently blend 
the empirical and the rational (to the degree allowed 
by present knowledge). Hitchings has aptly described 
the concepts which are currently guiding the develop- 
ment of some aspects of cancer chemotherapy as 
“rational empiricism”. Haddow has discussed this 
controversy in an admirably moderate fashion: ‘As 
in every field, cancer research is not only dependent 
upon a long-range strategy . . . but is also affected 
by chance, the accidental observation, or the un- 
anticipated simplifying principle. Which is likely to 
be the most decisive it 1s impossible to tell, yet each 
is complementary to the other, and both are essential 
to our knowledge of the cancer cell’. 

One of the most difficult questions in any research 
effort is: What are the critical problems which, if 
better understood, might make possible a more 
rational attack and more rapid progress ? It is quite 
evident, if one reviews the scope of cancer research 
grants being made to-day, that there is much diversity 
of opinion concerning the researck approaches 
through which the control of cancer might be 
attained. Accordingly, ıt is undoubtedly wise to 
continue a broad and diverse research programme ; 
however, with the current emphasis on chemo- 
therapy, it also seems wise to include in this effort a 
strong biochemical research prograrame closely allied 
with the effort on chemotherapy im order that 
increased knowledge of basic principles may be 
developed. Although the directions in which cancer 
research moves must reflect primarily the innate 
curiosity, interests and desires of the scientists 
involved, we suggest that greater effort could be 
expended in certain areas which seem to us increas- 
ingly important. Among these are: (a) the continued 
search for exploitable metabolic differences between 
normal tissues and dependent and autonomous neo- 
plasms; (b) the disclosure of the biochemical basis 
for the selection of chemotherapeutically resistant 
cells ; (c) studies of the physiological disposition and 
mechanism of action of agents which are known to 
inhibit neoplastic growth; (d) attempts to devise 
biochemically sound combinations of agents for 
simultaneous or sequential multiple blocking; (e) 
studies of mechanisms of metastasis and invasion ; 
(f) attempts to attain selective reduction of drug 
toxicity ; and (g) studies of mechanisms of carcino- 
genesis. 


Search for Exploitable Metabolic Differences 


The ultimate aim ın cancer chemotherapy is to 
exploit unique biochemical characteristics of tumour 
cells, for example, by developing compounds with 
highly selective toxicity for cancer cells. Searches 
for, and determination of, the nature of the metabolic 
differences between normal and malignant cells 
should be pursued with the greatest vigour. Recent 
studies (cf. Greene and Busch) have indicated that 
some malignant cells have a greater capacity than 
normal cells of incorporating amino-acids as proteins 
than as free ammo-acids ; other studies-(cf. Bennett 
et al.) have disclosed differences ım the behaviour of 
certain purines of normal and tumour cells in vivo. 
These phenomena, if sufficiently general, could have 
important metabolic and chemotherapeutic implica- 
tions. Important advances in the study of the 
metabolism of mammalian cells reproducing in nearly 
chemically defined media may facilitate such efforts. 
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Drug Resistance 


It is generally agreed that one of the major prob- 
lems in the field of cancer chemotherapy is the 
propensity of populations of neoplastic cells to 
become resistant to chemical agents initially able to 
inhibit their reproductive activity. The importance 
of this problem has been emphasized by Rhoads: 
“For human cancer we have no curative material. 
We can, however, induce for a time very marked 
objective improvement in a substantial proportion of 
patients with. cancer of the blood-forming tissues, of 
the breast, and of the prostate gland. Less regular 
effects can be exerted, for very brief periods, in some 
patients with cancer of the ovaries and of the lung. 
These disorders represent 50 per cent of all cases of 
cancer. For acute leukemia in children, three modes 
of treatment exist. The employment of one or the 
other of these, in experienced hands, will return to 
active life, and to appearance of health, essentially 
every affected child. Presumably only the quanti- 
tative inability of the therapeutic measures wholly 
to sterilize or destroy every neoplastic cell and con- 
sequent emergence of resistant cell strains prevent 
complete cure’. It is tacitly assumed that most 
chemotherapeutic agents interfere with chemical 
events more vital to disease-causing cells than to 
normal cells, under the conditions in which the drugs 
are employed with temporary effectiveness. The 
evidence is strong that the failure of presently known 
antileukemic agents to destroy all leukemic cells in 
the patient may be attributable to their low chemo- 
therapeutic indices (based on an insufficiently 
selective toxicity) and to the existence of variant 
lines of neoplastic cells in which the susceptibility to 
a given chemical is no greater than is that of certain 
vital normal cells. 

Strains of bacterial cells as well as of experimental 
neoplasms are -availeble which are profoundly 
resistant to temporarily effective anti-cancer agents. 
Discovery of the chemical or physical differences 
between these resistant bacterial cells and their sus- 


ceptible counterparts (cf. Handschumacher), as well | 


as between those of resistant and susceptible neo- 
plastic cells, is a fundamental biochemical problem 
the diversity and complexity of which should stimu- 
late the most inquiring intellect. Also, it is of 
sufficient practical and immediate importance to 
gain the support and enthusiastic encouragement of 
clinicians, who must face-continually the frustrating 
problem of the development of a state of refractori- 
ness to initially effective therapy in certain neoplastic 
diseases. Already there is evidence that neoplastic 
cells which have been selected for resistance to one 
chemotherapeutic agent are sometimes appreciably 
more sensitive to another agent than are the parent 
neoplastic cells; however, it should be made clear 
that the degree of increased sensitivity dbserved is 
not yet sufficiently great to warrant undue chemo- 
therapeutic optimism. The importance of the study 
of various biochemically logical combinations of 
antagonists (used simultaneously or sequentially), 
through which potentiation of inherent activity may 
be obtained, has*been indicated repeatedly by recent 
research. Study of the mechanisms and the circum- 
vention of drug-resistance affords an almost ideal 
meeting ground for the basic scientist and the prac- 
tical cancer chemotherapist. An understanding of 
the mechanisms of resistance of neoplastic cells to 
such agents as ‘A-Methopterin’,- 6-mercaptopurine, 
alkylating agents, steroids, ionizing radiation, and 
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other known tumour-inhibiting agents offers much 
to that highly desirable objective of many cancer 
investigators, namely, to place the current attempts 
to control disseminated cancer on a more rational 
basis. 


pnyalplegical Disposition and Mechanisms of 
Action 

An interim and all but neglected area of research, 
which could lead to much improvement in the clinical 
utilty of currently available, moderately useful 
drugs, involves studies of their absorption, concen- 
tration in blood and other tissues, and the importance 
of the maintenance of such tissue concentrations ; 
also, studies of the mechanisms and rates of meta- 
bolic alteration of these agents in appropriate 
animals and in human subjects, and of the mech- 
anisms and rates of excretion (and of factors 
influencing such excretion) of parent compounds and 
their metabolites should be conducted. Investi- 
gations along these lines with currently available 
analytical and isotopic techniques could yield 
valuable information concerning the reasons for the 
marked differences between chemotherapeutic value 
in man and m animals that frequently are observed. 
Where suitable techniques for the determination of 
chemotherapeutic agents are not available, it is 
important that effort be devoted to the development 
of adequate methods, not only for experimental use, 
but also for the proper control of therapeutic appli- 
cations in man. i 

In conjunction with these studies, vigorous 
attempts to elucidate the precise mechanism of 
action of known antitumour agents should be made, 
and attempts to account for the inactivity of these 
compounds as inhibitors of certain neoplasms may 
prove equally valuable; elucidations of such mech- 
anisms are almost certain to yield information of 
importance to the development of more effective 
therapeutic weapons. Our understanding along these 
lines is reasonably satisfactory only with those agents 
sometimes referred to a3 the ‘antifolics’ ; it is some- 
what less satisfactory with azaserine, diazo-nor- 
leucine (DON), and other agents that interfere with 
the synthesis de novo of purines, but also with other 
less well understood aspects of metabolism. Con- 
cerning the precise mechanism of action of the purme 
analogues and many other agents, very much less is 
known. Urgently needed also is an appreciation of 
the modes of action of the so-called cytotoxic alkyl- 
ating agents, such as the nitrogen mustards and 
‘Myleran’, and of various steroids, problems that are 
just as challenging and intellectually satisfying as are 
those related to the antimetabolites. In the case of 
the clinically effective hormones, very little is known. 
about their biochemical mechanisms of action, and 
relatively little research in this field appears to be 
aimed in this direction. 

Multiple Blocking 

Another area of research which requires further 
attention arises from the potentiation that has been 
obtained in some cases in which combinations of two 
or more compounds have been applied simultaneously 
in the treatment of experimental or human tumours. 
Additional screening of new combinations and studies 
of the mechanism of multiple interferences, whether 
‘sequential’, by virtue of inhibitions of two successive 
reactions in the same metabolic pathway (cf. Potter), 
or ‘multiple’ in the sense that several independent 
pathways may be interfered with, also could lead to 
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considerable enhancement of the clinical effectiveness 
of agents already available. Additional studies should 
be made of the effect of agents, not admimustered 
simultaneously, but successively, immediately sub- 
sequent to the attainment of the maximal antitumour 
effect of each alone. 


Mechanisms of Metastasis and Invasion 


It 1s very common to think of cancer primarily in 
terms of abnormal growth (the very existence of the 
Committee on Growth, National Research Council, 
which functioned so effectively until its recent dis- 
solution, attested to this philosophy). However, it is 
equally possible that the solution of the cancer 
problem could be found in studies of the important 
phenomena of invasion and metastasis, so common 
to many of the neoplastic diseases. From the bio- 
logical point of view, the surface of this problem has 
been scratched, but relatively little pertinent bio- 
chemical information exists, and work along these 
lines is urgently needed. The recent important 
achievements of Eagle, Earle, Puck, Fischer, Biesele 
and others, in which both neoplastic (now including 
leukemic) and normal cells have been grown in 
nutritionally well-defined or partially purified media, 
together with Leighton’s sponge matrix technique, 
provide promising tools for this type of research. 
Also needed are further biophysical studies of cell 
surfaces. 


Selective Reduction of Drug Toxicity 

Still another approach is that of attempting 
selectively—that is, without greatly reducing or 
nullifying antitumour activity—to minimize the 
toxicity of anticancer agents for normal cells in 
which regenerative processes must occur con- 
tmuously, particularly those of the bone marrow and 
the intestinal epithelium. This is theoretically 
possible in a biochemical situation in which cancer 
cells might have a reduced capacity to utilize a meta- 
bolite important to the economy of normal cells, or 
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& greater ability, as compared with normal cells, 
to release within themselves, by specific enzymatic 
action, a cytotoxic compound formed from a relatively 
innocuous precursor. 


Mechanisms of Carcinogenesis 

While at first glance carcinogenesis might appear 
to be at the opposite end of the oncologic spectrum 
from chemotherapy, it is not unlikely that, if the 
biochemical mechanisms or carcinogenesis (cf. Heidel- 
berger) were thoroughly understood, very valuable 
information concerning the fundamental biochemical 
characteristics of tumours’ would be provided. 
Eventually such information might contribute bene- 
ficiallyto understanding of prophylaxis, and possibly to 
the control or even the cure of some forms of cancer. 


In conclusion, it should be emphasized again that 
in the United States neither the Cancer Chemo- 
therapy National Service Center nor its advisory 
panels intends to direct or to dictate policy con- 
cerning research. Those concerned with the develop- 
ment of the national programme believe, however, 
that they would be remiss if the attention of inter- 
ested scientific communities were nov directed to 
certain lines of endeavour which we, and others, 
consider worthy of attention and from which some 
contributions toward the eradication or control of 
cancer might be derived. 

No attempt bas been made in the present article 
to describe or to initiate specific research projects. 
This can best be done by individual investigators, 
some of whom perhaps may not now be engaged m 
cancer research. Reference has been made to certain 
problems, which, though perhaps well known to many 
investigators, may not be so familiar to others. This 
is with the definite hope that scientists in the latter. 
category may be proselytized into undertaking one 
or another of these or other pertinent, or much better, 
research objectives which they may regard as worth 
while. 


WOOD SCIENCE: ITS PAST, PRESENT AND FUTURE" 
By Pror. F. W. JANE 


Royal Holloway College 


HE history of wood science falls conveniently 

mto two periods, the dividing lme coinciding 
with the First World War. Modern trends might 
indicate that the latter period is ending, and that 
future historians will date the third era from the 
hineteen-fifties or, perhaps, a little earlier. 

In Britain, wood was probably one of the first 
materials used by early man, and he doubtless soon 
became acquamted with the more obvious properties 
and idiosyncrasies of the abundant timber surround- 
ing him. In ancient Egypt craftsmen used veneers, 
and the fact that some of this work still exists is 
evidence of a very sound knowledge of adhesives as 
well as of wood. The Romans also prized veneered 
furniture. 

In the first period there appears to have been little 
organized investigation of wood, although a vast and 
largely traditional knowledge of timber grew up and 
enabled the craftsman to use timber for building, 


* Substance of the inaugural address of the Institute of Wood 
Science delivered on January 21. 
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for ships and rolling stock and other intricate and 
exacting constructional work. Some of the best 
research work of this period seems to have been that 
of dockyard men and naval architects. Duhamel de 
Monceau wrote authoritatively on wood as a struc- 
tural material in the mid-eighteenth century, while 
Dumonieil and Knowles were among those who 
experimented with wood and wrote on 1ts properties 
in the early nineteenth century. Barlow, another 
nineteenth century worker, attempted to rationalize 
the results of his tests on timber, although in this he 
was anticipated by Galileo, who had attempted to 
apply mathematics to the determination of the 
strength of wood. Timber testing was sometimes 
carried out on absurdly small pieces; but Buffon, 
dissatisfied with such tests, experumented on a grand 
scale, determining the strength properties of large 
beams cut from a hundred selected oak trees. 
Surface charrmg to counteract decay was resorted 
to early, and the foundations of lock gates constructed 
by Leonardo da Vinci were found to have been 
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carbonized. The limitations of charrmg were early 
realized ; but de Lapparent attempted to introduce 
it m the French dockyards in the mid-nineteenth 
century, although between 1830 and 1834 the 
foundations of modern preservative treatment, of 
timber were laid by Bethel, who introduced pre- 
servation with coal-tar creosote under pressure. The 
value of this type of preservation seems to have been 
soon appreciated, for it was used extensively for both 
railway sleepers and telegraph poles. 

Machimery for the working of timber is far from a 
modern invention. A water-driven sawmill is said to 
have existed in Germany in 1337, and a machine 
cutting four boards simultaneously was exported to 
America from England in the mid-seventeenth cen- 
tury. Veneers, one-sixteenth of an inch thick, were 
cut by a power-driven circular saw in 1805, not many 
years after this type of saw was invented. It was 
nearly the end of the nineteenth century, however, 
before the rotary cutting of veneers was introduced, 
thus making possible the large-scale manufacture of 
plywood. 

Study of the detailed structure of wood had to 
await the introduction of the compound microscope. 
Grew soon used this new mstrument for studying 
wood structure, and in his “Anatomy of Plants” 
(1682) introduces the idea, of correlating structure 
with utilization, giving some specific examples on 
which it would be difficult to improve to-day. Since 
Grew’s time there has been much detailed study of 
wood structure, some of ıb unwarrantably detailed 
since ıt ignores the variability of wood within a 
species and even in the individual tree. Attention 
was also directed to similarities of structure in related 
woods, an aspect developed by Solereder in his 
Systematic Anatomy of the Dicotyledons (1898). 

Adequate treatment of this period within the 
lumits of the present article ıs clearly impossible ; 
but it is probable that a longer account would also 
lack cohesion, for progress in wood science was dis- 
jointed, the result of trial and error, or the work of 
isolated individuals or of special investigations 
instituted by the State for specific purposes. 

The First World War saw great advances in 
science and in the application of science to human 
needs. With wood science, practical application was 
often handicapped by ignorance ; research was often 
needed before ideas could be translated into action. 
For example, the urgent need for a strong, but light, 
material for aircraft turned attention to the relatively 
newly developed plywood, and it has been stated 
that the development of plywood kept pace with that 
of the aeroplane. Waterproof adhesives became an 
urgent need, and it is claimed that plywood owes 
much to the mtensive research on such glues which 
went on in the early part of the War. 

The outstanding feature of the second period is 
the organized and co-ordinated expansion of know- 
ledge of wood and the dissemmation of that know- 
ledge to the trades and crafts concerned with the 
distribution and use of wood. In Britain the Forest 
Products Research Laboratory was established, and 
similar institutions appeared elsewhere. There was 
also the formation of trade bodies such as the Timber 
Development Association, an important function of 
which 1s liaison between research workers and the 
interested trades. A further development, in Britain, 
was the dissemmation of knowledge of wood, by 
education schemes, in which local education author- 
ities played ther part through their technical 
colleges. 
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During this period many new or previously httle- 
used and little-known woods came into use, and the 
scientific investigation of such woods, as regards 
strength, seasoning, durability and working proper- 
ties, has led to advances in knowledge of mechanical 
testing, kiln drymg and other methods of seasoning, 
the incidence and treatment of insect and fungus 
pests, and of techniques for working wood. Plywood 
has developed hand in hand with adhesives to produce 
sheets with special qualities which can be used for 
purposes for which wood alone is useless. Knowledge 
of the mechanical properties of wood has led to 
attempts to make rapid assessments of the strength 
of timber by the method of stress grading, and with 
some timbers it has been possible to effect economies 
in material by this means. Investigation has led to 
the development of timber connectors and adhesives 
which have made possible the safe joining of wood. 
On the side. of wood structure the most mportant 
advance has been m knowledge of the submucroscopie 
structure. Investigations have also been made on 
other materials which may be obtained from wood— 
cellulose and its numerous products, acetone, sugar 
and alcohol—while lignin may well prove an im- 
portent and valuable primary material, as knowledge 
of this intractable substance increases. 

As to the future, there will, no doubt, be progress 
in the controlled production of the raw material, ag 
the science of forestry advances with the decrease in 
the world’s natural forests, while studies in tree 
genetics may lead to the plantmg of strams of trees 
with timber of certain desirable qualities. Timbers, 
at present of small value, such as very heavy, recal- 
citrant ones or those of light weight and low strength, 
may be utilized more than at present, and improve- 
ments in woodworking machinery are to be expected. 
It may even prove praczicable to saw, or part, timber 
with less wastage in kerf than at present. 

In the field of preservation it is not improbable 
that particular attention will be given to the pene- 
tration of preservatives into wood and that it may 
become possible to preserve wood adequately and 
economically without the use of costly and bulky 
pressure plant. Means of reducing the hygroscopicity 
of wood and consequensly its swelling and shrmking 
may also be expected, as also may the development 
of quick and reliable tests to determine the overall 
strength of wood. 

Present knowledge of the submicroscopic structure 
of wood is based on very few species ; while there is 
no reason to expect fundamental differences in this 
respect, research may well reveal variations which 
may serve to explain physical differences between 
woods which apparently have identical structure but 
somewhat different properties. 

At present, the tree is utilized in a most extravagant 
manner, and it seems certain that there will be less 
wastage in the future. The manufacture of fibre 
boards makes for more economical use of the tree. 
Much has been made of the fact that in such boards 
the fibres are not regularly orientated and hence 
prain is elimmated. It may be, however, that fibre 
boards with orientated fibres will be developed, and 
if this is achieved it would seem that the way 1s open 
to reconstitute wood more or less in its origmal form 
but m convenient sizes; then the blending of fibres 
of different trees, each with their own peculiar 
properties, should be possible, with the production of 
reconstituted wood with such properties as may be 
desired. Wood, in fact, may become a manufac- 
tured product. 
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OBITUARIES 


Sir John Graham Kerr, F.R.S. 


Sm JomN GRaNamMm KERR, regius professor of 
zoology in the University of Glasgow during 1902-35 
and member of Parliament for the Scottish Univer- 
sities during 1935-50, died at his home, Dalny Veed, 
Barley, Hertfordshire, on Easter Day, after a long 
failing in health. By his death, at the age of eighty- 
seven, zoology loses one of its few remaining links 


with the closing years of the past century, and an | 


outstanding personality. 

Born on September 18, 1869, he was the son of 
James Kerr, principal of Hoogly College, Calcutta. 
He received his early education m the parish school 
at Dalkeith, Midlothian, and at the Royal High 
School, Edinburgh, and proceeded to the study of 
medicme in the University of Edinburgh. By a turn 
of circumstance, his orientation to zoology was 
determined when—at the age of nineteen—he jomed 
as naturalist an Argentine expedition which was 
setting out to explore the Pilcomayo River on the 
boundary between the Argentine and Paraguay. On 
this expedition (1889-91) he was engaged on general 
natural history and especially ornithology. The 
expedition’s boat had to be left in the upper reaches 
of the river and he saved only part of his collections. 
At this early stage in his zoological career, Graham 
Kerr proved himself to be not only an observer and 
naturalist of great ability, but also a man of resource, 
courage and endurance beyond the ordinary. He was 
always reticent about the hardships that beset the 
ill-fated party on the Pilcomayo, and the part he 
played in averting disaster; and his account of this 
famous expedition—‘‘A Naturalist in the Gran 
Chaco”—was only published in 1950. 

After his rebun, Graham Kerr entered Christ’s 
College, Cambridge, as a Scholar. He was a brilliant 
student and obtained first-class honours in Part IT of 
the Natural Sciences Tripos when he had already 
published notable work on the avifauna of the Pilco- 
mayo and on the anatomy of the pearly nautilus. 
Becoming a morphologist and embryologist, as so 
many zoologists were at the time, he was struck by 
the need for more knowledge of the embryology of 
primitive living vertebrates. Having heard of the 
occurrence of the dipnoan Lepidosiren in the swamps 
of the Paraguayan Chaco, and remembering that on 
the Pilcomayo he had heard of a fish which he now 
thought might be Lepidosiren, he planned a second 
expedition to investigate the habits of this little- 
known lung-fish and to collect embryological material. 
On this expedition he was accompanied by J. S. 
Budgett. Large collections of Lepidosiren were made 
and brought home. 

Graham Kerr now became demonstrator in animal 
morphology at Cambridge and was elected a Fellow 
of Christ’s College and awarded the Walsingham 
Medal in 1898. He left Cambridge in 1902, to succeed 
Prof. John Young on the latter’s resignation from 
the regius chair of natural history in Glasgow. At 
that time the chai included zoology and geology ; 
however, these were separated in the following year, 
and Graham Kerr became the first regius professor 
of zoology—a post he held for thirty-three years. 

Both at Cambridge and Glasgow, the South 
American collections formed the subject of the greater 
part of the research work which he and, at Glasgow, 
the school of workers carried out. The whole series 


of papers, on many aspects of dipnoan embryology, 
forms a corpus of research scarcely paralleled in the 
study of any other vertebrate. Graham Kerr’s out- 
look was morphological and phylogenetic, and he 
hoped from the study of Lepidosiren as a primitive 
bony fish to get evidence of the evolution of the 
Amphibia. Throughout his work he was impressed 
by the very great resemblances between the embryo- 
logy he was studying and that of the Amphibia, 
and he came to the conclusion that the Amphibia 
were derived from the Dipnoi. In this many 
present-day zoologists, on other, mainly paleonto- 
logical, evidence, do not agree with him: the 
embryology he described is thought to be general to 
the primitive bony fishes, and the Amphibia to have 
evolved from a related group of these fishes, the 
Crossopterygians. However this may be, there can 
be no doubt that the work of Graham Kerr and his 
school must be regarded as a classical example of 
long-continued research into a fundamental problem 
of zoology, and one that has greatly advanced ‘our 
knowledge of the evolution of the vertebrates. 

His output of zoological research was by no means 
restricted to the embryology of Lepidosiren. He 
published papers on the cephalopod Spirula and 
many other zoological subjects. Hus “Text Book of 
Embryology” appeared in 1919. “By the publication 
of this comprehensive treatise, which dealt with all 
the vertebrate groups except mammals and also very 
fully with many important principles of biological 
philosophy, Kerr rendered a great service to scientific 
students. The work was, however, unfortunate in its 
timing, as he was unable to deal with the expansion 
of experimental embryology into the vertebrate field, 
already pioneered by Spemann but not sufficiently 
established to demand attention of all embryologists ; 
this was not to come until the late twenties. A few 
years later there appeared his widely used “Zoology 
for Medical Students” ; this was followed by'a third 
volume, “Evolution”. All Graham Kerr’s books were 
remarkable for the clarity with which he expressed 
himself and for the excellence of his illustrations and 
style. A 

Throughout his professorship he gave much time 
to the organization of medical teaching. He per- 
sonally shouldered a great part of the work demanded 
by & very large medical school. His lectures were 
always lucid and stimulating, and those who came 
under his influence could not fail to be impressed 
with his almost encyclopedic knowledge. Graham 
Kerr’s interests extended beyond the fields of 
academic zoology, for above all he was a born 
naturalist with a genuine love of animals—and it 
was these qualities thet leavened his lectures and 
gave a wider vision to generations of medical and 
zoological students, many of whom now hold im- 
portant posts in various’ parts of the world. 

Graham Kerr never spared any pains to help his 
colleagues and assistants. He was quick to discover 
and encourage unsuspected abilities, and his personal 
influence inspired younger members of his staff with 
the confidence needed for the development of research 
interests on lines different from his own. To all he 
set an exacting standard in industry and efficiency, 
and an example in the proper use of opportunities. 
When he was not himself lecturing or demonstrating, 
& locked door secured his research from interruption. 
At a knock, this barrier would be opened a few 
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inches only, and a face—wearing a somewhat for- 
bidding or even ferocious expression—would appear 
in the chink. Then, once admitted, the intruder 
would be welcomed with that old-world courtesy and 
charm of character that all his friends will remember 
with affection. A 

When Graham Kerr first went to Glasgow, the 
department was poorly housed ; and the monumental 
new building, completed in 1923, stands as his fitting 
memorial. Not the least of his contributions to 
Glasgow zoology was the development of the depart- 
mental museum. In addition to his scientific know- 
ledge, he had a keen artistic appreciation of display 
technique, and his arrangement of exhibits against a 
matt-black background under indirect lighting was a 
new and highly successful departure from tradition. 
This museum was Graham Kerr’s especial pride, and 
under his inspiration it soon became one -of the 
finest zoological museums in Britain. Among other 
treasures collected by Graham Kerr in South 
America, it contains the fang of a gigantic extinct 
opisthoglyph snake, Bothrodon pridii—known only 
from this specimen—which he loved to show to 
visitors. : 

Outside his department, Graham Kerr gave much 
time to the University and City of Glasgow. He 
served on the University Court during 1913-21 ; and 
was associated with the governing bodies of the 
Royal Technical College, the Andersonian College of 
Medicine, and the Royal Infirmary. He was also 
very active, almost throughout his time at Glasgow, 
in encouraging the development of the Marine 
Laboratory of the Scottish Marine Biological Associa- 
tion, at Millport. For several years he was president 


of the Royal Philosophical Society of Glasgow and of | 


the Royal Physical Society of Edinburgh. During 
these years he received many honours. He was 
elected a Fellow of the Royal Society in 1909, later 
serving on its Council, and as vice-president in 1938. 
He was successively a Fellow, Neill prizeman and 
vice-president of the Royal Society of Edinburgh. 
- Both Edinburgh and St. Andrews conferred upon him 
the degree of LL.D. He was knighted in 1939. 

No notice of Graham Kerr’s achievements would 
be complete without reference to a subject that was 
near to his heart and which, in a letter to me, he 
once described as ‘‘an important little bit of history”. 
In the summmer of 1895, when present at the opening 
of the Kiel Canal on board Mr. W. B. Hardy’s yacht 
Raven, he had been impressed by the fact that France 
and Germany had adopted means-to diminish the 
conspicuousness of their warships, while the British 
ships still wore black paint with yellow funnels. 
Combining, as he did, a professional interest in the 
methods of camouflage used by Nature and practical 
experience of their working with a special interest 
in warships, Graham Kerr worked out a system of 
camouflage based upon the principles of obliterative 
shading and disruption (‘dazzle’), and in September 
1914 urged their adoption upon the Admiralty. His 
proposals were promulgated to the fleet on November 
10, 1914. Unfortunately, some of the earlier experi- 
ments with paint were at fault—the work being left 
to the discretion of individual officers who sometimes 
failed to appreciate the optical principles involved ; 
and Graham Kerr continued to urge the need for a 
special department to deal with naval camouflage 
under expert supervision. There were further delays, 


but between 1917 and the end of the War upwards ' 


of five thousand ships were treated. In initiating this 
work he rendered a major public service. 
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Graham Kerr had a high sense of public duty, and 
for many years took a. leading part in the Unionist 
Party in Scotland. He became successively chairman 
of the Glasgow Committee of Scottish . Universities 
Unionists and of the Glasgow Unionist Association. 
In 1934 he was elected president of the Scottish 
Unionist Association, and the following year became 
member of Parliament for the Scottish Universities 
in succession to the late Lord Tweedsmuir on the 


-latter’s appointment as -Governor-General óf Canada. 


After his retirement from public affairs his sight 
began to fail, and his last years were saddened by 
his blindness. This he endured—as he had endured 
the hardships of the Chaco wilderness—with fortitude. 
To friends who visited him at Barley he showed a 
quiet stoicism and self-forgetfulness, and he was ever 
ready to enliven conversation with a shrewd comment 
or amusing anecdote. He once jokingly referred to 
the report, published in Nature, of his award of the 
Linnean Gold Medal in 1955, as “a very pleasant 
obituary notice’. This remark was characteristic of 
Sir John, for he always seemed to regard the many 
honours that were conferred upon him with amused 
modesty—half-feigned and half-serious. 

Sir John Graham Kerr married Elizabeth Mary, 
daughter of Thomas Kerr, in 1903. Mrs. Graham 
Kerr died in 1934. In 1936 he married Isobel, daughter 
of A. Dunn Macindoe and widow of Dr. Alan E. Clap- 
perton. Sir John is survived by Lady Graham Kerr 
and by two sons and a daughter of the first marriage. 

-  Huea B. Corr 


Dr. J. F. S, Stone 


Dr. J. F. S. Sronz, whose untimely death has 
recently been announced, was well known for his 
contributions to the prehistoric archeology of 
Britain; and in particular of Wessex and of the 
Salisbury area, in which he lived and worked. Stone 
carried out a number of excavations near his home, 
among which those on Easton Down, the sites of 
prehistoric flint mines and their associated settle- 
ments, were particularly noteworthy. But he will be 
remembered chiefly for his application of scientific 
techniques to the elucidation of problems concerned. 
with broader fields of prehistoric study: notably he 
co-operated with Dr. F. S. Wallis and others in the 
systematic petrological examination of large numbers 
of prehistoric stone axes, as a result of which it was 
possible to demonstrate widespread trade in Neo- 
lithic times, and again with the late Mr. H..C. Beck 
and latterly with Mr. L. C. Thomas in the examination 
of faience beads, by means of which he was able to 
throw light on the relations between the higher 


civilizations of the East Mediterranean and Bronze ` 


Age Britain. 

Stone was an amateur in the sense that he put far 
more into prehistory than he ever took out of it; 
but his contributions were of a professional calibre. 
This was due to.the fact that he was able to combine 
a feeling for archeology and history with a precise 
traming in the natural sciences. He was essentially _ 
@ modest man, and -never made the mustake of 
exaggerating the potentialities of the scientific tech- 
niques which he broughs to bear upon the problems 
of prehistoric archeology; for this reason his 
influence was wholly for the good, and it may be 
hoped that his example may attract other scientists 
into a field which is in the deepest sense rewarding. 

J. G. D. CLARK 
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NEWS and VIEWS 


University College of Ghana : Prof. R. H. Stoughton 


Dr. R. H. STOUGHTON, professor of horticulture 
at the University at Reading, has been appointed as 
prinerpal of the University College of Ghana. A 
graduate of the Imperial College-of Science and 
Technology, London, he took up his first appointment 
‘as mycologist to the Rubber Research Scheme, 
Ceylon, in 1924. He returned to England as assistant 
mycologist at Rothamsted, and was awarded a D.Se. 
by the University of London in 1932 for his researches 
in bacterial cytology and on the influence of environ- 
ment on the incidence of plant disease. He was 
appointed in 1933 to the newly created chair of 
horticulture at the University of Reading. As a 
horticulturist, Prof. Stoughton’s influence has been 
considerable and has extended mto many branches 
of the industry. On the research side, he is known for 
his earlier work on methods of growing plants in 
soilless cultures and, more recently, for his work 
on the influence of light and temperature on plant 
growth and development. He is a member of the 
governing bodies of the National Vegetable Research 
Station and the Glasshouse Crops Research Institute, 
and a member of the. éxecutive committee of the 
East Malling Research Station; in addition he has 
served for many years on several committees and 
specialist working groups for the Ministry of Agri- 
culture. In 1956, he was elected to the Council of the 
- Royal Horticultural Society. In recognition of his 
services to horticulture, he was awarded the Victoria 
Medal of Honour by the Royal Horticultural Society 
in 1954. Prof. Stoughton 1s no stranger to higher 
education in Africa since he is a member of the Council 
of Makerere College, Uganda, and (with the exception 
of a short break while serving as dean of the Faculty 
of Agriculture) has been representative of the Uni- 
versity of Reading on the Inter-University Council 
for Higher Education Overseas, since its inception 
in 1946. 


Anniversary of the Birth of Linnaeus 


Tur 250th anniversary of the birth of Linnaeus 
was celebrated by the Linnean Society of London at 
Burlington House on May 30, when there was a 
reception by the president, Dr. H. Hamshaw Thomas. 
Among those present were H.E. The Swedish Ambas- 
sador in London, the president of the Royal Academy 
of Arts, the presidents of the Geological Society 
and the Zoological Society, representatives of other 

. scientific societies, the director of the Swedish Institute 
in London, members of the Anglo-Swedish Society, 
together with many Fellows of the Linnean Society 
and their guests. Prof. B. Hanstrém came specially 
from Sweden to represent the Royal Swedish Academy 
of Science and the Universities of Upsala and Lund. 
A large company assembled in the meeting room of 
the Geological Society, kindly lent for the occasion, 
when messages were read and Prof. Hanstrém spoke. 
He presented to the Society a commemorative medal 
from the University of Lund and a finely bound 

‘volume contammg recent studies on the work of 
Linnaeus. The Swedish Ambassador presented a 
commemorative medal on behalf of the Swedish 
Linnean Society, and then delivered a lecture on 
“Sweden at the Time of Carl Linnaeus” ; finally, Mr. 
W. T. Stearn spoke on “Botanical Exploration to the 
Time of Limnaeus”’. ` 
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The Linnean Collections 


Ir is unlikely that such a comprehensive selection 
from. the collections in the possession of the Linnean 
Society had ever been’ shown as that on view for the 
anniversary celebrations. After the death of Linnaeus’s 
‘son, all the specimens, books, etc., of Linnaeus were 
purchased by Sir J. E. Smith, one of the founders 
of'the Society, and these were afterwards bought by 
the Society. From the zoological collections there 
were examples of his shells, tortoises, fishes and 
insects, as well as some of the results of Linnaeus’s 
experments on the production of cultured pearls. A 
selection of sheets from the herbarium was shown, 
with examples of his notes and annotated books. 
Several cases contamed examples of manuscripts 
and personal notes, and the note-book of his Lapland 
journey, with its quaint sketches, were exhibited. A 
collection of books and papers showing the evolution 
of the ‘Species Plantarum”, which had been 
assembled by Mr. W. T. Stearn, was of particular 
interest. The Zoological Secretary (Mr. H. R. Hewer) 
showed a map ulustrating the travels of the pupils of 
Linnaeus in foreign lands, and with ıt were shown 
lists of the organisms they had collected, as sent 
home to their teacher. ‘lhe collections originally 
included rocks, minerals and fossils, but these were 
sold by Sir J. E. Smith and have now disappeared ; 
he retamed, however, a mounted lodestone which 
has eventually come into the Society’s possession. by 
the generosity of Miss Caroline Hobhouse. This was 


“shown for the first time. 


Publications on Linnaeus 


ALTHOUGH the Swedish naturalist, Linnaeus (sea 
p. 1155 of this issue), is still celebrated and 
remembered when contemporaries of equal or greater 
learning and originality, as Albrecht von Haller, are 
forgotten, he nevertheless earned his repute by solid 
achievement, in his lifetime by the quantity of his 
methodical work of cataloguing the world’s plants 


_and animals, later by the universal adoption of his 


binominal system of nomenclature. Neither of these 
covers the full range of his activity, reflects more than 
a part of his complex personality or explams the 
regard in which he is held in his native Sweden. 
Indeed, the works of Linnaeus most read in Sweden 
to-day and valued there for their fresh direct style 
are not the technical internationally known ones but 
the reports of his journeys, which are virtually 
unknown outside Sweden. Even so,-it was in one of 
these, the “Olandska och Goth’éndska, Resa’’ of 
1745, that he first introduced the binominal system, 
initially an indexmg device of which the wider 
application did not become apparent to him, until 
‘some years later. The 250th anniversary of his birth 
has already led to several publications on his life and 
work. Others, notably a new translation into English 
of his “Philosophia Botanica” and a new facsimile of 
the “Species Plantarum” with a long detailed critical 
introduction on Linnaeus’s methods, sources, etc., 
will come later. Of those available, particularly 
noteworthy are A. Hj. Uggla’s “Linnaeus” (Swedish 
Institute, Stockholm; kr. 2.50), a pamphlet with 
sixteen excellent plates, and the Sandberg Bokhan- 
del’s ‘‘Catalogue of the Works of Linnaeus issued in 
Commemoration of the 250th Anniversary” (Sand- 
bergs Bokhandel, Sibyllegatan 8, Stockholm; kr. 5 
or 1 dollar). The-latter is a scholarly, detailed, finely 
illustrated and produced, surprisingly comprehensive 
booksellers’ list running to 180 pages and including 
e 
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892 items of Linnaeana, mostly: from the library of 
a Swedish collector, Axel Liljedahl (1875-1956). Its 
compilers, although naturally much indebted to 
Hulth’s “Bibliographia Lmnaeana’”’ (1907) and 
Soulsby’s “‘Catalogue of the Works of Linnaeus” 
(1983), have managed to supplement them with 
corrections and additional mformation, thus pro- 
ducing a further bibliographical tool which university 
and speciahst libraries in general and collectors of 
Linnaeana m particular would do well to acquire. 


Corday-Morgan Commonwealth Fellowship 


THE Corday—Morgan Commonwealth Fellowship 
for the academic year 1957/58 has been awarded to 
Dr. E. A. Magnusson, teaching fellow in the School of 
Applied Chemistry at the New South Wales Univer- 
sity of Technology, Australia. During his fellowship, 
Dr. Magnusson is to carry out an investigation of 
the theoretical basis of chemical bonds, with special 
reference to imorganic complexes, under the super- 
vision of Prof. D. P. Craig, in Prof. C. K. Ingold’s 
Department at University College, London. 

The Corday—Morgan Commonwealth Fellowship is 
awarded for postdoctorate or equivalent study in any 
branch of chemistry. It is tenable for one year only 
in some part of the British Commonwealth other than 
that in which the candidate received his scientific 
education. The award is made by the Corday—Morgan 
Memorial Fund Executive, consisting of the presidents 
and immediate past-presidents of the Chemical 
Society, the Royal Institute of Chemistry and the 
Society of Chemical Industry. 


Directorate of Colonial Surveys 


Tue Directorate of Colonial Surveys has been 
renamed the Directorate of Overseas Surveys; and 
the Colonial Geological Surveys has been renamed 
the Overseas Geological Surveys. The Directorate of 


Colonial (Geodetic and Topographic) Surveys was - 


established m March 1946 to co-ordinate the task of 
mapping approximately 14 million square mules of 
land in overseas territories. In particular, it was 
designed to make use of the technique of aerial 
surveys so greatly developed during the Second 
World War. The director of Colonial Geological 
Surveys was appointed in January 1947 to advise on 
the need for geological work in the Colonial territories 
and the best organization to carry it out. This 
resulted in a great expansion ın geological staffs 
overseas and the co-ordination of the work of the 
Surveys, as well as the setting up of a central head- 
quarters to provide specialist services for the investi- 
gation of potential mineral resources and for the 
carrying out of geophysical and photo-geological work. 


i 


British Computer Society 


Some months ago a working party was formed to 
examine a proposal to form a national society to 
meet the need for a forum for the exchange of 
information between the people concerned m the 
scientific, engineering, business and other aspects of 
computers and automatic data-handling techniques. 
It has now been agreed to form a-new body, to be 
called the British Computer Society. The London 
Computer Group, which was formed in 1956 and which 
has so far been concerned primarily with business 
interests, with a current membership of 500, has 
agreed to take part in the formation of the new 
Society, and to add its resources to it; all existing 
members of the Group will automatically become 
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members of the new Society. The objects of the new 
Society are to further the development and use of 
computational machinery and the allied techniques ; 
to hold conferences and meetings and to facilitate the 
exchange of information and views and to foster well- 
informed public opinion on this subject; and to 
publish a journal, and other information for the 
benefit of its’‘*members. It is intended to incorporate 
the Society as a company limited by guarantee. A 
provisional Council has been formed with the fol- 
lowing membership: Dr. ‘A. D. Booth, E. E. Boyles, . 
A. J. Bray, E. C. Clear Hill, Dr. A. S. Douglas, R. Q. 
Dowse, F. S. Ellis, H. W. G. Gearing, A. Geary, 
C. G. Holland Martin. D. W. Hooper, E. N. Mutch, 
R. E. Stevens and Dr. F. Yates. 

The Society mtends to form regional and specialist 
groups, and at the outset will set up a Business 
Group and an Engmeering and Scientific Group. 
Further information can be obtamed from the 
Honorary Secretary, British Computer Society, 
29 Bury Street, London, §.W.1. 


American Institute of Physics 


Tse American Institute of Physics is to move 
during the summer into new headquarters at 335 East 
45th Street, New York City. The buildmg was pur- 
chased in April 1956 for 280,000 dollars, and the 
Institute was fortunate in being able to sell its 
present premises, which twelve years ago was bought 
for 70,000 dollars, at a profit for 300,000 dollars, 
Plans for conversion of the new building, which was 
formerly used as a factory, mto suitable adminis- 
trative, editorial and conference accommodation have 
been drawn up and the work has begun. The cost is 
estimated at 250,000 dollars. Details of the new 
headquarters, together with drawings of the interior 
layout and exterior appearance, are given in the 
January number of Physics Today (10, 18; 1957). 
The site is close to the United Nations buildmg, and 
is well placed relative to rail and air terminals. The 
building consists of four floors and a basement, but 
one floor, at present let to a business house, can be 
taken over when future expansion is required. The 
subscription department of the Institute, dealmg 
with a membership of 17,000 and 69,000 subscrip- 
tions, will be housed in the basement, while the 
editorial and advertisement departments will occupy 
the first floor. The ground floor will contain various 
general offices, and the third floor will provide space 
for the board room, administration, and offices of 
Physics Today. 


Powder Metallurgy Joint Group 


Tux Iron and Steel Institute and the Institute of 
Metals have formed a Powder Metallurgy Joint 
Group, the objects of which will be to study the 
science, technology and practice of powder metal- 
lurgy. Membership of the Jomt Group will be 
restricted to members of the two parent Institutes, 
though the meetmg of the Group, as of the two 
Institutes, will be open to non-members. The 
activities of the Jomt Group will be administered 
by a Powder Metallurgy Jomt Committee. Lueut.- 
Colonel 8. C. Guillan has agreed to act as secretary, 
and further particulars can be obtained from him at 
17 Belgrave Square, London, 8.W.1. 

The maugural meeting of the Group will be held 
at Church House, Great Smith Street, London, 
8.W.1, on December 4, when the programme will 
comprise an introductory statement on the Group’s 
aims and objects, followed by a lecture by Dr. Ivor 
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Jenkins on “Recent Developments in Powder Metal- 
‘lurgy”. The rest of the morning will be devoted 
to the presentation of short papers dealing with 
developments in the production and quality of metal 
powders ; in the afternoon there will be_a discussion 
of the subject. `. 


Index of Technical Articles oo 

The Index of Technical Articles (No. 2, March 
1957. Pp. x+90. Annual subscription: 6 guineas ; 
single issues, 10s. 6d.), a monthly classified index of 
‘articles published in British technical periodicals, 
issued by Iota Services, Ltd., 38 Farrmgdon Street, 
London, E.C.4, is arranged under subjects according 
to an arbitrary decimal classification. There is a list 
of the periodicals indexed, an author-index and a 
guide to the classification scheme. Entries are freely 
mserted under different heads but without cross- 
referencing. The second number (March 1957) covers 
periodicals received in February. 


Indian Central Cotton Committee : Report for 1955 


For more than thirty years the Indian Central 
Cotton Committee has played an important part in 
raising the conditions of cotton growing and mar- 
keting in India. During this period, and partly due 
to the activities of the Committee, there has also been 
an increasing development and production of im- 
proved cotton vaneties. Stocks of these improved 
varieties are maimtained as ‘standard’ cottons in 
experimental stations of the various cotton-growing 
tracts. Each year a representative sample of every~ 
standard is sent tọ the Technological Laboratory of 
the Indian Central Cotton Committee. Various tests 
are made on the physical characteristics of the fibres. 
The behaviour of each cotton is noted during spin- 
ning, end then tensile and regularity tests are made 
on the spun yarns. The results are published in 


detailed annual reports. There are several objects in | 


carrying out these annual tests. The results may be 
regarded as norms, and -are consulted by cotton 
breeders wishing to know whether any of their new 
selections are of satisfactory quality. The information 
is available to the trade for assessing the commercial 
value and utility of the better classes of Indian cotton. 
Seasonal fluctuations are studied and the data are 
used in correlation analyses of fibre and yarn charac- 
teristics. A recent publication, Technological Reports 
on Standard Indian Cottons, 1955, by C. Nanjundayya 
(Indian Central Cotton Committee, Technological 
Bulletin, Series A, No. 90, pp. 105; March 1956), 
gives the results obtained in the season 1954-55, 
together with comparable summaries for earlier 
years. Four new cottons were added to the list this 
year: Kalyan (G. herbaceum), Gaorani 12 (@. 
arboreum), and two G. hirsutum (American Upland) 
strains known as ‘Punjab American 320F” and 
‘Parbhani-American’, making a total of twenty-one 
varieties. “ 


Soil Map of the World 


. Tee first manuscript soil map of Europe—Asia was 
produced in 1899 by V. V. Dokuchaev. In 1927 
K. D. Glinka produced a soil map of the world, and 
finally in 1936 L. I. Presolov compiled a new soil 
map of the world on a scale of 1: 50,000,000. In a 
reduced form the last map was published in several 
text-books on soils between 1947 and 1954. Recently, 
I. P. Gerasimov and his co-workers have produced a 
revised edition of this map on a scale of 1 : 20,000,000, 
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of which a greatly reduced coloured copy has been 
published by the Dokuchaev’s Soil Institute of the 
Academy of Science of the U.S.S.R. in Priroda 
(No. 10, 5; 1956). This work, however, is bound to 
be affected by the new ideas on the nature of the 
periodicity of soil types, as determined by the 
radiational index of dryness. According to A. A. 
Grigoriev and M. I. Budyko (Doklddy Acad. Sci. 
U.S.S-R., 110, 129; 1956), this factor gives rise to a 
periodic soil zonality within each latitudinal climatic 
belt. A scheme of such periodical classification of 
soil types is given by the authors. 


Radioactive Isotopes in Metallurgy 


THE application of radioactive isotopes to scientific 
research on, and the industrial production of, metals 
is widely practised in the U.S.S.R. (see Samarin, 
A. M., and Karasev, R. A., Priroda, No. 12, 14; 
1956; and Kornev, Yu. V., Metallurgy, No. 1, 15; 
1956). Their two mam uses are as a- source of 
penetrating radiation, for the detection of flaws in 
ingots and castings, for gauging the thickness of hot- 
rolled steel strips, or of the thickness of the tin-plate 
protective layer, and also for the control of wear of 
the refractory linings of furnaces; and as ‘tracer’ 
atoms used for various research and control oper- 
ations, such as control of the rate of mixing, and of 
the rate of corrosion of lining, and for the study of 
the ratio of distribution of various elements‘ between, 
slag and metal and of the mobility of elements in 
furnace gases, fluids and solids. 


Isotope School Course on Autoradiography 


A FIVE-DAY course on autoradiographic techniques, 
of particular interest to biologists, will be held at the 
Isotope School, Atomic Energy Research Establish- 
ment, Harwell, during July 22-26. The course will 
include lectures. and demonstrations covering the 
basic principles of autoradiography and the inter- 
pretation of the results obtained. Demonstrations 
on stripping film and coating and squashing tech- 
niques will be followed by practical work on squash 
preparations for autoradiography and on the pro- 
cessing and staining of autoradiographs using normal 
and phase-contrast microscopes. ‘The course has 
been arranged in co-operation with Dr. S. R. Pelc, 
of King’s College, London, who will give most of the 
lectures and demonstrations. Application forms for 
the limited number of places available on the course 
should be sent to the Isotope School as soon as 
possible. Accommodation can be arranged locally by 
the School on request. The course fee of £10 does 
not include the cost of accommodation. Application 
forms and more detailed information can be obtamed 
from the Isotope School, Atomic Energy Research 
Establishment, Harwell, Berkshire. 


Professional Problems of Biologists serving Oversea 


On July 5, 1957, the Institute of Biology is holding 
a discussion on the professional problems which con- 
front biologists working oversea. Among the problems 
to be considered will be the effects on scientific staffs 
of the granting of independence to Colonial territories 
and the suggestion, made by the Advisory Council 
on Seientitic Policy, that teams of home-based 
scientific staff should be attached to the Agricultural 
and Medical Research Councils to form pools from 
which Commonwealth territories would be able to 
draw scientists for work on particular problems. The 
meeting will be under the chairmanship of Dr. 
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Kenneth Mellanby, formerly principal of University 
College, Ibadan. The speakers will include biologists 
with experience in East and West Africa, the West 
Indies, Malaya and the Sudan. The meeting will be 
open to all persons interested. Further mformation 
can be obtained from the Secretary, Institute of 
Biology, 41 Queen’s Gate, London, 8.W.7. 


University News : London 


Tam title of reader m histochemistry in the 
University of London has been conferred on Dr. 
A. G. E. Pearse in respect of his post at the Post- 
graduate Medical School of London. 


Reading 


Tue University of Reading has received a donation 
of £20,000 from the Shell Petroleum Company, Ltd., 
towards the cost of the proposed research laboratory 
in sedimentology in the Department of Geology; a 
gift from C. C. Wakefield and Company, Ltd., for 
the purchase of apparatus for the laboratory; and 
an offer from the British Petroleum .Company, Ltd., 
to provide funds for a research fellowship for a 
period of three years, to be known as the George 
Martin Lees research fellowship in sedimentology. 


Sheffield 


Tue following appointments in the University of 
Sheffield are announced: J. C. Gilbert, as professor 
of economics and head of the Department of Econ- 
omics ; D. C. Hague, Newton Chambers professor of 
economics; Dr. R. G. Wilkins, senior lecturer in 
inorganic chemistry; P. N. Robson, lecturer in 
electrical engineermg; Dr. V. Massey, lecturer in 
biochemistry; Dr. Edith Hendley, temporary 
assistant lecturer in physiology. The title of reader 
in social and industrial medicine has been conferred 
on Dr. J. Pemberton, at present senior lecturer in 
social and industrial medicine, and the title of reader 
in theoretical physics on Dr. N. H. March, at present 
lecturer in physics. 


Announcements 


THE Marquess of Salisbury and Sir William Slater. 
secretary of the Agricultural Research Council, have 
been elected Fellows of the Royal Society under the 
Statute of the Society which provides for ‘‘the 
election of persons who either have rendered con- 
spicuous service to the cause of science or are such 
that their election would be of signal benefit to the 
Society”. 


Pror. Witt1am JorLy Duncan, Mechan professor 
of aeronautics and fluid mechanics in the University 
of Glasgow, has been appomted chairman of the 
Aeronautical Research Council, in succession to Sir 
Alfred Grenville Pugsley, professor of civil engineering 
in the University of Bristol, who has been chairman 
for the past five years. 


Tue Ciba Foundation for the Promotion of Inter- 
national Co-operation in Medical and Chemical 
Research, wishing to encourage research on basic 
problems of agemg, mvites candidates to submit 
papers descriptive of work in the field for awards for 
1958. Not less than five awards will be made in 
July 1958, of an average value of £300 each, for 
which entries must be received not later than 
January 1, 1958. In making the awards, preference 
will be given to younger workers. The papers may 
be in the candidate’s own language. Papers should 
not be more than 7,000 words in length and in all 
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cases @ summary in English must be attached. 
Copies of the regulations and forms of application 
can be obtained fram the Director of the Ciba 
Foundation, 41 Portland Place, London, W.1, to 
whom all inquiries should be addressed. 


A symposium entitled “Processing of Foods with 
Ionizing Radiations” is to be held at Cambridge on 
September 26 and 27. Those interested in attending 
or contributing papers are invited to write to Dr. 
R. S. Hannan, Low Temperature Research Station, 
Downing Street, Cambridge, for details. Early 
application is advised as the available accommodation 
is limited. 


AN international symposium on ‘‘The Biology of 
Hair Growth”, organized by the British Society for 
Research on Ageing, with the financial support of 
County Laboratories, Ltd., Stanmore, Middlesex, is 
to-be held at the Royal Society of Medicine, 1 Wim- 
pole Street, London, W.1, during August 7-9. 
Further details can be obtamed from Dr. G. H. 
Bourne, London Hospital Medical College, White- 
chapel, London, E.l. 


An International Conference on “Ultra High Fre- 
quency Circuits and Antenns’’, organized by the 
Société des Radioélectriciens”’, will be held m Paris 
during October 21-26 in the lecture rooms of the 
Conservatoire National des Arts et Métiers, 292 rue 
St.-Martm, Paris 3. The Conference will discuss 
recent results on circuits and antennz operating at 
frequencies greater than 1,000 Mc./s., with specal 
reference to: circuit theory relating to waveguides 
and antenne; waveguides and lines; waveguide 
components; propercies and use of anisotropic 
materials (ferrites); radiating-aperture antenna ; 
end-fire radiating antenne ; special purpose antenna 
and antenna measurements. The proceedings will 
afterwards be published. Inquiries should be sent to 
the Conference Central Office at the following 
address: Congrès ‘‘Circuits et Antennes Hyper- 
fréquences”, Société des Radioélectriciens, 10 avenue 
Pierre-Larousse, Malakoff (Seine). 


Tux University of Wisconsin School of Medicine is 
orgamzing a symposium on “Latency and Masking 
m Viral and Rickettsial Infections’, to be held at 
the Univérsity during September 4-6. The purpose 
of the symposium is to consider recent information in 
human, animal and plant systems that bear on the 
interaction between host cell, infecting agent, and 
the cellular environment. The programme is divided 
into three general discussions after an introductory 
address by Dr. C. H. Andrewes (National Institute 
of Medical Research, London). The first day will be 
devoted to “Viral Characteristics leading to Masking 
and Latency”, the second to “Factors of Host Cell 
and Environment contributing to Maskmg and 
Latency”, and the third to ‘The Role of Inhibitors 
in Masking and Latency”. Accommodation, including 
lodging and meals, is available for about three hun- 
dred guests and participants in University dormi- 
tories at a charge of 20 dollars for the three-day 
period, payable at time of registration. Inquiries 
should be addressed to Dr. A. S. Evans, Drvision of 
Preventive Medicine, University of Wisconsin Medical 
School, Madison, Wisconsin. 


Erratum. Inthe communication entitled ‘‘Quant- 
rtative Evaluation of Heamaggliutination by means of 
a Density Column” m, Nature of June 1, p. 1132, 
col. 2, lne 10, for ‘‘0-9 ml. of the dextran solution” 
read “9 ml. of the dextran solution”. 
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ALUMINIUM IN ELECTRICAL ENGINEERING 


HIGHLY successful symposium on ‘Aluminium 

in Electrical Engineering”, organized by the 
Aluminium Development Association, was held in 
London at the Institution of Electrical Engineers 
during May 16-17. It was attended by some five 
hundred representatives of the electrical engineering 
and aluminium industries and of electrical generating 
and distribution authorities, one-tenth of whom came 
from overseas. After an inaugural luncheon, at which 
the principal guest was the Right Hon. Reginald 
Maudling, :M.P. (H.M. Paymaster- -General and a 
former Minister of Supply), successive sessions of the 
symposium were devoted first to general and econ- 
omic questions related to aluminium usage in elec- 
trical engineering, and then to its use in transmission 
and distribution lines, and in electrical equipment. 
The papers considered at each of the three sessions 
were introduced by a rapporteur, and this was fol- 
lowed at each session by an unflagging and con- 
structive discussion. The full proceedings, including 
reports of the discussion and the authors’ replies, 
will be published later in the year. 

The purpose of the symposium was to take stock 
of the present-day position in a field of application 
which dates back almost to the beginnings of the 
aluminium industry and to-day absorbs about 15 per 
cent of the world’s fast-growing supplies of the 
metal, which last year reached 3} million tons of new 
metal alone. C. H. E. Ridpath and D. F. J. Worth 
first gave a general account of the main properties 
and electrical uses of the metal. Its key property as 
a conductor metal ıs, of course, its high electrical 
conductivity (61 per cent that of copper): in 
addition, it weighs only half as much as its electrical 
equivalent of copper and is inherently stable in the 
atmosphere; and research and development work 
have led to standards of composition and performance 
in which these properties are coupled to suitable 
mechanical strength for a wide range of electrical 
engineering uses, including bare overhead cable, 
insulated cable and windings for equipment. 
main technical problem, which has been recognized 
for nearly a century, is that of obteining joints of 
high strength and low resistance between aluminium 
on one hand, and aluminium or copper on the other. 
The fundamentals of this problem were presented by 
J. C. Bailey and P. Gregory. The tough, continuous 
oxide film, which forms spontaneously on aluminium 
exposed to the air, has to be broken up or removed 
before a satisfactory joint can be obtained; but 
there exist a wide variety of ways in which this can 
be carried out, meluding soldering, brazmg, bolting 
(under moderate pressure), ‘crimping’ (under greater 
pressure), arc-welding, resistance-welding and cold- 
pressure welding. Naturally, all these came under 
discussion in the detailed sessions, but Bailey and 
Gregory emphasized that the techniques used should 
be designed to meet aluminium’s own properties, and 
not : merely adapted from those worked out for 
other metals. 


The economies of aluminium usage were generally ` 


surveyed at the opening session by Dr. E. G. West, 
technical director of the Association, but this aspect 
also received a good deal of detailed attention ab 
later sessions. From a study of the supply position 
of aluminium in relation to the metals copper, zine 
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and lead, with which it competes in this field, Dr. 
West concluded that the increasing use of aluminium 
is to be expected because of its favourable long- 
term supply position, its strong competitive position 
relative to these other metals, and the relative 
stability of its price. It was evident, however, that 
while these conclusions were broadly accepted by 
the conference, there was some hesitancy regarding 
future price trends because of recent attempts to 
stabilize the price of copper at a level (about £250 
per ton) much lower than that which it commanded 
only a year ago. Could such price control be main- 
tained ın face of the wide spread in the yields of 


-copper from its various ores, and the consequent 


wide range in costs of production ? In the nature of 
things, this question could not be answered, but it 
was noted that the present price-relation between 
copper and aluminium was about the same as im 
1939; and by that date aluminium had already 
played an important part in the world’s overhead 
supply lines, and insulated aluminium cables and 
aluminium-wound transformers were by no means 
unknown. Such hesitancy as was shown in the dis- 
cussions was thus confined to these latter applications, 
which had been greatly stimulated in recent years by 
& more favourable aluminium/copper price relation 
than subsists to-day, and on which a number of 
papers of great technical interest were presented. It 
seemed evident that such developments would-be 
actively pursued and evaluated by trial under service 
conditions, even if their large-scale realization might 
in some cases have suffered a temporary setback. 

Papers on transmission lines for high voltages 
(66 kV. and more) and on distribution lines (up to 
33 kV.) were presented by G. B. Jackson (Central 
Electricity Authority) and by R. Cloke and R. Fyfe 
(Eastern Electricity Board), respectively. Jackson 
noted that the Central Electricity Authority con- 
trols more than 7,000 circuit miles of lines at ` 
voltages up to 275 kV., the great majority of which 
are of steel-cored aluminium. Three standard sizes 
of composite conductor are normally used, but extra 
large conductors have been prepared for long spans 
crossing rivers: for example, the main span of the 
Severn crossing (5,310 ft.) will employ steel-cored 
aluminium conductors nearly 1-7 m. in diameter, 
under a tension of nearly 27 tons, and a@ still larger 
conductor is being planned. Greasing of the steel 
core with a metal soap is now usual to avoid cor- 
rosion in industrial atmospheres; and it was men- 
tioned that conductors erected by modern standards 
should have a life of forty years or more. The wide- 
spread use of such cables in many countries is, of 
course, well known, but some interesting differences 
in practice came to light during the discussions. 
These related both to jointing methods and to con- 
ductor composition. A point of interest was made 
by J. Staley (Reynolds Metals Co., of the United 
States), who referred to the probability that alum- 
inized steel wire would replace galvanized steel in 
such conductors. 

Discussion of the use of aluminium conductors in 
insulated power cables, based on a paper by G. F. 
Pierson (Midlands Electricity Board), centred largely 
on jointing problems and on questions of economics. 
There was surprisingly little reference from British 
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speakers to aluminium-sheathed power cables, in view 
of their growing use in Britain; but R. C. Mildner 
referred to aluminium sheathing in telecommunicéa- 
tions cables, and it was evident from comments by a 
number of speakers from overseas that aluminium 
sheathing (in place of lead) would be used in future 
for a wide range of cables as manufacturing tech- 
niques improve. Bus-bars and bus-bar jointing were 
discussed by A. R. Parish: many satisfactory 
installations go back thirty years or more, and 
jointing need not be a serious problem. The most 
desirable development here is the production of high- 
strength aluminium (magnesium-silicon) alloys show- 
ing a minimum loss of conductivity due to alloying 
constituents, for use in a.c, circuits. 

The closing session of the symposium was concerned 
with aluminium im electrical equipment, and provided 
much of the most interesting new material. Alum- 
inium windings for transformers and the like were 
described by F. W. Gee and R. J. Gresley (Ferranti, 
Ltd.), who stressed the need, referred to above, for 
manufacturers to gain experience with such con- 
‘structions now, against the time when the economic 
advantage of aluminium, which already exists in 
some cases, becomes more general. In this applica- 
tion, as in all others involving aluminium windings, 
the need to use an aluminium conductor having a 
cross-section some 60 per cent greater than that of 
the equivalent copper conductor involves an increase 
in size of the apparatus if conventional insulated 
conductors are employed. Cases occur where such an 
increase would not be acceptable; but even when 
this does not apply, mereased size would involve the 
use of more iron in the magnetic circuit and hence 
greater iron losses. 
interesting possibility of avoiding such increase by 
using aluminium conductors protected by anodic 
oxide layers which require no further insulation. 
The same possibility was discussed in greater detail 
by J. Staley, who presented a paper, not previously 
available as a preprint, on anodized aluminium 
strip conductors. Other uses of aluminium which 
were discussed included structural applications, for 
example, transformer tanks, where the low suscept- 
ibility of the metal could lead to economies due to 
elimination of losses arising from stray flux, and the 
use of die-cast aluminium in the equipment of 
' telephone exchanges. 

The symposium was accompanied by œ compre- 
hensive exhibition illustrating the matters discussed 
and by demonstrations of arc-welding and cold- 
pressure welding techniques. Its organization reflects 
the highest credit on all concerned, and the published 
proceedings, when available, will be a valuable 
contribution to the literature of the subject. 

L. YV. CHILTON 


. CLEAN FOOD 


HE 108th meeting of the Nutrition Society 

(49th meeting of the Scottish Group) held in the 
Physiology Department, University of Aberdeen, 
on April.20, took the form of a symposium on ‘‘Clean 
Food”. This was divided into three main papers, 
and five shorter papers dealing with particular 
aspects. In his introduction, the chairman, Sir 
Stanley Davidson, indicated the importance of clean 
food in preventing food-poisoning and the umportant 
parts played by the sanitary inspector, medical 
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officer of health and bacteriologist in looking after 
the health of the community from this point of 
view. 

In his paper on public health aspects of food- 


poisoning, Dr. Kenneth Cowan, chief medical officer 


of health, Department of Agriculture for Scotland, 
stated that the public health issues involved in 
food-poisoning are related to the immediate action 
required to investigate and control outbreaks of food-* 
poisoning, and to the education in hygiene of those 
engaged in the handling, storage and preparation of 
food. 

An adequate alarm system in the form of prompt 
notification by medical practitioners and a thorough 
investigation by the medical officer of health leads 
to a knowledge of the types of bacteria and foodstuffs 
most likely to be associated with poisoning, thus 
making easier the task of establishing the cause of 
an outbreak. 

When outbreaks occur in more than one family 
the prime duty of investigators is to trace the con- 
taminated food back to a common source where, in 
their efforts to find the causal agent, attention will 
be given to the general hygienic conditions, and 
personal hygiene and history of recent illnesses 
among the staff. Early action is the most important - 
factor in finding the causal agent. 

The principles of prevention are relatively simple, 
being a high standard of personal hygiene among - 
those handling food and adequate precautions 
against contamination in storage. This involves 
education of food workers in the principles of hygiene 
and the provision of premises which will enable the 


‘principles to be put into practice. 


In describing the bacteriology of food poisoning 
Prof. J. W. Howie (Department of Bacteriology, 
University of Glasgow) pointed out that a recent 
report by the Public Health Laboratory Service 
showed that the majority of food-poisoning incidents 
successfully investigated in 1955 were caused, in 
order ‘of importance, by salmonellas, staphylococci 
and Clostridium welchit. Of the other organisms 
known. to cause food poisoning the most dangerous 
is Clostridium botulinum. 

More than three hundred different types of sal- 
monellas have now been identified. In Britain 
Salmonella typhi-murium is by far the commonest 
isolated from cases of food-poisoning. Rodents, 
certain farm animals and certain domestic animals 
may become salmonella-carriers and therefore a 
source of infection for man. The part played by 
human carriers in spreading infection is slight 
compared with that attributable to animal carriers. 
The commonest vehicles of salmonellas are meat, 
mulk, artificial creams and eggs. The prevention of 
this type of infection, which would reduce food- 
poisoning to manageable proportions, involves control 
over distribution of particularly susceptible food- 
stuffs, higher.cooking and lower Storage temperatures 
for susceptible foods and more combined operations 
by public health officers and bacteriologists to dis- 
cover more precisely which food ingredients carry 
the greatest risks. 

In staphylococcal food poisoning the human 
carrier is most important. Staphylococci capable of 
producing the enterotoxin responsible for poisoning 
symptoms are to be found m the human nose and 
on. the skin. 

Clostridium welchii, which forms spores, is more 
resistant to heat than salmonellas or staphylococci. 
These spores resist temperatures of 100° C. for an 
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hour or more. The organism is widely distributed in 
soil and hence in human and animal intestines. 
Thence it becomes widely distributed in meat, 
water, milk, dust and sewage. 
are kept overnight can become infected by the 
growth of heat-resistant spores while the coolmg 
food passes through the 40-20° C. temperature-range. 
_The larger the portion of meat cooked the greater 
the danger from infection because of the rate of 
cooling and favourable anaerobic conditions at the 
centre. Gravy and moisture enhance growth. Short 
periods of pressure-cooking at 105-120° C. destroys 
spores more readily. 

Clostridium botulinum, ‘a much stricter anaerobe 
than Clostridium welchii, has also a much more heat- 
resistant spore. A powerful toxin estimated to be 
lethal at 0-01 mgm. or less is produced in the food 
and causes true food-poisoning when consumed. 
No infection is set up in the human body. Invariably 
botulism is caused by avoidable faults in the 
preparation and preservation of food. 

The chief sanitary inspector of Aberdeen, Mr. 
H. B. Parry, described some of the work carried out 
by officers of local authorities durmg inspection of 
food. Their first concen is the sampling and 
examination of foods which have proved to be the 
most likely vehicles for transmission of infection. 
The regulations governing the quality of retail milk 
and ice cream were described as well as methods of 
inspection of meat in the slaughter-house and the 
conditions leading to rejection of the whole or part 
of a carcass. 

In large ports such as‘ Aberdeen the inspection of 


fish is routine and is primarily directed towards’ _ 


detecting early decomposition caused by organisms 
penetrating the skin, gills or cavities. Sea fish are 
remarkably free from disease but certain species of 
fish caught in particular waters appear to be hable to 
parasitic infestations, and this is under investigation 
~ by research workers and sanitary inspectors at the 
moment. Imported food is sampled and examined at 
ports after Customs clearance and all stained con- 
tainers are opened. Food may also be analysed to 
check manufacturers’ claims on the label, or as 
otherwise advertised. 

The first of the five subsidiary papers by Mr. 
E. W..G. Guest, joint managing director of Macvitties 
Guest and Co., Ltd., Edinburgh, gave the point of view 
of catering management. Mr. Guest stressed the 
importance of the training m hygiene received by 
students at technical colleges and baking and catering 
schools. He pointed out that the new hygiene 
regulations should establish conditions necessary for 
cleanlmess in establishments concerned with food 
processing. Modern kitchen equipment undoubtedly 
improves hygiene but ıs expensive, more especially 
during present-day credit restrictions. Adequate 
attention must be paid to storage of prepared food. 
The display of such food in self-service establishmenis 
presents special problems because of the proximity of 
the customers, but new methods of protecting food 
on display should overcome many difficulties. 

In his talk on the clinical aspects of food-poisoning, 
Dr. A. W. Wright, Bangour Hospital, West Lothian, 
observed that, of the many papers published annually 
in the medical Press, only a few dealt with the clinical 
aspects. Food-poisoning may be a severe disease in 
the young and the aged as well as in hospitals or 
institutions where the impact on a sick or infirm 
population may be disastrous. Clinical features vary 
with the infecting organism. In staphylococcal 
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infections the patient 1s struck down two or three 
hours after eating contaminated material, the symp- 
toms being severe vomiting and diarrhoea, with a 
riso in temperature. Recovery is usually rapid 
within twenty-four .or forty-eight hours. With 
Clostridium welchii, symptoms are relatively mild— 
abdominal colic and diarrhoea from ten to eighteen 
hours after eating, with no rise in temperature and 
only occasional vomiting. In the commonest form 
of poisoning by Salmonella typhi-murium the incuba- 
tion period is usually 12—24 hr. and in Dr. Wright’s 
experience recently considerably longer. Systemic 
is common, with headache, rise in 
temperature and occasionally rigors occurring some 
hours before vomiting and diarrhoea. Many inter- 
esting features of salmonella infections were then 
discussed, a short account being given of a recent 
outbreak in a general hospital. In this case the 
organism proved resistant to sulphasuccidine but 
sensitive to streptomycin, chloramphenicol and 
tetracyclines, The latter two were advocated as a 
routine measure in all such cases. 

An investigation durmg 1954-56, into hygiene in 
restaurants and public houses, was then described 
by Dr, T. S. Wilson, Health and Welfare Department, 
Corporation of Glasgow. In the first survey covering 
fifty representative kitchens only twenty-seven out 
of 260 washed utensils examined attained the United 
States Public Health Standard.. Only two from 
forty-two drying cloths showed less than 500 organ- 
isms per square inch. Only seven from forty-two 
wash and rinse waters yielded less than 500 organisms 
per ml. 74 per cent of kitchens yielded fecal 
Bacteriwm coli from one or more items but no recog- 
nized types of food-poisoning pathogens were isolated 
apart from Staphylococcus aureus. Clostridium welchit 
was obtained from several articles. Arrangements in 
many kitchens were poor, the paramount need being 
for improved ventilation and more hot water at 
180° F. 

‘In the fifty public houses visited the sanitary 
arrangements, especially for women, could be much 
improved. Only fourteen from twenty-seven drying. 
cloths gave counts less than 500 per square inch. 
Staphylococcus aureus was isolated from five cloths, 
Streptococcus viridans from three and fecal Bacterium 
coli from only one. Only fourteen from forty-five 
samples of wash water and eighteen from 142 ‘clean’ ' 
beer glasses conformed to the United States Public 
Health Standard. No group A hemolytic strepto- 
cocci were demonstrated on ‘clean’ glasses. On the 
whole, too little hot water was available, and when 
available it was at too low a temperature. Dr. Wilson 
recommended the use of a quaternary ammonium 
germicide in the washing water with a second rinsing 
sink properly maintained. 

Miss L. C. Currie (Glasgow and West of Scotland 
College of Domestic Science), in her paper on protect- 
ing food at home and in the canteen, said that the 
education of housewives and canteen workers in food 
hygiene continues to be done by well-tried propaganda 
methods and to be demonstrated in a practical way 
in the home by health visitors and in the canteen by 
managerial staff. Publicity should be given to the 
most susceptible foods, the conditions giving rise to 
contamination. and practical ways of avoiding ıt. 
Conditions of work in canteens and at home should 
be such that the principles of good hygiene can be 
carried into practice. ‘This includes the design of 
kıtchens and provision of suitable space for food- 
storage when necessary. 


` 
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The. effect of soiliee and handling on the bacterial 
flora. of fish was. discussed by Dr. J. M. Shewan 
(Torry Research Station, Aberdeen). Although the 
flesh of newly caught fish is sterile, bacteria, are 
always present on the skin and gills and in the gut. 
The flora consist of approximately 50 per cent 
Pseudomonas, 40 per cent Achromobacter spp., 5 per 
cent Flavobacterium, 2 per cent Corynebacterium and 
2 per cent Micrococcus with 1 per cent miscellaneous 
groups. Despite repeated attempts; no enterobacteria 
have been found. The latter would be expected from 
polluted waters. This division of flora holds for 
haddock, cod, lemon sole and skate, the four North 
Sea species studied. It appears to hold also for 
herring from surrounding sea areas, but differs 
markedly from the findings for cod from Canada and 
for several species from Australia. The differences 
are attributed to environment.. The bulk of fish 
landed in Britain comes from distant waters: 
and has been five to eighteen days in ice. During 
storage the flora changes. By the third to fourth 
day in ice the lag phase of bacterial growth has 
passed and by the tenth to, twelfth day, the end of 
the log phase has been reached with counts in the 
region, of 107 to 10° per cm.* of skin or per gram ‘of 
gill tissue. During this time pseudomonads increase 
steadily until they constitute 90 per cent of the flora 
and Achromobacier spp. about 5 per cent. 

After handling on shore the relative proportions in 
the bacterial load can alter considerably. This has 
been found in recent work on the commercial filleting 
process, in which shigellas and salmonellas have 
never been encountered during tests. Small numbers 
of true fecal coli have been found at the filletmg 
stage, and coagulase-positive staphylococe: found in ` 
30 per cent of fillets examined. However, the results 
arè m accord with existing information on the 
incidence of food-poisoning caused by fish and show 
that fresh fish is one of the safest articles of diet in 
Britain. J. DAVIDSON 
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CONTROL OF THE PLANT 
-` ENVIRONMENT 


HE University of Nottingham held its fourth 

Easter school in agricultural science during 
April 15-17, ‘on “Control of Environment in Crop 
Experimentation”. Since the past century, physio- 
logists have been studying various aspects of plant 
growth under conditions in which one or more factors 
of the environment were controlled, but the possi- 
bilities of that approach were restricted by the 
difficulty of growing healthy plants for any length of 
time in artificial light. Within the past thirty years 
the introduction of many new types of electric lamp, 
with characteristics more suitable for plant growth, 
has made it possible to grow normal plants in opaque 


rooms even to maturity, under conditions where 


several environmental factors can be controlled 
simultaneously. 

A number of workers became interested in this 
approach, but the development of Dr. F. W. Went’s 
‘phytotron’ at the Earhart Plant Research Labor- 
atory, Pasadena, California, suggested new possi- 
bilities of providing a wide range of different controlled 
_ environments within a single installation. Interest, 
grew in the use of environmental control for expéti-'* 
“mental work, and although there is nothing m Britain 
as elaborate as the Californian installation, a recent 
survey showed that some seventy university depart- 
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ments and research stations in Britain now have 
facilities for work m controlled environments (Univ. 
Nottingham Dep. Hors. Mise. Pub. 8). 

This approach offers attractive possibilities in 
several fields of research, ranging from fundamental 
aspects of plant physiology and genetics to applica- 
tions of immediate importance in plant breeding and 
agronomy. The wide mterest in the field was shown 
by the attendance of two hundred scientists at the 
Easter school, including physicists, chemists, bio- 
logists, agronomists, horticulturists and engineers, 
all with a common interest in environmental control 
but looking at its problems from different points of 
view. A vigorous exchange of views between such 
various disciplines proved to be both stimulating and 
profitable. 

Three main themes dominated the proceédings, 
namely, the relation between the plant and its 
environment, methods of controlling the environment 
in experimental work, and the possible applications 
of environmental control in crop husbandry. 

Prof. S. J. Wellensiek (Agricultural University, 
Wageningen) opened the school by discussing the 
plant and its environment in general terms, dis- 
tinguishing between variations caused by genetical 
factors, soil conditions and the aerial environment. 
After discussing the effects of the main individual 
factors, with special reference to shifts in temperature 
optima according to the phase of growth, attention 
was directed to important interactions between 
several of the factors, notably photosynthetic light 
and temperature, photoperiod and temperature, and 
soil-moisture and relative humidity of the air. 


Experiments on peanut plants under controlled con--— 


ditions have revealed relations between weather 
factors which were hitherto unsuspected. For 
example, growth of stems and mcrease in number 
of flowers are closely lmked with soil-moisture, 
optimal development being associated with con- 


ditions where the soil remains relatively moist. - 


When soil is allowed to develop even moderately 


' high moisture tensions between irrigations, rate of - 


flowermg falls off, but there is a rapid increase in 
the number of flowers two days after each application 
of water. Interactions have also been demonstrated 
between soil-moisture conditions and the relative 
humidity of the air, a high relative humidity giving 
.best growth, especially during the first month. 
Attention then turned to detailed methods of using 
controlled environments in the study of plant 
behaviour. Dr. W. W. Schwabe (Research Institute 
of Plant Physiology, London) discussed the differ- 
ential effects of some environmental factors on plant 
development, instancing rates of differentiation of 
primordia and of leaf expansion as examples of the 
~ morphogenetic changes which are affected by factors 
such as temperature, day-length and intensity of 
idummation. Prof. E. C. Wassink (Agricultural 
University, Wageningen) placed the emphasis on 
plant growth, giving examples of the effects of 
various environmental factors on such diverse aspects 
of growth as the production of flowers in bulbous 
irises and the hearting of lettuce plants. A two-stage 
growth cabinet has been used for subjecting roots and 
shoots of a plant to different temperatures to study 
this interaction, which has wide implications in 
agronomy, since disharmony between soil and air 
“ temperatures is frequeritly the cause of depressed 
* growth in crop plants. Prof. P. T. Thomas (University 
College, Aberystwyth) showed how controlled en- 
vironments could be used in plant genetics for the 


’ 


Ms 


1174 


study of the complicated interactions between geno- 
type and environment. A stage appears to have been 
reached where closer’ collaboration between the 
geneticist and the physiologist might be to their 
mutual benefit. 

Light, wind and water were then aingled out for 
separate consideration as important factors, both of 
experimental and natural environments. Prof. R. H. 
Stoughton and Dr. Daphne Vince (University of 
Reading) discussed the physical attributes of light 
in relation to biological responses, taking the growth 
of a plant as an integrated function of the photo- 
synthetic and formative effects of the various spectral 
components of light. These éffects are being studied 
under lights of different spectral composition, and 
data, were given on leaf expansion, internode exten- 
sion and net assimilation under various light sources. 
Wind as a factor in plant growth was the subject of 
a paper by Dr. F. H. Whitehead (University of 
Oxford), who gave an account of an investigation on 


‘the effects of wind on the, growth of alpine plants 


under various exposure conditions on a mountain top 
in ltaly, and then described experiments under con- 
trolled air-speeds in a wid tunnel. Conclusions were 


drawn regarding the relation between results in the. 


field and in' the laboratory. The complexities of the 
plant/soil/water system were described by Dr. J. P. 


‘Hudson (University of Nottingham), who showed the 
hmitations of using constantly moist soul conditions- 


in experimental work, and the advantages of pro- 
viding plants with controlled but fluctuating moisture 
conditions. ‘This requires a rigorous control of 
experimental conditions, but leads to the concept of 
detinable and reproducible water-regimes, which 
appear to offer a sensitive technique for the study of 
plant responses to soil water. lò became clear in all 
these papers that the meteorologist, ecologist, physio- 
logist and agronomist could also, with advantage, 
meet more often to exchange ideas based on their 


` different approaches to the same phenomena. 


Technical aspects of environmental control were 
the theme of two speakers. Mr. W. J. C. Lawrence 
(John Innes Horticultural Institution, Bayfordbury), 
discussing the glasshouse as an environment for 
plant experiments, appraised the possibilities of 
achieving & high degree of control of various factors, 
especially temperature, light and relative humidity: 
Several mteresting suggestions were made for im- 
proving the efficiency of glasshouses used for experi- 
mental work, including the possibility of end-to-end 
ventilation instead of the traditional lateral ‘method. 
The central problem is how to reduce gradients of 
environmental factors in both space and time. Mr. 
L. G. Morns (National Institute of Agricultural 
Engineering, Wrest Park) described problems involved 
in the design of growth rooms and cabinets used for 
plant expermments and appealed for more mformation 
on the tolerances which could be accepted in time 
and space. Many installations, designed without 
adequate data on their use or characteristics, are 
either much too elaborate for the uses to which they 
are put, or else will not provide the degree of control 
that is needed. Both faults, basic in the design of 
the equipment, lead to waste and frustration. 

In the final paper, concerning agronomical aspects 
of environmental control, Prof. A. H. Bunting 


- (University of Reading) was invited both ‘to trail his 


coat’ and peer into the future. This he most obligingly 
did, in a stimulating paper that concluded the pro- 
ceedings on & high note of interest in the possibilities 
of increasing crop yields, even in the open, by slight 
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but carefully controlled changes in various factors of 
the physical environment. The fields offermg the best. 
prospects of striking improvements in crop yields 
appear to be the more efficient use of irrigation water; 
the application of nutrients by leaf sprays at critical 
stages in plant development, and the use of low-’ 
intensity irradiation to break the period of darkness- 
and inducp earlier flowering in some species. This 
should -be coupled with intensive breeding pro- 
grammes to develop varieties that can take maximum 
advantage of more carefully controlled environ- 
ments. 

ln addition to the main sessions, two evening 
meetings were devoted to technical descriptions of in- 
stallations now being used for the control of environ- 
ment. Dr. A. M. M. Berrie (University of Glasgow) 
described the design and construction of the Earhart 
Laboratory, illustrating his account with a film lent 
by Dr. Went and his own transparencies. He also 
described Prof. R. Bouillénne’s installation at the 
University of Liége. In a prolonged. discussion on 
the best policy to adopt in planning controlled 
experimental environments, the national advantages 
of having a small number of large, comprehensive 
and necessarily expensive ‘phytotrons’ were com- 
pared with having a much larger number of simpler 
and cheaper installations. The general opinion 
seemed to, be that, at the present stage of knowledge, 
the advantage lay in the latter approach, which was 
likely to produce more results, more quickly, for a 
given total expenditure on capital and running costs. 
Several patterns of growth rooms were also described, 
together with relatively small and inexpensive 
growth cabinets, of elegant design, that are giving a 


` high degree of precision of control of light, tem- 


perature and humidity. 

‘here were also about thirty demonstrations of 
equipment for the control of environment, instru- 
ments for measuring environmental factors and the 
effects of environment on plant growth. One of the 
limitations in work on environmental effects is that 
none of the light-sources at present available will 
give intensities approaching those which occur on 
bright summer days in Britain. Great interest was 
shown in several lamps of new design that should 
enable higher light intensities to be provided although, 
of course, their use will also increase the difficulties 
of keeping temperatures down to reasonable levels. 
‘here was also general interest in labour-saving 
equipment, such as automatically controlled devices 
for blacking-out plants, reflecting the difficulties 
which workers often experience in operating controls 
at awkward hours and at the week-end. The study 
of environmental effects is apt to become an operation 
extending over twenty-four hours per day, for seven 


— days a week, and methods of automatic control are 


exercising many ingenious minds. 

Various practical applications of environmental 
control were demonstrated. A series of raspberry 
plants in all phases uf growth showed how the life- 
cycle could be shortened or lengthened at will, to 
provide plants in any phase of growth, at any time 
of year, irrespective of seasonal weather. ‘This 
enables research on a particular aspect to proceed all 
the year round and illustrates a use of controlled 
environments which is still only in its infancy. 
Various demonstrations showed the effects of environ- 
mental factors on the growth of potato, cucumber, 
lettuce, rhubarb and other plants, while a method 
was suggested of using emergence of seedlings a8 an. 
indicator of environmental conditions in the soil. 
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Although this hard-working school only lasted for 
forty-eight hours, the growing interest in environ- 
mental control was amply demonstrated. It was 
generally felt that we have only just begun to realize 
the potentialities of this relatively new approach, 
which offers a wealth of possibilities in the study of 
plants and cultivation of crops. The proceedmgs 
will be published in full elsewhere. 
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NATIONAL RESEARCH DEVELOP- 
MENT CORPORATION 
REPORT FOR 1955-56 


HE report of the National Research Develop- 

ment Corporation* for the year ended June 30, 
1956, is again limited to a factual review. Govern- 
ment departments and research councils assigned 
patent rights in 153 cases compared with 135 in 
1954-55, twenty-three of the total of 200 coming 
from universities, three from industrial research 
associations and eight from charitable organizations. 
Of the 438 inventions communicated ‘to the Cor- 
poration during 1955-56 (compared with 597 during 
1954-55), 171 were from Government departments 
and research councils, twenty from official organ- 
izations of the British Commonwealth, eight 
from industrial research associations, forty-nine 
from universities and 188 from private firms and 
individuals, 171 being British. Holdings of British 
and foreign patents and patent applications at June 
30, 1956, mcluded 469 United Kingdom applications 
and 604 granted patents, 1,039 overseas patent 
applications and 773 granted patents. The accounts 
show revenue from exploitation of inventions 
amounting to £75,912, compared with £40,617, in 
1954-55 and and £28,857 in 1953-54. 

Of projects mitiated in previous years, the report 
notes that the six big electronic digital computers are 
now complete and five have been installed, while the 
production prototype Pegasus computer has proved 
entirely satisfactory : eight of the nine ordered have 
been bespoken, and the Corporation proposes to 
reserve the ninth for its own use. Work was initiated 
on a project to pass direct to a transistorized all-core 
type of computer with massive tape storage and 
handling equipment, and also on a project on the 
use of an Elhott Brothers type 405 data-processing 
system for the inventory of engmeermg stores and 
the production control of complex equipment. This 
year’s harvest period is to be devoted to a study of 
the current performance of the Packman potato 
harvester as a guide to future policy. A much fuller 
evaluation of the performance of the burners under 
various conditions of preheat is contemplated in the 
acetylene synthesis project at the Imperial College of 
Science and Technology. Satisfactory progress is 
bemg made in the redesign of the stereoscopic motion 
picture camera to adapt it for high aspect (wide- 
screen) pictures, and the printed electrical circuits 
projects is now recerving industrial support. 

Among the new projects, the Corporation is sup- 
porting the development, in the Department of 
Electrical Engineermg at the University of Man- 
chester, of a variable-speed squirrel-cage type 

* National Research Development Corporation. Report and State- 


ment of Accounts for the year 1st July, 1955, to 30th June, 1956. 
Pp. if+16. (London: H.M. Stationery Office, 1957.) 1s. net. 
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induction motor, and the National Institute for 
Research in Dairying, with financial support from 
the Corporation, has developed a method for pre- 
paring a frozen milk which can be stored for at least 
twelve months without deterioration. Some financial 
support ‘was also given to the National Institute of 
Agricultural Engineering for the development of a 
small potato harvester to fill the gap between the 
large combine. machines and potato spinners and 
elevator diggers. The report gives a further list of 
licensed inventions being exploited by industry on a 
scale which supplies the Corporation with appreciable 
revenue. These now include the production of 
hecogenin from sisal, the weedkuillers derived from 
phenoxybutyric acid, the Royal Aircraft Establish- 
ment fire and heat detector for aircraft, and the 
insecticidal bomb invented at the Chemical Defence 
Experimental Establishment of the Ministry of 


Supply. 


BREEDING BEHAVIOUR OF 
CICHLIDS 


LTHOUGH the breeding behaviour of cichlid 
fishes in aquaria has been studied by several 
authors, very little is known about their behaviour 


‘im natural waters. A paper by A..H. Lowe presents 


results from field studies on the breeding behaviour 
of T. karomo Poli and T. variabilis Boulenger 
(Behaviour, 9, No. 2-3; Leyden, 1956). 

Tilapia species can be divided into three groups 
according to differences in their breeding behaviour : 
‘guarders’, ‘male mouth-brooders’ and ‘female mouth- 
brooders’. Both the species considered by Lowe are 
‘female mouth-brooders’. 

Breeding males of T. karomo congregate on the 
spawning grounds and each male establishes a 
territory wherein he prepares a nest. The males 
have & brightly coloured breeding dress, including a- 
long genital tassel; they are slightly larger than the 
females, which are less brightly coloured. The nests 
are plaques of clean sand, often raised on mounds ; 
nest cleaning is carried out by the male by ‘mouthing’, 
‘nosing’ and ‘fanning’. Lowe also describes the other 
activities of the male before and between spawnings. 
Females cruise over the spawning grounds singly or 
in small shoals; the male swims out to meet them 
as they enter his territory, turns and leads back to 
the nest. Often there is very little pre-spawning 
display and spawning may be complete in two to 
five minutes. After laying, the female collects the 
eggs in her mouth and leaves the spawning ground ; 
the male remains in his territory and immediately 
starts courting other females. T. karomo females 
stay among the water-plants when brooding. They 
probably have three or four broods in succession ; 1b 
is not known for how long the young are brooded. 

The breeding behaviour of T. variabilis in Lake 
Salisbury (Uganda) was investigated and was found 
to be very simular to that of T. karomo. 

Discussing the similartties and differences in - 
behaviour between T. karomo and T. variabilis, Lowe 
describes how T. variabilis has a distinct piebald- 
and-orange colour form; nearly all these piebald 
fish are females. ‘Normal’ males must, it seems, 
breed with these. 

The areas which are suitable for spawning may be 
determined by the nasure of the bottom and by the 
availability of dissolved oxygen. Young T. karome 
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live in shoals; they ‘skittered’ at the surface near 
the spawning ground;'and this may indicate that the 
oxygen content of the water was low at times. 

The long genital tassel which is present in T. 
karomo and‘ Z'. variabilis is, not glandular; it may 
serve to attract the attention of the female by 
emphasizing movements and increasing the apparent 
size of the male. 

Lowe examines problems raised by aquarum 
studies in the light of field observations. The long 
pre-spawning display in T. mossambica ın aquaria as 
opposed to the rapid spawning of T. karomo in the 
field may be due to specific differences and not to 
aquarium conditions. ‘Surface territories’ present m 
aquaria, were never seen in natural waters. 

In ‘guarder’ species of Tilapia the territory is used 
both for spawning and for the protection of the 
young. In mouth-brooders the spawning ground 
provides a well-advertised meeting place for ripe fish. 

‘The continuous succession of broods produced in 
aquaria 1s probably due to the confined conditions 
which make it umpossible for the females to segregate 
from the males after spawning. 


METEORIC DUST AS A SOURCE 
OF FREEZING NUCLEI 


G. BOWEN described in an article m Nature 

. (177, 1121 ; 1956) his hypothesis that ‘freezing 
nuclei? in the atmosphere are largely meteoric dust. 
This, if correct, would be most important for our 
understanding of the formation of rain. He gave 
some evidence that periodic meteoric showers are 
followed thirty days later by a world-wide increase 
in precipitation which he regarded as produced by 
the meteoric dust falling to the troposphere. The 
evidence has not been wholly accepted by meteorol- 
ogists. 

Arrangements were made for sampling of freezmg 
nuclei in January 1956 in Australia, South Africa, 
and Cahfornia, and the results are published in a 

-series of papers in the issue of the Australian Journal 

of Physics for December 1956, by Bowen himself, 
E. K. Bigg, K. J. Heffernan (of the Radio Physics 
Division, Commonwealth Scientific and Industrial 
Research Organization), R. N. Bracewell (Stanford 
University, California) and S. C. Mossop, A. E. Carte 
(South African National Physical Laboratory, 
Pretoria). 

The sampling by E. K. Bigg in Western Australia was 
at ground-level in marine air with a long track over 
the Indian Ocean. Distinct maxima were found on 
January 13, 22 and 29. These dates almost coincide 
with those laid down earlier by Bowen as coming 
thirty days after the occurrence of periodic meteor 
showers. It is shown that the peaks are not due to 
sea-salt- nuclei because of great differences in the 
freezing nuclei content on January 13 and 16 with 
a 20-30 knot wind off the sea on both days. At Palo 
Alto, California, peaks in the concentration occurred 
on January 13 and (less marked) on January 21 but 
there was none at the end of the month. 

The South African observations were made in the 
mornings over Pretoria (4,500 ft. above sea-level) at 
20,000 ft., 10,000 ft. and 5,300 ft. above sea-level. 
Here high concentrations were measured on January 13 
and 29 but not about January 22. There was a 
peak, less marked than those of January 9 and 29, at 
10,000 ft. Aircraft observations were also made at 
Sydney, New South Wales, but gave no marked peaks. 
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Summarizing the observations of January 1954, 
1955 and 1956, Bowen claims that evén if every peak 
does not always appear everywhere, what peaks 
there are occur at all sampling places at the dates 
he requires. 

In another paper in the same issue of the Australian 


Journal of Physics, Bowen deals with the 300-year 


record of the first occurrence in a winter of snow 
cover at Tokyo and a 10-year record of cirrus cloud 
in Western Australia. He gives.a diagram showing 
for December 1955 and January 1956 the concen- 
trations of freezing nuclei at ground-level in Western 
Australia, -the frequency of occurrence of cirrus cloud 
at six stations in Western Australia over ten years, 
and the frequency of occurrence of the first snow 
cover in Tokyo on each day in December and January. 
All three show similar curves with peaks about the 
same time. 

One of the peaks occurs at the end of December 
and this is linked by Bowen with the Bielid meteoric 
showers, which occurs at the end of November every 
six or seven years. A table of the years between 
1672 and 1905 in which Biela’s Comet and meteors 
were seen, and on which snow covered the ground 
for the first time at Tokyo on December 29, 30 or 31, 
18 given. There are many gaps and the years corre- 
spond exactly only once, but Bowen shows the Tokyo 
first snow cover occurrence dates also have a similar 
period. G. A. BULL 


LOBACHEVSKY’S CONTRIBUTION 
TO PHILOSOPHY 


HE significance of Lobachevsky’s geometry in 

philosophy has been discussed by Prof. E. 
Kolman (Soviet Science, 3, No. 4; December 1956). 
Lobachevsky found it necessary to make a critical 
re-evaluation of Euclid’s geometry and construct a 
new non-Euclidean geometry. Afterwards he put 
forward the theorem that on a plane surface it was 
possible for at least two straight lines which did not 
intersect a given straight line to be drawn through a 
point. At first Lobachevsky’s ideas were derided, 
and ıt was later, twelve years after his death, when 
the Italian Beltrami found a visual interpretation of 
Lobachevsky’s planometry, that his ideas were 
accepted. Accordmg to Kolman, Lobachevsky’s dis- 
covery led to the begmning of a new historical period 
in the development of mathematics, which attained 
a@ Ingher degree of abstraction and was transformed 
from the science of variable magnitudes to the 
science of variable relations—of ‘algebras’, abstract 
spaces, functional analysis and so on. As a result, 
logic received new stimulus and direction, with the 
consequent development of mathematical logic and 
physics. 

Lobachevsky was able to break with traditional 
ideas and’to adopt a point of view which revolution- 
ized science, because he based himself firmly on a 
materialist view of the world. Spatial forms and 
their laws are established, in his view, from the 
movement of material bodies, which exist inde- 
pendently of consciousness. 

To develop his geometry, which differed from 
Euclid’s, Lobachevsky had to reject his previous 

metaphysical views on points, ue and plane surfaces 
as properties of physical.’ .bodids land bad to admut 


‘that geometric forms are otily abstractions, although 


they are derived from spatial relations in the material 
world. 


No 4571 


June 8, 1957 


POSTGRADUATE SCHOOL OF 


NATURE 


1177 


APPLIED DYNAMICS AT THE 


UNIVERSITY OF EDINBURGH 


ÉE is characteristic of modern technology that, 
while it' calls for am ever- increasing number of 
graduates who have undergone a wide general 
training in engmeering, it calls in addition for a 
lmited number of specialists with a deep knowledge 
of the theory and techniques of some particular field 
as well as a wide general knowledge of engineering. 
With curricula already overcrowded, undergraduate 
courses cannot—and should not—produce these 
specialists, and the need is being met by the founding 
of postgraduate schoole within the universities, each 
dealing with some particular field. 

The Postgraduate School of Apphed Dynamics has 
been planned within the Department of Engineering 
at the University of Edinburgh with this need in mind. 
‘The subject of ‘applied dynamics’, which has been 
defined as ‘the study of sohds m motion’, may appear 
to be restricted, but modern developments m high- 
speed machinery, control systems and inertial navi- 
gation—to take a few examples—have, emphasized 
the need for the practical application of advanced 
theory and techniques m this subject. 

Thus the main function of the Postgraduate School 
of Apphed Dynamics is to be its diploma course, for 
which graduates in mathematics and physics, as well 
as engineermg, are eligible; the first course will last 
from October 1957 until June 1958. There are to be 
formal lecture courses on the fundamental mechanics 
of solids and relevant analytical methods and on 
their application to vibration problems, control 
systems and the dynamics of gyroscopes, as well as 
other related subjects. Often advanced published 
work in these subjects 18 not easily available or 
assimilable, and one of the aims of the course will be 
to present such work with emphasis on practical 
applications. Moreover, in addition to his attendance 
at the lecture courses, each student will undertake a 
limited research investigation in a field of applied 
dynamics related to his particular interests. The 
Engineering Department has a good lbrary, and its 
content of books and periodicals pertaining to applied 
dynamics is being increased. 


The course should be of particular value to men 
who are already in industry or in research organiza- 
tions and so have some knowledge ‘of the problems 
likely to confront them, although new graduates will 
also be accepted. It is believed that the interchange 
of ideas between students of different industrial back- 
grounds will be a most valuable feature of the course. 
The difficulty of releasing men of the right calibre is 
appreciated, but it is hoped that the long-term 
advantages of doing so will be apparent. 

British industry has contributed £20,000 to 
endow the new School at Edinburgh, which is 
to be accommodated at first withm the existing 
engineering building. A large extension to the 
Department of Engineering is planned and accom- 
modation in ıt has been allocated to the School, so 
that it will be possible to use industry’s donation 
mainly for equipment. There ıs a small full-time 
teaching staff, but lectures will also be given by 
other members of the Department, and in particular 
by members of the existing Postgraduate School of 
Electronics and Radio, as the two Schools have sub- 
jects of common interest. The staff of the Electronics 
School will also be available for advice on problems 
of electrical measurement and’ mstrumentation. 

Research on dynamical problems has been con- 
ducted under Prof. R. N. Arnold in the Engineering 
Department for some years, and out of this the new 
School has grown. With the increase in the number 
of staff interested in dynamical problems and, it is 
hoped, a corresponding increase in research students, 
the scope and volume of research in applied dynamics 
should grow. This previous research experience forms 
a base on which to build the school and has helped 
in the planning of the new lecture courses. These 
courses must be sufficiently flexible to cover the 
requirements of students from varous industries, 
and naturally requrements will change as the subject 
advances, but it is thought that the syllabus as 
planned contains topics that are directly relevant to 
the dynamical problems of many different branches 
of industry. G. B. WARBURTON 


ELECTRICAL METHOD FOR DETECTION OF EARLY CANCEROUS 
GROWTH OF THE SKIN 


By Pror. N. MELCZER and Dr. J. KISS 


Department of Dermatology and 


N passing a direct current by means of non- 
polarizing electrodes through lving tissue the 
charge of the Helmholtz double (opposite potential) 
layer is probably mecreased at cell junctions. -In 
addition, diffusion potentials will arise because the 
cell membrane is not umformly permeable to every 
ion and because the ions have different mobilities. 
As a result the system builds up a counter electro- 
motive force due to polarization which will diminish 
the effective d.c. voltage. Because of the generation of 
a polarization countercurrent the resistance of normal 
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skin 1s apparently high. But this is not a true ohmic 
resistance and it has therefore been called a ‘pseudo- 
resistance’. While studying electrodermatograms, 
that is, pseudo-resistances induced in different skin 
conditions, it has been found that the polarization 
countercurrent of dermsl cancers in living persons 
fails to appear or cannot be obtained in its full 
strength, a phenomenon which can be demonstrated 
with a microammeter. 

As early as 1918, Clowes! claimed that, ın general, 
malignant tumours show a lower electric resistance 
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than do normal tissue. Waterman’, using an audion 
tube variometer device, found that in excised tumour 
tissue the electric resistance against Ringer’s solution 
is reduced in relation to normal tissue. 

Studying miouse cancer, either transplanted or 
induced by treatment with cancerogenic agents, Burr 
et al. have found that such cancers were always 
negatively charged. This finding, however, could 
not be: corroborated by Burrows‘ and his associates. 

Later, Langman and Burr have claimed’ that the 
presence of cancer in the uterine cervix could be 
detected by electric measurements. According to 
those authors, a polar reversal of the field between 
the cervix and the ventral abdominal wall has been 
found in malignancy. In these studies the reference 
electrode was placed on the ventral abdominal wall 
and the vaginal electrode was introduced against the 
cervix. Afterwards, Dalgaard and Thygesen! were 
utiable to show that more than 30 per cent of malig- 
nant lesions have associated negative potential 
differences from the cervix to the ventral abdominal 
wall. Recently, Williams et al.” have re-examined the 
investigations of Langman and Burr, by a galvano- 
meter null-point reading method. They concluded 
that ıt is impossible to demonstrate æ real cor- 
relation of bioelectrice potential differences in various 
processes associated with the female genital tract by 
the above-mentioned method and that such determ- 
inations cannot be relied upon for cancer detection. 

According to Keller’, the human skin can be 
looked upon as being a negatively charged membrane 
and, as such, is impermeable to anions. However, 
the potential of the skin will be altered even by 
minor injuries. Keller also believes that the site of 
injury 1s permeable for cations and anions alike and, 
as compared with normal skin, the mjured area is 
less negative, or, m other words, relatively more 
positive. 

According to our investigations the increase in 
permeability induces an increased positive potential 
m the mjured aréa, that 1s, the surface of the can- 
cerous growth is less negative than is its normal 
environment. In this way, by the use of a modern 
electric measurmg device, it is possible to demon- 
strate the transformation of the normal epidermis 
cells into cancerous ones. 

We used non-polarizing, copper-copper sulphate 
electrodes, connected, not directly, but by means of 
a salt bridge of 1/10 N potassium chloride solution 
in gelatin gel; and a microammeter with electronic 
amplifier. A d.c. source served as an anode 
battery. 

In making measurements we put the negative 
electrode on the palm of the patient’s hand, and the 
other electrode on the affected area. After determ- 
ining the potential of adjacent normal tissue, or of 
normal tissue on the opposite side of the body, the 
potential of the pathological lesion was measured, 
often several times m succession. The potential of 
the normal areas was taken as zero. 

Each of the 76 basal cell cancers examined ex- 
-hibited potentials varying from 20 to 25 mV. 
Sunilar values were obtained for 6 spinobasocellular 
and 19 spmocellular cancers. In four cases in which 
basal cell carcinoma of the skin had been diagnosed 
chmeally, the permeability was found to be un- 
changed. Subsequent histological.study proved the 
clinical diagnosis wrong and the electrogram right. 

Five cases, believed to be sentle keratoma, shdwed 
reduced pseudo-resistance and, later, intraepidermal 
squamous cell cancer was detected -at histological 
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Fig. 1. Circuit isan of the vacuum tube microvoltmeter for 
ene of skin potential 
Cu DIL 101; ae A, microammeter; R,, 10 kilo- 
Ry, 2 kilo eee Rg (0 ixiloohms ; Be 3 megohms; Rs, 
7 5 kilo ohms ; Be 100 kil loohms; R, 100 k floohms; Rs, 3 kilo- 
oh ms; R,,3 kiloohms ; Rw 1 megohm 


examination. Another eight cases of senile keratoma 
gave negative results, both electrographically and 
histologically. Of the four cases of erythroplasia three 
gave positive results, and the fourth was negative. The 
latter showed on histological examination a pattern 
similar to that of plasmocellular balanitis of Zoon, 
without malignancy. One case of cubocellular cancer 
was found to give positive results. Without exception, 
all the seventy cases of verruca senilis showed 
negative results (— 0-5 to + 1-5 mV.), as did twenty 
cases of fibroma, and thirty cases of oral leukoplakia 
proved to be negative. The seven cases of carcinoma 
of the uterine cervix examined were positive (20- 
40 mV.) without exception. The number of cases 18, 
however, so small that no final statements can be 
made until more cases are collected. ; 

It 1s well known that the pseudo-resistance of the 
skin is not quite the same in different regions of the 
body. Moreover, it depends on environmental factors 
(weather, atmospheric pressure) and is influenced 
among others by sex, constitution, season of the year 
and time of day. 

~ In three cases both thè pseudo-resistance of the 
normal skin in different regions of the body and that 
of dermal cancers were measured ai every third 
hour during three days. No significant change in 
the pseudo-resistance of the skm in different times 
was found, either in normal areas or in malignant 


“skin lesions. 


In the earlier investigations of Keller’, a decrease 
of the pseudo-resistance of skin was observed m 
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scars, in psoriasis, eczema and trichophytosis lesions. 
We have studied the degree of pseudo-resistance in 
different skin lesions on several -hundred patients, 
but we have never found larger values than 2-3 mV. 
in epithelioma-like lesions (keratoma senile, verrucae 
senilis, soft and hard moles, etc.) which may be con- 
fused clmically with malignant growths; on the 
contrary, in malignant tumorous growths arismg 
from the epidermis we observed a large decrease of 
pseudo-resistance. In cases of intraepithehal cancer 
of the skin (Paget disease of the nipple, Bowen 
disease, Queyrat’s erythroplasia) decrease in pseudo- 
resistance of 5-15 mV. were found. The different 
forms of malignant epithelial neoplasms (basal cell, 
basal squamous cell, and squamous cell cancers) 
elicited a large decrease of pseudo-resistance, and we 
have observed in every case: values greater than 
20 mV. 

The method cannot be apphed, of course, to eroded 
or ulcerated areas, because the injury potential will 
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merease permeability even in the absence of malig- 
nant growth. 

On the basis of this work, it is emphasized that the 
measurement of electric potential by the technique 
described has been proved to be a useful method for 
the early detection of malignant growth. In cases of 
cutaneous cancer we have gained the impression that 
m any kind of precancerous state the onset of malig- 
nancy is unmasked by the large decrease of pseudo- 
resistance of the focus. 


1 Clowes, H. A., J. Proc. Soc. Hap. Biol, Med., 15, 107 (1918). Clowes, 
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TURNOVER OF PROTEIN IN STARVED BACTERIA AND ITS 
. RELATIONSHIP TO THE INDUCED SYNTHESIS OF ENZYME 


By Dr, J. MANDELSTAM 


* National Institute for Medical Research, London, N.W.7 


T is usually assumed that, when bacteria grow 

exponentially in a medium of constant com- 
position, a steady state is reached in which any 
particular protein 1s synthesized as a constant fraction 
of the total protem, and most models of bacterial 
growth are based upon this premise!®. In a changmg 
chemical environment this relationship may cease to 
hold and, instead, a relatively large increase may 
occur in one or two proteins with little or no Increase 
in the other protems. A classic example occurs when 
Escherichia colt 18 grown in a medium containing 
both glucose and lactose. The glucose is used 
exclusively until it ıs finished, whereupon growth 
stops abruptly and then, after a lag period, begins 
again at the expense of the lactose’. During the 
period separating the two phases of growth there is 
appreciable synthesis of (-galactosidase (lactase), 


which Rickenberg and Lester‘ called preferential . 


synthesis because it took place without any con- 
comitant increase in the total protem. Probably 
similar is the adaptive lag that occurs when coliform 
bacteria are transferred from a medium containing 
amino-acids to one containing ammonia as the only 
source of nitrogen. f 

The preferential synthesis of -galactosidase can 
be made to extend over a longer period if the net 
synthesis‘of protem is prevented by using nitrogen- 
starved bacteria or by omittmg an essential amino- 
acid. The failure of previous workers? to obtam 
synthesis of the enzyme m such starved bacteria was 
due to the presence of succinate which, we have 
found, is an inhibitor of 6-galactosidase synthesis in 
starved, but not in growing, bacteria. Fig. 1 shows 
typical synthesis of 6-galactosidase by a leucine- 
requiring strain of Æ. coli which had been starved of 
leucine, washed, and suspended without leucme or 
ammonia or an energy source; the inducer was 
methy]-thio-galactoside, which the bacteria cannot 
utilize. Almost identical results have been obtamed 


using a wild type (MZ30), starved of nitrogen. The, 


level of enzyme reached in 3 hr. was usually 15—30 

per cent of that found in a culture fully adapted by 

growth in lactose medium. The effect was abolished 

by agents which prevent protem synthesis, such as 
chloramphenicol, azide and 2.4-dinitrophenol. 

The most hkely source of material for the synthesis 

of the enzyme is the free amino-acid pool, the exist- 
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Fig. 1. Synthesis of 8-galaczosidase by Ieucine-starved bacteria 
inoubated with methyl-thio-galactoside (10-* M) 
Control, O--O; with chloramphenicol (20 xgm./ml.), @—@; 
enzyme activity expressed in wif o-nitrophenyl-é-galactoside 
hydrolysed/hr.jmgm. dry wt. bacterla_at 30° in M/20 sodium 
phosphate buffer, pH 7 0 
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Fig. 2 Incorporation of glycine-1-“C into protein by leucine- 


starved bacteria 
Control, Q—O; with chloramphenicol (20 ugm.jml.), @— © 
Incorporation i is given as percentage of glycine in protein replaced 
by labelled glycine 


ence of which has been confirmed in a number of 
independent investigations’. Now, since the pool 
constitutes only about 1 per cent of the bacterial dry 
weight, the preferential synthesis of _S-galactosidase 
may be explained in one of two ways: either (a) the 
bacteria have some means of channelling protein 
synthesis into particular pathways so that the 
B-galactosidase forms a larger proportion of the total 
protein synthesized than it does in growing bacteria ; 
or (b) proteins are continuously, degraded to free 
amino-acids and then re-synthesized in the same 
relative proportions that characterize the growing 
cell. To explain the fact that the level of §-galacto- 
sidase reached in 3 hr. is 15-30 per cent of a fully 
adapted culture we would have to assume that the 
amount of material passing through the pool is of 
the same order, that 1s, 5-10 per cent of the protein 
per hour. This value is greatly m excess of that 
reported for protein turnover in growing suspensions 
by earlier workers?.®, who concluded that the proteins 
of E. colt were remarkably stable. However, Koch 
and Levy? found that during the first two hours of 
growth there was turnover of an amount of material 
equivalent to about 2 per cent of total bacterial 
protein. 

Experiments have been carried out to compare the 
rate of breakdown of protein in growing and non- 
growing suspensions of Æ. coli, and an attempt has 
been made to estimate the magnitude of turnover in 
resting suspensions by mdependent measurement of 
the rate of synthesis and the rate of breakdown. 


Rate of Synthesis of Protein in Non-growing 
Bacteria 


Synthesis of protein was measured by the meor- 
poration of glycine-1-44C. Net synthesis of protein 
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was prevented by the use of a leucine-requirmg 
strain which had been starved of leucine by incubation 
for 20 min. with glucose and ammonium salts. This 
procedure exhausted residual leucine so that there 
was no measurable growth during the rest of the 
experiment. The bacteria were washed to remove 
ammonium salts, suspended in phosphate buffer 
(pH 7) with glucose or succinate and an excess of 
labelled glycine. Protein synthesis and consequent 
incorporation. of labelled glycine from the free amino- 
acid pool was therefore made to depend upon the 
leucine liberated through protein catabolism, Protem 
was precipitated by trichloracetic acid, hydrolysed 
with 6N hydrochloric acid and glycine isolated 
by paper chromatography using m-cresol as 
solvent. The specific activity of the glycine was 
measured and used to calculate the proportion of 
glycine in the protein that had been replaced. To 
allow for mechanical contamination, and also for 
possible incorporation by direct exchange, the experi- 
ment was done in the presence and absence of 
chloramphenicol (20 pgm./ml.). The rate of replace- 
ment of glycine was 9 per cent in 2 hr. (Fig. 2), and 
this was almost completely prevented by chlor- 
amphenicol. An almost identical result was obtained 
with an arginine-requiring strain of bacteria under 
simular conditions. When the bacteria were starved 
of carbon instead of nitrogen the rate of synthesis 
was slightly reduced. 


Rate of Breakdown of Protein in Growing and 
Non-growing Bacteria 


In these experiments the leucine-requiring mutant 
was grown with leucine-1-4C from a small moculum 
so that the leucine of the protein was almost com- 
pletely (98 per cent) labelled. The bacteria were 
then washed and suspended in buffer with glucose 
and an excess of leucine-*C (300 pgm./ml.) to trap 
any labelled leucme released from protein. This was 
the non-growimg suspension. To measure breakdown 


Leucine released (per cent) 
Logarithm of bacterial density 





2 
Time (hr.) 


Fig. 3. Release of leucine-1-"C from protein im starved and in 
growing bacteria expressed as percentage of the leucine ae 
present in the protein 

Starved bacteria, O—-O; growing bacteria, @— 
responding dotted Jines are sem-logarithmic plots oft the AA 
ı density (mgm. dry wt./ml.) 


June 8, 1957 


No. 4571 


in growing bacteria a similar flask was set up with 
ammonium salts in addition to leucine and glucose. 

The leucine in the supernatant fluid was adsorbed 
on @ cation exchange resin (‘Zeo-Karb 225’), eluted 
with ammonia, and isolated on paper using tertiary 
amyl alcohol. The amino-acid was eluted from the 
paper and the amount of leucine that had been 
trapped was determined by measurement of the 
radioactivity. 

Considering first the results obtamed with non- 
growing bacteria, we find that the rate of breakdown 
measured by release of leucine is 5 per cent per hour 
for the duration of the expermment (Fig. 3). This is 
virtually the’ same as the rate of synthesis measured 
_ by the incorporation of glycine, and thus indicates a 
balanced degradation and re-synthesis of protein in 
non-growing bacteria. From the rate of these pro- 
cesses it is clear that sufficient material passes through 
the free amino-acid pool to account for the increase 
in §-galactosidase without postulating any special 
mechanism for diverting protein synthesis to this 
enzyme. 

In the growing bacteria it will be seen that only 
about 4 per cent of the protein broke down, and this 
occurred largely during the first 60 min. of the 
experiment when the full growth-rate was not yet 
established. This may not represent a real difference 
in catabolism between growing and non-growing 
bacteria, but may be due to a less efficient equi- 
libration between external and internal leucine in the 
former. Nevertheless, the result is in good agreement 
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with that obtained by Koch and Levy’, who used an 
entirely different method. : 

It is not possible at this stage to say whether the 
observed catabolism of protein in starved bacteria 
occurs in all the cells or only in a proportion of them, 
nor whether all proteins are involved in the process. 
However, it is clear that turnover occurs at a rate 
high enough to allow fairly extensive synthesis of 
enzymes m a short time, so that the bacteria are far 
more adaptable to changes m the chemical environ- 
ment then they would be if their proteins were stable. 

The inability to demonstrate turnover of protem 
in growing bacteria has led to the suggestion that 
there may be no intracellular turnover of protein in 
mammahan cells*. Fram the present results it seems 
that it may-not be valid to extrapolate from bacteria 
in full exponential growth to mammalian cells, the 
rate of growth of which is so very much slower. 
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FORMATION OF 


S-ETHYLCYSTEINE FROM ETHYL METHANESULPHONATE 
IN VIVO 


By Dr. J. J, ROBERTS and Dr. G. P. WARWICK 
Chester Beatty Research Institute, Fulham Road, London, S.W.3 


HE growth-inhibiting alkylating agents such as 

the sulphur- and nitrogen-mustards, dimesyloxy 
esters (cf. ‘Myleran”), epoxides, and ethylenemmines 
have been shown to react in vitro with a variety of 
compounds such as amino-acids, protems and nucleic 
acids, and to inhibit certam enzymes?; however, 
while work has been done on the fate of some of these 
compounds®-5, little appears to be known about the 
precise nature of the metabolic products formed in 
vivo. In this connexion we wish to report the pre- 
liminary results of studies which are bemg carried 
out at this Institute to determme the mode of action 
of cytotoxic agents. In the first instance we studied 
the metabolic fate of ethyl methanesulphonate 
(CB. 1528) (I), one of a series of cytotoxic alkylating 
agents studied by Haddow and Koss®. It has been 
shown to have some inhibiting effect on the growth 
of the transplanted Walker rat carcinoma 256° and 
to cause mutations in Drosophila melanogaster 
(Fahmy, O. G., personal communication). It was 
regarded, therefore, as having properties sufficiently 
typical of the biological alkylatmg agents to warrant 
the present study. 


CH,.SO,.0.C,H, 
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Although the bifunctional alkylating agents nor- 
mally manifest some of their typical biological effects 
at approximately 1/50 the concentration of the 
monofunctional compounds’, it was felt that the 
number and complexity of reactions which they 
could undergo in vive would prevent a facile determ- 
ination of the nature of the metabolic products 
formed. It is reasonable to suppose, however, that 
the monofunctional alkylating agent chosen for. these 
studies would undergo the same initial metabolic 
reaction as the difunctional ones. i 

“C.Eithyl methanesulphonate, labelled on the 
«-carbon atom (synthesized by Dr. V. C. E. Burnop 
working in Prof. J. A. V. Butler’s department), was 
injected mtraperitoneally in arachis oil into healthy 
and tumour-bearing seven-week-old male Wistar 
rats, and three consecutive twenty-four hour samples 
of urine were examined using the techniques of paper 
chromatography with subsequent autoradiography 
of the paper chromatograms, and ion-exchange 
chromatography. 12 per cent of the total radioactivity 
was excreted within the first 24 hr., and 4 per cent 
during the next 48 hr. Negligible quantities were 
excreted from then on. This radioactivity is asso- 
ciated with new compounds, since any unreacted drug 
or volatile material present in the urine would not 
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be detected by the counting methods so far em- 
ployed. 

Traces of the radioactive material excreted in the 
` first twenty-four hours were shown to be incorporated 
into the amino-acids serine, alanine, and arginine, 
and into urea. It seems likely that radiocarbon was 
incorporated into these compounds following hydroly- 
sis of the drug into ethanol, which’ was then involved 
in biosynthetic reactions. This view was confirmed 
by autoradiography of paper chromatograms of urine 
from rats injected with radioactive ethanol equivalent 
in amount to that which would. theoretically be 
liberated by hydrolysis of all the injected drug. 
Radioactivity was found only in amino-acids and 
urea. ; 

The bulk of the radioactivity was shown by suto- 
radiography of one-dimensional paper chromatograms 
to be present in two sulphur-containing acids, one of 
which is S-ethyl-N-acetylcysteine (IL; R=COCH,) 
and the other possibly the keto acid (IIT)*. Auto- 
- radiography of two-dimensional chromatograms of 
urine hydrolysed with acid mdicated that almost all 
the radioactivity was embodied in S-ethylcysteine 
(IL; R=H). The identity of this compound was 
established by its Rp value in four solvent mixtures, 
its decomposition with hot alkali, and its behaviour 
on ion exchange resin and deactivated charcoal 
columns, in which respects it was identical with an 
authentic sample of S-ethyleysteine. 


C,H,.S.CH,.CH.COOH C,H,S.CH,CO.COOH 


NHR 
(1) 


Two other faint areas of radioactivity which gave 
brown colours with ninhydrin in the presence of 
dicyclohexylamine were also present on this chromato- 
gram. These areas appear to be identical with two 
such new brown spots which appeared on a similarly 
obtained chromatogram of urine from rats injected 
with unlabelled S-ethyleysteine, and may therefore 


an) 


be presumed to be derived from it, possibly by a 


trangethylation reaction. 

No evidence has been found for the presence in 
the urine of labelled carboxylic or phosphoric esters, 
or alkylated amines (amino-acids, purines, etc.), which 
would be formed if the drug reacted with acids or 
amines in vivo. However, the possibility of their 
being formed is not precluded, since they could be 
further metabolized prior to excretion. . 

The formation in vivo of S-ethyl-N-acetyleysteine 
(ethyl-mercapturie acid) from ethyl methanesul- 
phonate is the first demonstration of the formation 
of mercapturic acid from an aliphatic compound. 
Previously mercapturic acids have been shown to 
be formed from a variety of aromatic compounds 
such as the halogenobenzenes and the hydrocarbons 
- anthracene and naphthalene®. The importance of 
the formation of mercapturic acid from a cytotaxic 
compound is difficult to assess until some of the 
more obvious experiments have been carried out. 
Ethionine (S-ethyl-homocysteine) has been shown 
to mhibit tumour growth?, possibly because of its 
ability to inhibit transmethylation reactions"! and 
to interfere with protein synthesis?. In consequence, 
the tumour growth-mhuibiting properties of S-ethyl- 
cysteine and other S-substituted cysteines which 
could. be formed from other cytotoxic compounds is 
being studied by Prof. A. Haddow, of this Institute. 

Work is. being continued to determme whether 
S-ethyleysteine is formed only from exogenous 
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cysteine, or whether reaction with tissue sulphydryl 
groups is implicated4*, and possibly responsible for 
the observed biological effects. Reaction with tissue 
sulphydryl groups is likely to occur on the basis of 
the reaction demonstrated between other alkylating 
agents, such as the sulphur mustards, and protein 
sulphydryl groups under physiological conditions. 

Studies with other unlabelled cytotoxic compounds, 
namely, methyl methanesulphonate (CB. 1640), 
chloroethyl methanesulphonate (CB. 1506), 1:4- 
dimesyloxybutane (‘Myleran’) and p-N,N-di-2’- 
chloroethylaminophenylbutyric acid (CB. 1348), are 
in progress. - Preliminary results have shown that in 
some cases additional sulphur-containmg compounds 
are excreted in the urine. 

Further consideration of the above finding could 
provide an explanation for the remarkable biological 
effects exhibited by the closely related drug chloro- 
ethyl methanesulphonate (CB. 1506) IV. It strongly 
inhibits the growth of the transplanted Walker rat 
carcinoma, 256 ° and is atypical of mesyloxy compounds 
m its mutagenic effects on Drosophila melanogaster™. 
Reaction with cysteine in vivo in an analogous 
manner with that found in the case of CB. 1528 should 
in the first instance give S-chloroethylcysteine (V) 
(or a derivative), a monofunctional sulphur mustard. 
Full details of this work will be published elsewhere. 
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C1.CH,.CH;.0.80;.CH, Cl.CH,.CH;.8.CH,.CH.COOH, 
f NH, 
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A Self-reproducing Analogue 

THE most striking peculiarity of living organisms 
is thew property of self-reproduction. The most 
elementary forms, virus or phage particles, can 
reproduce themselves in favourable circumstances 
only, dnd this prmciple applies also to the multiplica- 
tion of nucleic acid complexes ın chromosomes. It is 
sometimes thought that the self-reproduemg proper- 
ties of nucleic acid depend upon its highly complex 
structure. Consequently, any mechanical analogue 
for self-reproduction would involve very intricate 
mechanisms. This does not seem to be so, and the 
device described here has the critical reproductive 
property although it is of the simplest character. 

A flat material, such as plywood or vulcanite, 1s 
cut into pieces with shapes corresponding to A or B 
drawn to scale in Fig. 1. These objects are placed on 
a track where they can slide freely though they 
cannot pass one another. The track, formed by a 
shelf or groove, is blocked at both ends and restricted 
by a roof. Horizontal shaking will cause the pieces 
to move both on account of their own inertia 
and friction and on account of collisions with one 
another and with the ends of the track. The pieces 
will not link up in these circumstances. 

Two pieces, A and B, hooked together, as shown in 
Fig. 2, are now added to those originally on the 
track, and shaking 1s resumed. The result is to repro- 
duce the same AB complex at any point on the track 
where an A-piece happens to be immediately on the 
left of a B-piece. If the experiment ıs repeated, with 
the alteration that the new pieces inserted are hooked 
together as B and A in Fig. 3, the result will be to 
reproduce this figure, BA, at all possible places along 
the track. 








Shelf A 


Fig. 1. 





Fig. 3. Alternative complex of B and A 
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Elements A and B in neutral positions on the track 
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Table 1 
(1) Original neutral arrangement, 
ABLBABAAAB ABB, 


(ii) Result after adding the compter AB. 
AB... AB.B.AB.A.A.AB.AB.B, 


(iit) Result after adding the complex BA. 
BA... A.B.BA.BA.A.A.BA.B.B. 


' Thus, if the pieces are arranged as in Table 1, 
addition of AB produces four new AB groups and 
addition of BA produces three new BA groups. The 
difference between AB and BA is analogous to a 
mutation in that the changed complex is repeated ın 
its changed form. To emphasize the analogy, 
asymmetrical markings are shown on the surfaces of the 
pieces. The forms chosen here are not the only- ones 
suitable for this type of demonstration. They need 
not be symmetrical, though this ıs useful as it in- 
creases stability in the neutral position (Fig. 1). 

The example given here shows how reproduction 
can be demonstrated by an exceedingly simple 
mechanism. It has been the starting pomt for con- 
struction of more complcated models with similar 
basic properties. > 


L. S. PENROSE 
Umversity College, 
Gower Street, 
London, W.C.1. 


R. PENROSE 
Bedford College, oN 
Regent’s Park, 
London, N.W.1. 


Measurements of Deep Currents in the 
Western North Atlantic 


Tue depth of the level of no motion has been 
a controversial matter among oceanographers for 
many years. In caleulatmg currents from observed 
pressure distributions, it has often been assumed that 
the motion of the deep water must be so slow as to 
be negligible:?. On the other hand, Defant? and 
Wist‘ have arrived at consistent 
pictures of the circulation in the 
Atlantic usmg a surface of ‘no 
motion at intermediate depths. 
More recently, Stommel’ has sug- 
gested that there should be a deep 
current along the western boundary 
of the Atlantic, associated with an 
internal thermohaline mode of cr- 
culation, in the opposite direction 
to the Gulf Stream. 

Some measurements of deep water movements 
were made durmg March and early April of this year, 
usmg neutrally buoyant floats®, in an attempt to 
throw some light on this question of the position of 
the level of no motion. 

In choosing the most suitable part of the Gulf 
Stream system in which to work, various factors were 
considered. The surfece velocities in the stream off 
the American continent usually exceed 200 cm./sec., 
and 1t was felt that such strong currents would make 
it difficult to keep track of the deep floats. At 
Stommel’s suggestion, an area off Cape Romain,’ 
South Carolina, was chosen. Here the shallow (less 
than 800 m.) Florida Current flows over the Blake 
Plateau, while strong pressure gradients are found 
in the deep water farther offshore. Farther north, 
towards Cape Hatteras, the violent shallow gradients 
are superimposed on the deep ones. To the south 
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the deep gradients dwindle away in a manner not 
yet understood. On these counts it was decided to 
place the floats as close as was practicable to the 
junction of the surface Stream with the deep water. 

The bulk of the work was carried out in about 
lat. 33° N., and between long. 75° 30’ W. and 76° W. 
Excellent Loran coverage exists in this area. Two 
ships took part in this work, which was a joint venture 
of the National Institute of Oceanography and the 
Woods Hole Oceanographic Institution. The current 
measurements were made by the R.R.S. Discovery Il, 
while the R.V. Atlantis occupied hydrographic 
stations, in which serial observations of temperature 
and salinity were made in order to provide a nearly 
synoptic picture of the deep pressure conditions. 
~ Nine floats were followed, of which seven were in 
deep south-going water. The measurements lasted 
for periods of 1—4 days, with some overlaps when 
more than one float was being followed. Three floats 
at 2,500 metres moved in directions between south 
and south-west with mean velocities between 2-6 
and 9-5 em./sec,, and four floats at 2,800 metres 
depth moved almost due south with velocities of 
9-7-17-4 em./sec. Additional evidence for a south- 
going deep current was obtained by A. S. Laughton, 
who took underwater photogruphs’ of the defiexion 
of a ball suspended on a string, only 50 cm. above 
the sea floor, in a depth of 3,200 metres. A southward 
movement of about 5 em./sec. was found at that 
depth. 

The Atlantis hydrographic stations were made at 
right angles to the drift of each float. The spacing 
of the stations, eighty-eight in number, did not 
exceed ten miles in the vicinity of the floats. In 
one case a rectangular pattern. of eight stations not 
more than three’ miles apart was laid. There are 
some irregularities in the slopes of the deep isobars ; 
but the average conditions suggest that the level of 
no motion in this area most probably lies between 
1,500 and 2,000 metres, if the southerly movement 
of the deep water is to be accounted for by the 
geostrophic equation. 

J. C. SwaLLow 

National Institute of Oceanography, 

i Wormley, Godalming, 

Surrey. 
L. V. WORTHINGTON 
Woods Hole Oceanographic Institution, 
Woods Hole, Mass. 
May 13. 
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A Radio Method of determining the Velocity 
f of a Shock Wave 


TuE study of the physics of shock waves of 
sufficiently high intensity to produce appreciable 
gaseous excitation and ionization has in recent years 
become of increasing interest in relation to the gas 
dynamics of astrophysical phenomena and to the 
properties of gases at very high temperatures. 
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One of the principal tools of research in this field 
is the shock tube, in which a shock wave in a gas is 
initiated by suddenly breaking a diaphragm which 
originally sealed off a part of the tube containing a 
compressed gas. The precise shock velocity must 
then be determined experimentally, since it is 
influenced by the flow characteristics during forma. 
tion and by attenuation due to the walls of the tube. 

Previous methods of measuring shock velocity 
have depended on the determination of the time 
interval between the passage, of the shock front 
between two or more detectors which are sensitive 
to the change of state across the shock. Such methods 
determine the average velocity between the positions 
of the detectors, which are usually widely separatec 
so as to reduce the errors of measurement. 

The méthod here described has been devised tc 
provide virtually continuous measurement of velocity 
without the introduction of detecting probes along 
the tube. This is achieved by measuring the change 
of frequency caused by the Doppler effect on con- 
tinuous radio waves reflected from the shock dis. 
continuity. The method is most easily applied wher 
the reflexion coefficient is appreciably enhanced by 
ionization in the flow following the shock front; this 
condition is fulfilled when the value of the electror 
density N becomes significant in comparison with 
1-24 x 104 f?, where f is the radio frequency. (Me./s.). 
Since the tube acts as a wave-guide, the lower limit 
to the radio frequency which can be propagated down 
a tube is set by its cross-section. The tube used was 


-of mild steel cold drawn to an internal section of 


5-4 cm. square, and the radio frequency chosen for 
the experiment, namely, 5,000 Mc./s., was near the 
cut-off frequency. With f = 5,000 Mc./s., the reflexion 
coefficient becomes large when the electron density N 
is comparable with 3-1 x 10* electrons per c.c. 

The rise of temperature in a shock wave and the 
resulting degree of ionization have been predictec 
theoretically for monatomic gases such as argon! 
The required density for a strong radio reflexion ai 
f = 5,000 Me./s. can bè achieved over a very wide 
range of pressures in argon, initially at room tempera. 
ture, when the shock Mach number is higher than 6, 
thus producing a rise of temperature of the order of 
5,000° K. or more. 

In the experimental arrangement, a small dipole 
at the extreme downstream end of the tube was con. 
nected to a radio valve oscillating continuously at a 
frequency of 5,000 Mc./s. The signal reflected from 
the oncoming shock was displaced in frequency by 
the Doppler effect and received on the same dipole. 
The received signal was combined in a crystal mixer 
with a part of the oscillator signal so as to produce 
an output varying at the difference frequency. This 
frequency, which indicates the shock velocity, was 
displayed for measurement as follows. 

The output was passed through shaping circuits 
which converted the wave-form into & series of shart 
pulses. The interval between successive pulser 
corresponds to the time taken for the shock to travel 
a distance of 4-04 cm., equal to half the radio wave. 
length in the tube. For convenience of measurement, 
a scaling circuit was introduced to reduce the number 
of pulses by a factor of four. The intervals between 
successive pulses were then converted into voltages by 
causing & capacitor to be charged linearly during each 
interval, and the voltages were displayed as deflexions 
on a cathode-ray tube. The deflexions, which are 
inversely proportional to velocity along the tube, can 
be calibrated to indicate velocity directly. In order 
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Fig. 1. Variation of shock velocity along 
display 


to improve the reading accuracy, a constant bias 
was introduced in the voltages applied to the cathode- 
ray tube. 

Results obtained in this way are shown in Fig. 1 ; 
the velocity is determined by the ordinate on the 
display, while the abscissa indicates the position along 
the shock tube. The shock was produced in argon, 
initially at room temperature and at a pressure of a 
few millimetres of mercury, by use of hydrogen at 
about 30 atmospheres in the high-pressure section of 
the tube. Fig. 1 shows a shock Mach number of 
approximately 10, corresponding to a velocity of 
about 3-2 km./sec., which is attained when the shock 
becomes fully established at a distance of 1-2 metres 
from the diaphragm. ‘The velocity afterwards de- 
creases and fluctuates slightly. The method provides 
along the whole length of tube a detailed and accurate 
measurement of shock velocity, a parameter of funda- 
mental importance in studying the properties of 
shock waves. 

Acknowledgment is made to the Controller, 
H.M. Stationery Office, for permission to publish 
this communication. 

J. S. Hey 
J. T. PINSON 
P. G. SMITH 

Ministry of Supply, 

Royal Radar Establishment, 
Leigh Sinton Road, 
Malvern, Worcs. 
April 4. 


. aart S L., Lin, 8., and Kantrowitz, A., J. App. Phys., 28, 1390 


A Lead Fluoride Total-Absorption Spectro- 
meter for High-Energy Electrons and Photons 


In 1954, Kantz and Hofstadter: discussed the use 
of total-absorption spectrometers for high-energy 
electrons and photons. They outlined the advantage 
of such devices, and estimated the performance of 
different absorbing materials. The operation depends 
on trapping a large fraction of the incident energy 
within the absorber, which is made large enough to 
permit soft-shower development. (To keep the 
dimensions reasonable, absorbers of high atomic 
number are essential.) This trapped energy is 
dissipated by ionization along relativistic electron 
tracks in the absorber. As the absorber is to be 
transparent, visible light will be emitted by fluor- 
escence and Cerenkov processes: this light pulse is 
measured by photomultiplier techniques. 
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the shock tube as shown on the calibrated 
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Several instruments have been built 
on this principle. The materials that 
have been used are thallium chloride? 
and lead glass*:*, However, lead fluoride 
also satisfies the requirements for an 
absorber, and this communication de- 
scribes an instrument built around a 
crystal of this material. In lead fluoride 
there is no fluorescence (W. J. Van 
Sciver, private communication to D. A. 
Jones) and all the light emitted is 
Gerenkov radiation. The number of 
visible photons emitted is expected to 
be proportional to the fraction of the 
incident energy trapped. 

A crystal of lead fluoride was made 
available to this laboratory by the 
d University of Aberdeen. After polish- 
ing, the cylindrical crystal had a length of 5-6 cm. 
and diameter of 8-1 cm.; in radiation-lengths, 
these dimensions are 6 and 9 respectively. (A 
flaw developed across one edge during polishing, 
but the crystal has been used so that the flaw does 
not encroach on the useful parts of the crystal.) 
Using the data given by Jonest and Kantz', it is 
possible to estimate the performance: the crystal 
should trap an average of 65 per cent of the energy 
of a 200-MeV. photon or electron incident coaxially ; 
of the visible photons emitted, 35 per cent should 
reach the photocathode of a photomultiplier in con- 
tact with the flat end remote from the incident 
radiation ; the photons arriving at the photocathode 
are expected to generate an average of 74 electrons, 
that is, about 0-4 per MeV. 

Fluctuations will be imposed on this quantity by 
the following considerations. (a) There will be a 
variation in the fraction of the incident energy 
trapped in the crystal due to the statistical nature 
of the shower development. (b) The efficiency of 
light collection will depend on where the light is 
generated. (c) The number of photoelectrons ejected 
from the cathode of the photomultiplier for a constant 
light output will vary statistically. 

(a) and (b) are difficult to estimate. At 200 MeV., 
(c) will prevent the resolution being better than about 
25 per cent. It was hoped that all these effects would 
not prevent a resolution better than 30 per cent. 

The lead fluoride crystal was mounted in magnesium 
oxide and viewed at one end of the cylinder by an 
E.M.I. type 6099F 5-in. photomultiplier having & 
sensitivity of 48 pamp:/lumen. Optical contact was 
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Fig. 1, Pulse-height spectrum from lead fluoride spectrometer 
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made through D.C, silicone fluid 200.. The energy- 
resolution was tested by passing mono-energetic 
electrons into the erystal along its axis. Fig. 1 shows 
the photomultiplier pulse-height spectrum for an 
incident energy of 140 MeV. The resolution is about 
40 per cent. The mean pulse-height corresponds to 
approximately 44 photoelectrons from the multiplier 
cathode, that is, about 0-3 electron per MeV. The 
poor resolution is thought to be due to the variation 
in the fraction of the incident energy trapped in the 
crystal; this variation can only be reduced by 
increasing the size of the crystal. The mean pulse- 
height almost corresponds to that predicted. 

¿o This behaviour can be compared with that of a 
similar instrument built by Cassels’. His absorber 
was a glass cylinder, 20 cm. long and 12-5 em. 
diameter (8 and 5 radiation-lengths respectively). 
This instrument measured the energy of 125-MeV. 
electrons with about 30 per cent resolution and gave 
pulses corresponding to 0-7 photoelectron per MeV. 

o This superiority is expected, as a glass absorber of 
comparable dimensions to a lead fluoride absorber 
will give a greater Cerenkov light output due to the 
longer total electron-path at the same energy. How- 
ever, light collection is more difficult. 

=O These results indicate that in the range 50-300 
MeV. lead glass is the better absorber, since the size 
required is still manageable. A lead fluoride absorber 
has, however, only one-third the linear dimensions of 
the equivalent glass absorber ; therefore, at energies 
where the lead glass required is too large, lead fluoride 
will be more convenient. The resolution should 

` improve as the energy increases, 
We are indebted to Prof. R. V. Jones and Dr. 
D. A. Jones, of the University of Aberdeen, for the 
gift of the lead fluoride crystal, and to Prof. P. I. 
Dee for encouragement and useful discussion. 
W. S. C. WILLIAMS 
H. S. CAPLAN 

Department of Natural Philosophy, 

l The University, 
Glasgow, W.2. 
April 8. 
i Kantz, A., and Hofstadter, R., Nucleonics, 12, 36 (1954). 
* Cassels, J. M., Proc. Phys. Soc. (in the press), We are indebted to 


Prof. Cassels for supplying this information about his instrument 
prior to publication. 

* Jester, M. H, L., University of California Radiation Laboratory, 
2990 (1955). 

t Jones, D. A., Proc. Phys. Soc., B, 65, 165 (1955). 


lonization Potentials of Hydrogen Fluoride 
and the Ground-State of the HF+ lon 


Johns and Barrow! have recently reported the 
-results of their ultra-violet spectroscopic studies of 
the DF+ and HF+ molecular ions. They concluded 


-i that the observed bands were due to transitions 
> between a lower A-atate and an upper B-state. The 


Al-state was regarded as being the 4*X+-state arising 
from the combination H++¥F(?P). Johns and Barrow 
state that if A?£+ is the ground-state of the HF+ ion, 
then the ionization potential of HF would be 16-88 eV. 

The ground-states of the HCI+ and HBrt molecular 
ions are *[Ij-states arising from the combination 
H+ XHEP). This -state could, of course, be the 
: ground-state of HF +. 

Recently, we determined the ionization potentials 
of HF, using essentially mono-energetic electrons?, 
and found that the first ionization potential was 
15-77" eV. and that there is another ionization 
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potential at about 1-2 eV. above this due to the 
formation of the HF+ ion in its first excited state, 
A detailed consideration of the electronic structure 
of the HF molecule led us to conclude that the 
ionization potential at 15-77 eV. refers to the forma- 
tion of the HF+ ion in its "{l;-state, and the second: 
ionization potential refers to the formation of HE+- 
ion in its first excited A*E+-state. Bands due to 
the transitions A*Z+ — Ih and B'E+ — fl; are 
therefore still to be found for the HF+ ion. Our 
results indicate that the former bands should be. 
found in the near infra-red. 

A detailed discussion of these matters is contained 
in a’ paper presented at the annual conference of. 
the Chemical Institute of Canada held in Vancouver, 
B.C., June 3-5, 1957. 


J. A. R. Coopr 
D. C. Frosr 
C. A. MoDoOwELL 
Department of Chemistry, 
University of British Columbia, 
Vancouver 8, B.C. 


+ Johns, J. W. C,, and Barrow, R. F., Nature, 179, 374 (1957). 


? Fox, R. E., Hickam, W. M., Kjeldaas jun., T., and Grove, D. J., 
Phys. Rev., 84, 859 (1951), Frost, D. C., and MeDowell, ©, AL, 
Proc. Roy. Soe., A, 282, 227 (1955). 


Ir is very satisfactory that evidence for the 
*{ly-state of HF+, which proves to be the ground... 
state, has now been obtained, and the agreement - 
between the electron impact value of the ionization 
potential to A*L+, 15-77 + 1-2 = 16-9, eV., and the 
spectroscopic and thermochemical value, 16-88 eV., 
is very good. Comparison with HCI and HBr 


suggests that we” and re” for HF+ should have values 
similar to those for the ground-state of the neutral 


molecule. The relative dispositions of the potential 
curves (Fig. 1) are such that the transition B-~X 


50,000 
em} 
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r(A.) 


Fig. 1. Morse potential energy ~internuclear distance curves 


for electronic states of HF+ 


in the ultra-violet region must be weak: however, 
it seems likely that the A-X transition should be 
observable, The 0,0 band should lie at about 11,200 A., 
and the 1,0 band at about 8500 A. 


J. W. C JOHNS 
R. F. BARROW 


Physical Chemistry Laborstory, 
University of Oxford. 
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-Thermal Properties of Plaster of Paris in the 
Powdered Form 


Tue thermal conductivity of powdered plaster of 
< Paris was reported in 1896 by Lees and Chorlton’. 
Their value of 0-00261 gm. cal./sec./deg C./em. has 
since been incorporated into the literature of heat 
transfer, primarily through the medium of the 
“Intemational Critical Tables’. So recently as 1950, 
- text-books have continued to report this value. 
“Unfortunately, the decimal point in the original 
paper and subsequent copies has been misplaced. 
Lees and Chorlton should have reported a value of 
0-000261 gm. cal./sec.j/deg. C./em. 

In a recent test carried out at the National Research 
Council of Canada using the line heat source method?, 
the following thermal properties of powdered plaster 

. of Paris having a density of 1-13 gm./e.c. were 
“obtained : 
Thermal conductivity = 0-00032 gm. cal.jsec./deg. C.jem. 
#/sec. 


Thermal diffusivity = 0-0012 em. 
Specific heat 23 


-Division of Building Research, 
> National Research Council, 
fe Ottawa. 
¥ Lees, Č. H., and Chorlton, J. D., Phil. Mag., 41, 495 (1896). 


* Ingersoll, L. R., Zobel, O. J., and Ingersoll, A. C., “Heat Con- 
duction” (Univ. Wisconsin Press, 1954). 


Breath Figures 


Grass surfaces are sometimes sparked with a 
“high-voltage high-frequency spark, or flamed, to 
clean them of organic contamination, and then 

checked for cleanliness by breathing on the surface. 
A characteristic ‘breath figure’ appears, the moisture 
- from the breath condensing in tiny droplets on any 
_ hydrophobic contaminated areas, which appear 
cloudy, but condensing uniformly on the hydrophilic 
areas to form clear patches. The hydrophilic areas 
are sometimes thought to. be ‘clean’!. 
Baker? found that sparked areas remained hydro- 
_ phylie for surprisingly long periods of time, and 
furthermore had the extraordinary property of 
causing plates left in contact with them to give 
similar breath figures when breathed upon, that is, 
they caused ‘transfers’, Baker thought transfers 
were caused by gas molecules occluded by the first 
plate having a cleaning effect on the second. Further 
experiments, however, suggest that the activity of 
< the sparked plate is due to the presence of radicals 
trapped in a surface film and not to gas molecules 
oceluded. by the surface of the glass. 
If a plate is cleaned with acid to remove all organic 
> material and then sparked, it will not cause transfers. 
<a Very much longer times are required for any transfer 
to occur if the second plate is first cleaned in acid 
“¢han if it is slightly contaminated, suggesting that 
“hydrophobic material is not removed from the second 
plate or hydrophilic material as such transferred to 
it, but that any film on the second plate is altered 
by some activity of the first plate. If the second 
plate is coated with a film of potassium iodide and 
_-“gtarch, the area opposite the hydrophilic area on the 
_ first plate becomes brown in colour, the brown 
becoming a bright blue if the plate is wetted. An 
abraded zinc surface affects a starch- ssium 
“iodide plate in a similar way, and Grunberg? has 
- cauggested that reactions, involving free radicals, 















NATURE 


1187s. 


occur on freshly exposed metal surfaces. The positive 
starch—potassium iodide reaction suggests that the 
radicals involved may be peroxides, though there is 
some evidence’ that hydroxyl radicals may be con- 
cerned. If styrene is polymerized in test-tubes that 
have been previously sparked and in chemically 
clean test-tubes, polymerization is faster in the former. 
Free radicals would maintain a sparked surface in a 
hydrophilic condition if the rate of contamination 
was sufficiently slow. Hence the radical theory would 
explain why a sparked surface exposed to atmospheric 
contamination remains hydrophilic much longer than 
a plate cleaned in acid. 

The transfer experiments suggest that, though» 
sparking may remove much of the contamination, a 
very thin film of material is left on a glass surface 
even after prolonged sparking. 

Incidentally, the breath figure formed under a 
stationary electrode is not necessarily a simple disk. 
A small patch appears and grows larger, but after a 
certain amount of the contaminating material has 
been removed or changed to hydrophilic material, 
the remaining hydrophobic material is repelled out- 
wards to form a well-marked annulus, If a contam- 
inated plate is sparked for a long time, several 
alternately hydrophobic and hydrophilic annuli may 
form. ; 

We thank Dr. E. J. W. Whittaker, who suggested 
the free-radical mechanism, and the Directors of 
Ferodo, Ltd., for permission to publish this com- 
munication. p 
R.T. Spurr 
J. G. BUTLIN 

Ferodo, Ltd., 
Chapel-en-le-Frith, 
via Stockport, 

Cheshire. March 6. 

1 Strong, B., “Modern Physical Laboratory Practice” (1938). 
2? Baker, T. B., Phil, Mag., 44, 261 (1922). $ 
* Grunberg, L., Proc. Phys. goe., B, 66, 153 (1953). 


‘ marth) K., Sumi, M., and Owaki, T., J. Phys. Soc. Japan, 4, 130 


Relative Tendencies of Similar Organic 
Derivatives of Nitrogen(Il), Phosphorus(Ill), 
Arsenic(IH), Oxygen(Il), Sulphur(Il) and 
Selenium(Il) to form Complexes with Silver 
lons 


THERE is very little quantitative information about 
the relative co-ordinating tendencies of the heavier 
donor atoms of Groups V and VI, and this relates 
mainly to acceptor atcms (class a), which form their 
most stable complexes with the lightest donor atom 
of each group, namely; N, O and E~.. This informa- 
tion has been obtained from vapour phase equilibria’. 
There is none relating to those metals (class b) which. 
form their most stable complexes with the second- 
lightest or one of the heavier donor atoms of each 
group, and only a very little, mainly semi- 
quantitative, to atoms on the borderline between 
the classes, such as boron? and thallium’. 

This gap in our knowledge exists because equilibria 
involving typical acceptor atoms of class b and 
ligands containing the heavier donor atoms do not 
lend themselves easily to measurement. However, 
by a suitable choice of substances we have been. 


able to measure the affinities of some sulphonated & 


ligands, a phosphine, an arsine, three sulphides and 
a selenide for silver ien in aqueous solution, -. 

























Ligand No. (A) 


p {Lk} 
Fig. 1. Curves for the formation of complexes of silver ions with a variety of 
monodentate ligands, L 


The stability constants, K » for the equilibrium : 
Agt + In- = Aglin-)-; K, = [AgL][AgIL] 


are given in Table 1, where L is any of the ligands 
listed there. Comparison with K 1 for the benzene- 
sulphonate ion shows that the donor atom in each 
case is that which is in heavy type. In the case of 
the anisolesulphonate ion, the donor atom was not 
‘determined but may be an oxygen atom of the -SO,- 
group. 


< Tablo 1, 


FIRST STABILITY Constants, K,, FOR A SERIES OF 
StLVER(I) COMPLEXES IN AQUEOUS SOLUTION AT 25° 
Symbol used 
Ligand Tonic strength K, (mole~*) in Fig. 1 
2-NH,C.H,SO, 1-0 (NaCl0,) 14 — 
NEO ES oF Od eects) 14% 108 P 
AG if SO" 0-2 (NaClO, 2 x 10° As 
p-OMeC,H 30,7 1-0 (NaClO) 0-76 0 
EtOH, S0, 0-1 (NaClO s) 415 SEt 
gSFhO.H SO. 0-1 (NaClO,) 47 SPh 
ober 0a) 0-2 (NaClO ,) 25 ~ 
ePhOLH,S0,- 0-1 (Natio S . 430 Se 
0.H,80,- 1-0 (Naclo,) 0-9 C.H,S0,- 
. ore orientation of this substance has not been proved but is 
T! y meta. 


There is little need for comment upon the figures. 
The class b character of silver is at once apparent, 
and also the extraordinarily high affinity of the 
sulphonated triphenylphosphine for silver ion. This 
‘is known qualitatively to be one of the more weakly 
co-ordinating of tertiary phosphines, and the trialkyl 

. phosphinegs may have K, even greater by some 

_ powers of ten. Metanilie and sulphanilic acids are 
very weakly co-ordinating amines, because of the 
conjugation of. the nitrogen atom with the sulph- 
onated aromatic nucleus. The value of K 1 for 
ammonia‘ is 1,740 and that of pyridine® 110. 

Complex-formation curves for the ligands have 
been completely determined and a selection is given 
in Fig. 1, with those of ammonia‘ and chloride iont 

r comparison, The variety of formation curves is 
teresting. The formation of complexes by the 
trisulphonated arsine appears to -stop at ligand 
“number, ñ = 1, by ammonia at ñ = 2, by the 
phosphine at ñ = 3, and the remainder, except those 
which are very weakly co-ordinating, at ni = 4. 
_None of the sulphonated ligands shows any sign 
of a ‘stop’ or inflexion in the complex-formation 
curve at n = 2, although this has been considered a 
characteristic of the silver and related ions. In fact 
the second complex, AgL, has only a short region 
of stability in every case. Doubtless the formation 
< of complexes by the trisulphonated arsine stops at 
ñ = 1 because of its high negative charge (— 3e) and 
the accumulation of negative charge which would 
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result if more than one ligand molecule 
entered the complex... The ‘stop’ at 
” = 3 in the formation curve of the 
phosphine is probably caused partly by 
steric factors and partly because fairly 
strong dative x-bonding from the silver 
ion to all the phosphine atoms is- 
possible if the silver complex has a 
trigonal sp? hybridization. 
We do not expect the variety of 
formation curves given by the silver.. 
ion to be a general characteristic of 
class b atoms; it probably arises be- 
cause silver(I) can form stable com- 
plexes with linear sp, trigonal sp? or 
tetrahedral sp? hybridizations. Any 
properties such as the electronegativities and double- 
bonding tendencies of the donor atoms which favour” 
one rather than another of the above hybridizations 
will greatly alter the shape of the formation ctirve. 
Such variations in the co-ordination number of most: 
metal complexes are not possible. e 
A detailed description of this work with further 
examples and a discussion of the significance of the 
results will be published elsewhere. 
Sten AWRLAND 
J. CHATT 
N. R. Davies 
A. A. WILLIAMS 
Research Department, 
Imperial Chemical Industries, Ltd., 
The Frythe, 
Welwyn, Herts. 
March 8. 
1 For example, (4) Davidson and Brown, J. Amer. Chem. Sele, a 
316 (1942). (b) Coates, J. Chem. Soc., 2003. (1951), N 
‘Graham and Stone, J. Inorg, Nucl. Chem., 3, 164 (1956). 
* Coates and Whitcombe, J. Chem. Soe., 3851 (1956). 


‘ Bjerrum, “Metal Ammine Formation in Aqueous Solution’, 130 
(Haas and Son, Copenhagen, 1941). 


* Bruehlman and Verhoek, J. Amer. Chem. Soc., 70, 1401 (1948), 
* Berne and Leden, Sven. Kem. Tid., 85, 83 (1953), 


Modified Preparation of Pseudosapogenins _ 


In view of the easy availability of diosgenin in 
large amounts from Indian Dioscorea yams! and the 
importance of pseudosapogenins for the preparation — 
of steroid hormones, we were interested in the cone 
version of diosgenin into pseudodioagenin. The usual 
method? consists in heating the sapogenin with five oe 
times its weight of acetic anhydride in a sealed tube as 
at 195-200° C. for 10 hr. After a number of trials we _ 
found the optimum temperature to be 192°C. (with _ 
10 hr. heating). fogs 

Recently, as it appeared that pressure has very. 
little effect. on this reaction, we carried out the con- 
version in an open system using triacetin as a high- 
boiling medium. For this purpose, 5. gm. diosgenin 
was refluxed for 10 hr. with 8 ¢.c. acetic anhydride 
and 35 c.c. triacetin. The heating was adjusted to 
keep the temperature of the liquid mixture at 192° Ce 
throughout the period. The dark-coloured liquid 
was washed by decantation with warm water and 
the oily residue cooled in ice, when pseudodiosgenin - 
diacetate crystallized out. The product, after re- ee 
erystallization from methanol, had melting point 
99-100° C., yield almost quantitative. This method 
appears to be also suitable for preparation of other — 
pseudosapogenins. As triacetin has no catalytic 
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“action it may be replaced by other similar high- 
boiling solvents. 

9) The work was financed by the Council of Scientific 

“and Industrial Research, New Delhi. 
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. D. CHAKRAVARTI 
Department of Chemistry, 


Bethune College, 
-. Caleutta. 
R. N. CHAKRAVARTI 
M. N. MITRA 
Department of Chemistry, 
School of Tropical Madicine, 
i Calcutta. 
March 1. 
“A. Chakravarti; R. N., et al., Ind. Med. Gaz., 88, 422 (1958); J. Ind. 
ii Chem, Soc., 31, 173 (1954); 83, 799 (1956). 


| ‘©Marker, R. E.; Tsukamoto, T., and Turner, D. L., J. Amer. Chem. Sot., 
; » O62, 2525 (1940). 


_. An Unstable Modification of Aprobarbital 
POLYMORPHISM in aprobarbital (6 allyl 5-isopropyl 
barbituric acid) has been reported by several 
_ sworkers'-*. Three modifications are quite stable and 
have been well described in the literature, and a 
` fourth modification has been prepared by Brand- 
_ gtatter?, who has reported only a melting point, and 
_ gives no preparative details, Huang’ has attempted 
-to prepare this modification IV, but although a new 
< cerystal habit was observed, it was found to have 
"the same X-ray diffraction pattern as modification III. 
Polymorphism was cbserved in this Laboratory in 
the course of work on the identification of toxico- 
logical barbiturate specimens by X-ray diffraction. 
Tt was noticed that aprobarbital (inter alia) gave 
different modifications on crystallization from aqueous 
alcohol and ‘chloroform. _ Comparison of the X-ray 
patterns obtained on a 90° North American Phillips 
diffractometer with the data given by Huang? 
established that crystallization from alcohol gave 
"modification I and that the product from chloroform 

was modification ITT. 

=- However, under the microscope, the crystals 
~~ obtained from chloroform solution were observed to 
be opaque, and without any clearly defined faces, 
-This was initially assumed to be due to deposition of 
_ a microcrystalline or amorphous phase on the surface 
of the crystals as they dried, since, in the presence 
of the mother liquor, the crystals were observed to 
be fine transparent needles, with clearly defined faces. 
- However, all attempts to remove any such surface 
- layer by redissolving im chloroform, or dispersing in 
< mineral oil, failed, and no sign of the original trans- 
parent crystal could be found. 
Ib was desired to study the 
















transparent crystals 


Q in the mother liquor with X-rays, but the high 
absorption of the X-rays by chloroform and the 
volatility 


of the solvent made this very difficult. 
it was found that the crystals could be 
adding water to the chloro- 
and drawing off the 
lass Gooch crucible. 








: ‘Huang’, and possibly the same as that prepared by 


- Brandstitter. 
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It appears that whereas this modification is reason- 
ably stable in the presence of the mother liquor, it 
reverts to the more stable modification III as the 
crystals dry. This change was seen. clearly when a 
suspension of the crystals in water was allowed to 
dry out; the needles changed their form on drying, 
and became rods with very well-defined end-faces, 
which gave the X-ray pattern of modification III. 

I thank the Director of the Soil Bureau, Wellington, 
for the use of the X-ray diffractometer, and the 
Director of the Dominion Laboratory for permission 
to publish this communication, 


PLP. Wri1aMs 


Dominion Laboratory, 
Wellington, New Zealand. 
Feb. 28. 

2 Fischer, R., Arch. Pharm. u. Ber. dtsch. pharm. Gesel., 270,- 149 
1932); Mtkrochemie, 10, 409 (1932). Reimers, F. Dansk. Tids. 
arm., 14, 1 (1940). : : 

3 Brandstatter, Maria, Z. physik. Chem., A, 191, 227 (1942). 

* Huang, T-Y., Acta Pharm. Intern., 2, 95 (1951). 


Reversible Enzyme Inactivation due to 
N,O-Peptidyl Shift — 


In the course of a study of the N,O-acyl shift at 
the hydroxyamino-acid residues of proteins (N,O- 
peptidyl shift) we cbserved that under certain 
conditions lysozyme was reversibly inactivated in a 
way suggestive of a direct dependence on the re- 
versible N,O-peptidyl shift. In earlier work! on this 
rearrangement in proteins, concentrated mineral 
acids were employed, and concomitant, irreversible 
processes then make is difficult to observe any con- 
nexion between the N,O-peptidyl shift and the bio- 
logical activity., However, a search for milder con- 
ditions has revealed that the reaction also takes 
place in formic acid at ordinary temperature, and 
apparently without other changes’. 

Lysozyme dissolved. in anhydrous formic acid at 
room temperature gradually lost its enzymatic 
activity over a period of hours.. Complete reactiva- 
tion could be brought about by keeping the in- 
activated enzyme in aqueous solution for 4 hr. at 
pH 7-5-8-5 and room temperature. The reactivation 
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Fig. 1. Alkali consumption (—-@—0—@-—) during reactivation 


O) of inactivated lysozyme 



































Fig. 2 Electrophoresis diagrams of mixture of native and 

inactivated lysozyme (a, time of exposure 160 min.), Inactivated 

{b, time of exposare 150 min.), and reactivated lysozyme {e, time 

of exposure 190 min,). ‘Acetate buffer, ionic strength 0-1 and 
pH 3-00, Arrows indicate starting points 


was accompanied by a release of acid, and this could 
be followed at a constant pH using an autotitrator. 
Parallel measurements of activity showed that the 
alkali consumption and the reactivation ran. strictly 
parallel (Fig. 1). Both reactions followed a first-order 
course with a specific rate-constant of 1:15 x lb? 
min, at 20° C. and pH 7:5. 

The electrophoretic mobilities of the native, 
inactivated and reactivated forms of the enzyme 
were determined in a Tiselius-Svensson apparatus 
üsing an acetate buffer, ionic strength O'l and 
pH 3-90 (Fig. 2). The mobilities were as follow: 
native enzyme, ~ 0-84 x 10-4 em.? volti sec? 
inactivated form, + 1-01 x 10-4 em.? volt. sec} 5 
and for the reactivated enzyme, + 0-84 x 10 em? 
volt? sect. In order to obtain a single peak for 
the reactivated form, it was necessary to carry the 
alkali treatment up to pH 8-5 (see Fig. 1). 

The experimental evidence strongly supports the 
assumption that the jnactivation-reactivation pro- 
cess is caused by a reversible N,O-peptidyl shifs : 


R 
R | 
0—CH 


| 
0 HO—CH i v4 | 
\ ' ; | 
| 


i | i 
_t NH-CH— + H+ e —C H,N*—CH— 





A release of hydrogen ions is to be expected in the 
reaction to the left, thus accounting for the observed 
alkali consumption during reactivation. Further- 
morea, . arnine-nitrogen. determinations (v. Slyke 
method) during: the inactivation showed a gradual 
increase, which again disappeared after the reactiva- 
tion. Also, the electrophoretic findings are in con- 
formity with this interpretation, which requires that 
the inactivated form should carry a more positive 
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charge than either the native or the reactivated: 
enzyme. 

As judged by several criteria, for example, 
crystallizability, end-group determination and electro- 
phoretic mobility, the reactivated enzyme seems to 
be identical with the native enzyme. 

Our results do not allow us to select any one or a 
small number of the approximately seventeen possible 
reactive sites in the enzyme molecule as more im- 
portant for its activity than the others. 

A full account of this work will appear elsewhere. 
Grants in support of it from Eli Lilly and Com- 
pany and from the Medical Faculty of the University” 
are gratefully acknowledged. 

PERR EDMAN 
LARS JOSEFSSON 


Department of Physiological Chemistry, 
University of Lund. 
Feb. 2. 

2 Desnuelle, P., and Casal, A., Biochim. Biophys. Aca, % G4 (1048) 
Bhiott, D. F., Biockem. J., 80, 542 (1952). Elliott, D. Pea “The: 
Chemical Structure of Proteins”, edit, by Wolstennoime, G, B, W., 
and Cameron, M, P. (J. and A. Churchill, Lid., London, 1953). 
Chibnali, A. C., and Rees, M. W., idem. 

* Josefsson, D., and Edman, P., Acts Chem. Scand., 10, 148 (1956). 


Glycosidases in Mammalian Sperm 
and Seminal Plasma 


Previous investigations of animal ghycosidases.. 
have shown that certain enzymes of this group occur : 
in a state of particularly high activity in reproductive 
organs; for example, §-glicuronidase in the pros 
putial glands of the female rat’, and §-N-acetyl. 
glucosaminidase and x-mannosidage in the epididymis 
of the male rat®?. Preliminary results indicated high 
o-mannosidase, and relatively low g-N-acetylglucos- 
aminidase, activity in rat epididymal sperm, whereas 
the high activity of both enzymes in bull semen was 
largely confined to the seminal plasma {Conchie, Ji, 
and Levvy, G. A. unpublished work). It was the 
object of the present investigation to extend the 
study of these enzymes to the sperm, seminal plasma 
and male accessory secretions of other animals, and 
also to compare the activity of the three glycosidases 
mentioned with that of other similar enzymes, 
namely, 8-mannosidase, o- and §-glucosidase, o- and 
B-galactosidase, 3-xylosidase and a-N-acetylglucos- 
aminidase. The substrates used were phenolphthalein 
glucuronide and the phenol and o- or p-nitrophenol 
derivatives of other glycosides*, Results are expressed 
in units, defined as micrograms of aglycone (phenol- 
phthalein, phenol and o- or p-nitrophenol, re- 
spectively) liberated under suitable conditions** by 
1 mi. semen or accessory gland secretion in 1 Br. 
at 37°C. Results for sperm are ealeulated on the 
original volume of semen. The species investigated 
include the ram, bull, 
and man. 

Experiments on ram semen, which is particularly 
suitable for studies on spermatozoa because of its. 
high concentration of sperm (2-5-5 million cells/ wl), 
showed that two glycosidases, namely, e-mannosidase 
and g-N-acetylghucosaminidase, in contrast to the’ 
others studied, are present in the spermatozoa therm- 
selves, that is, after the rernoval of seminal plasraa. ~ 
This is of special interest in view of the fact that both: 
mannose and N-acetylglucosamine are known to 
occur in spermatozoa, as constituents of the acrosomal 


poar, stallion, rabbit, deg 
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Table 1. 
Results expressed as agm. phenol (P), o- or p-nitrophenol (N) or 
seminal plasma; V8 resbalar SOE il aS, OD sidi EEA na 
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Gùvcoarnase ACTIVITY IN SEMEN AND MALE i 
eek gR liberated. per ml in 1 Te at 37°. (8, whole semen ; SP, 


u9 





ACCESSORY SECRETION: 
seminal plasma; ESp, epididymal sperm ; PS, 











dynai em am p aema i AS 
l Enzyme | ; Bull ; | Boar : | 
| s SP vs S SP Vs ES ESp | 
| a-Mannosidase (P 395 600 444 315 270 2,650 | 0 | 
B WW) 820 628 1,530 1,120 1,112 844 2,472 0 
8-Mannosidase {P 263 263 0 0 105 | 
| a-Glucosidase {N 60 0 16 6 0 | 
 P-Glucosidase (N 0 0 40 0. oO; 
a-Galactosidase {P 0 0 0 0 0 | 
8-Galactosidase (N) 420 320 360 48 48 0 OF 
#-N-Acetylglucos- 
. aminidase (P) | 16,700 15,200 7,500 | 104,750 101,500 105,250 702,500 | 4 8,960 
N 56,700 10,800 | 220,000 188,000 196,000 1,150,000 6,720 
A-Ghicuronidase (PP) 1,628 900 — 54 0 0 3 0; 
Ej 





























f 7 
4 “aj Rab- Mon- | Hedge- | 
| Enzyme" bit | Dog Man key hog 
| od SP 8 S SP* YS P. 
i be a ER A om i 
~ a-Mannos- j i 
idase P) 306 181 283 200 | 
(N) | 1,320] 405 353 218 | 1,212 390 
8-Mannos- | 
‘idase (P)| 1,022 15 195 0 0 0 
a-Glucos- 
dase (N) 54 20 155 82 0 9 
A-Glucos- 
dase (N) Q 0 60 0 40 
i Gutaetoe: 
; (P) 257 0 0 0 0 
2: Galactos- 
idase 837 68 125 68 6 140 
B-N-Acetyl- 
plucosamin- 
at 15,680 | 3,250 | 11,200 | 7,288 | 1,458 | 6,250 
86,260 | 6,880 | 19,600 | 15,250 | 3,960 | 6,840 
B-Glucuron. 
idase P) 70 12 348 232 186 122 











* Different specimen 


polysaccharide complex‘. Out of 370 units of 
-@-mannosidase and 20,000 units of 6-N-acetylglucos- 
aminidase found in 1 ml. of- whole ram semen, 320 
end 4,000° units, respectively, were derived from 
_ spermatozoa. Procedures which cause structural 
_ damage or partial disintegration of sperm cells, such 
as cold-shock®, shaking in a Mickle disintegrator, or 
_ treatment. with surface-active agents, not only failed 
to ‘release’ more «-mannosidase from the spermato- 
20a, but produced a definite decrease in activity. 
. Of the remaining glycosidases present in ram semen, 
 B-mannosidase .. (2,000 units/ml.), §-galactosidase 
< (2,000-6, 000 units/ml.) and 8-glucuronidase (260-— 
670 units/ral.) were confined chiefly to the seminal 
plasma, while the remaining enzymes were either 
| poorly active (glucosidases, o-galactosidase) or absent 
altogether (6-xylosidase, «-N-acetylglucosaminidase). 
<o The main results obtained with ejaculated semen, 
‘seminal plasma and accessory gland secretions of 
species other than sheep are recorded in Table 1. 
< B-Xylosidase. and «-N-acetylglucosaminidase are not 
listed, since their activity was negligible in all species. 
Results obtained. with ejaculated spermatozoa are 
also. omitted in view of the generally low activity in 
washed sperm cells other than ram. It has, however, 
_ been possible to demonstrate the presence of «- 
- mannosidase and §-N-acetylglucosaminidase in boar 
and rabbit spermatozoa washed free from seminal 
: plasma. The outstanding fact emerging from Table 1 
is the extraordinarily high level of B-N- -acetylglucos- 
| aminidase and a-mannosidase activity in the epi- 
_ didymal seminal plasma. In all species disted in 
_ Table 1, including man, 6- N-acetylglucosaminidase 
was the most active of the. glycosidases in ‘seminal 
_ plasma and accessory gland secretions, with a- 
_ mannosidase ranking next in activity. 















We wish to thank Miss J. Findlay for: specimens of 
phenyl 8-N-acetylgluccsaminide and p-nitrophenyl 
B-N-acetylglucosaminide. 
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Occurrence of Phenol Oxidase in 
Streptomyces antibioticus producing 
Actinomycin B 


I APPROACHED the study of the production of 
actinomycin by Strepto- ‘nyces antibioticus No. 105/5 
from the point of view cf the biosynthesis of a model 
antibiotic with a quinone structure. F thought that 
the biosynthesis of actinomycin, as a quinone anti- 
biotic, might be catalysed by phenol oxidases. 
Although the molecule of actinomycin is not a typical 
quinone with two carbenyl groups, phenol oxidases 
may take a part in the biosynthesis of this anti- 
biotic, at least during the formation of some inter- 
mediary product. Fer example, dioxi-dimethyl- 
acridonquinone and dioxitolaquinone were obtained 
during the breakdown cf actinomycin!. 

After a suitable manometri¢ method for t 
determination of phenal oxidase had been work 
out?, phenol oxidase of the laccase type was found 
Streptomyces antibioticus No. 105/5. producing actino- 
mycin B. This laccase is an endoenzyme with 
maximum activity at pH 4-0-4-5.. Hydroquinone 
is oxidized most rapidly, catechol more: slowly and 

p-phenylenediamine very slowly. Maximum pro- 
duction of laccase was et pH about 5 in submerged 
eultures of Actinomyces on the rotating shaker. 

To obtain a more concrete basis for a study of 
fermentation in Actinomyces, Ihave: studied the 
relation of the producticn of actinomycin to that of 
phenol oxidases and desermined optimal conditions 
for the activity and prcduction of phenol. oxidases. 
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Table 1. PRODUCTION OF- PHENOL OXIDASE Ano ACTINOMYCIN BY 
Streptomyces antibiotious No. 105/5 


























< | Medium | Ageof pH | Actinomycin | Phenol oxidase | 
a culture {agm im.) (zl. oxygen/hr./ml.) | 
Cane | -~ meem- eect ernment 
A 6 days | 53° 336 262 | 
B |ë n| 82 330 252 ; 
C 6: G; 74 253 223 i 
ble | a È Bo 
6 | Be | 136 | 
P-0-05 | 1 day 59 0 9 | 
2 days | 55 3 T $5 | 
3 p Sl 25 22 
4. 1 5 120 84 | 
Gorgi 6-1 230 136 i 
| 8, 5-1 215 182 
H T us 53 220 221-5 
af 5-5, 200 129 


T 
| : 





When cultivating Streptomyces antibioticus in sub- 
merged cultures on different media on the rotating 
shaker, a direct. relation between the production of 
actinomycin and that of phenol oxidases was found. 

The effect of pH on phenol oxidase production and 
» that of actinomycin was studied with Actinomyces 
.. cultivated on the rotating shaker in media P-0-35 
< with different concentrations of di-ammonium hydro- 
gen phosphate. The decreasing concentration of 
phosphate was made up by adding equimolar amounts 
of ammonia ions- as ammonium chloride. After 
cultivation for six days, a direct relation between 
the production of phenol oxidase and that of actino- 
mycin was found (Table 1, media A, B, C, D, E). 

A similar direct relation between the amount of 
phenol oxidase and the production of actinomycin 
was found during the development of the culture in 
two media P-0-35 (glucose l per cent, lactose 1-5 per 
cent, corn steep 0-35 per cent, di-ammonium hydrogen 
phosphate 0-4 per cent, 
sodium chloride 0-5 per cent, 
calcium carbonate 0-1 per 
cont; pH 6-2) and P-0-05 
` (the same medium with only 
“0-05 per cent corn steep) 
(Table 1). 

On the basis of these 
results it is concluded that 
phenol oxidase of the laccase 
type participates most prob- 
ably in the biosynthesis of 
actinomycin B by Stérepto- 
_ myces antibiotious. 

T attempted to use results 
obtained on the optimum 
` activity of phenol oxidase 
for a study of the fer- 
mentation of actinomycin 
B. A medium was de- 
veloped for the fermenta- 
òn of ‘actinomycin. con- 
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the pH ‘decreases from 6-2 
to 5-1 during cultivation. 
The lower pH (near the 
optimum. value for pheno 
oxidase activity) is main- 
tained for several days. 
Under these conditions, act- 
inomycin is produced in 
such large anounts that o 
during cultivation a super- 0 
saturated solution of the 
antibiotic is formed from 


mi, carbon dioxide per 10 kgm. fresh weight per hr. 
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which actinomycin’ is precipitated as a red solid 
substance that collects at the surface of the culture. 
in the foam that is formed. In this way it was shown 
that there is.a direct relation between phenol oxidase: 
of the laccase type and the production of an. anti- 
biotic (although this was done by indirect proofs): 
By achieving optimum conditions for the production. 
and activity of laccase during cultivation of Actino-— 
myces, optimum conditions for the production of 
actinomycin were also produced. y 
Details-of this work will be published in Cs. mikro- 
biologie. 
VrapmirR Ševčík 
Department of Microbiology, 
Institute of Biology, 
Czechoslovak Academy of Science, 
Prague 6, Czechoslovakia. Jan. 3. oe 
1 Brockmann, H., and Muxfeldt, H., Angew. Chemie, 68, 67 (1086). 
? Sevitk, V., [Nature, 179, 966 (1957). a 


A New Factor in the Respiration Climacteric 
of Apple Fruits E 


Wer have found (unpublished work), from Warburg 
respirometer studies, that peel and pulp tissue slices 
from Bramley’s Seedling apples are capable of a 
vigorous decarboxylation of added malate. The 
capacity for this reaction develops at the time of 
the climacteric rise in respiration of the whole fruit. 
The rate of oxygen-uptake is not influenced by the 
malate — decarboxylation reaction proceeding in the’ 
tissue slices. A theory has been advanced that a. 
part, at least, of the increase in production of carbon 
dioxide of the whole fruit at the time of the climacteri 
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ia due to this malate — decarboxylation reaction. This 
theory is supported by the fact that the respiratory 


quotient of the tissue slices increases during the period 


» of the climacteric. 

- In view of these results it was decided to investigate 
the effect of added malate on the production of carbon 
dioxide of whole apples. “Malate (at pH = 3-8) was 
injected into a branch of a Bramley’s Seedling apple 

“tree using the technique of Hulme and Roach*. The 

_ injections were carried out at intervals from the end 





-of July until early September. The earlier injections ~ 


| were of 0-67 per cent malate; in the later injections 
this was increased to 1-34 per cent. The fruits were 
picked on September 26, 1955. The later, stronger 
injections of malate caused leaf ‘scorch’ on the edges 
-Vof the leaves near to the point of injection. 

The respiration-rates of three apples from the 
injected branch, and from an untreated branch of the 
_ same tree (controls), were measured at 12° C. by the 
= Pettenkofer method. The results obtained are shown 
“in Fig. 1. It can be seen that fruit from the ‘malate 

injected’ trees showed a higher and earlier climacteric 
-rise than the controls, and that one of the injected 
fruits exhibited a spectacular increase in production 
of carbon dioxide to approximately 300 per cent of 
- the climacteric peak level of the controls. The small 
_ variation in the time of the onset of the climacteric 
in the. controls is a normal feature of apples, but in 
_ the injected fruits there is a much larger variation. 
-Te will also be, noted that the earlier the onset of 
- the climacteric in the injected fruits, the higher the 
_ peak-level of production of carbon dioxide reached. 
_ It is probable that this variation reflects the uneven 
distribution of the injected malate throughout the 
branch, No measurements of respiratory quotient 
< were carried out in this experiment, but these will be 
= determined in future work. The results suggest, 
however, that the evidence obtained from tissue slice 








xperiments reflects an important phenomenon taking 

lace in the whole apples at the time of the climacteric. 

_ This work will be reported in more detail elsewhere. 

EIE rE? A. C. HULME 
G. E. NEAL 

Ditton Laboratory, 

E Food Investigation Organization 
(Department of Scientific and Industrial Research), 

i Maidstone, Kent, Feb. 27. 


| 1 ¥fulme, A. O., and Roach, W, A., Biochem. J., 80, 1397 (1936). 


_ Biochemical Changes associated with Folic 
‘Acid Deficiency and CEstrogen Treatment 
_in the Oviduct of the Immature Chick 


= For the past few years one of us (W. O. B.) has 
_ been investigating changes in the composition of the 
oviduct of the immature chick in which folic acid 
_ deficiency had been induced by dietary deprivation 
in contrast. to deficiency brought about by the use 
of antagonists. Some of the results have already been 
reported’, It has been well established that a specific 
oviduct growth failure occurs in folic acid deficiency* 
and it might be expected that the retarded tissue 
would show some difference in chemical composition 
hough this aspect does not appear to have been 
tudied by other workers. 

_ We wish to report the results of a recent experi- 
ment which furnishes some information on this topic 
_ particularly in relation to the chemical composition 
of wstrogen-induced oviduct tissue in the immature 
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Tabie 1 



























Folic acid 
Normal deficient Signifi- 
chicks chicks cance of 
S.E. S.E. | difference 
Mean mean | Mean mean 
Body-weight WBLS2 36914 -2 No sig. 
Oviduct weight (gm.) 77640-449] 21240452] P < 0-001 
Oviduct per cent dry . 
matter 19 4440-334 |-13-87-40-480 | P < 0-001 
Oviduct : protein per 
cent of dry matter 823 40-27 | 84-3 11°50 No sig. 
PNA (mgm.jgm. $ 
matter} 753 4289 |744 2-98 Pn 
DNA (mgm.jgm. dry s 
matter) 397 41-50 |357 41-64 š$ 
Alkaline phosphatase gs 
( ing-Armstrong : ae 
units/gm. dry ter)} 23440833 | 4:7: 40°58 | P< 0-001 
Blood serum folic acid ; 
(mygm./ml.) 105 55 _ 
Oviduct folic acid 
(ugm./100 gm. dry as 
matter) > 200 B38 ~ 


chick and some specifie data on alkaline phosphatase 
activity and nucleic acid levels in this tissue when 
associated with folic ecid deficiency. — 

For the experiment reported here, thirty-two day- 
old Light Sussex female chicks were reared on e 
normal diet for twenty days and then depleted for 
two weeks on a purifiec folic acid deficient diet similar 
to that of Lillie and Briggs*. This was followed by 
an experimental period of ten days on this diet 
when half the chicks received daily intramuscular 
injections of 0-5 mgm. of pteroylglutamic acid 
(Roche). All chicks were given 2-0 mgm. cestradiol 
dipropionate and 1-0 mgm. testosterone propionate 
intramuscularly on alternate days. “Each group 
received the same ameunt of food daily during the 
experimental period. Samples of blood were bulked, 
and oviduct samples were vacuum dried at low tem- 
perature prior to analysis. Folic acid was determined 
by microbiological assay‘, nucleic acid by the 
Schneider’ technique and alkaline phosphatase by 
the method of King and Armstrong’. 

The data for ovidues weight {see Table 1) confirm 
the findings of other workers* and the protein and 
dry weight percentages are in-accord with previous 
experiments carried out in this laboratory, showing 
a rise of 38 per cent in the dry matter of the oviduct 
tissue when folic. acid is given. Results obtained in 
respect of chemical ccnstituents will, therefore, be 
considerably modified Gn conversion to a dry material 
basis in comparing the composition of oviduct tissue 
from normal and deficient birds. The nucleic acid 
contents of the dry tissae do not show any significant. 
difference between fole acid deficient: and normal 
chicks. However, expression of these nucleic acid 
levels either on a fresh sissue basis or on their content 
in the total tissue would suggest inhibition of nucleic 
acid synthesis as was reported in a recent paper : 
by Davis et altin which the action of aminopterin | 
on stimulated rat uterus was examined. However, ` 
the present results might suggest that in the folic- 
treated chicks the tissue resembles more closely that 
of normal tissue of ths same weight under natural 
endogenous hormone stimulus and that the tissue 
in the deficient chick would appear to. be physio- 
logically less mature. ‘The dry tissue levels of alkaline 
phosphatase would terd to support this view and 
show some 60 per cert more phosphatase activity 
in the tissue from deficient chicks. “Again, in our 
work on changes with age in oviduct composition 
in the common fowl, we have noted decreases in 
moisture content of the tissue with the approach of 
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sexual maturity, and in oviducts of increased weight 
resulting from céstrogen administration to normal 
immature females. Another point of interest here is 
the great difference in the mean levels of folic acid 
in the tissue from the two groups of chicks, which 
confirms that folic acid was likely to be a limiting 
factor in metabolism within the tissue. Although 
the serum folie acid determinations were made on 
bulked samples of serum from each group, never- 
theless they do reflect the state of folic acid nutrition 
in the chicks. 


W. O. Brown 
N. Jackson 


Agricultural Chemistry Department, 
The Queen’s University of Belfast, 
and . 
The Ministry of Agriculture, 
Northern Ireland. 
March 5. 
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Pentose Metabolism in Diabetic and Normal 
Rats 


ACCORDING to the metabolic studies of Stetten and 
Boxer}, deuterium is incorporated into liver glycogen 
in the alloxan diabetic rat at a higher rate and at a 
greater concentration than that achieved in the 
normal animal. Their previous studies showed that 
when glycogen was synthesized directly from dietary 
glucose in a medium of heavy water it was poor in 
deuterium, whereas glycogen synthesized from frag- 
ments: smaller than hexose was rich in deuterium. 
They concluded that the diabetic animal was able 
to synthesize more liver glycogen from fragments 
smaller than hexoses than was the 
normal, non-diabetic rat. 

It seemed interesting, therefore, 
to explore further this ability of the 
diabetic rat, as compared. with the 
normal rat, to utilize carbohydrates 
the molecular structure of which 
was smaller than that of hexose. 
Four . pentoses—d-arabinose, d-rib- 
ose, d-rhamnose and d-xylose—-were 
selected for study and each was fed 
© to four diabetic and four normal, 
male, albino rats (Wistar. strain). 
The presence of the pentoses in the 
urine was determined by paper 
chromatography, 

The rats, weighing approximately 
258 gm. at the beginning of the ex- 
periment, were injected intraperi- 
toneally with 150 mgm./kgm. of 
alloxan and maintained diabetic 
over a period of three months by 
four more injections. The Nylander 
test was applied as a routine test for 
glycosuria. The sugar to be tested 
was fed to the rats m paste form 


Diabetic rat (0-25 gm. ribose) 


Normal rat (0-26 gm. ribose) 
Control 
Glucose 


Fig. 1. 
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after they had fasted for 12 hr. In order to avoid con- 
tamination of the urine by spilled food, the animals 
were placed in metabolism cages after the consump- 


` tion of the pentose, and the urine was obtained over 


the following 6-8 hr. 







his urine from the diabetic and 
normal rats given the sugar, as well as from a control: 
rat maintained on ‘Parina’ rat food, was collected in 
glass bottles containing some toluene to prevent 
putrefaction. 

Each sample of urine was filtered and immediately 


“analysed by the ascending method of paper chromato: 


graphy, utilizing water-saturated phenol and ñ- 
butanol — acetie acid as solvents®*. Solutions (1 per 
cent) of glucose and of the partieular sugar fed were 
spotted along with the three urine samples (Fig. 1). 

When d-arabinose, d-rhamnose and d-xylose were. 
fed at three different levels, 0-25 gm., 0-50 gm. and. 
1:00 gm. per rat, the sugar appeared in the urine 
of the diabetic and normal rats at all levels, No 
difference in the ability of these animals to. utilize: 
the pentoses at the levels administered was found. 
When d-ribose was administered at levels of 0-25 gm: 
per rat, in five experiments the urine from both the 
diabetic and normal rats did not. contain ribose, 
according to the paper chromatogram (Fig. 1). “By 
increasing the amount to 0-50 gm. per animal, how- 
ever, faint spots, indicating the presence of the 
pentose in the urine of the experimental animals, 
appeared. When I-gm. levels were given, the urine 
from the diabetie rats produced a more distinct spot 
than that from the normal rats. | 

This investigation indicates that the alloxan. 
diabetic animal is capable of dealing with the pentoses 
studied in about the same manner as the normal. 
animal. The interesting fact. appears; however, that | 
the diabetic animal as well as the normal rat may © 
be able to utilize ribose when administered at lev: 
equivalent to 0-90 per cent of their body-weight. 


This could have great significance, especially in the 
synthesis of nucleic acids in the diabetic animal. i 
Although these experiments indicate that ribose 
was not present as such in the urine of diabetic rats 
when fed at 0-25-gm. levels, they do not prove that - 
the sugar was utilized. While glucose did not appear 
in the urine of the normal rat fed 0-25 gm. of ribose, 
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Diabetic rat (0:50 gm. ribose) 
Normal rat (0-50 gm. ribose 

Diabetic rat (1-00 gm. ribose) 
Normal rat (1:00 gm. ribose) 


Ribose 
Control 
Glucose 
Ribose 
Control 
Glacose 


Comparison by paper chromatography of urine samples from a control rat 
maintained on ‘Purina’ rat food and from alloxan diabetic and normal rats fed ribose 
at levels of 0-25 gm., 0-50 gm., and 1-00 gm. per rat 
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no quantitative tests on the amount of glucose 
excreted by the diabetic rat were carried out. Accord- 
ing to Fruton4, it is possible for ribose to be converted 
to glucose and excreted as such. Our work has not 
ruled out such a pathway for the diabetic animal. 

_ We are indebted to G. E. Phillips, of Warner 
Chilcott ‘Laboratories, for supplying the samples of 
sugar. This mvestigation was partially supported 
by research grant RG-3908(C2) from the National 
Institutes of Health, Public Health Service. 
INGRID E. MUELLER* 
Joy B. PELLIS 
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Zoology Department, 
Drew University, 
Madison, 

New Jersey. 
Feb. 18. 


* Present address: Department of Anatomy, Hahnemann Medical 
School, Philadelphia 2, Pennsylvania. 
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Sexual Differences in Nuclear Size and 
Deoxyribonucleic Acid Content per Nucleus 
in Rana esculenta 


RECENTLY, one of us (Vialh)!, in collaboration with 
Riccadonna, has studied on smears the relation to 
sex of the nuclear areas and the deoxyribonucleic acid 
content per’ nucleus in the erythrocytes of Triturus 
cristatus. The resulting values were higher in the 
female than in the male (for the areas by 3-15 per 
cent and for the deoxyribonucleic acid content by 
3-54 per cent respectively). Similar results have also 
been confirmed m Triturus vulgaris, which Vialli and 
Riceadonna? studied during an investigation of the 
direct and reciprocal hybrids Triturus vulgaris x 
Triturus cristatus. They have maintained that 
these differences can be explained, though with some 
reservations, as being due to chromosome differences. 

The digamety of one of the two sexes has in fact 
been. demonstrated in the urodelan amphibians, and 
particularly in Triturus, even though there are no 
morphologically differentiated heterochromosomes ; 
however, the digametic sex can vary even within 
the same genus. Vialli and Riccadonna suggested 
that such differences might also be lacking in the 
ease of other species (the heterochromosomes need 
not necessarily have a different deoxyribonucleic acid 
content). Hence ıt seemed useful to see whether this 
finding could be extended to other groups, that 1s, 
to ascertain the size and the direction of possible 
differences, mecludmg the variation of the hetero- 
gametic sex. 

Species with very large nuclei and high deoxyribo- 
nucleic acid content are obviously more suitable for 
investigation of this type; we therefore decided to 
use Rana esculenta. E 

Since ıt was a question of discerning rather small 
possible differences, it was desirable to be able to 
identify and reduce any errors not dependent on 
biological factors. One of us (Gerzeli5) has been 
occupied with this problem and is making a report 
on it elsewhere. 

Five males and five females were chosen at random 
among individuals of medium dimensions in a single 
batch of Rana esculenta, collected durmg the month 
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of November in the surroundings of Pavia. For each 
specimen we studied three smears of peripheral blood 
and for each smear 80 nuclei of erythrocytes. Upon 
the slides stained with the Feulgen reaction we took 
the planimeter and photometric measurements, using 
the Vialh histophotometer; technical details are 
given in ref. 3. 

The deoxyribonucleic acid content, expressed in 
arbitrary units, was found to be, for males 13-90 + 
0-04, and for females 12-59 + 0-04; excess of male 
over female, 9-43 per cent. As regards the areas, 
they differ in the same direction: on the dried 
smears they are 25-84 + 0-1] p? in the males and 
22-87 + 0-11 p? in the females; the percentage 
difference was greater here (11-49 per cent). Benn- 
inghof* also refers to larger nuclei in the male com- 
pared to the female in the related species Rana 
temvporaria. 

Statistical analysis showed that these differences 
between the means fur the two sexes are highly 
significant (P < 0-001). 

As is seen in Rana esculenta the difference, already 
observed in Triturus, exists, but in the opposite 
direction. We can still say that the differences 
encountered are, if expressed in absolute values 
rather than as a percentage, of the identical order of 
size m the various species of amphibians considered 
(approximately 3 u? in the areas and 1-5 arbitrary 
units for the deoxyribonucleic acid content per 
nucleus). ' 

Finally, we wish to emphasize that the differences 
in regard to the areas and the quantities of deoxy- 
ribonucleic acid indicate that its concentration is 
greater in the sex with lower content. This char- 
acteristic of Rana esculenta is opposite to that of 
Triturus. $ 

Our observations do not provide any evidence on 
the heterogamety of Rana esculenta; indeed, the 
whole question of heterogamety is: still rather 
obscure®.¢ in the amphibians, particularly as regards 
the cytology?*. Moreover, even in related- species 
the digametic sex can vary. 

At this stage of the mvestigation we can only say 
that we have been ables to confirm the existence of 
sexual differences in certain quantitative nuclear 
characteristics in further species belonging to a 
different order of amphibians. From the technical 
point of view, it is interesting that this is so in a 
species of anurian amphibians in which the deoxy- 
ribonucleic acid content and the nuclear size are about 
a third of that of the urodelan amphibians hitherto 
studied??, justifymg the extension of investigations 
of this type to material of even smaller nuclear 
dimensions and deoxyribonucleic acid content. 

This work was supported by a grant from the 
Consiglio Nazionale delle Ricerche. 


Marro VIALLI 
GIUSEPPE GERZELI 


Istituto di Anatomia Comparata, 
Universita di Pavia. 
March 1. 
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Intracellular Modifications in the Pancreas 
during Secretion 


Durme secretion, cells undergo well-known cyto- 


logical and biochemical modifications. The cytological 


changes manifest themselves first in the formation 
of ergastoplasm in the cytoplasm, and secondly 
within the secretion granula, the secretion granula 
disappearing during the secreting cyclet. Biochem- 
ically, the most important modification is the great 
diminution and the synthesis of the exocellular 
enzymes during the secretion period?. Recently, the 
importance of the different cellular fractions in pro- 
tein synthesis has been much discussed, and I have 
studied the modifications of the protein content in 
the cellular fractions bepented from the normal and 
the secreting pancreas. 

Two groups of ten albino. Wistar rats of weight 
100-120 gm. were injected intramuscularly with 
1:5 ml. of 0:85 per cent sodium chloride or with 
1-6 ml. of 0-2 per cent pylocarpine dissolved in 
0-85 per cent sodium chloride. After two hours, 
the rats were killed and bled, and the pancreases were 
homogenized with two volumes of isotonic sucrose. 
From these homogenates the nuclei were separated 
by centrifuging at 600g, the secretion granula at 
1,000g, as prescribed by Hokin’, the mitochondria 
at 2,400g. 

The amount of protein present in each pellet and 
in the supernatant solution was determined by the 
biuret method‘. There was no difference between 
the content of total proteins in the normal and in 
the secreting pancreas. The percentage of the protein 
contained in the various cell fractions was calculated 
with respect to total cell protein. 

It is seen from the results reported here that after 
mjection of pylocarpine a large part of the nuclear 
proteins (approximately 30 per cent) and of the 
secretion granula (approximately 50 per cent) dis- 





Protein distribution (as a percentage) in the different 
nereas 
ondria, 


Fig. 1. 

cellular fractions of normal (open cohonn) a and secreting 

(shaded column): (a) nuclei, (b) mula, (e) mito: 
(4) microsome soluble fraction 
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appear., At the same time, there is an augmentation 
of the mitochondrial, microsomial and soluble pro- 
teins. The lowering of nuclear and secretion granula 
proteins agrees with the observations of Lang et æl.5 
and Hokin’, who found a great concentration of the 
exocellular enzymes in these two cellular fractions. 
It is therefore reasonable to expect that during. the 


` secretion of the pancreatic exocellular enzymes these 


fractions lose a part of their normal protein content. 
The simultaneous increase of the protein content of 
the other two fractions studied (mitochondria . and 
microsome soluble fraction) shows’ that also in the 
synthesis of pancreatic proteins the cytoplasma 
(particularly the microsome soluble fraction) is of 
great importance for the initial protein synthesis, as 
Zamecnick reported for the liver‘. 

The lowermg of the exocellular enzyme content 
during pancreatic secretion is not accompanied by 
simultaneous lowering of the protein content. “From 
this observation Daly and Mirsky? suggested that .the 
pancreatic enzymes are not synthesized directly from 
the free amino-acids but from a proteic precursor ; 
and this precursor, which probably accumulates 
during pancreatic secretion, keeps the total protein 
content in the cell unchanged. The results reported 
here are in support of Mirsky’s hypothesis; in 
addition, they show also that the hypothetical proteic 


‘precursor is formed, if anywhere, in the microsome 


soluble cytoplasm fraction, whence it passes into the 
nuclei and secretion aly to form exocellular 
enzymes. 
R. RENDI 
Institute of General Physiology, i 
Rome. 
2 Ries, E., and Gersch, M., “Biologie der Zelle”, 318 (1958). 
32 Daly, M. M., and Mirsky, A. E., J. Gen. Physiol., 86, 243 (1952). 
2 Hokin, L. E., Biochim. Biophys. Acia, 18, 379 (1955). 
* Gornall, A. Q., Bardawill, ©. J., and David, M. M., J. Biol. Ohem., 
177, 751 (1949). 
5 Lang, K., Siebert, G., and Fischer, F., Biochem. Z., 324, 1 (1953). 


¢ Zameonick, P. C., Keller, E. B., Hoa; gland, M. B., and Littlefield, 
J. W., . Cell, Comp. Physiol., 47, Supp. 1 agy 6). 


Effect of Injection of Organic Phosphates 
on Some Phosphorus Fractions in the 
Heart Muscle of Rats treated with 
Thyroxine 


THYROXINE can uncouple oxidation and phos- 
phorylation in animal tissues’, and it has been shown 
that this phenomenon occurs in the heart muscle of 
hyperthyroid animals, where a depression in adenosine 
triphosphate, phosphocreatine and inorganic phos- 
phorus content is observed*. We have investigated 
the effects of injecting certain compounds concerned. 
with phosphorylation on the levels of these sub- 
stances in the heart muscle of rats treated with 
thyroxine. 

Six groups of rats were used (mean weight about 
115 gm.), and all except the normal control group 
A were injected intramuscularly every day with 
0:01 mgm. pL-thyroxine. In addition, the rats in 
four of the groups (animals of groups C, D, E and F 
of Table 1) were mjected intraperitoneally every 
day with buffered physiological solutions of the 
following, respectively: C, 0-1 mgm. of adenosine 
triphosphate (sodium salt, Richter); D, 0-5 mgm. 
cocarboxylase; E, 6& mgm. glucose-l-phosphate 
(sodium salt); F, 5 mgm. fructose-1 : 6-diphosphate 
(calcium salt). The solutions were freshly prepared 
from dry material just before each injection. 
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LEVRLS: OF ADENOSINE TRIPHOSPHATE, CREATINE 
INORGANIO PHOSPHORUS IN RAT HEART MUSCLE -~ 
All rats were treated with thyroxine except the normal controls 
(group A). Results are expressed in ngm, phosphorus/gm. fresh tissue, 
_ 88 means + standard error (erg! t animals ine group) 
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Group ~ triphosphate phosphate- Inorganic 
i phosphorus phosphorus phosphorus 
A 316 + 29 302 4+ 21 521 + 43 
“3B 123 + 16 <10 214419 
Cc 239 + 25 196 + 23. 421 + 47 
D 197 + 22 105 + 12 397 + 42 
E 166 +18 69 + 301 + 33 
F 159 + 14 724 6 324 + 29 
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On the fifteenth day of treatment, the animals were 
killed by bleeding, and the adenosine triphosphate, 
phosphocreatine and inorganic phosphorus contents 
of the hearts were determined by the method of 
La Page’. The results, expressed in terms of phos- 
phorus, are shown in Table 1. -> 
*“Comparison of groups B and O in Table 1 shows 
that injection of adenosine triphosphate increases 
the phosphate fractions to values nearer to normal 
(group A). The effects of cocarboxylase and the 
sugar phosphates are much smaller, perhaps becausé 
they have only an indirect action in adenosine 
triphosphate synthesis. 
E ; E. MASCIIELLI-CORIANDOLI 
. RB. Bowror ~ ~* 

‘ Research Department, 

Istituto Biochimico Nazionale, 
Rome. 
1 Lardy, H. A., and Feldott, G., Ann. N.Y. Acad. Sci., 64, 636 (1951). 

Martius, C., and Hess, B., Arch. Biochem., 38, 486 (1951). Hoch, 

F. L., and Lipmann, F., Fed. Proc., 12, 218 (1953). 

* Bertolini, A. M., and Quarto Di Palo, F., Boll. Soc. Ital. Biol. Sper., 
32, 91 (1956). 

*La Page, G. A., “Manometric Methods and Tissue Metabolism” 
(Burgess, Minneapolis, 1961). 


Effects of Modern Insecticides 
on Growth of Plants 


Durine the past few years I have conducted a 
series of experiments, in the laboratory and in the 
field, with the objective of determining the maximum 
‘load’ of insecticide which can be borne by various 
vegetable seeds, without the later inducement of 
phytotoxic symptoms. Accurate determination of 
this ‘load’ for a particular seed, in respect of æ par- 
ticular insecticide, provides a rough criterion of the 
appropriate amount for most other seeds, but the 
actual threshold of phytotoxicity varies from one 
plant-species to another. Indications of a non- 
insecticidal, chemical stimulant effect on plant- 
growth became overt when seedlings of swede, par- 
snip, beet, bean and mangold showed enhanced 
speed of germination and higher establshment-counts 
compared, with untreated seed, despite the absence 
of insect attack so far as could be ascertamed by 
diagnosis in the field. 

To obtain more convincing evidence of a direct 


growth-stimulant effect of several chlorinated hydro- ` 


carbons which were used as seed-dressings, the seed- 
lings were grown in the laboratory, between closely 
placed glass plates filled with sterilized compost. 
This technique, while eliminating the possibility of 
insect-attack, also facilitated quantitative observa- 
tions on the development of shoots and roots. The 
results obtained in the laboratory, and later in the 
field, were rather unexpected and may be of some 
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Frequency distribution of root-lengths of parsnip. 


Fig. 1. 
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siguficance ; those for parsnip and mangold may be 
taken as fairly typical. In respect of the twenty 
longest roots of fifty seedlings of parsnip, Table 1 
reveals the depressant action of seed-dressings of 
gammea-BHC and dieldrin (2-5 per cent by weight 
of seed), and the stimulant action of a lighter dressing 
of gamma-BHC, namely, 2 per cent by weight of 
seed. It is noteworthy that all the dressings were 
phytotoxic up to fourteen days; but thereafter, the 
growth-stimulation by gamma-BHC (2 per cent) 
became evident, while gamma-BHC (2-5 per cent) 
continued to be more phytotoxic than dieldrin 
(2-5 per cent), = - 

Results obtained by pulling twelve roots, on 
July 5, from each, of five randomized, replicated 
plots—to give sixty roots per ‘treatment’—are 
depicted in Fig. 1, which demonstrates the differential 
effects of the seed-treatments, by way of kurtotic 
and skewed deformations of the normal frequency 
distribution: of. root-lengths. A feature of special 
interest is that, although the mean root-length of 
treated seeds does not differ significantly from that 
of the control, the gamma-BHC treatment has 
quadrupled the proportion of seedlings having a root- 
length greater than seven inches, that is, from 6-6 to 
26-6 per cent. In relation to the rest of the popula- 
tion of seedlings, however, the 2 per cent dressing 
of gamma-BHC is obviously phytotoxic, while the 
dieldrin is a slight stimulant. 

From similar laboratory experiments with mangold 
seedlings, the results are presented in Table 2; but 
in this imstance the dressings were reduced to 
0:35 per cent (by weight of seed) in order to supply 
a comparable amount of toxicant per seed as that 
supplied by the 2 per cent dressing for parsnips. In 


Table 1. Means OF ROCT-LENGTHS OF PARSNIP SEEDLINGS 





Untreated 
seed 


Time 


ga mma- Dieldrin 
(days) 2 


mma- ga 
BHC (2-5 per} BHC (2 per | (2-5 per cent) |. 
cent) cent) 





in. 
70-0 | 3-29 89-0 
72:0 | 4:08 104 0 
78:0 | 4 89 114:0 


in. in. 
Fourteen | 3-70 100 | 2 59 
Seventeen | 3-93 100 | 2 83 


Twenty 4-12 100 | 3:01 
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Table 2. MEANS OF Root-LENGTHS 















Time gamma- Dieldrin 
(days) BHC (0-35 
per cent) 








in. 
Eight 2-05 118 
Eleven 3-5 120 
Fourteen 4-5 125° 





this instance, none of the dressings induced phyto- 
toxicity, presumably because the seedlings of man- 
golds are larger, but see below for effect in the field, 
where soil organic content was lower. On the con- 
trary, both aldrin and dieldrin induced a remarkable 
initial stimulation which slowly waned in respect of 
aldrin, whereas the poorer initial stimulant action 
of gamma-BHC became gradually intensified. : 
Results obtained by pulling twenty roots, on 
June 5, from each of five randomized, replicated 
plots—to give one hundred roots per ‘treatment’— 
are shown in Fig. 2, which demonstrates the platy- 
kurtic and slightly skewed frequency distributions of 
root-lengths having the same mean value as roots- 
from untreated seed. Compared with parsnips, the 


' differential effects of the dressings are not so marked ; 


perhaps because the chemical action has not had time 
to become fully operative on seedlings younger by 
four weeks, but the simultaneously depressant and 
stimulant effects of gamma-BHC on different mem- 
bers of the same population” are again evident. 


- Present indications are that the initial reaction is 


ultimately reflected in a slightly increased yield, de- 
pendmg on the proportion of seedlings affected 
favourably by the ‘loading’ of the seed, and because 
a slight initial phytotoxicity is transient. 

If the physiological activity of these synthetic 
chemicals operates via oxidative metabolism, this 
explanation links with the well-known auxin-induced 
growth-response in plants!, and also with the rise in 
respiratory rate induced in msects by chlorinated 
hydrocarbon insecticides®*, On the other hand, 
gamma-BHC is an effective polyploidizing agent of 
the root chromosomes of growing seedlings‘, 
causing derangements simlar to those produced by 
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colchicine. Whatever be the true explanation, seed- 
ling populations`of plant varieties are heterogeneous 
in respect of their growth-response to these phyto- 
logically active insecticides, which present a promising 
field for the plant biochemist and may provide the 
plant-breeder with a new tool for the propagation 
of vigorous strains, through selective elimination of 
the ‘unfit’ in the seedling stage. Finally, this investi- 
gation may explain the benefits of cereal seed- 
dressings as low as 0-06 per, cent (against wireworms, 
Agriotes spp., and leatherjackets, T'zpula spp.) which 
are rather unaccountable on the basis of purely 
insecticidal action. . 

The assistance of Miss M. Britton, with these 
continuing investigations, is gratefully acknowledged. 

D., Stewart MacLagan 
Department of Zoology 
and 
Research-Advisory Service in Entomology, 
West of Scotland College of Agriculture, ° 
Glasgow, C.2. March 12. 
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Observations on the Yeast Lipomyces ` 


In 1946, Starkey! isolated and described a soil 
yeast characterized by a peculiar method of spore 
formation after a relatively long period of growth on 
solid medium. Large, round vegetative cells contain-« 
ing fat globules gave rise to irregularly shaped 
protuberances in which were afterwards formed 4~16 
or more lightly pigmented spores. Lodder and Kreger- 
van Rij? considered these spores to be ascospores 
and erected the genus Lipomyces to include this yeast 
(L. starkeyi) as well as another soil yeast (L. lipofer) 
which had originally been described as a Torula. 
The two species were distinguished primarily on the 
basis of lactose assimilation, L. starkey lacking this 
ability. Neither species is capable of fermentation, 
and hitherto germination of the spores has not been 
observed. i 

In September 1956 one, culture of D. lipofer 
and two of L. starkeyi were supplied to me from 
the Centraalbureau voor Schimmelcultures at Delft 
through the kindness of Miss W. Ch. Slooff. Attempts 
to induce sporulation in all three cultures were 
carried out on vegetable agar’, sodium acetate agar’, 
and alcohol agar (Miss Slooff, personal communica- 
tion), but the results were unsatisfactory. Sporulation 
was obtained in all cultures, but only after a month 
or more, and the lapse of time between inoculation 
and the first appearance of the protuberances was 
erratic. At the suggestion of Mrs. Lise Drewsen, a yeast— 
water agar was employed for sporulation; oñ this sub- 
strate sporulation regularly appeared after 5-7 days. 

Attempts were then made to isolate the spores 
according to the method devised by Winge’ for 
Saccharomyces. Ib was found that the wall of the 
protuberance was readily ruptured by the pressure 
of the glass needle, the liberated spores being then 
easily transported to droplets of Pilsner wort or to 
solidified droplets of potato agar (both substrates 
were employed for comparison, since Lipomyces 
grows best on a solid medium with free access to 
air), The first chambers prepared, containing isolated 
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spores of L. lipofer, were incubated at room tem- 
perature, but after two days no sign of germination 
was evident. However, on the third day, some of the 
droplets were seen to contain minute colonies consist- 
ing of 10-15 round cells, and several days later these 
were transferred to wort; all of them survived, 
although growth was slow. Further isolation work 
showed that liquid medium was in no way inferior 
to solid medium in inducing germination, and use of 
potato agar was discontinued. Careful observation 
of the germinating spore revealed that it first swelled 
considerably, after which it produced a bud which 
developed into a round cell. No sign of cell copulation, 
twin zygote formation, or other evidences of diploid- 
ization at this stage was observed. From both 
species a total of 193 spores was isolated; of these, 
forty-one—or 21 per cent—germinated. In only one 
case was 100 per cent germination from a single 
protuberance realized, and this was one contammg 
5 spores. 

Seventeen smgle-spore cultures of L. lipofer and 
fourteen single-spore cultures of L. starkeyi were 
employed in genetic analyses. From L. lipofer four 
single-spore cultures originated from a protuberance 
containing 8 spores, seven from one containing 14 
spores, three from one containing 4 spores, and 
three from one containing 4 spores ; from L. starkeyz, 
two from a protuberance contaiming 5 or 6 spores, 
five from one containing 8 spores, two from one 
containing 6 spores, and five from one containing 
6 spores. No significant differences in cellular morpho- 
ogy were detected among these 31 cultures. 

All single-spore cultures were inoculated on to 
sporulation media to determine whether they were 
capable of sporulation, and it was found that each 
culture produced typical protuberances containing 
spores. The germination ability of these spores was 
tested by additional isolations ; from one single-spore 
culture 44 spores were isolated and nine of them 
germinated, giving rise to normally growing single- 
spore cultures. 

The 31 cultures were next inoculated on to wort 
gelatine to determine whether segregation existed 
with respect to the macroscopic appearance of the 
giant colony. After one month incubation at 15°C. 
all the single-spore cultures of L. lipofer had produced 
smooth, glistening, white colonies completely devoid 
of sectoring and identical with those of the mother 
type, and the same behaviour was encountered in 
the giant colonies of the single-spore cultures origin- 
ating from L. starkeyt. 

Finally, L. lipofer and its single-spore derivatives 
were tested for their ability to assimilate lactose by 
employing Wickerman’s synthetic medium? with 
slight modifications. All eighteen cultures assmmilated 
lactose readily, and no significant differences were 
detected among them with respect to amount of 
growth. The controls showed no growth. The same 
test was employed for L. starkeyt and its single-spore 
derivatives. All fifteen cultures showed a slight 
amount of growth in the presence of lactose, thus 
differing from the controls (no assimilation) and from 
the cultures of L. lipofer (vigorous assrmilation). No 
significant differences in amount of growth could be 
detected among them. 

Thus a complete absence of genetic segregation 
was encountered among 31 single-spore isolates of 
Lipomyces with respect to cellular morphology, 
sporulating ability, appearance of the giant colony, 
and lactose assimilation. Further investigations, eyto- 
logical as well ag genetic, are in progress, and full 
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details will be published in the Comptes Rendus du 
Laboratoire Carlsberg, Série Physiologique. 


CATHERINE ROBERTS 


Carlsberg Laboratorium, 
Copenhagen. Feb. 26. 
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Rubber Formation in Hevea brasiliens's 
as affected by Light and Mineral Status 


De Haan and van Aggelen-Bot! reported that the 
amount of rubber per seedling (Hevea brasiliensis); 
in daylight, varied with the dry weight of the plant 
and that the amount of rubber did not diminish 
when the plant was kept in the dark. These findings 
have never been confirmed, and Teas* has recently 
suggested that rubber might be regarded as a food 
reserve in Hevea. Spence and McCallum? concluded 
that rubber acted as a food reserve in guayule 
(Parthenium argentatum); but Bonner and Galston‘ 
were unable to confirm this conclusion. If rubber 
can be regarded as a food reserve, 1ts concentration 
in the tissues should, presumably, be affected by 
changes in mineral status which influence carbo- 
hydrate formation. This assumption may be partially 
correct as it has been shown, for Hevea, that nutrient 
deficiencies may cause a diminution in the rubber 
concentration of stems and petioles in the earlier 
stages of growth, before the deficiency became suffi- 
ciently acute to cause a severe reduction in the total 
dry weight of the plant. This communication shows 
that the rubber contained in Hevea seedlings varied 
according to the dry weight of the plant and to the 
amounts of total carbohydrate and protein present, 
whether in the dark or in light, and in so far as these 
latter substrates were influenced by mineral status 
so also was the amount of rubber produced by the 
plant. However, these findings did not prove that 
rubber acted as a food reserve in Hevea as, under the 
‘dark’ conditions of our experiment, severe starvation 
did not occur. 

Rubber seedlings, clane Tjirandji 1, were grown 
in acid-washed sand, contained in -gallon clay 
pots; four nutrient treatments were applied. These 
were: (1) complete nutrient; (2) nutrient devoid of 
all the micronutrient elements ; (3) phosphorus-free 
nutrient; (4) water only. These nutrients were 
applied to cultures placed either in the ‘dark’ or in 
the light. Plants grown in the ‘dark’ received a 
daily eight-hours illumination, of about 2 foot-candle 
intensity, whereas those in the light received about 
400 times more light. All treatments were duplicated, 
each replicate contained three pots and each pot 
contained, initially, about fifteen seedlings. Seedlings 
were removed from each pot for analysis at the follow- 
ing times after sowing: 31, 47 and 66 days. Seedlings 
of each replicate were bulked, killed, dried and 
analysed for rubber, total carbohydrates (which 
included hydrolysable carbohydrates and crude fibre) 
and total protein (including free amino-acids). 

Plants in the dark became drawn and etiolated, 
while those deprived of all nutrients, but grown in 
the light, also appeared pale and deficient in nitrogen. 


i 


Dry weight per plant (gm.) 
Total carbohydrates (mgm, ) 


Rubber per plant (mgm.) 
Protein pèr plant (mgm.) 





Time (days) 


Fig. 1. Dry weight, rubber, protemn and total carbohydrate per 

plant. Complete nutrient (Compt.) and minus micro-nutrient 

element (—Mic. Nut) treatments given for light (L) and dark 
3 (D) cultures 


Although no leaf symptoms which could be attributed 
to a mineral deficiency were noted, a lack of micro- 
nutrient elements produced shorter plants. The 
dry weights of the dark-grown plants varied little 
over the duration of the experiment ; but those in 
light increased, as expected. The results indicated 
that the rubber content per plant was greater for 
seedlings in light than in the dark and that the 
relative effect of light inténsity on rubber content 
was greater than that of nutrient status. The total 
dry weight, carbohydrate and protein contents of the 
plants deprived of micronutrient elements were lower 
than those of plants supplied with complete nutrient 
(Fig. 1). The amount of rubber per plant, deprived 
of micronutrient elements, was also for the light- 
grown plants lower than for the complete nutrient 
plants (Fig. 1). In general, plants supplied with 


nutrient treatments (3) (minus phosphorus) and 
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Variation of rubber with protein content (r = 0 901, 
001), total carbohydrate content (r = 0-956, P < 0-001) 
dry weight per plant (r = 0-960, P < 0 001), irrespective of 
mineral status, light intensity or sampling dates 
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(4) (water only) showed similar variations to those 
of treatments (1) (complete) and (2) (minus miero- 
nutrients), respectively, and values for these treat- 
ments are not shown in Fig. 1. = ? 

The dry weight per plant and the amounts of 
carbohydrate and protein per seedling bore close 
relationships to the amount of rubber present (Fig. 2). 
The positive correlation between rubber and each 
of these vamables held for both light- and dark-grown 
plants. However, the éorrelation obtained in respect 
of total carbohydrates, for the dark-grown plants, 
was almost entirely accounted for by the crude fibre 
fraction, whereas the hydrolysable carbohydrates 
showed a negative correlation to rubber, but this was 
not significant. The results presented in Fig. 2 do 
not permit any conclusion other than that the 
production of rubber is closely allied to the growth of 
the plant; whether rubber is a food reserve or a 
waste by-product of growth processes still remains 
to be resolved. 

Fuller details of these investigations will be com- 
municated.to the Journal of the Rubber Research 
Institute of Malaya. à 

E. W. BOLLE-JONES 
V. R. MALLIKAREJUNESWARA 
Rubber Research Institute of Malaya, 
Kuala Lumpur. 
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s Preservation of Nitrosomonas 


In a communication under this title in Nature of 
April 13, Mr. K. Gundersen concludes that preserva- 
tion under paraffin oil seems to be more promising 
than any other method used. He was evidently not 
aware that I mentioned m an article in Nature of 
February 12, 1955, the use of mineral oil for the 
maintenance of crude and pure cultures of nitrifying 
bacteria and briefly discussed the results of my 
experiments in a paper in the annual report of the 
Experimental and Research Station, Cheshunt, for 
1954. Mr. Gundersen did not obtain the results he 
expected from this method because he did not give 
his cultures a chance to develop, but put them under 
paraffin oil immediately after inoculation. My 
cultures, which were only partly purified, were fully 
developed and showed peak reactions for nitrite and 
nitrate, respectively, before they were covered with 
paraffin oil. They were then kept: at room tempera- 
ture in a cupboard for from three to seven months. 
Subcultures made after these times developed into 
fully active cultures; however, the speed of their 
development differed, probably depending on the 
strains and the impurities present. 

I also isolated, as can be seen from the above- 
mentioned report, a pure culture of Nitrosomonas. 
This culture was lost owing to circumstances described 
in the report. 

When the Research Station moved to Little- 
hampton; I had to discontmue the work on nitrifying 
organisms, and am now engaged on microbiological 

o : 
research of a different type R. KEN 


Mushroom Spawn Research Laboratories, 
W. Darlington and Sons, Ltd., 
Worthing, Sussex. April 22. 
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. FORTHCOMING EVENTS - 


Tuesday, June HI 


ROYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
3.W.7), at 3 p.m.—Annual General Meeting. 


SOCIETY OF CHEMICAL INDUSTRY, CHEMIOAL ENGINEERING GROUP 
at 14 Belgrave Square, London, 8.W.1), at 5.30 p.m—Mr. W. C. 
Heck: “Granulation” 3 


Wednesday, June. 12 


UNIVERSITY oF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 5.80 p.m —Prof. I. B. 
Cohen (Harvard). “A Revaluation of Newton’s Scientific Legacy 
Mo the Highteenth Century”. (First of three Special University 
Lectures on “An Interpretation of Newtonian Science and the Influence 
of Newtonian Ideas”. Further lectures on June 14 and 19.) 


2 “Thursday, June 13 


Roya Soorrry (at Burlington House, Piccadilly, London, W.1), 
«at 4.30 p.m.—Prof. E. N. da C. Andrade, F.R.S., and Mr. D. A. 
Aboav: “The Mechanical Behaviour of Single Crystals of Metals, in 
particular, Copper”; Mr. M. J. elan, Mr. P. B. Hirsch, Mr. R. W. 
Horne and Mr. W. Bollmann: “Dislocations and Stacking Faults in 
Stainless Steel”, i 


LONDON MATHEMATICAL Soorery (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
Dr. J. C. Burklil: ‘Approximation by Polynomials”. 


Friday, June l4 


BRITISH PSYCHOLOGICAL SOCIETY, INDUSTRIAL SECTION (in the 
Department of Psychology, Birkbeck College, Malet Street, London, 
W.0.1), at L p m.—Mr. B. G. Snell: “Engineering Psychology in the 
Steel Industry”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 po Eor Robley © Williams: “Observations on the Architecture 
of Viruses”, - 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT EXPERIMENTAL OFFIOER (preferably with experience of 
electronics apphed to radio-isotope work) IN THE ISOTOPE DIVISION, 
to assist in electronic work (including calibration, maintenance, and 
development of equipment) associated with the preparation of radio- 
isotopes for use in hospitals, industry ‘and research—The Group 
Recruitment Officer, Atomic Energy Research Establishment, Harwell, 
Didcot, Berks, quoting 795/34 (June 11). 

CHEMIST/BACTERIOLOGISY (preferably with a university degree in 
chemistry or some equal qualification, and considerable experience 
in the chemical analysis and bacteriological and biological examination 
of water for public supplies) in the City of Norwich Water Department 
—The Engineer and Manager, City of Norwich Water Department, 
City Hall, Norwich (June 12). 

ASSISTANT, Grade B (with a degree in a biological subject, and 
preferably the ability to teach entomology) IN BroLogy—The Prin- 
Fi ter we and District Mining and Technical College, Wigan 

une 14), i 

HEAD OF THE DEPARTMENT OF MATHEMATICS—-The Principal, 
North Herts Technical College, Letchworth (June 15)., 

LEOTURER (preferably with qualifications in organic chemistry) 
In Cugmistry-~-The Registrar, Trinity College, Dublin (June 15). 

SENIOR LECTURER (with a good honours degree, teaching expérience, 
and wide industrial experience related to imstrument engineerin: 
and/or electronics) IN PHysios—The Registrar, Flintshire Techni 
College, Connah’s Quay, near Chester (June 15). 

LECTURER IN APPLIED CHEMISTRY—-The Principal, Nottingham 
ae ia Technical College, Shakespeare Street, Nottingham 

‘une 18). 

SENIOR TECHNICIAN (with wide experience of modern blochemical 
techniques and laboratory administration) IN THE DEPARTMENT OF 
BIOCHEMISTRY, University College, Ibadan, Nigerla—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (June 21). 

ASSISTANT LEOTURER IN  ANATOMY-—The Registrar, University 
RAAN South Wales and Monmouthshire, Cathays Park, Cardiff 

une 22). - 

COMPUTER OPERATOR (graduate) for the Ferranti Pegasus Electronic 
Digital Computer—The Director, University Computing Laboratory, 
1A Kensington Terrace, Newcastle-upon-Tyne 2 (June 22). 

BRSEAROH ASSISTANT IN THE COMPUTING MACHINE LABORATORY— 
The Registrar, The University, Manchester (June 24). . 

LECTURER (Grade JI) IN AGRICULTURAL BOTANY (PLANT PATHO- 
LOGY) at University College, Ibadan, Nigeria~—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (June 28), 

RESEARCH ASSISTANT IN THE COLLEGIATE FAouLTy OF EDUCATION 
—The Registrar, University College of South Wales and Monmouth- 
shire, Cathays Park, Cardiff (June 29). 

SENIOR LEOTURER (preferably specialist in helminthology) IN 
PARASITOLOGY at University College, Ibadan, Nigeria—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (June 29). 
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LECTURER IN THE DEPARTAONT OF “VETERINARY PaTHOLOGY— 
The Registrar, The University, Liverpool (June 30). e 

LECTURER IN ZooLOGY at Auckland University College (University ` 
of New Zealand)—The Secretary, Association of Universities of the 
British Commonwealth, 86 Gordon Square, London, W.C.1 (New 
Zealand, June 30). aa 

LECTURER (preferably graduate of a British university, and with 
suitable teaching experience) INS GEOGRAPHY at the University of 
Hong Kong—tThe Secretary, Association of Universities of the British 
ny care 86 Gordon Square, London, W.C.1 (Hong Kong, 

~ June 30). < 

ASSISTANT LECTURER IN THE FIELD OF (a) PLANT BIOCHEMISTRY 
AND NUTRITION or (b) Som Purysics—The Registrar, The University, 
Nottingham (July 1). * 

LECTURER (with special qualifications In, and the ability to lecture 
on statistics) IN THE DEPARTNENT OF MATHEMATICS, University of 
the Witwatersrand, Johannesburg, South Africa—The Secretary, - 
Assoclation of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (South Africa, July 25). 

SENIOR LECTURER IN MICROBIOLOGY; & SENIOR LECTURER IN 
BIOCHEMISTRY ; and a LEOTUREE IN BIOCHEMISTRY at the University 
of Western Australia—The Secretary, Association of Universities of 
the British Commonwealth, 86 Gordon Square, London, W.C.1 
(Australia, July $1). 7 

LECTURER (honours graduate in engineering with practical ex- 
perience) IN PETROLEUM PRODUCTION ENGINEERING—-The Deputy 

egistrar, The University, Edgbaston, Birmingham 15 (September 1). 

AFRICAN PYRETHRUM RESEAROH FELLOW (with a good honours 
degree in entomology, biochemistry or zoology) IN THE DEPARTMENT 
OF AGRICULTURAL SCIENCES, for the study of certain problems related 
to the use of Pyrethrum as an msecticide on field and horticultural 
crops—Thoe Registrar, The University, Nottingham. 

ASSISTANT LECTURER (preferably woman) IN Paysics—The Prin- 
cipal, Royal Holloway College (University of London), Englefield 

Green, Surrey. . 

ASSOCIATE PROFESSOR or SENIOR LECTURER (with a degree in eng- 
ineering science, preferably in electrical engineering, as well as addi- 
tional experience in the fleld of nuclear engineering) IN THE DIVISION 
OF NUCLEAR ENGINEERING, Technion-Israel Institute of Technology, 
Haifa, Israel—The Secretary for Academic Staff of the Technion, 
P.O.B. 4910, Haifa, Israel, or The British Technion Committee, 
83 Wimpole Street, London. W.1. 

CuEmist (with experience in physical chemistry and in the design 
and construction of apparatus on-a scale suitable for use in the fold) _ 
The Group Recruitment Officer, Atomic Energy Research Establish- 
ment, Harwell, Didcot, Berks, quoting 797/34. g E 

CHEMISTS AT THE RADIOCHEMIDAL CENTRE of the United Kingdom 
Atomic Energy Authority for development work in the following flelds : 
(a2) the preparation of isotopically labelled compounds by chemical 
or biological synthesis; (b) separation of radio-isotopes from irradiated 
materials at high levels of activity ; (c) separation of the natural radio- 
elements; (d) radiation effects in chemical compounds; and (e) the 
analysis of radioactive materials—The Personnel Officer, The Radio- 
chemical Centre, U.K.A.E.A., Amersham, Bucks, quoting 698/2.. 

GEOLOGIST (PRECAMBRIAN) (with research and field experience in 
metamorphic rocks) IN THE DEPARTMENT OF MINERAL RESOURCES, 
Government of Saskatchewan, Canada—Box 567, c/o W. 8. Crawford, 
Ltd., 233 High Holborn, London, W.C.1. 

LECTURER IN BIOLOGY ; and 2 LEOTURER IN CROP HusBANDRY-~ 
The Bursar, Shuttleworth College, Old Warden Park, Bedfordshire. 

LIVESTOOK IMPROVEMENT OFFICER (preferably under 35 years, 
with a university degree in agriculture and experience in hvesteck 
management and poultry raising and production) to manage the 
Poultry Unit at the Livestock Experiment Station, Entebbe, Uganda 
—The Director of Recruitment, Colonial Office, London, S.W.1, 
quoting BCD.63/9/025. Ai 

MATHEMATIOAL PHYSIOISTS or MATHEMATICIANS (with a first- or 
second-class honours degree ın mathematics or mathematical physics), 
to work in one of the following fields: astro, atomic or reactor 
physics; atmospheric diffusions statistical or stochastic theory ; 
statistical, fluid, solid, or general applied mechanics; numerical 
analysis involving the use of large digital computere—The Senior 
Recruitment Officer, The Atomic Weapons Research Establishment, 
Aldermaston, Berks, quoting Ref. A/1320/34. 

METALLURGIST, CHEMIST or PHYSICIST (with a degree) IN THER 
INFORMATION DEPARTMENT, for work dealing with every aspect of 
recording and transmission of information on the extraction, manu- 
facture and uses of non-ferrous metals and their alloys—The Secretary, 

~ British Non-Ferrous Metals Research Association, Euston Street, 
London, N.W.1. 

METALLURGISTS, PHYSICISTS and CHEAISTS at Harwell, for import- 
ant research work on the nuclear power programme of the United 
Kingdom ‘Atomic Energy Authority—Group Recruitment Officer, 
Atomic Energy Research Establishment, Harwell, Didcot, Berks, 
quoting 799/2. 

RESEARCH ASSISTANT (preferably recent graduate in pharmacology, 
physiology or experimental psychology) AT THE CAMBRIDGE P8YCHO- 
LOGICAE ORATORY (University of Cambridge), to give assistance 
in research on the effects of certain pharmacological agents on mam. 
malian behaviour—Prof. O. L. Zangwill, Psychological Laboratory, 
Downing Place, Cambridge. $ 

RESEARCH PHYSIOLOGIST (with previous research experience) to 
collaborate in experiments on eye movements and visual perception— 
Prof. R. W. Ditchburn, Physics Research Laboratory, The University, 
Upper Redlands Road, Reading. 

CIENTIFIO OFFICER (with a first- or second-class honours degree 
in chemistry or equivalent, and experience in inorganic analysis) at 
THE NATIONAL OAL LABORATORY, Teddington, for work on the 
application of activation analysis and mass spectrometry to metals 
and alloys—The Ministry of Labour and National Service, Technical 
aa Saaie Register (K), 26 King Street, London, 8.W.1, quoting 

SCIENTIFIC OFFICER (with, or about to acquire, a good honours 
degree, and an interest in biological problems) IN THE CHEMISTRY 
DEPARTMENT, to take part initially in research on the chemistry 
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of the milk proteins and enzymes—The Secretary, National Institute 
for Research in Dairying, Shinfteld, Reading, quoting Ref. 57/11. 

SENIOR LABORATORY TECHNOLOGIST (with a university degree in 
chemistry, and experience in analytical laboratories preferably con- 
cerned with agricultural commodities) IN THE DEPARTMENT OF AGRI- 
CULTURE, Kenya, to analyse souls, feeding-stuffs, fertilizers and agri- 
ouwltural products; maintain, repair and make up laboratory equip- 
ment; and supervise a routine analytical laboratory—The Director 
of Recruitment, Colonial Office Sgn S Buildings, Great Smith 
Street, London, S.W.1, quoti ng BOD. 63/7/026. 

SENIOR LEOTURER (with a higher degree and considerable practical 
o1 research AN IN STRENGTH OF MATERIALS——The ames, 
The Royal College of Science and Technology, Glasgow, C.1. 

SENIOR LECTURER (with at least three years experience of teaching 
up to degree standard, and preferably with a higher degree) IN Zoo- 
LOGY; and an ‘ASSISTANT LECTURER (Grade B) In ZooLoay—The 
Secretary, Sir John Cass College, Jewry Street, London, E.C.3. 

SENIOR RESHARCH ASSISTANT (with postgraduate experience in the 
mechanics of solids, particularly elasticity} IN THE DEPARTMENT OF 
MINING ENGINEERING, to work, under the supervision of the Professor 
of Applied Mn thomaties on the theoretical analysis of ground move- 
ments in minin amet e Regist: istrar, The University, Nottingham. 

TECHNICIAN ( malo) IN THE PHYSIO8 DEPARTMENT, to assist with 
routine and research work connected with radiotherapy and isotopes 
—The Secretary and House Governor, Mount Vernon Hospital, 
Northwood, Middlesex. 

VISITING LEOTURER IN MaTHEMATICS—Prof. A. D. Wallace, Tulane 
University, New Orleans, La , U.S A. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


The British Journal Photographic Almanac, de aan 632 4-32 
lates. (London: Henry Greenwood and Co., Ltd., 1957.) 68. net 
Linsen board covers); 8s. 6d. (cloth bound). [i6 

Government of Northern Ireland : Ministry of Agriculture rele 
No. 127: Intensive Systems of ar Egg Production. Pp. 18. 
(Belfast: Ministry of Agricultur (164 

Planning, Vol. 23, No. 409 RE April, isn: Britain and Common- 

wealth Migration. Pp. 69-84. ondon: Political and Economic 
Planning, 1957.) 2s. 6d. [164 
Nattonal Institute of Agricultural Botany. Second supplement to 
the loose-leaf handbook of descriptions of cereal varieties of cereals 
recommended by the Institute. Pp. 8. (Cambridge. National Insti- 
tute of Agricultural Botany, 1967. 1s. [164 

Zoological Society of London. ‘Report of the Council and Auditors 
a 4306; Pp. 63+4 plates. (London: Zoological Society of Landon, 


The Fortieth Annual Report of the Federation of British Industries 
for the year ending December 31, 1056. Pp. vii+44. (London 
Federation of British Industries, 1957. 164 

British Noh-Forrons Metals Research Association. Annual Report 
for 1956. Pp. 48. (London: British Non-Ferrous Metals Research 
Association, Ben) 164 

Department of Scientific and Industrial Research. Water Pollution 
Research 1956: the Report of the Water Pollution Research Board 
with the Report of the Director of the Water Pollution Research 
Laboratory. Pp. iv+75+4 plates. (London: H.M. Stationery 
Office, 1957.) 4s. net. (164 

Laboratory Animals Bureau. Collected Papers, Vol. 5, 1957: 
Report of a Joint Symposium on the Nutrition of Laboratory Animals 
held by tho oan irilon Society and the Laboratory Animals Bureau, 
at Guy’s Hospital M chool, London, on 6th October, 1956 : 
with additional papers. Pp, 93-44 plates, 
Animals Bureau, 1957.) 103. 164 

Report on an Ecological Survey of the Serengeti National Park, 
Tanganyika, November and December 1956. Prepared for the Fauna 
Preservation Soclety by W. H. Pearsall. Pp. v-+64. (London: Fauna 
Preservation Society, ¢/o Zoological i of London, 1957.) 5s. [164 


(London : Laborat ory 


Other Countries 


Indian Forest Records, (New Serles). Timber Mechanics. Vol. 1, 
No. 5. Nail and Sore "Holding Power of Indian Timbers, Part 1. 
By A. Č. Sekhar and R. S. Rana. „Pp. 1i+109-122, (Delhi: ‘Manager 
of gobhessions, 1956.) Rs. 1/4/-; 28. (164 
mithsonian institution : United States National Museum. Bulletin 
: Nearctic Wasps of the Subfamilies Pepsinae and Ceropalinae. 
By Henry Rownes. Pp. 1lii+286+4 plates. (Washington, D.C.: 
Government Printing okie 1957.) 1.50 dolars, {164 
Smithsonian Miscellaneous Collections. Vol. 134, No. 4: The 
Geology and Vertebrate Paleontology of Upper Eocene Strata in the 
Northeastern Part of the Wind River Basin, Wyoming. Part 1: 
Geology. By Harry A. Tourtelot. Pp. 27. (Publication 4569.) (Wash- 
ington, D.C.; Smithsonian Institution, 1957.) [164 
mithsonian Institution : .S. National Museum. Proceedings. 
Vol. 106, No. 3375: Studies in Neotropical Mallophaga. 16: Bird 
Lice of the Suborder Ischnocera. By M. A. Carriker. Pp. 409-489. 
Vol. 107, No. 3880: Formosan Cossonine Weevils of Bamboo 
(Coleoptera: Curculionidae; Cossoninae). By Elwood C. Zimmerman, 
Pp. 13-23. (Washington, D.C.: Smithsonian Institution, U.S. 
ational Museum, 1957.) [164 
Indian Central’ Cotton Committee: Technological Laboratory. 
Technological Bulletin, Series A, No. 90: Technological Reports on 
Standard Indian Cottons, 1955. By Dr. C. Nanjundayya. Pp. 11+106. 
(Bombay: Indian Central Cotton Committee, 1956.) Rs. 2. 164 
Bulletin of the Madro; Government Museum. New Series—Natural 
History Section. Vol. 1, No. 2, Part 7: The Mollusca ef Krusadai 
Island (in the Gulf of Manaar). 2: Scaphopoda, Pelecypoda and 
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Ce halopoda. a, Di. S. Thomas Satyamurti. Pp. 1v +202 +30 plate: 
Ondras dras Government Museum, 1956.) Bs. 9/8/~. je 
Proceedings of the International Wool Textile Researc! ‘Conferenc: 
Australia, 1955. Vol. D: Physics of Wool and other Visco-Hlast» 
Fibres. Pp. 27247 plates. Vol. E: Wool Technology, Part 1. 
314+-10 plates. (Melbourne : Commonwealth Scientific and Industri 
Research Organization, 1956.) [16 
United States Department of the Interior: Geological Survey 
Bulletin 1000-E : Geochemical Studies in the Southwestern Wisconsi 
Zinc-Lead Area. By Vance C. Kennedy. Pp. iv+187~-223 +-plate 
7-17. 1 dollar. ‘Bulletin 1021-H : Annotated Bibliography of Alaska 
Paleontology. By J. Thomas Dutto, Jr. Pp. iHi -+253-287 +plate 2f 
0 cents. Bulletin 1021-J: The Problem of the Cochrane ın Lat 
Pleistocene Chronology. By Thor N. V. Karlstrom. Pp.1ii-+308-231 - 
p late 31. 30 cents. Fulletin 1027-I: Ol and Gas Wells Drilled 1 
outheastern Virginia before 1950. By J. W. Huddle, Eloise T 
Jacobsen Jr., and A. D. Williamson, Pp. ii+501-578. 25 cent: 
Bulletin 1027-N : hieni Resources of the San Carlos Indian Reserva. 
tion, Arizona. By Calvin S. Bromfield and Andrew F. Shride. 
1V+613-691+-plates 52-54. 1.25 dollars. Bulletin 1028-C: Geolog 
of Northern Adak Island, Alaska. By Robert R. Coats. Pp. v+45 
87 +plates 9-14. n.p. ‘Bulletin 1028-D : Geology of Northern Kanag: 
Island, Alaska. By Robert R. Coats. Pp. v+69-—-79 +-plates 15 and 16 
75 cents. Bulletin 1028-E : Reconnaissance Geology of some Wester 
Aleutian Islands, Alaska. By Robert R. Coats. Pp. v+83-1004 
plates 17-19. n.p. Bulletin 1030-G :' Wall-Rock Control of Certai 
itchblende Deposits on Golden Gate Canyon, Jeferson County 
Colorado. By John W. Adams and Frederick Stugard, Jr. Pp. iv-+ 
187-209+plates 11-18. 50 cents. Bulletin 1032-8 : Geology anc 
Ore-Deposits of the Freeland—Lamartine District, Clear Creek County 
Colorado. By J. E Harrison and J. D. Wells Pp. V-+33-128 +-plate. 
2-11. n.p. Bulletin 1038: Geology and Mineral Resources of th: 
Hudson and Maynard Quadrangles, Massachusetts. By Wallace R 
Hansen. Pp. v+104+ plates 1-3. n.p. Bulletin 10438-A: Photo 
geologic proce anes in Geologic Interpretation and Mapping. Bs 
Richard G. Ray. Pp.iii+21. 20 cents. Bulletin 1044: Geology or 
the Kiernan Quadrangle, Iron County, Michigan. By Jacob B. Gal 
and K. Wier. Pp. vit+88+5 plates 1.50 dollars. (Washington 
D.C.: Soca Printing Office, 1956.) 1698 
United States Department of the Interior: Geological Survey 
Water-Supply Paper 1109: Ground-water Geology of the Coastal 
Zone, Long Beach-Santa Ana Area, Callfornia. By J. F. Poland and 
A. M. Piper Pp. v+162-+8 plates. n.p. Water-Supply Paper 1330-C : 
Water Requirements of the Aluminiwn Industry. 2 Howard L, 
Conklin. v+103-139. 20 cents. Water-Supply Paper sees 
Surface Water Supply of the United States, 1954. Part 3-A: Ohto 
River Basin except Cumberland and Tennessee River Basins, 
pared under the direction of J. V. B. Wells. Pp. xi+607. 2 dollars. 
Water-Supply Paper 1886: Surface Wate Supply of the United 
States, 1954, Part 3-B: Cumberland and Tennessee River 
Prepared under the direction of J. V. B. Wells, Pp. vii+290. 1 dollar. 
Water-Supply Paper 1847: Surface Water Supply of the Uni 
States, 1954. Part 13: Snake River Basin. Prepared under the ane 
tion of J. V. B. Wells. Pp. vili+297. 1 dollar. Water-Supply Paper 
1860-B: Ground Water in Northeastern Louisville, Kentucky, with 
reference to Induced Infiltration. By M. I. Rorabaugh. Pp. v+101- 
169 +plates 2-18. mp. preter eave Paper act Pa Water Resources 
of Bill Williams River Valley near Alamo, Arizona. By H. N. Wolcott, 
H. E. Skibitzke, and L. C. Halpenny,. Pp. iv 1201-8124 plate 21. 
45 cents, Water-Bup Supply Paper 1864 © be aerate ies Southwestern 
Louisiana, Jones, L. Hendricks, and Burdge Ireland 
and others. D, Seer) +38 Plates. n.p. Water-Supply Paper 1367 : 
Ground-Water Geology of Parts of Laramie and Albany Counties, 
Wyoming, and Weld County, Colorado. By H. M. Babcock and L. J. 
Bjorklund. Pp. iv-+61 +1 ‘plate. 50 cents.- Water-Sup pply Paper 
1873: Sedimentation and Chemical Quality of Purtace Waters in the 
Wind Biver Basin, Wyoming. By B. R. Colby, © . H. Hembree and 
F. H, Ramwater. Pp. x+336+12 plates. ap. Professional Paper 
274-1: Additions to the Flora, of the Spotted Ridge Formation {n 
Central Oregon. By S. H. Mamay and Charles B. Read. Pp. til+211- 
226+-plates 34-87. n.p. Professional Paper 274~K:: Stratigraphy of 
Middle Ordovician Rocks in the Zinc-Lead District or Wisconsin, 
hnols, and Iowa. By Allen F, Agnew, Allen V. Heyl 
Behre, Jr. ,and E. J. Lyons. Pp. iv-+261-312. 60 cents. Professional 
Paper '305-A.: Core Tests and Test Wells, Oumalik Area, Alaska. By 
Florence M. Robinson. Pp. ili+70+6 plates. 1.75 dolars. (Washing: 
ton, D.O.: Government Printing Office, 1956.) 
Atomic “Explosion : V. K. Krishna Menon’s Statement in Ey 
Disarmament Commission, July 12, 1956. Pp. 36. ew Delhi: 
cs a Service of India ; London : High Commission of India, 
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SECRECY, SECURITY AND FREEDOM . 


A a study group of the Committee 
on Science and Freedom in Paris on “Freedom 
and Responsibility in Academic Life”, Prof. C. D. 
Darlington said that the voice of the new learning, 
of science, is desperately needed in Britain for three 
main reasons: first, because of the separation of 
science from politics at the foundation of the Royal 
Society ; second, because of the pace of scientific 
change, arising largely from specialized activities 
connected with the Royal Society; and third, 
because of the widening gulf left by university 
education between the scientist and the non-scientist, 
a misfortune for which both are to blame. Prof. 
Darlington began by pointing out the necessity for 
science to express its needs to the State through its 
own representatives; only by breaking down the 
separation of science from the ordinary life, thoughts 
and discussions of society can the freedom of science 
now be preserved, and in this rapprochement he 
thought the Royal Society and other learned societies 
and the universities have the most important con- 
tribution to make. The learned bodies, he main- 
tained, must devote some of their tıme and interest 
to the problems of the societies m which they live, 
and, comparing the two opposed systems of university 
administration in Britain and Germany, he suggested 
that complete autonomy has its own dangers. Lay 
interference, when exercised to a limited extent at 
rare intervals and by responsible authorities and 
organizations understanding the university tradition, 
has its advantages, and can avoid the incompetence 
and stagnation that sometimes attend self-determ- 
ination. There must always be the means of inter- 
action between the scholar or scientist and the lay- 
man if the community is to be healthy, and this 
demands both the education of the public in regard 
to learning and the education of the learned world 
in regard to the public. 

Both these are the duties of the universities ; but 
at the present time, said Prof. Darlington, nowhere 
in the world do the universities give their students 
any notion of the state of human knowledge as a 
whole and as it is to-day. While he was concerned 
more especially with the British scene, there is much 
to support his argument in Prof. E. A. Shils’s recent 
study of the background and consequences of 
American. security problems*. Prof. Shils makes it 
clear how, largely in a different setting, the lack of 
understanding between the scientist and scholar and 
the ordinary citizen contributed to permit the 
development of policies which have done so much 
harm to science. 

Perhaps that aspect is displayed even more clearly 
in an article “Secrecy and Scientific Progress”, based 
on a statement by Dr. L. V. Berkner to the Govern- 

* The Torment of Secrecy: The Background and Smis. Pp. 238. of 


American Security Polictes. By Prof. Edward A. Shi 
(London: William Heinemann, Ltd., 1956.) 15s. net. 


ment Information Sub-committee of the Committee on 
Government Operations, House of Representatives, 
in March 1956, which has since been published in 
Science. In that article Dr. Berkner gives an out- 
standmg analysis of the dangers attending tech- 
nological secrecy, which is as valid for Britain as for 
the United States, and he indicates precisely the 
factors involved in achieving the best balance 
between secrecy and free information. Like Prof. 
Shils, he recognizes the mevitability of some secrecy, 
but he also emphasizes the limits to such secrecy if 
security is to be effective. As more and more scientific 
activity tends to come within the purview of secrecy 
regulations, it is imperative that these mits shall be 
clearly understood, and an authoritative appraisal of 
the effects of secrecy on sciéntific strength and pro- 
gress in Britain, and therefore on national security, 
is to be welcomed. 

We cannot afford to burden a security system with 
secrets which need not be kept, and both Dr. Berkner 
and Prof. Shils are concerned to point the way to 
improvements in security policy, either through 
technical and administretive changes, better training 
of those responsible for the execution of security 
policy or the improvement of the environment in 
which the necessary policy is conducted. The fact 
that the environment in Britain is much healthier 
than in the United States does not diminish the value 
of a number of suggestions which are made by Dr. 
Berkner and by Prof. Shils. Not the least of their 
service is that they should stimulate constructive 
thinking about a real and continuing danger to 
science. 

Dr. Berkner points out that in suppressing seem- 
ingly isolated pieces of scientific mformation of direct 
military value, we hinder, if not prevent, at the same 
time, the germination of scientific ideas of much 
greater scientific, social and military significance. He 
rightly observes that injection into our industrial 
complex of the great concepts generated from a free _ 
and virile science provides far greater security 
through technological supremacy than can ever be 
achieved by classifying technological information. 
Moreover, technological secrecy is somethmg quite 
different from the secrecy of tactics and battle order, 
of communication codes, of intelligence and of 
citations, if only because the inexorable march of 
science inevitably opens it in due course to the enemy 
unless he himself discards science. The secrets of 
Nature cannot be denied to a nation with scientists 
and a scientific tradition. 

One effect of the present security procedures 
which Prof. Shils does not discuss is strongly emphas- 
ized by Dr. Berkner, and it may well operate even 
in Britain. They incline the scientist to avoid contact 
with any idea that may lead to military application. 
If the scientist knows no such secrets, he cannot be 
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involved in security questions and is consequently 
free from the risk of his reputation being destroyed 
by any person who makes irresponsible charges. 
That risk is much slighter in Great Britain than in 
the United States; but even so, scientists are 
naturally reluctant to endanger their reputation. 
Moreover, especially in the United States, clearance 
is not a permanent status. It is not simply that, 
once admitted to secret information or having 
originated such information, a scientist is under 
continual risk of further clearance review; the 
threat of such a review may be used for discouraging 
his exploration of alternative lines of work, if those 
alternatives do not coincide with current policy. 

All this is well illustrated by the Oppenheimer case, 
as is the embarrassment in which scientists are fre- 
quently placed by security questioning relative to 
their colleagues. More serious, a scientist may well 
become inadvertently involved in security procedures, 
because some idea of milhtary importance emerged in 
discussions with other scientists on topics quite 
unrelated to defence. There is the further risk that 
a scientist may express a strong view on some tech- 
nical matter that may be contrary to current or sub- 
sequent policy ; and it is not always possible for a 
scientist to be sure what is, and what is not, secret 
information. 

It is the aggregation of such situations that may 
condition the scientist not to do the very things most 
needed both to ensure maximum efficiency in defence 
policy and the technological and economic strength 
of the country. Security in practice, if not in policy 
also, thus alienates the spontaneous will and oppor- 
tunity of the scientists to contribute to the nation’s 
strength when they possess special knowledge and 
the vision to see how it can be applied. Responsible 
men will not consciously allow this to obstruct them 
in carrying out their duty ; the danger is rather that 
the younger—and creative—scientist may be dis- 
couraged and disheartened, so that he feels it is 
useless to make the effort. 

Dr. Berkner notes also, but does not enlarge on, 
the importance of dissent, on which H. S. Commager 
was so stimulating in this same context three years 
ago; though he remarks that technological secrecy 
tends to obscure the dependence of -democracy on 
diversity of thought and opinion. That alone would 


make it wise, if not imperative, to limit technological - 


secrecy as much as possible, even if there were not 
the further risk ‘that. clearance procedure may go 
beyond the protection of secrets; indeed, Dr. 
Berkner thinks it has already placed some of the 
best thinkers in the United States behind a wall 
across which they have no communication with the 
Government. Moreover, by sharply limiting the 
number of secret projects, we avoid the risk, inherent 
in a widespread secrecy system, of defeating the 
essential secrecy. Accordingly, by limiting secrecy 
to a few critically important technological matters 
and enforcing it rigidly and at every step, we serve 
secrecy itself where essential and minimize the 
dangers elsewhere to which Dr. Berkner and Prof. 
Shils direct attention. i 
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This is perhaps the most important principle which 
Dr. Berkner enunciates, and he adds that tech- 
nological secrecy should never be used where there 
is doubt whether its effectiveness will be complete. 

Dr. Berkner points out that it is futile in a 
democratic system to cloak large undertakings in 
secrecy and also that technological secrecy is lost 
with the passage of time. His first principle would 
accordingly involve their declassification after a year 
or two quite apart: from consideration of the tech- 
nological advantage which could accrue from doing 
so. It would likewise preclude the attempt to classify 
basic scientific and engineering information, even if 
the flow of information on which progress depends 
were not thereby, stopped. Indeed, Dr. Berkner 
suggests that the security of progress should be the 
prime objective in a secrecy system. ` 

This principle itself involves as corollaries several 
others which he puts forward. Without freedom of 
knowledge, we cannot easily develop alternative 
choices and select the best. Equally, it is incom- 
patible with the public policy function of a democracy 
to hinder informed discussion and constructive 
criticism, as we in Britain have become aware, 
particularly in the discussion of the developments of 
nuclear power. Indeed, the bearing of the principles 
Dr. : Berkner enunciates on the development of 
nuclear energy ıs obvious, and it could be argued 
that sufficient secrecy exists in this field both to 
inhibit such discussion and also to keep the public 
ignorant of adjustments which must be made in the 
face of advances. 

Dr. Berkner concludes that a deep and searching 
inquiry into the restrictions on technological informa- 
tion is needed to determine where the public interest 
really lies. He believes that such an inquiry would 
define the kinds of technological information that 
should be kept secret and outlines procedures for its 
selection and protection; he thinks it would also 
facilitate a balance of the relevant factors in the 
national interest. He puts many of the essential 
questions, some of -which, but by no means all, 
require answering in a British context, and his state- 
ment is one to be pondered by all who realize the 
dangers to scientific advance inherent in secrecy. 

That is only one facet of the problem, however, 
and though Prof. Shils has some wise words on this 
too, his book, by and large, is concerned with the 
wider implications in society as a whole. He argues 
for more reasonableness and common sense, more of 
a sense of affinity throughout public life, less eager- 
ness to magnify differences and to seek false allies at 
the extremes. There is perhaps less extremeness 
and hysteria in this respect in publie life in Great 
Britain than in the United States ; but it is none the 
less true that when the secrecy issue is forced to the 
front,-whether in respect of a tutor’s relations with 
one of his students and a potential employer, in the 
Civil Service, or in relation to migration and travel, 
on which several questions have recently been 


' asked in Parliament, reasonableness, common sense, 


and less disposition to magnify differences are none 
the less what are wanted here. 
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Ag regards science, Prof. Shils underlines several 
of the points made by Dr. Berkner: the importance 
of free discussion and contact with new ideas and the 
element of accidental and unpredictable discovery, 
the danger of compartmentalizing science and making 
the scientific career both less attractive to able minds 
and less conducive to creative work. His book may 
be of less direct interest to the scientist than Dr. 
Berkner’s statement, but the pomts he makes need 
weighing not only in the context of nuclear power 
developments but also wherever questions of secrecy 
arise. Moreover, in considering the future of a plural 
and democratic society, he urges, in words that recall 
Prof. Darlington’s address, the importance not simply 
of individuals but of groups in the defence of freedom, 
provided that, for effective co-operation, the judg- 
ment of the representatives of science must be 
mutually acknowledged. The balance between 
secrecy and security, between order and freedom, 
can only be achieved when the professional bodies 

‘and learned societies, as well as institutions like the 
universities, bring to that task the great traditions 
they have inherited and also open minds and the 
vision and capacity for constructive thought in which 
they have been traimed. 
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SPECTROSCOPY AND THE 
ORGANIC CHEMIST 


Chemical Applications of Spectroscopy 

Edited by W. West. (Technique of Organic Chem- 
istry, Vol. 9.) Pp. xxiv+787. (New York: Inter- 
science Publishers, Inc.; London: Interscience 
Publishers, Ltd., 1956.) 15 dollars, 


N an apocryphal story the late Prof. W. H. Perkin 
is said to have remarked to a research pupil who 

murmured something about the Phase Rule, “My 
dear fellow, physical chemistry doesn’t apply to 
organic compounds’’. By this he presumably meant that 
the early attempts to solve problems of molecular 
structure by additivity rules of molecular volumes, 
magnetic rotations, etc., had caused nothing but 
confusion in the very examples where help was 
needed. That the present-day organic chemist needs 
physical chemistry, and in a big way, ıs shown by 
the appearance of these volumes on technique, now 
approaching the 10,000-page mark. How he is to 
find time from synthetic studies to assimilate the 
matter there described is left to him; Perkm might 
well have acknowledged the receipt of a volume by 
saying that he would lose no time in reading it. The 
position has now been reached where collaboration 
between experts is essential, and the physical chemists 
may seem to be appropriating more than their fair 
share. The classical art of organic chemistry, con- 
sisting in the skilful use of synthesis and chemical 
reactivities to determine molecular structure, is being 
displaced by X-ray analysis, spectral studies, and 
even by theoretical calculation. 

Vol. 9 is a self-contained treatise on spectroscopy 
and its use in solving chemical problems, excluding 
descriptions of instruments and the modes of hand- 
ling them. It is written very clearly by a team of 
experts in each of the individual parts of the subject. 
The introductory survey covers the basal concepts of 
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atomic and molecular energy levels, selection rules, 
potential energy curves, spin and classification of 
states of symmetry, together with the elements of 
the treatment of molecular orbitals by the principles 
of wave-mechanics.. This forms a well-balanced 
account for the undergraduate student. 

A full account of microwave and radio-frequency 
spectroscopy is presented, a subject so new that the 
oldest reference given. relates to 1948. Here novel 
applications are rapidly being developed, and the 
chapter provides an up-to-date account of the theory 
and its uses in detectmg free radicals, in analysis, in 
following chemical reactions, for studying para- 
magnetic molecules such as hemoglobin, and for 
irradiated amino-acids and protein molecules. 

Infra-red and Raman spectra are treated together, 
first in a chapter on group-theory, symmetry, and 
selection rules applicable to top-lhke and asymmetrical 
top molecules, and secondly in one describing the 
more empirical extensians of these concepts to com- 
plex organic molecules. An account is given of 
methods of plotting such spectra, of the avoidance of 
experimental errors, and of the measurement of 
absolute mtensities, and this is followed by a full 
discussion of group frequencies with examples of 
their use in structure determination. Other subjects 
described are cells, temperature effects, appropriate 
solvents and polarization effects, presented in a form 
which can be directly comprehended by the organic 
chemist. This chapter is the one from which the 
practical worker needing to characterize his new 
compounds will derive the most likely means of 
answering his problems. 

Electronic molecular spectra are described first in 
a theoretical section, excellent ın itself but unlikely 
to be understood by an organic chemist, and then by 
detailed examples of recent attempts to apply 
theoretical ideas to the ultra-violet spectra of con- 
jugated molecules. This subject ıs necessarily one of 
great difficulty, and progress ıs slow but steady. The 
account is of value m bringmg together recent lines 
of development, and providing full references for 
those who wish to venture further mto this field ; 
but the field ıs one for the bold and competent 
mathematical chemist, and not for the empiricist. 

In a final chapter an account is given of fluorescence 
and phosphorescence spectra of organic compounds, 
describing all the main features of the subject, such 
as mean lives, mirror image relationships of spectra, 
effect of pH, effects of molecular structure, quantum 
yields of fluorescence, and the influence of molecular 
rigidity. Of particular importance at the present 
time is the account given of the triplet state of 
organic molecules and the spectra associated with it. 
Here the organic chemist will find information 
gathered .together from rather scattered sources and 
the general principles very clearly explained; one 
misses, however, any reference to the ‘flash’ technique 
recently developed in England, and although 
not strictly in the spectral field, any hint of the 
part played by triplet states in photochemical 
reactions. 

No effort has been spared in this book to achieve 
clarity in explaining basal concepts; repetition is 
preferred to the obscurity of too great condensation. 
Hach part is excellent, standing rather too com- 
pletely on its own feet. An over-all picture of the 
whole subject, explaining to the organic chemist just 
what can be done by each kind of investigation, and 
where he can best use she methods in his own work, 
would be a valuable addition. E. J. Bowen 
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PROBABILITY AND SCIENTIFIC 
INFERENCE 


Scientific Inference 

By Sir Harold Jeffreys. Second edition. Pp. viii+ 
236. (Cambridge: At the University Press, 1957.) 
258. net. 


HE first edition of this book was published in 

1931. While this second edition has been exten- 
sively re-written, the essential principles remain 
unchanged; as the author puts it in the preface to 
this new edition: ‘The general standpoint, that 
scientific method can be understood if and only if 
a theory of epistemological probability is provided, 
remains unaltered”. In this theory ‘prior probabili- 
ties’ of scientific hypotheses are -continually being 
modified by the accumulation of fresh evidence. 
The consequent unity of outlook, coupled with the 
author’s wide knowledge and exposition of physical 
theory, is in many ways mpressive. Nevertheless, 
many people, whom Jeffreys would rank as (otherwise) 
reasonably intelligent, think that in this approach 
he obscures issues just as much as he considers they 
do. To quote from one recent publication: `.. 
scientists, whose successes we all applaud, do not in 
fact establish their conclusions by inserting values 
in their equations for initial prior probabilities. The 
prior probability story is a rigmarole expounded by 
probability theorists for one another”. (‘‘Founda- 
tions of Inductive Logic,” by Roy Harrod. London: 
Macmillan, 1956, p.149.) Again, Prof. Braithwaite 
in his book “Scientific Explanation’? (Cambridge 
University Press, 1953) rejects Jeffreys’s approach in 
favour of what, to use a rather clumsy phrase, is 
termed the ‘hypothetico-deductive method’. 

One bone of contention has been Jeffreys’s apparent 
reluctance to recognize, as others do, statistical 
probability as a valid concept in its own right. 
Naturally such an ‘intrinsic probability’, as Jeffreys 
calls it on p. 185, can be discussed in terms of his 
theory, as the latter is all-embracing, but his adoption 
of the addition rule (which seems to be introduced 
rather less clearly, on p. 25, than in the first edition or 
in his book, ‘“The Theory of Probability”, where it is 
more explicitly noted as a convention) makes this 
easier to do than ıt would be otherwise. Statistical 
properties, which are fundamental in many branches 
of science, are associated with membership of a group 
or class, the individuals of which are distinct, but the 
further distinguishing characteristics of which may 
be ignored: statistical concepts, like many other 
scientific concepts, are theoretical concepts used as 
substitutes for actual phenomena. Just as limiting 
concepts like position and velocity are allowed, so 
may statistical probability, which is associated with 
frequency of occurrence. It is by no means clear 
that this particular concept is most relevant in the 
domain of quantum phenomena (consider, for example, 
the problem of identity), and the attempts to combine 
quantum theory with the theory of probability are 
still largely formal (the phase-space distribution 
quoted on p. 219 is real but not necessarily. positive). 
However, while presumably Jeffreys’s probability 
theory cannot change, statistical theories have the 
possibility of extension to cope with new conceptual 
kinds of average. 

Sir Harold’s own insistence on the importance of 
probability theory perhaps justrfies its possible over- 
emphasis in this review. The author will, from 
previous experience, scarcely expect all his readers to 
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agred with his views, but he is entitled to expect them 
to consider these carefully. Whether or not one 
finally accepts his underlying philosophy, his book 
as much deserves attention now as when it was first 
written. It contains, moreover, in a comparatively 
small space, a fascmating wealth of critical comment- 
ary and mcidental detail on many topics, such as the 
foundations of mathematics, sampling, dimensions, 
mensuration, dynamics and relativity. The emerg- 
ence in science of convenient concepts like electron 
or length or temperature or (statistical) probability 
should not mislead us as to what we observe and 
what we postulate; and Sir Harold’s healthy em- 
phasis on the importance of observational evidence is 
not one that any scientist, least of all a statistician, 
would cavil at. M. S. BARTLETT 


THE REFUGEE PROBLEM 


European Refugees 


1939-52. A Study in Forced Population Movement. 
By M. J. Proudfoot. Pp. 542. (London: Faber 
and Faber, 1956.) 52s. 6d. . 3 


HIS book takes up the history of European 

refugee movements at the point where it was 
left in Sir John Hope Simpson’s study of “The 
Refugee Problem”. It begins with a summary of 
refugee movements that took place immediately 
before the War, and then deals with war-time move- 
ments—the mass expulsions of populations ‘swopped, 
back and forth by their governments at each major 
shift in the balance of power, the flight of people 
before advancing armies and from bombed cities, 
the desperate attempts to escape starvation and the 
gas chambers, and the recruitment of workers for the 
German war machine (recruitment that began as a 
voluntary influx of free workers and degenerated into 
slave-raiding expeditions). Next the author describes 
the plans made by the Allies to cope with the 
dispersed and homeless they were to encounter in. 
their invasion of Europe, the first tests of these plans 
in Italy and in France, the mass repatriation of 
millions in the months following the German collapse, 
the resettlement of those who refused to be repatriated, 
and the continuing problems presented by the ‘hard 
core’—many of whom are still living in barracks and 
public buildings. 

The political and administrative history of these 
movements is traced and documented: the early 
SHAEF plans, the somewhat unhappy record of 
UNRRA, the great achievements of the International 
Refugee Organization, and the continuing work of 
the United Nations High Commissioner’s Office for 
Refugees—each new organization learning a little 
from its predecessors, devising fresh expedients to 
deal with a continually changing situation, and 
struggling with the apathy of a world that still 
persists m regarding refugees as a temporary problem. 

Mr. Proudfoot’s account is laconic, precise and 
unemotional, even at its dramatic points. See, for 
example, the story of a group of armed Russian 
refugees who looted and plundered their way across 
France until visited by. General Dragun, chief Soviet 
“He picked out ten Soviet 
refugees, apparently at random, and shot them - 
himself. After this no more protests were received 
regarding infractions of discipline by these refugees” 
(pp. 129-130). - 


mer June 15, 1957 


Many of the most tragic and telling points in the 
narrative are tucked away in footnotes: take, for 
example, the reference to the killing of Jews “‘at an 
average daily rate of 5,000 persons” for the years 
1943 and 1944 (p. 321), and the plight of physicians 
and dentists still among the ‘hard core’ of unrepat- 
riated refugees—men whom no country would accept, 
although they ‘“‘had served their fellows for years in 
the assembly centres, and some had thereby missed 
opportunities for resettlement” (pp. 430-31). Where 
it is impossible to maintain this muted tone Mr. 
Proudfoot quotes from other authors—when dealing 
with the conditions found in German extermination 
camps, or when describing the illegal migrations of 
Jews bound for Palestine, for example. 

The book’s brief conclusions deal mainly with 
administrative problems that arise in schemes for the 
relief, repatriation and resettlement of refugees. But 
it will interest many others besides those concerned 
with such schemes. To what groups and institutions 
do Europeans give their loyalties, and what happens 
when loyalty to the State conflicts with other loyal- 


ties ? What are the factors that contribute to the _ 


success of an international authority ? What are the 
crucial differences between military and civil organi- 
zations, and on what terms can the two collaborate ? 
On these and other questions this book throws useful 
light—light which is sometimes all the more revealing 
for being indirect and unintended. 

D. V. DONNISON 


THEORY AND PRACTICE OF 
RHEOLOGY 


Rheology 
Theory and Applications. Edited by F. R. Eirich. 
Vol. 1. Pp. xiv+761. (New York: Academic 
Press, Inc.; London: Academic Books, Ltd., 1956.) 
20 dollars. 


T would seem that this work, of which two further 

volumes are shortly to appear, is an attempt to unify 
the ‘theory and much of the practice of rheology. 
Already quite a large collection of books on rheology 
is available, including a series of seven International 
Rheology Monographs ; though the latter, with but one 
exception, do not deal primarily with fundamental 
theory. The British Society of Rheology has listed, in 
a recent Bulletin, more than fifty books on this still 
youthful branch of physics, though it must be admit- 
ted, again, that many of these are either students’ 
text-books or deal only with very specialized fields. 

While it cannot be denied that unification is needed, 
the tables of contents of these three volumes leave 
one wondering whether this new work will indeed 
contribute much to this unification and also whether 
the later volumes especially may not prove to contain 
much the same material as that which is already 
available elsewhere, often written by the same 
authors. However, the first volume, here under 
review, is the least subject to this criticism. 

Until recent times, when the widespread appear- 
ance of ‘Weissenberg effects’ among industrial 
materials has directed attention to the need for a ten- 
sorial approach, most practical rhevlogists were con- 
tent with unidirectional tests, ignoring any compon- 
ents of stress and even of stram and flow, in other 
planes. Even for ad hoc purposes, this attitude is 
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becoming increasingly difficult, and perhaps it is not 
too much to ask the industrial rheologist of to-day 
to learn enough tensor theory to follow Prof. Reiner’s 
admirable treatment of “Phenomenological Macro- 
rheology”. Whether hə can also be expected to 
master Riemannian geometry is more questionable ; 
perhaps younger readers will feel that an elderly 
reviewer is over-pessimistic in his doubts on these 
matters. ' 

It is not possible here to mention all the sixteen 
essays in this volume. Suffice it to say that leading 
authorities discuss plasticity and hardening of metals, 
theory of dislocations, high-pressure rheology, theories 
of viscosity and of large deformations, problems of 
visco-elastic behaviour, optical and acoustical methods 
of testing, as well as many of the rheological pro- 
perties of high polymers. 

The book is admirably produced and printed—as 
it should be for the price—and I can find only one. 
major misprint: the mis-spelling of Dr. Treloar’s 
name throughout a whole chapter. 

While sympathizing with the editor in his task of 
unifying the work of so many authorities from many 
lands, one cannot help regretting that he has decided 
not to attempt any standardization of symbols. It 
is to be hoped that, in the later volumes, at least 
the most widely used concepts will have a unified 
symbolism. If this is quite impossible, at least it 
should be sisted that the authors’ tables of nomen- 
clature at the end of each essay should be com- 
plete. 

Were this a work of less importance, I would hesi- 
tate to make these rather stringent criticisms. But 
the book is a most important contribution by writers 
of outstanding authority, nor are the later volumes 
yet apparently completed. It is therefore hoped that 
there may be time to give consideration to some of 
these points before the work is finished. If this can 
be done, and especially if too much duplication can 
be avoided, the work will doubtless prove to be a 
major contribution to rheological literature, 

G. W. Scorr BLAR 


GRASS FARMING 


Grassland Farming in the Humid Northeast 

By Prof. Ford 8. Prince. (The Grassland Farm 
Series.) Pp. x1i+-441. (Princeton, N.J.: D. Van 
Nostrand Company, Inc.; London: Macmillan and 
Co., Ltd., 1956.) 45s. net. 


Theory and Dynamics of Grassland Agriculture 
By Prof. Jack R. Harlan. (The Grassland Farm 
Series.) Pp. x+281. (Prnceton, N.J.: D. Van 
Nostrand Company, Inc.; London: Macmillan and 
Co., Ltd., 1956.) 42s. net. 


HESE two volumes are complementary to each 

other in the Grassland Farm Series edited by 
W. A. Wheeler. Both works lay the utmost stress upon 
the grassland sward as a crop having the dual purpose 
of providing livestock food and improving the soil. 
Prof. Ford Prince’s book sets out to be intensely 
practical and to offer detziled guidance to the farmers 
of the north-eastern region of the United States. 
Practical day-to-day information is offered on such 
matters as seeds mixtures, ming and manurmg for 
good grass production, pasture management, grass 
cunservation and grass for use by different classes of 
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ordinary’ farm animals. One chapter is devoted to 
the economics of grassland as a component -of the 
mixed farm. ei j 

The important place of the legume in the sward is 
emphasized, and three chapters are devoted to 
detailed reviews of lucerne, white clover and other 
major legumes used in temperate pastures. Grasses 
are dealt with similarly with the emphasis on Bromus 
[zerna] inermis and on Phleum pratense, both of which 
are in common use in the northern States. Insects and 
fungal parts of grassland are treated briefly and the 
place of the modern herbicide is discussed. The 
practical application of existing grassland knowledge 
by the advisory officer and the farmer is treated from 
the experiences of organization of grassland advisory 
programmes applicable to North America. The same 
kind of organization may well have wider application 
and may suggest techniques which advisory officers 
in other countries might use. 

“Grassland Agriculture” by Prof. J. R. Harlan is 
more ambitious in scope. The first two-thirds of the 
book deal with the theory and dynamics of growth 
and the use of grass by the animal. The first chapter 
gives an account of the geography of climate in 
relation to soil and vegetation. Another chapter 
reviews the ecology of grassland and this is followed 
by discussions of various grassland formations and of 
the taxonomic classification of the two major grass- 
land families, namely, Gramineae and Leguminosae, 
with some reference to evolutionary trends within 
each. The attempt made at correlating taxonomy 
with distribution, evolution and ecological evalua- 
tion may not find general acceptance. 

The three chapters dealing with plant physiology, 
soil and animal nutrition respectively treat with data 
common to crop and animal in general. Many of 
the -points discussed tend to be over-simplified as, 
for’ example, the role and effects of applying lime to 
soils (p. 146). These chapters, however, offer a sound. 
background to the student reader, since much of the 
material is basic and the author’s approach is a good 
one. It is well, for-example, to point out that less 
than half the nitrogen applied to crops as in normal 
farm practice is actually taken up by the plant. It 
is not enough, however, simply to say that the 
“*., . rest is usually lost by leaching or other means” 
(p. 148). The matter is one of immense practical 
and theoretical importance, and the author might 
well have expanded the argument. The book is well 
written. and comparatively free from gross errors. 
However, there is one error that needs correction. 
One or two ounces of molybdate rather than “l= 
2 pounds” (p. 150) have sufficed as a corrective on 
lands deficient in molybdenum in Australia, and it is 
ounces of molybdate per acre that are used in com- 
mercial practice to-day throughout Australia and 
New Zealand where molybdenized superphosphate is 
employed as a fertilizer. 

The last few chapters of Harlan’s book have a 
more practical bias. That dealing with the evaluation 
of pasture and other forages provides a good review, 
and is reasonably up to date in a subject where 
research workers are active in many countries. The 
essentially ecological approach to the whole theme of 
grassland is most pleasing, while the attempt to 
synthesize the evidence from basic researches is to 
be commended. It is well to recognize that new 
farming procedures, such as irrigation (the author’s 
example is used), involve not only the simple act of 
applying water, but may be the start of a completely 
new eco-system demanding an entirely fresh approach 
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to the use of plant materials as well as to fertilizer 
and management practices. 3 

„Both these books are worthy of any library book- 
shelf. That by Prof. Ford Prince is well illustrated 
and is an admirable practical guide of particular válue 
to the thinking farmer and to the advisory officer. 
Prof. Harlan’s book offers a sound approdch to the 
scientific basis of modern grassland, thought and can 
be recommended to the studious reader who seeks 
some knowledge of basic ecology and an integration 
of thought upon matters relating to the soil/prass/ 
animal complex. W. Davæs 


SOLAR RESEARCH 


Ergebnisse und Probleme der Sonnenforschung 
Von Dr. M. Waldmeier. Zweite, erweiterte Auflage. 
Pp. xii+389. (Leipzig: Akademische Verlagsgesell- 
schaft Geest und Portig K.-G., 1955.) 38 D.M. 


HE publication of a revised second edition of 

this work, dealing with the resulta and. problems 
of modern solar research, is most welcome. Prof. M. 
Waldmeier, director of the Swiss Astronomical Obser- 
vatory at Zurich, has spent all his life in intensive 
solar work and has become a well-known authority 
in this field. At the time of the first edition, in 1941, 
no other book of this kind was available, and it was 
received very well mdeed. Owing to the war condi- 
tions the first printing tended to remain restricted ‘to 
central European countries. The new edition, which 
was already in preparation before the War ended, was 
delayed for some years owing to the post-war 
situation in Germany. In spite of all these difficulties 
the author has been successful in bringing ‘the book ` 
up to date so that it really represents the modern 
position of our knowledge of the Sun. 

It presents, systematically arranged, the numer- 
ous variable phenomena on the Sun which are nowa- 
days the subject of extensive observational activity 
all over the world. Besides this, general results and 
conclusions are dealt with and the theoretical insight 
gained so far is briefly outlined. Historical, technical 
and purely theoretical investigations, however, are 
on the whole avoided. The structure of the book, 
therefore, essentially depicts the following solar 
phenomena: radiation and energy-production, rota- 
tion, and surface-phenomens (sunspots, facule, 
prominences). Further chapters deal with the inter- 
esting and involved problems of the line-spectrum of 
the Sun, and with the solar corona which is the 
author’s special realm. 

The present edition contains two completely new 
chapters: one deals with the radio-emission of the 
Sun, the other is a short section on solar—terrestrial 
relationships. They take into account the enormous 
advances achieved during the past few years. The 
book has been thoroughly revised and brought well 
up to date ; in particular, the treatment of the chromo- 
spheric eruptions, prominences, corona and magnetic 
conditions of the Sun is much extended and supple- 
mented by new sections, in accordance with recent 
progress. 

The book is well illustrated and contains numerous 
useful diagrams, tables and numerical data. The 
illustrations, too, have been amplified by some 
excellent pictures of eruptions and prommences. 
Many readers will be pleased to find a list of the well- 
known and frequently used sunspot-oumbers of the 
Zurich Observatory giving now monthly means from 
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1749 onwards. But it is much to be regretted that 
there is now no index, although one was to be found 
in the first edition. An index is of great importance 
in a book of this kind, which is likely to be consulted 
‘on various occasions. 

' The book is extremely useful for every kind of 
practical work in the field of solar research. But 
beyond this range it can also be warmly recommended 
to the much larger group of readers from the various 
borderlands of solar research. The mathematical and 
physical knowledge assumed in the reader is to a 
large extent of an elementary nature, so that the 
book is also well suited to the amateur and for schools, 
as well as for instruction at higher levels. Of 
particular value are the ample and carefully quoted 
references. H. von KLUBER 


THE BIOLOGY OF BIRDS 


Natural History of Birds 
A Guide to Ornithology. By Leonard W. Wing. 
Pp. xi+539. (New York: The Ronald Press Com- 
pany, 1956.) 6.75 dollars. 


Recent Studies In Avian Biology 
Edited by Albert Wolfson. Pp. ix+479. (Urbana, 
Il.: University of Hlinois Press, 1955.) 7.50 
dollars. 
HESE two works, both from America, are very 
different in aim. The first represents the biologi- 
cal approach to the study of birds ; the second reflects 
the contribution of ornithological research to general 
biology and has the wider appeal. 

Wing’s volume is in’ fact a text-book, or work of 
general reference, intended to be used in conjunction 
with a field guide to the species of the area. It is at 
only a moderately advanced level, being addressed 
to the serious amateur as well as to the student ; 
and it deals mainly with the bird as a living thing, 
giving only brief treatment of -the basic facts of 
structure and function and the general principles of 
evolution and taxonomy. Thereafter it is concerned 
mainly with distribution and ecology and with the 
habits related to different aspects of life. There are 
concluding chapters on diseases, conservation, econo- 
mic relations and methods of field study. The book 
is handsomely produced and very clearly illustrated. 
It is, however, naturally written for a North American 
audience and draws most of its examples from the 
bird-hfe of that region. 

The second work consists of contributions by a 
dozen American authorities, who deal with subjects 
varying in the degree to which they have general 
rather than mainly specialist interest. There are 
discussions of systematic problems m relation to 
evolutionary processes (Miller) and of the biological 
significance of recent revisions of classification 
(Friedmann): here ornithologists have the advan- 
tage of the relative completeness of the systematic 
description of their material. Then there are accounts 
of advances in the study of fossil forms (Wetmore) 
and of some problems of anatomy (Fisher), the latter 
a rather neglected aspect nowadays. The study of 
behaviour in birds 1s the subject of a general essay 
(Emlen), followed by articles on bird navigation 
(Griffin), the physiological stimulus to migration 
(Farner) and nocturnal observations of migratory 
passage (Lowery and Newman)—fields in which the 
ornithologist can give a general lead. Breeding 
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biology (Davis) and the role of hormones in sex 
differentiation (Domm) provide two further topics ; 
as do population problems, studied respectively in 
gallinaceous birds (Hickey) and by ‘banding’ (Farner). 
A final article is on diseases of wild birds (Herman), 
a subject in which there is still very much to be done, 

The articles, with their lists of references, constitute 
valuable guides to the newer knowledge and recent 
thought in the subjects covered. 

LANDSBOROUGH THOMSON 


THE ADRENAL GLAND 


The Adrenal Cortex 

By Dr. I. Chester Jones. 
(Cambridge : At the University Press, 
378. 6d. net. 


HE adrenal gland has been the subject of a 

number of treatises in the past twenty years and 
one might have thought that, apart from the advances 
in the chemistry and physiology of their hormones in 
recent years, much of what can be said has already 
been published. In some respects a good deal of the 
present volume is in fact a repetition of what has 
already been written in previous volumes; neverthe- 
less 1t is presented m an interesting fashion and is 
well integrated into the rest of the subject-matter. 
The book begins with a study of the adrenal glands in 
Eutheria, dealing with their gross anatomy, histology, 
their hormones, their control and their functions, 
and particularly their relationship to various tissues, 
for example, cartilage. bone, skm, lymphatic and 
connective tissues. There is also a discussion 
of adrenal gonad relationships and some naturally 
occurring abnormalities of function. Later chapters 
deal with the adrenels in the fish, amphibians, 
reptiles, birds, monotremes and marsupials, and with 
embryology and the correlation of structure and 
function. 

Although the size of the text is relatively small 
(only 245 pages) it is unusually well documented, with 
a list of approximately 770 references. This, of course, 
adds enormously to the value of the book, particularly 
in view of the fact that the author has included 
practically all the major and important contributions 
to the literature of the adrenal in the various aspects 
with which he deals. Another valuable feature of the 
book is that the author has been able to draw upon 
his own extensive researches and those of the group 
working on comparative embryology at Liverpool in 
writing it, and this has obviously coloured his discus- 
sion and made the book much more than just a read- 
able compendium of the literature. However, the 
attempt to review critically such an enormous field, 
with the support of so many references in so fow pages, 
does make the book a little over-condensed in places 
and does not enable the author to do justice to many 
aspects which could have been developed. Neverthe- 
less it is an excellent book for the many types of 
people working in this field—the zoologist interested 
in the adrenal will read with interest the clinical part 
and the clinician will no doubt find much to stimulate 
and intrigue him ın the comparative anatomical and 
physiological aspects vresented in it. Both will 
no doubt find much of pleasure and profit in the 
final chapter which discusses and attempts to find a 
“correlation of structure and function” in the adrenal. 

G. H. Bourne 


Pp. x+316+9 plates. 
1957.) 


1210 


Die Kupferchlorid-Kristallisation in Naturwissen- 
schaft und Medizin 

Von Dr. A. Selawry und Dr. O. Selawry. Mit einer 

Einfthrung in die kristallographischen Grundlagen 

von Prof. A. Neuhaus. Pp. xl + 232 (11 plates). 

(Stuttgart: Gustav Fischer Verlag, 1957.) 43 D.M. 


HE growth-habit of crystals is often sensitive 

to small quantities of surface-active material in 
the environment, and proteins are among the par- 
ticularly active habit-modifiers. When the crystal 
naturally tends to the forking needle type of growth 
which leads to spherulites, quantitatively slight 
changes in growth rate and forking frequency make 
qualitatively obvious changes in the crystallization 
picture. CuCl,.2H,O is an example of a crystal 
showing this behaviour from aqueous solution, giving 
an a priore possibility that it might afford a sensitive 
test of some value in serological investigation. The 
method, which has been enthusiastically pursued by 
various workers since it was started by Pfeiffer 
(inspired by Rudolf Steiner) in 1930, is to add a 
small quantity of tissue extract to copper chloride 
solution crystallizing in a shallow dish, and to look at 
the resulting crystallization pattern. The two prin- 
cipal authors of this book are among the enthusiasts. 
Neuhaus contributes a sober, conservative and 
mainly accurate account of the scientific background 
of the subject. The fact that a scientic re-examination 
of the method has been commenced in his laboratory 
is to be welcomed. His opinion appears to be not 
very different from that of the reviewer, namely, 
that under careful control, and with a morphogenetic 
rather than a morphographic analysis of the results, 
such tests may be of some value ; but that it is very 
unlikely that, as the principal authors consider, 
various simple geometrical elements of the pattern 
can be taken as directly diagnostic of a large variety 
of pathological conditions. While these are the 
methods of analysis, there can be little doubt that, 
even though there be truth in them, they cannot fail 
to be conducive to quackery. Some statistical 
tabulations showing reliabilities of the order 80 per 
cent are given, but not in a form designed for the 
persuasion of sceptics: the sceptical approach is 
foreign to the authors’ nature. The book, including 
numerous good photographs, is beautifully produced, 
and those who are mterested in spherulitic crystal 
growth (a subject with many queer byways) may 
consider adding it to their collection. 

F. C. Frank 


Irradiation Colours and Luminescence 

By Dr. Karl Przibram. (Translated and revised in 
collaboration with the author by John Espenett 
Caffyn.) Pp. xiv+332. (Pergamon Science Series : 
Physics, Vol. 1.) (London: Pergamon Press, Ltd.) 
638. net. 


HE author, now emeritus professor of physics in 

the University of Vienna, has devoted many 
years of patient research to the elucidation of the 
very complex phenomena of the coloration of minerals 
and their lummescence under various conditons. 
The results of his studies he presented in 1953 in a 
book which 1s primarily devoted to the description 
of his own observations but discusses them m the 
light of general physical theories. The very favour- 
able reception of this work by physicists and 
Mineralogists created the demand for an English 
translation. This, unfortunately, was published only 
after a lapse of nearly four years after the completion 


NATURE 


VoL. 179 . 


June 15, 1957 


of the German manuscript. It would obviously have 
been desirable to re-write those parts in which pro- 
gress has been most marked, but collaboration 
between author and translator was apparently not 
close enough for this task; only the survey of the 
literature at the end of the book has really been 
brought up to date. 

It is still more regrettable that the translator did 
not always avoid the well-known pitfalls of render- 
ing a German text into English. The shortcomings 
range from misunderstandings of words to a-rather 
heavy and occasionally even obscure style. Already 
on the second page one is astonished to read that 
Faraday in his diary—jotted.down only for his own 
use—is thanking his assistant; a comparison with 
the German original reveals that the difficulty of 
distinguishing between denken and danken (to think 
and to thank) was too much for the translator. Nor 
did he recognize the frequent necessity of breaking 
up long German periods into several Enghsh sen- 
tences. 

The most valuable part of this English edition is 
the considerably enlarged survey of relevant pub- 
lications. Thanks mamly to the contributions by the 
author, some 600 references’have been added; the 
new compilation seems as reliable as the shorter list 
in the German book and can be regarded as a very 
welcome new edition of it. It may also be mentioned 
that since the publication of that book the author 
himself has given a summary of its contents in 
English in an article (Endeavour, 18, 37; 1954) 
which is distinguished by excellent colour repro- 
ductions of some of the minerals described. 

F. A, Panera 


Automatic Process Control for Chemical Engineers 
By Prof. Norman H. Ceaglske. Pp. xiv-+228. (New 
York: John Wiley and Sons, Inc.; London: 
Chapman and Hall, Ltd., 1956.) 6.75 dollars; 54s. 
net. ` 

HIS book is intended to form the basis of an 

undergraduate course of some forty-five to fifty 
hours with practical work in addition, for chemical 
engineering students in an American university. Its 
emphasis is on the theoretical aspects of automatic 
control and the mathematical methods available for 
expressing control system behaviour quantitatively. 
The treatment is elementary in that it deals with 
simple ideal systems, but not so elementary that it 
shuns the use of the Laplace transformation and many 
of the other techniques developed in the servo- 
mechanism field, although prior knowledge of these 
is not assumed. 

The first two chapters discuss qualitatively and 
quite briefly the individual elements that make up a 
control loop, and here the author gives the mmpression 
of impatience to reach the, quantitative approach 
which occupies the remaining two-thirds of the book ; 
some of the illustrative graphs in this first section 
are open to criticism. The value of the book lies in 
the remaming five chapters in which the transfer 
function for each element of the loop is derived and 
the behaviour of the loop, subjected to stepwise or 
sinusoidal disturbances, is evaluated. The stability 
of the closed loop and the methods of arriving at a 
suitable controller gam are considered. The prac- 
tising chemical engmeer will find this book invaluable 
in lus efforts to change a qualitative approach to a 
quantitative one and it is to be hoped that it will 
stimulate a more thorough teaching of this important 
subject in universities. G. H. ANDERSON 
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EXPERIMENTAL DEMONSTRATIONS AND THE 
ROYAL INSTITUTION 


By Sir LAWRENCE BRAGG, O.B.E., F.R.S. 
Fullerian Professor of Chemistry in the Royal Institution 


URING the past three years, the Royal In- 
a stitution has arranged a series of talks illustrated 
py experimental demonstrations for young people 
_ from the schools in and around London. These talks 
“are held during the school year, and the tickets are 

distributed through the chief education officers of 
-London and the Home Counties. Talks. to young 
people are, of course, given from time to time at 
“many centres in Britain; the Royal Institution has 

itself a long-standing tradition with its well-known 

Christmas lectures ‘adapted to a juvenile auditory’. 
The present venture has, however, certain novel 
_ features. The lectures are not on some specific 
abject; each lecture or course is planned to illus- 
trate a branch of science such ‘as electricity, waves 
and tions, properties of matter. An attempt is 
stage experiments on a large and striking 
and these experiments. demonstrate general 
principles. The object is to show the boys and girls 
experiments which they read about in their text- 
-books but which are too complex or on too large a 
scale. for it to be generally possible to stage them 

ith school resources. ‘The holding of a series of 
talks throughout the year makes it possible to issue 
quite a large number of tickets. The scheme has 
‘been growing, and some 16,000 tickets will be avail- 
‘able for lectures next year. This number by no 
cans satisfies the demand, but it does mean that 
final two years in the science forms quite 
large proportion of the keen pupils will have at 
cast one opportunity to visit the Royal Institution 
and to see the types of experiment we can show. 
The central position of the Royal Institution and its 
- large theatre are of great advantage. It is within a. 
few minutes of Piccadilly Circus and perhaps one- 
_ quarter of the population of England is included in 
the area from which an afternoon visit can con- 
` yeniently be made. No charge is made for the 
‘tickets, and the cost of running the courses is met 
yy generous contributions from industrial firms and 
_other organizations, which appreciate the benefit of 
such courses in stimulating an interest in science and 











































| in scientific careers. 

-The success of the scheme has been very largely 
_due to the warm. co-operation of the science masters 
and mistresses. We have a small advisory committee 
of science teachers, and try to meet their wishes as 
to the type of treatment they would like for their 
upils in order to supplement their own class teaching. 
No attention is paid to the requirements for exam- 
 inations. The object is to stimulate interest, and to 
— help the young people to grasp principles by. siraple 


“experience gained in 


to a hundred science teachers visits the Royal In- 
stitution for the afternoon, and there meets the 
leader of some. well-known research school and 
members of his team. After a preliminary talk, the 
teachers split into small groups. and talk informally 
with the people who are doing research. They hear 
of the work which is just coming out, and have an 
opportunity of personal contact with mon who are 
well known in the scientific world. These oceasions 
are, I think, appreciated because in the bewilderingly 
rapid advance of scienca it is s0 hard to keep abreast 
of recent work, and a summary by a well-known 
leader enables the visitors to get a grasp of what is 
really important and essential, a 

The library is rich in periodicals and books of refer- 
ence, and specializes in the history of ‘science and in 
popular books on science. The Institution has a large 
store of apparatus and models, and this collection is 
being augmented by the purchase of the more ad- 
vanced types of apparatus for demonstration purposes 
which are made in Britain and abroad. A ‘library sub- 
seribership’ is being initiated which entitles teachers 
of science in schools and technical colleges to use the 
library and reading room aud to have access to the 
teaching apparatus so that they can get ideas for 
the demonstrations which they show to their classes. 
It is a common experience that even the apparently 
simplest experiment demands much time: and study 
if it is to work properly, and it ia hoped that the 
the Royal Institution theatre 
may be of service to the teachers in saving some of 
their effort. E SORS 

The success of the lectures depends on the staging 
of experiments on the grand scale. _ It would scarcely 
be economic to attempt this for small audiences. 
The lecture theatre holds five hundred, however, and 
since each lecture is given four times in the course of 
a fortnight, it is attended by two thousand pupils, 
so that it is really worth while to assemble a fine 
display. We are helped by industrial and government 
research laboratories, who have been most co- 
operative in lending us gear of all kinds, and in many 
eases by providing assistants to service it. The value: 
of the apparatus and examples in the lecture theatre 
and ante-room must often run into thousands of 
pounds. An experiment which lasts five minutes in 
the lecture theatre may have required as many weeks 
of skilled planning and workshop time. j 

The lectures are for the most part on physical 
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think there can be no doubt that the scheme is 
meeting a need and giving them something which 
they greatly appreciate. As has been said above, its 
success depends on its scale, and it cannot be carried 
out cheaply. But the investment is a small one for 
a large return if it inspires a love of science in any 
reasonable proportion of the young people who 
attend, and if it helps the science teachers in their 
task. Similar ventures in some half-dozen other 
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great centres of population would cover practically 
the whole of Great Britain. I should like to testify 
to the surprisingly warm reception of this project, 
which has exceeded all our expectations, in the hope 
that our experience may be of use elsewhere. I wish 
also to express on behalf of the Royal Institution our 
warmest thanks to the industrial firms and other 
organizations which have made this project possible 
by their generous contributions. 
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THE SAFETY IN MINES RESEARCH ESTABLISHMENT, 
MINISTRY OF POWER 


C April 25 the Minister of Power, Lord Mills, 
opened the first part of the laboratories re- 
housing the Safety in Mines Research Establishment 
in Sheffield. In doing so, he spoke of the long and 
honourable ancestry of the Establishment, pointing 
out that safety in mines research goes back at least 
as far as Sir Humphry Davy, and that the present 
laboratories have an unbroken link with 1908, when 
the Mining Association of Great Britain put in hand 
researches at Altofts Colliery, Yorkshire, first to 
settle the disputed question whether coal dust alone 
(that is, without the assistance of fire-damp) could 
propagate a mine explosion, and secondly, to find a 
remedy for explosions in mines. They asked Mr. 
W. E. Garforth to supervise the experiments and 
appointed Dr. R. V. Wheeler as chemist and 
physicist. Wheeler directed the work, as it 
developed under various authorities, until his death 
in 1939, 

In 1910 the Home Office undertook responsibility 
for the work and moved it to Eskmeals on the coast 
of Cumberland. In 1920 the experimental station 
was transferred to the Mines Department of the 
Board of Trade, and in 1921 the Miners’ Welfare 
Committee decided to make capital grants for new 
and more centrally situated research stations and to 
give these stations financial sup- 
port. In the same year, Dr. Wheeler 
was appointed to the chair of fuel 
technology in the University of 
Sheffield, while remaining director 
of the laboratories of the newly 
appointed Safety in Mines Research 
Board. In 1927 a new field station 
was opened near Buxton by the 
chairman of the Miners’ Welfare 
Committee, Viscount Chelmsford. 
On 90 acres of moorland, ample 
facilities were made available for 
such experiments on explosions, 
explosives and fires as could not be 
tolerated in an urban area. In 1928 
central laboratories were opened. by 
the Prime Minister, Mr. Baldwin, 
in Portobello Street, Sheffield. 

Lord Mills commented on how 
greatly the work had expanded 
since the early days. “As Min- 
ister of Power,” he said, “I am 
charged, under the Coal Mines 
Nationalization Act of 1946, with 
& special responsibility to secure 
the prosecution of research into 





methods of advancing the safety and promoting 
the health of persons employed in or about coal 
mines, and it is to the Safety in Mines Research 
Establishment I look for the discharge of a large 
measure of that responsibility.” 

The programme of research has steadily widened 
until to-day it applies to all the important hazards 
in mining. A fuller understanding of the chemical 
and physical background of these dangers is sought 
with the conviction that it will lead to greater safety 
in mines. 

The new building is occupied jointly by the 
engineering group and the technical information 
services. The engineering group has sections dealing 
with metallurgy, stresses in haulage and winding 
gear, underground supports (for example, props and 
bars employed in roof support), and wire ropes. The 
group also provides a design service to the whole 
Establishment, and includes a section engaged in the 
development of special instruments needed by the 
industry or the Establishment. 

Metallurgical studies are made on the causes of 
deterioration (such as strain-age embrittlement), on 
the appropriateness or otherwise of various steels and 
their heat treatment, and on the virtues and defects 
of various methods of fabrication. Fundamental 
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Fig. 1. Safety in Mines Research Establishment new building at Sheffield 
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Fig. 2. Interior of large engineering laboratory 


work is in progress on fatigue of metals because of its 
importance as a source of catastrophic failure. Much 
use is made of non-destructive examination (for 
example, of the welds in chain-links), the most useful 
techniques being magnetic crack detection, radio- 
graphy and ultrasonics. 

Mining gear undergoes severe usage, and there is a 
need for further knowledge on the dynamic loads 
and stresses in winding and haulage components. 
The section concerned employs the now classical 
methods of calculation, photoelastic examination 
of models in plastics, and dynamic stress measure- 
ments. 

Hydraulic and friction props for roof-support in 
mines have occasionally been reported as liable to 
load-shedding ; the conditions under which this may 
occur are being ascertained. Some props that are 
specially designed to engage with the corresponding 
bars have been found to be difficult to remove 
safely; a device that allows this to be done has 
been designed and is being tried underground. 
Steel arches and roof-bars are often joined by fish- 
plates; suitable dimensions for preserving the 
strengths of such joints have been worked out. 
Haulage and winding ropes, and their proper attach- 
ment to their loads, have long been the subject of 
investigations ; but the introduction of new methods 
of winding into British coal mines has brought up 
new problems. 

The mathematics section is also housed in the new 
building. This section was initiated relatively 
recently, and for the first few years its programme 
was dominated by statistical studies. Statistical 
treatment of accident returns led to the development 
of a simplified procedure for assigning significance to 
the figures, for the particular use of mine manage- 
ments. This procedure has been accepted by the 
National Coal Board, and there is some evidence that 
its adoption will lead to a fall in the accident rate by 
virtue of the clear picture of the situation revealed 
to the management. Statistics are also much in 
demand for planning experiments in the elaborate 
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empirical investigations that are 
often necessary. However, to-day 
the accent is passing from statistics 
to mathematical examinations as a 
preliminary to major experimental 
investigations. 

The technical information ser- 
vices include artists, photographers, 
editorial staff and librarians. This 
section ensures that the results of 
the researches are presented in a 
clear and assimilable form. In 
addition, the’section plays an active 
part in the scientific work of the 
Establishment. Films are made 
when the visual content of a research 
is of importance ; the films made of 
experiments on the mode of dis- 
persion of dust in air are excellent 
examples of the value of the tech- 
nique. The library has a fine col- 
lection of works relating to health 
and safety research and maintains a 
translating and abstracting service. 

Apart from the work to be 
done in the new building, other 
subjects of major importance to 
safety in mines are the old prob- 
lem of explosions of coal dust and 
fire-damp (particularly as affected by modern methods 
of mining), the safe use of mining explosives and of 
electrical equipment, the fire hazard in mines, and, 
very importantly, the prevention of pneumoconiosis. 
Many aspects of these subjects, except the last-named, 
can only be dealt with in open spaces and will there- 
fore remain to be investigated at the existing experi- ` 
mental station near Buxton. Other work on them, 
including that on the physics and chemistry of dusts 
causing pneumoconiosis, will have to continue to be 
housed in the overcrowded laboratories in Portobello 
Street, Sheffield, until the building scheme for the 
laboratories just opened is completed. 

The staff are in touch with many other related 
organizations. Contracts have been placed for work 
to be done on certain problems by specialists in 
several universities. Close collaboration with H.M. 
Inspectorate of Mines is maintained, especially when 
investigations have been advanced to the stage where 
practical mining applications seem possible. There 
is close association with the National Coal Board and 
its Scientific Department, with the Department of 
Scientific and Industrial Research, the British Elec- 
trical and Allied Industries Research Association, the 
Factory Department of the Ministry of Labour and 
National Service, the Joint Fire Research Organiza- 
tion, the Pneumoconiosis Research Unit, and other 
research bodies. 

International co-operation has been based on 
biennial conferences of Directors of Safety in Mines, 
the first full conferenca having been sponsored by 
the Safety in Mines Research Board and held in 
England in 1931. 

As to the future of research on safety in coal mines, 
the Minister, after emphasizing the continuing 
reliance of our economy on coal despite all foreseeable 
contributions from nuclear energy, said that “A 
steady and continuous fight must be waged by 
scientists and engineers to ensure that the develop- 
ment of mining machinery and techniques is matched 
by advances in safety. This is predominantly the 
mandate of the S.M.R.E.”. 


[Crown copyright 
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BIOCHEMICAL APPROACHES TO THE PROBLEM OF PROTEIN 
SYNTHESIS* 


By Dar. J. L. SIMKIN and Dr. T. S. WORK 
National Institute for Medical Research, Mill Hill, London, N.W.7 


VERY species of living organism produces its 
E own specific proteins, and this specificity is 
inherited in successive generations. The recent 
structural studies of Sanger’ on insulin and of Tuppy 
and Paléus* on cytochrome-c strongly suggest that 
species specificity is expressed as an exact amino- 
acid sequence within each protein; thus, the problem 
of protein biosynthesis is at once the problem of 
peptide bond formaticn and the problem of sequence 
control. The solution to the first problem may well 
hold within it the solution to the second, but, for 
the sake of clarity, it is preferable to discuss the two 
separately. 


Peptide Bond Formation 


Reaction between the carboxyl group of one 
amino-acid and the amino-group of another to form 
a peptide bond doesnot occur to any significant 
extent in aqueous sclution. The reaction may be 
catalysed by proteolytic enzymes ; but in every case 
the equilibrium point of the reaction is overwhelm- 
ingly towards hydrolysis rather than synthesis. The 
“intracellular cathepsins have been, nevertheless, 
. seriously considered as possible catalysts for protein 
“biosynthesis, mainly because other enzymes capable 
of catalysing peptide bond formation were, until 
recently, unknown. Now evidence has accumulated? 
to suggest that peptide bond formation takes place 
through intermediate formation of energy-rich phos- 
phate derivatives of amino-acids, and several enzymes 
have been purified which, in the presence of adenosine 
triphosphate, catalyse amide-bond formation. 

The synthesis of glutathione from glutamyleysteine 
and glycine takes place according to the overall 
reaction : 


Glu.Cys + Gly + adenosine triphosphate = 
Glu.Cys.Gly + adenosine diphosphate -+ 
orthophosphate 


Snoke and Bloch‘ have purified the enzyme catalysing 
this reaction and have suggested that glutamyl- 
eysteinyl phosphate may be formed as an inter- 
mediate. An enzyme which catalyses the formation 
, of glutamine from glutamic acid and ammonia in the 
presence of adenosine triphosphate has also been 
purified’, The mechanism of the reaction has been 
» studied in great detail using isotopic phosphorus and 
oxygen and there is now little doubt that glutamyl- 
Y-phosphate is formed as an intermediate’. ‘In 
neither of these syntheses, however, has it been 
possible to isolate the intermediate phosphorylated 
derivative from the reaction mixture, presumably 
because it is firmly bound to the enzyme surface 
until reaction with amine takes place. 

Three other examples of amide-bond formation, 
the acetylation of sulphanilamide’, the synthesis of 
hippuric acid! and the synthesis of pantothenic acid 
also require adenosine triphosphate, but in each 


* Substance of two lectures delivered by Dr. T, S. Work at University 
College, London, on February 18 and 25. 


case the products of the reaction, besides amide, 
are adenosine monophosphate and pyrophosphate, 
Maas? has shown that, in the reaction between 
pantoic acid and §-alanine, the first step is an. 
enzyme-catalysed formation of an adenylic acid 
anhydride of pantoic acid according to the reaction 
scheme shown below, where Ad = adenosine and i 
R = CH,OH-C(CH,),-CHOH- s 


o 0 0 0 
R.C.OH + OH.P.O.P.0.P.0.Ad= 
OH OH OH 
o o o o 
RC.O.P.0.Ad-+ OH.P.0O.P.0H 
oH OH OH 


Thus, it would seem that carboxyl activation by 
means of adenosine triphosphate generally involves: > 
formation of a mixed carboxyphosphate anhydride, _ 
the phosphate moiety being either phosphoric acid or _ 
adenylic acid according as to whether adenosine 
diphosphate or adenosine monophosphate is the final 
product of the reaction. niina 

There is evidence that protein synthesis is ac 
process dependent on adenosine triphosphate® and it 
was therefore reasonable to look for enzymes which 
would activate the carboxyl groups of amino-acids... 
through the mediation of adenosine triphosphate. ` 





Amino-acid Activating Enzymes 


Hoagland’? made the important observation that, 
in the presence of adenosine triphosphate, a soluble _ 
enzyme preparation from rat liver would activate the. 
carboxyl groups of amino-acids. In the presence 
of hydroxylamine, amino-acid hydroxamates. were — 
formed, together with adenosine monophosphate and _ 
pyrophosphate; the reaction thus resembled panto- 
thenic acid synthesis rather than glutamine synthesis. 
On the assumption that the most likely intermediates 
were adenylic anhydrides of amino-acids, several 
compounds of this type were synthesized in different - 
laboratories. Although such mixed anhydrides arè 
chemically unstable with half-lives of less than: 
30 min. at 37° at physiological pH, they are suffici- 
ently stable at low pH to permit isolation®1%, 
DeMoss and Novelli!® have obtained from bacteria a hy 
soluble enzyme preparation which activates leucine _ 
in the presence of adenosine triphosphate. This 
enzyme preparation will, in the presence of pyro- 
phosphate, catalyse the conversion of synthetié: 
adenyl-leucyl anhydride into leucine with the 
formation of adenosine triphosphate. 

Amino-acid-activating enzymes which are depend- 
ent on adenosine triphosphate are widely distributed : * 
thus, Cole, Coote and Work" have obtained active 
preparations from kidney, muscle, panereas, gut wall 
and mammary gland of various animals, while Berg 
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has reported a methionine-activating enzyme in 
yeast. A purified specific tryptophan-activating 
enzyme can readily be. obtained from ox pancreas’ 
and partial purification of liver enzymes activating 
several amino-acids has also been reported’. 

Hoagland, Keller and Zamecnik)? have shown that 
a partially purified enzyme preparation from rat 
liver will catalyse the incorporation of amino-acids 
into rat liver microsome protein in vitro, provided 
that adenosine triphosphate and guanosine di- or 
tri-phosphate are added to the system. The possible 
function of the guanosine derivative will be discussed 
later. 

Since only one amino-acid-activating enzyme has 
so far been purified, it is uncertam whether there is 
a specific enzyme for each ammo-acid; but present 
indications are that such specific enzymes will be 
isolated. The activation of the carboxyl groups of 
amino-acids by these enzymes may well be a first 
step towards peptide-bond formation in the synthesis 
of proteins. lb has been found, however, that adenyl 
anhydrides of amino-acids polymerize spontaneously 
under physiological conditions, so that any scheme 
for protein synthesis involving these intermediates 
must also involve a control mechanism which prevents 
random polymerization. It is generally thought that 
nucleic acids are involved in this control mechanism. 


No. 4572 


Nucleic Acids in Protein Synthesis 


There is much evidence to suggest that inherited 
characters are transmitted through the nuclear 
apparatus, specifically, in the more developed cells 
at least, by the chromosomes, which are rich in 
deoxyribonucleic acid. From the recent studies of 
Sanger!, it would appear likely that inherited 
character 1s expressed somatically by strict control 
of protem structure, and it is reasonable to believe 
that the nucleic acids of the chromosomes exercise 
this control. 

Direct evidence that deoxyribonucleic acid can 
influence the protem composition of cells has come 
from several sources. For example, in bacteria, 
exposure to an appropriate purified deoxyribonucleic 
acid can brmg about type transformation phenomena 
involving the acquirement of new enzymes'*. Hershey 
and Chase!® have shown also that infection of 
Escherrchia coli by bacteriophage results in the entry 
of only bacteriophage deoxyribonucleic acid into the 
cell, yet the bacterrum is then able to synthesize 
bacteriophage protein. Whether, in these instances, 
there 1s direct control of protein synthesis by the new 
deoxyribonucleic acid which has entered the cell is 
at present unknown. 

lt was origmally assumed that, m higher organ- 
isms, protems were synthesized in the nucleus under 
the direct control of the nuclear deoxyribonucleic 
acid; but 1t has now been shown that protein syn- 
thesis can continue in the cytoplasm of enucleated 
cells. Thus, Brachet?* has shown that when the 
nucleus is removed from the marine alga, Acetabularia, 
protein synthesis, including the formation of specific 
enzymes, contmues in the cytoplasm. It has been 
shown in other cells also that neither synthesis nor 
turnover of deoxyribonucleic acid is necessary for 
protein synthesis. Spiegelman and his colleagues? 
exposed bacteria to lethal doses of X-rays and found 
that although the bacteria could no longer syn- 
thesize deoxyribonucleic acid, both protein synthesis 
and ribonucleic acid synthesis were unimpaired. 
Cohen and Barner?! showed also that the maintenance 
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of thymine deficiency in a thymme-less mutant of 
Escherichia coli reduced or abolished deoxyzribo- 
nucleic acid synthesis’ without at the same time 
damaging induced enzyme formation. The above 
remarks should not be taken as implymg that deoxy- 
ribonucleic acid has no part to play in the synthesis 
of proteins in the normal intact cell. 


Association of Ribenucleic Acid with Protein 
Synthesis 


Recent work on viruses has indicated that protein 
specificity may be controlled by ribonucleic acid as 
well as by deoxyribonucleic acid. Many plant and 
some animal viruses contain no deoxyribonucleic 
acid?* yet they presumably provide a stimulus for 
the exact reproduction of virus protein structure. 
The recent work of Fraenkel-Conrat*4 supports this 
hypothesis. He showed that ribonucleic acid from 
one strain of tobacco mosaic virus could be combined 
with protein from another strain to yield an infective 
preparation. When this synthetic virus was allowed 
to infect plants, the new virus formed in the plants 
carried the protein of she strain of virus which had 
provided the ribonucleic acid of the artificial virus. 
lt should be emphasized, however, that although 
viruses are often referred to as self-reproducing units, 
they are in fact only self-reproduemg mside a cell 
which contams deoxyribonucleic acid, and so far as 
is known the process of self-reproduction in hving 
matter always requires the presence of_deoxyribo- 
nucleic acid. 

It has been often stated that during growth, 
merease in protein is always accompanied by a 
parallel increase m ribonucleic acid, and from such 
observations has come vhe idea that protein synthesis 
cannot take place without simultaneous synthesis of 
ribonucleic acid. Growth is, however, a balanced 
process, and it would be surprising if there were no 
correlation between the synthesis of ribonucleic acid 
and that of protein durmg growth. The study of 
protem synthesis in micro-organisms, especially 
mduced enzyme formation, has provided much 
evidence which seems at first sight to support this 
idea of a compulsory couplmg between synthesis’ of 
protein and ribonucleic acid. The effect of various 
growth inhibitors has also been interpreted along 
similar lines. 

Gale and Folkes** showed that chloramphenicol 
could inhibit protein synthesis specifically without at 
the same time inhibitmg synthesis of ribonucleic acid. 
In general, however, mhibitors of ribonucleic acid 
synthesis produce simultaneous inhibition of protein 
synthesis. Thus, structural analogues of purines or 
pyrumidines which inhibit ribonucleic acid synthesis 
have been found to mhibit enzyme formation also**. 
Pardee? found, moreover, that a uracil-deficient 
mutant of Escherichia cole which could not synthesize 
ribonucleic acid in the absence of uracil was also 
unable to synthesize enzymes unless uracil was 
supplied. 

Not all the evidence obtained using micro-organisms 
supports the idea of compulsory couplmg between 
ribonucleic acid synthesis and protem synthesis ; 
thus, Hotchkiss?! found that uptake of radioactive 
phosphate into the nuclee acid of non-dividmg 
staphylococci was inversely related to the rate of 
protem synthesis. It thus seems unlikely that there 
is & direct requirement for simultaneous ribonucleic 
acid synthesis during protein synthesis. The effects 
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of inhibitors could be explained if it is assumed that 
mononucleotides or small polynucleotides are neces- 
sary for protein synthesis. We shall return to this 
point later. 


Ribonucleic Acid and Protein Synthesis 
in Mammalian Cells 


Induced enzyme formation 1s not avaiable as a 
ready tool for following protein synthesis in mam- 
malian cells, and other methods of exploring the 
relationship between ribonucleic acid and protein 
synthesis have had to be used. Hokin®® followed 
amylase synthesis in slices of pigeon pancreas and 
found no relationship between amylase synthesis and 
ribonucleic acid turnover. There have been reports 
also that ribonucleic acid turnover is relatively low 
in organs such as the oviduct?! which are particularly 
active in protein synthesis. Whole organs are, how- 
ever, not an agglomeration of identical cells nor is 
the turnover of ribonucleic acid in a whole organ an 
adequate measure of ribonucleic acid turnover at the 
site of protein synthesis. Munro*! has recently sug- 
gested that the stabilty of mbonucleic acid in rat 
liver is determined by the supply of amino-acids for 
protein synthesis, ribonucleic acid breaking down 
when the availability of amino-acids is reduced. 

An alternative criterion of protein synthesis 1s 
uptake of isotopically labelled amino-acid into pep- 
tide linkage. ‘The criterion is probably rehable, at 
least for secretory organs such as pancreas, liver or 
mammary gland, since ıt has been shown that the 
secreted proteins are synthesized de novo from 
amino-acids®*, Liver has the practical advantage 
that it consists predominantly of parenchymal cells 


which are readily ruptured without serious damage ~ 


to the subcellular structures. In 1950, Hultin and 
others®* showed that, shortly after administration of 
labelled amino-acids to the normal animal, much of 
the isotope could be found bound in peptide linkage 
ın the protein of the microsome fraction of the liver 
cells. The proteins of the mitochondria, nuclei and 
the soluble cell sap were less rapidly labelled. A 
similar pattern of labelling has smce been found in 
both kidney and pancreas*. 

In liver, the microsomal fraction is derived largely 
by fragmentation of the endoplasmic reticulum, a 
complex of membranes which permeates the cell 
cytoplasm and attached to which are large numbers 
of small electron-dense granules (about 150 A. in 
diameter)**, It also contains much of the cytoplasmic 
ribonucleic acid which, according to Palade and 
Siekevitz®> is concentrated in the electron dense 
granules. Several groups of workers have now frac- 
tionated the labelled microsome material isolated 
from livers of animals previously given 2 single dose 
of labelled amino-acid. Simkin®* extracted the 
microsome fraction successively with solutions of 
differing ionic strength and pH. Of five subfractions 
so obtained from guinea pig liver, one (A) contained 
only protein, two (B and C) were ribonucleoprotem, 
and two (D and E) were lipoprotein. The protein of 
fraction O (which had a protein: ribonucle:e acid 
ratio of about 3:1) had a particularly high turnover- 
rate, whereas the protem of fraction B, despite its 
association with ribonucleic acid, had a low rate of 
turnover. 

Littlefield, Keller, Gross and Zamecnik®? have 
fractionated the microsome materiel from rat liver 
by treatment with deoxycholate. This dissolves the 
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lipoprotein and leaves insoluble the electron-dense 
granules which can then be separated by high speed 
centrifugation. The protein of these ribonucleo- 
protein granules was found to have a much higher 
turnover-rate than the remainder of the microsome 
material. This association of protein of high turn- 
over-rate with ribonucleic acid is not confined to 
liver; thus, for example, when reticulocytes were 
incubated with “C-leueme, a ribonucleoprotein frac- 
tion became labelled first and then lost activity as 
hemoglobin became radioactive. In pancreas™ and 
in muscle”? also a protein fraction with a high turn- 
over-rate was associated with ribonucleic acid. In a 
variety of mammalian systems, therefore, the 
evidence suggests that ribonucleic acid is of import- 
ance for protein synthesis, 

Since the suggestion had been made that induced 
enzyme formation involved simultaneous synthesis of 
ribonucleic acid, we have measured ribonucleic acid 
turnover in the guinea pig liver microsome sub- 
fractions B, C and D referred to above. It was found 
that at the time of maximal labellmg of the protein 
of fraction C, there had been little uptake of 
phosphorus-32 into the ribonucleic acid of this sub- 
fraction®. Thus, in this system at least, if phos- 
phorus-32 incorporation is a measure of ribonucleie¢ 
acid turnover, protein synthesis does not appear to 
require simultaneous synthesis of ribonucleic acid. It 
must be remembered, however, that microsomal 
ribonucleic acid is heterogeneous with respect to 
phosphorus-32 turnover and that some small fraction 
of it could have a much higher turnover-rate than 
the whole*?,41, 


Protein Synthesis in Cell-free Preparations 


Greenberg and his colleagues’? first showed that 
tissue homogenates would incorporate labelled amino- 
acids into trichloroacetic acid-precipitable protein. 
Later, Siekevitz® showed that liver homogenates 
resembled whole liver in that the protein of the 
microsome fraction became much more rapidly 
labelled than that of other subcellular fractions. It 
thus seemed hkely that incorporation of “C-amino. 
acid into the microsome fraction in vitro was some 
part of the mechanism of protein synthesis. This 
incorporation certainly involves formation of peptide 
bonds since Zamecmk et al.4? have been able to 
wolate radioactive peptides following partial hydro- 
lysis of protein labelled in vitro. 

The whole homogenate is not required for incor- 
poration of amino-acids into microsome protein. 
‘Thus, Zamecnik and Keller‘4 were able to obtain 
rapid mecorporation lasting for about 10-20 mm. in 
& system containing only microsomes plus cell sap, 
provided the system was supplemented with a source 
of adenosme triphosphate. Later they were able to 
show, together with Hoagland", that the cell sap 
could be replaced by a crude preparation of amino- 
acid-activating enzymes, together with guanosine 
di- or tri-phosphate and adenosine triphosphate’. It 
1s particularly interesting, therefore, that a guanosine 
monophosphate-like compound should have been 
found by Davie, Koningsberger and Lipmann!’ to be 
a firmly bound component of the purified tryptophan- 
activating enzyme. There is here, agam, evidence to 
suggest that mononucleotides play an essential part 
m protein synthesis. 

Since, with microsomes, we are measuring amino- 
acid mcorporation into undefined trichloroacetic acid- 
precipitable protein and not synthesis of some one 


no. 572 June 15, 1957 


specific protein, it behoves us to look at the charac- 
teristics of this process more closely. Exposure of 
the microsome material to ribonuclease reduces the 
capacity to incorporate amino-acids®*** and miero- 
some material labelled in vitro was found by Little- 
field et al.*? to yield a. deoxycholate-insoluble ribo- 
nucleoprotein fraction of high specific activity. In 
this respect it resembled material labelled in the 
intact animal, but we have recently shown that this 
resemblance may be more apparent than real. 
Simkin and Work** labelled a cell-free microsome 
preparation from guinea pig liver with the same 
mixture of amino-acids used previously in the whole 
animal and then applied the successive extraction 
procedure described earlier**, It was found that the 
ribonucleoprotein subfraction B, which had a ‘slow 
rate of turnover in vivo, had the highest rate of 
turnover in vitro, and that fraction C which became 
particularly rapidly labelled in vivo had relatively 
little activity in vitro. There is thus a very real 
problem of interpretation when considering incorpora- 
tion in cell-free systems. 

Perhaps one of the most satisfactory criteria of 
protein biosynthesis is the incorporation of radio- 
active amino-acid into a specific protein which can 
later be isolated and characterized. A suitable method 
for isolation on a small scale is immunological pre- 
cipitation. This method was used by Peters and 
Anfinsen*? for following albumin synthesis in liver 
slices, and it has been applied by Askonas" to follow 
the effect of cell injury upon protein synthesis. When 
slices of lymph gland from an immunized guinea pig 
were incubated with C-glycine, there was a linear 
increase in radioactivity of newly synthesized anti- 
body over a period of several hours. The antibody 
was isolated by specific precipitation with the appro- 
priate antigen. There was, at the same time, a linear 
increase in activity of the insoluble proteins of the 
tissue slices. When the cells were damaged mechan- 
ically, uptake of radioactivity into specific antibody 
ceased at once; but uptake into insoluble proteins 
continued unabated. This result suggests that there 
may be several distinct stages in the synthetic 
process, some being more readily damaged by cell 
injury than others. Stemberg, Vaughan and Anfin- 
sent? have recently summarized the arguments in 
favour of a stepwise process of protein synthesis. 
The relatively robust nature of the microsome- 
incorporating system compared to the labile nature 
of antibody synthesis may indicate that the formation 
of microsomal ribonucleoprotein is an early stage in 
the synthetic process. Various workers*® have shown 
that the ribonucleoprotein granules of liver disappear 
on starvation and reappear again after feeding pro- 
tein. This would not be inconsistent with these 
granules acting as storage depots for incomplete 
protein. 7 

Several laboratories have reported an energy- 
dependent increase of enzyme activity in cell-free 
preparations. Thus, Ullmann and Straub®* found 
that an extract of acetone-powdered pigeon pancreas 
could show an increase of approximately 50 per cent 
in amylase activity in the presence of amino-acids 
and adenosine triphosphate. Straub“! has suggested 
that in this case an incomplete amylase is present in 
the extract and that the synthesis may be completed 
by addition of a few amino-acids to this precursor. 
Gale and Folkes"? have shown also that staphylococci 
damaged by exposure to sonic oscillation may still 
be able to develop a substantial increase in enzyme 
activity on incubation with adenosine triphosphate 


NATURE 


1217. 


and hexose diphosphate. This increase, like many. 
examples of authentic protein synthesis in intact 
cells, is inhibited by chloramphenicol; it is also 
inhibited if nucleic acid is extracted from the damaged 
cells and restored by incubation either with purines 
and pyrimidines, ribonucleic acid or deoxyribonucleic 
acid. While these results are extremely suggestive, it 
would be desirable to show specific incorporation of 
4C-amino-acids into the enzymes, since increase in 
enzyme activity during incubation may arise from a 
variety of causes other than true synthesis. 


Control of Protein Synthesis by Nuclele Acids 


From the evidence already reviewed it is clear that 
nucleic acids are closely involved in protein syn- 
thesis; but the mechanism of this involvement is 
still completely obscure. At the present time no 
single hypothesis has been advanced which will _ 
reconcile all the experimental findings. This is per- 
haps not altogether surprising, since a variety of 
systems have been ssudied under widely varying 
physiological conditions, including both growing and 
resting cells ag well as various subcellular preparations. 

It now seems very likely thatthe first step in 
protein synthesis invalves formation of amino-acid 
anhydrides of adenosine-5-phosphate. When such an 
anhydride is formed it is strongly attached to the 
enzyme surface and it will neither polymerize with 
itself nor react with free amines except when the 
latter are present in very high concentrations. The 
degree of specificity towards amine acceptor is well 
illustrated by the observation that glutamic acid does 
not react with hydroxylamine in place of cysteine in 
the presence of glutumyleysteine synthetase. It 
would seem from the work of Zamecnik’s group‘ 
thet at some stage in the transfer of activated 
amino-acid from activating enzyme to acceptor a 
second nucleotide other than adenosine triphosphate 
may be required. Holley** has recently reported the 
occurrence of an alanine-dependent conversion, 
sensitive to the action of ribonuclease, of adenosine 
monophosphate into adenosine triphosphate in the 
soluble fraction of rat liver. He has suggested the 
occurrence of amino-acid derivatives other than the 
adenyl anhydrides. A requirement for individual 
mononucleotides in the transfer of activated amino- 
acids to their appropriate acceptors could explain 
many of the observations on the inhibition of protein 
synthesis by structural analogues of purines and 
pyrimidines**, 

Not only do these structural analogues inhibit 
protein synthesis, the converse is also true; Pardee 
and Prestidge®> have shown that structural analogues 
of amino-acids inhibit ribonucleic acid synthesis. It 
has been found also, both by Gros and Gros*®* and. by 
Pardee, that free amino-acids are required for ribo- 
nucleic acid synthesis in the apparent absence of 
protein synthesis. Schmidt and his co-workers’? have 
suggested that in yeas the polymerization of nucleo- 
tides to form ribonucleic acid does not take place in 
the absence of conditions favouring protein, synthesis. 
These results suggest that somewhere in the synthetic 
chain common precursors exist for both protein and 
nucleic acid synthesis, these common precursors being 
compounds of amino-acids with nucleotides (cf. 
Hotchkiss**). 

Ochoa** has shown that nucleoside-5-pyrophos- 
phates can polymerize under the influence of 
an appropriate enzyme to yield polynucleotides 
with release of inorgamic phosphate; a chemically 
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analogous polymerization could take place starting 
from nucleotide-5-phosphate-ammo-acid anhydrides 
according to the following scheme, where the two 
alternative pathways could lead to the formation of 
polynucleotide with release of amino-acid or to 
polypeptide with release of nucleotide. 


Gu Ur 
3 3 + Ala 
Gu Ur y 7 P P.O.Val 

3 al Z Z 
L K k 
-+ 
n Gu 
P.O.Ala P.0.Val 3 
517 sl + UMP 
P.O.Ala.Val 
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„While this scheme is no more than speculative, 16 
would explain the mutual dependence of protein and 
ribonucleic acid synthesis on the supply of nucleotides 
and amino-acids. It might also explain the occurrence 
of mduced enzyme formation in bacteria in the 
absence of an energy supply** since, in the starving 
cell, the small quantity of mononucleotides made 
available by degradation of cell nucleic acid would 
not be immediately used up in synthesis of ribo- 
nucleic acid. This hypothesis would be consistent 
also with the observation of Gale and Folkes? that 
the increase of 6-galactosidase activity of disrupted 
Staph. aureus could be restored by incubation with 
a mixture of purines and pyrimidines, with the 
observations of Reiner and Goodman® that gluco- 
kinase formation in Escherichia coli was accelerated 
by exposure to a mixture of polynucleotides of 
varying size, and with the findings of Webster and 
Johnson*! that uptake of radioactive glutamate into 
the protein of a particulate fraction from pea seed- 
Ings was stimulated by a mixture of nucleotides or 
purines and pyrimidines to an equal or greater extent 
yh by partially degraded or intact ribonucleic 
acid. 

While this common intermediate hypothesis is 
consistent with a number of experimental observa- 
tions, it cannot by itself explain the control of 
amino-acid sequence, a key feature of protein syn- 
thesis. Several alternative hypotheses have been 
advanced to explain the apparent control of amino- 
acid sequence by nucleic acids; they may be 
conveniently grouped together as the template 
hypotheses. One feature they all have in common : 
they lack, so far, direct experimental support. It 
has been suggested that the nucleic acid template 
provides a surface upon which amino-acids can be 
arranged in appropriate order before being linked 
together. The nature of the bonds involved between 
amino-acids and nucleotides have been variously 
postulated to be N-phosphoryl or carboxy-phos- 
phoryl®. It seems to have been generally assumed 
that there is a template for each protein molecule 
and presumably therefore that the template has 
similar dimensions to the complete protein molecule. 

Since any hypothesis that envisages the synthesis 
of a protein as taking place in a single step on a 
template surface would be extremely difficult to 
prove expermentally, alternative hypotheses should 
be sought in the hope that they may give rise to 
fruitful experimentation. Information can be stored 
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m any macromolecule; thus any enzyme when it 
reacts with its appropriate substrate and coenzyme 
is usmg stored information and is in a sense acting 
as a template. It seems unnecessary to suppose, 
therefore, that deoxyribonucleic acid of a virus 
entermg a bacterium or the deoxyribonucleic acid of 
the transforming factor entering a pneumococcus 
must carry with 1t a complete replica of some new 
protein molecule which will be produced as a result 
of rts entry. The recipient cell may already contain 
nearly all the information required for this new syn- 
thesis; the entering deoxyribonucleic acid might 
only have to change the kinetics of a single reaction 
to make this possible. It seems to us that deoxyribo- 
nucleic acid (or mbonucleic acid) might well undergo 
partial depolymerization to yield diffusible cofactors 
which could mfluence the order in which ammo-acids 
were lnked together. 

It would certamly be interesting to ascertain 
whether the same amino-acid sequence results when 
amino-acid anhydrides are polymerized in the 
presence of different small polynucleotides. Problems 
such as these are open to expermmental verification. 
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MINERAL BENEFICIATION AND EXTRACTIVE METALLURGICAL 
TECHNIQUES 


SYMPOSIUM AT JAMSHEDPUR, INDIA 


| het rae the practice established soon after 
the mauguration of the National Metallurgical 
Laboratory at Jamshedpur in 1950, another sym- 
posium was held during February 8-11 this year. 
The symposium was opened by Sir J. J. Ghandy, 
director-in-charge of Tata Industries, Ltd., and 
inaugurated by Prof. M. S. Thacker, director-general, 
Scientific and Industrial Research m India. Many 
guests and speakers attended from overseas countries, 
including Sir Charles Goodeve, director of the British 
Iron and Steel Research Association. 

This symposium may be regarded as one of the 
most important yet held in India, since the diverse 
subjects discussed all had a bearing on the develop- 
ment and ultimate success of the Indian Govern- 
ment’s second Five-Year Plan. 

During the four days of the conference, fifty-three 
papers were presented in seven sections, and oppor- 
tunities were afforded of visiting the National Metal- 
lurgical Laboratory. The papers covered ore pre- 
paration, beneficiation and extractive techniques 
used in the production of iron, manganese, chromium, 
titanium, aluminium, uranium, copper, beryllium, 
lead, zinc, antumony and gold. A number of papers 
were presented by the staff of the National Metal- 
lurgical Laboratory dealing with recent research on 
extractive methods which are likely to be adopted 
in the expanding metallurgical mdustry of India. 
An important section of the symposium included 
papers on coal preparation and washmg, and the 
beneficiation and reduction of the siliceous Salem 
ores of Southern India, using lignite as the fuel. 

India is extremely fortunate in possessing large 
deposits of almost every type of mineral, with the 
exception of nickel, but fuel supplies are small. The 
availability of high-quality coking coal ıs limited to 
only a few years. While India has ample mineral 
resources, in order to develop successful metallurgical 
industries it must be by the utilization of extractive 
techniques which require the minimum quantities of 
high-grade solid or even liquid fuels. Hence bene- 
fication of metallic ores is of paramount importance, 


associated with the use of electrolytic or electrical 
refining. When the use of solid fuel is unavoidable, 
recourse should be made to the use of lignites or 
charcoal. 

In a paper entitled “The Role of the National 
Metallurgical Laboratory”, Dr. B. R. Nijhawan, 
organizer of the symposium, who has recently been 
confirmed in the post of director of the Laboratory, 
directed attention to the quantities of basic materials 
imported into India in relation to the present annual 
consumptions and the targets fixed for the end of 
the third Five-Year Plan m 1966. He outlined the 
developments under his guidance on the beneficiation 
of manganese, chromite, graphite and pyrites, and 
the pilot-plant investigations on electrolytic man- 
ganese and manganese dioxide production. The 
importance of this work may be gauged from the fact 
that, next to the U.S.S.R., India ranks as the world’s 
largest supplier of manganese ore. Hitherto, the 
major proportion has been exported and, while 1b 1s 
important that this should continue, ıb is equally 
necessary to refine the mineral in India, since the 
influx of foreign exchange would be instrumental in 
providing the means of purchasing capital equipment 
from abroad. A new process for the production of 
low-carbon ferrochrome by reducing chromite with 
ferro-silicon and aluminium has been successful, in 
addition to a method of making alummium-silicon 
alloys by alummo-thermic reduction of quartz. 
Pilot-plant projects to be pursued during the second 
Five-Year Plan mclude the beneficiation of low-grade 
manganese and chromite ores, treatment of low- 
grade manganese, chrome and other Indian ores by 
ore-dressing methods and investigations into the 
manufacture of refractories. At present, work 
includes pilot-plant investigations into the value of 
oxygen in cupola practice and in the low-shaft 
furnace for the reduction of manganese and iron ores 
with non-coking coal; smtermg or iron-ore flotation 
and magnetic separation of uranium-bearing copper 
tailings; sulphur production from low-grade pyrites 
and coal washery rejects; zirconium from Travan- 
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core beach sand; beryllium by an electrolytic pro- 
cess; titanium from ilmenite and rutile; ferro- 
chromium by means of an alumino-silico-thermal 
reduction method; and finally, the reduction of 
iron ore to produce a usable steel. 

A most informative and interesting paper was 
given by Sir Charles Goodeve on sintering methods, 
which was followed by a paper on the “Efficiency of 
the Blast Furnace”, by J. S. Vatchagandhy, S. 
Viswanathan and Dr. V. G. Paranjpe, of Tata Iron 
and Steel Co., Lid. The material balance of an iron 
blast-furnace and an analysis of the effect of raw 
material changes on coke and flux requirements were 
discussed. The influence of chemical and thermal 
requirements on rate of use of coke, and the effect of 
high top pressure, sinter and oxygen enrichment on 
carbon efficiency were commented on. Comparison 
was made with the efficiency of the low-shaft blast 
furnace and direct reduction processes. 

The pyro-metallurgical beneficiation of low-grade 
chrome ores was the subject of a paper by N. J. 
Wadia (Tata Iron and Steel Co., Ltd.). A method 
comprising the pre-treatment of high iron-content 
chrome ores under a reducing atmosphere at 550° C., 
followed by magnetic separation, yielded a concen- 
trate containing 37-8-38-9 per cent chromium and 
had a Cr: Fe ratio of 3-02-3-09. 

Dr. R. Krishnaswany (Atomic Energy Establish- 
ment, Bombay) outlined a method of separating 
leucoxene from rutile for the manufacture of titanium. 
Leucoxene is an oxidation product of ilmenite and is 
associated with free ferric oxide; thus the magnetic 
properties can be improved by a reduction roast with 
carbon at 600/700° C. and magnetic separation 
achieved. 

The problems associated with the reduction of 
titania and the possibility of using vapour-phase 
reaction of magnesium and titanium tetrachloride 
were discussed in a paper by Mr. P. P. Bhatnagar 
and Dr. T. Banerjee, of the National Metallurgical 
Laboratory, while Dr. H. N. Sinha and Prof. D. 
Swarup, of Banaras Hindu University, presented a 
paper on the “Electrolytic Production of Titanium’’. 

Aluminium manufacture from bauxite by the 
Bayer process was covered in two papers by Dr. 
M. S. Thaker and Mr. V. V. Shah, of the Indian 
Aluminium Co., Lid. Dr. E. G. Ramachandran 
(National Metallurgical Laboratory) presented an 
interesting paper on investigations carried out to 
determine the optimum conditions for the electro- 
lysis of fused anhydrous aluminium chloride to yield 
aluminium metal and the optimum conditions for 
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the chlorination of the ferruginous bauxite from the 
Salem district of Southern India. The object of the 
latter research was to eliminate selectively the main 
impurities to yield an acceptable grade of bauxite. 
The, electrolysis experiments using pure salts and a 
container of nickel or graphite serving as a cathode 
and an anode of hard carbon or graphite, showed a 
current efficiency of 80 per cent and a product of 
99 per cent purity. The chlorination tests on sul- 
phided bauxite were encouraging, using a mixture of 
powdered bauxite and charcoal. 93 per cent iron 
oxide and 56 per cent titania were removed with 
negligible loss of alumina. 

The extraction of uranium and thorium were con- 
sidered by Prof. Brahm Prakash, of the Indian 
Institute of Science, Bangalore, in a paper entitled 
“Extraction of Uranium and Thorium and Pyro- 
Metallurgical Processing of Reactor Fuel and Blanket 
Materials”. 

Dr. Indra Sanghi, of the Central Electro-Chemical 
Research Institute, Karaikudi, on the subject of “A 
Method of Electrolytic Extraction of Zinc from Low- 
grade Ores”, outlined a method suggested as a result 
of a study of electro-deposition of zinc from alkaline 
zincate solutions. The practical and theoretical 
aspects were discussed. Practical papers on the 
manufacture of zinc were presented by Mr. C. W. 
Thomas (Zine Corporation, Australia) and Mr. S. N. 
Mukherjee (Metal Corporation of India, Ltd.). 

The processes employed at the Tundoo Mines of 
the Metal Corporation of India, Ltd., to refine silver- 
bearing lead ores were described by J. H. Macker- 
toom; and lead extraction and refining in Australia 
were adequately dealt with by F. A. Green, of 
the Broken Hill Associated Smelters Pty., Ltd., 
Australia. 

An mportant paper entitled ‘“‘Sintering of Iron 
Ore Fines with Particular Reference to the Raw 
Materials for the Bhilai Steel Plant” was by G. P. 
Mathur, G. V. Subramanya and P. I. A. Narayanan. 
The effects of coke, moisture in the mix, basicity and 
raw materials proportions on the sinter time and 
quality have been studied in a pilot plant. Coke 
was shown to have a pronounced effect on sinter 
properties, and moisture affected permeability and 
sinter rate. 7 

The symposium was very well attended by repre- 
sentatives from all over India and provided a vital 
link between the research work at the National 
Metallurgical Laboratory on one hand and the field 
workers and practical works’ technicians on the other. 

J. L. HARRISON 


OBITUARY 


Prof. Joseph W. Kennedy 


Joseph Wurm Kennepy, chairman of the 
Department of Chemistry at Washington University 
(St. Louis), died in his home at suburban Ladue in 
St. Louis on May 5. He was born in Nacogdoches, 
Texas, on May 30, 1916, the son of Joseph William 
and Mattie Baxter (Wade) Kennedy. He graduated 
from Stephen F. Austin State Teachers College in 
1935, and after receiving his master’s degree from 
the University of Kansas in 1937 he obtained his 
Ph.D. in chemistry at the University of California at 
Berkeley in 1939. He left his position on the faculty 


of the University of California to lead the Chemistry 


, and Metallurgy Division at Los Alamos during the 


Second World War (for which he was awarded the 
Medal of Merit in 1946) and has served as professor 
of chemistry and head of the department at Wash- 
ington University since 1946. 

Joseph Kennedy was considered by all of us who 
had the good fortune to know him well-to be one of 
the most brilliant of scientists. He was one of the 
world’s outstanding nuclear chemists, as well as one 
of the pioneers in this area of investigation. His book 
with G. Friedlander, ‘“Nuclear and Radiochemistry”, 
which is authoritative, complete and very well 
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written, and certainly the outstanding text-book in 
the field, is being widely used in universities and 
colleges throughout the world. - 

He has a number of outstanding research accom- 
plshments to his credit, but perhaps chief among 
these is his work on plutonium. He participated in 
the discovery of plutonium and of the isotope 
plutonium-239, including the demonstration of its 
nuportant property of undergoing fission with slow 
neutrons, at the University of California during 1940 
and -1941. He played a leadmg part in these dis- 
coveries and in the early crucial study of the chemical 
properties which formed the basis for the chemical 
extraction process used in the manufacture of 
plutonium durmg the War. In recognition of the 
fact that these important discoveries were made 
before the time of government support of research 
toward the goal of quantity production of plutonium, 
he received, two years ago, together with his co- 
workers, an award from the United States Govern- 
ment through the Atomic Energy Commission. As 
head of the Chemistry—Metallurgy Division at Los 
Alamos he had a decisive role in the important 
chemical and metallurgical work which was carried 
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New Foreign Members of the Royal Society : 


Prof. H. A. Bethe 


Pror. Hans ALBRECHT BETHE, who has been 
elected a foreign member of the Royal Society, is a 
distingwshed American theoretical physicist. Born 
in 1906, at Strassburg, he studied at Frankfurt and 
took his doctorate at Munich under Sommerfeld. 
He soon made notable contributions to the theory of 
Stark splitting in crystals, electron theory in metals, 
theory of energy loss of charged particles and m 
quantum electrodynamics. The Bethe—Heitler form- 
ula for brerosradiation, the Bethe—Peuerls theory of 
photo-etfect of the deuteron and a theory of order- 
disorder phenomena in alloys date from visits of 
Bethe to Cambridge and Bristol between 1930 and 
1935. Since 1937, Bethe has been professor of physics 
m Cornell University, where he has made funda- 
mental contributions to the theory of nuclear energy 
production im stars, treating both the carbon cycle 
and deuteron fusion. He served as chief of the 
Theoretical Division at Los Alamos during 1943- 
46, and has played an active part as a post-war 
consultant to the United States Atomic Energy 
Commission, In 1947 Bethe successfully applied the 
idea of mass re-normalization in quantum electro- 
dynamics to the explanation of the Lamb—Retherford 
shift of hydrogen energy-levels. Other major 
researches include theories of meson and nuclear 
scattermg, meson field theory, shock waves, electro- | 
magnetic diffraction, etc. Bethe is a member of the 
U.S. National Academy of Sciences and has received 
its Draper Medal. He also holds the United States 
‘Medal of Merit; and was president of the American 
Physical Society in 1954. One of Bethe’s major 
contributions to science has been the writing of 
superb review articles or books on the theory of 
metals, quantuzh mechanics of atomic systems, 
nuclear physics and field theory. These have been 
extremely useful to students and research workers 
in these fields. 
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out in connexion with the nuclear weapon develop- 
ment programme. 

Has classic work or the chemical separation of a 
number of tellurium isomers was an outstanding 
contribution not only to the understanding of the 
isomers themselves buz also to that of the mechanism 
of the chemical method of separating nuclear 
isomers. His more recent work has been in the 
general area of the application of radioactive tracers 
to problems in inorganic chemistry. Noteworthy 
here are his investigation and elucidation of a 
number of reaction mechanisms; he has also made 
unaportant and unique contributions in the field of 
self-diffusion. 

Joseph Kennedy Ead an engaging, warm per- 
sonality, an alert anc distinctive sense of humour 
which could not go unnoticed for long in any con- 
versation, and a brilliance of intellect which was 
discernible almost immediately to anyone who met 
him. He was an excelent teacher at both the under- 
graduate and the greduate research-levels. He is 
survived by his wife, Adrienne, and by three children, 
his sons Joseph Wads and Burton Mack, and his 
daughter Jill. GLENN T. SEABORG 


d VIEWS 
Prof, A. Frey-Wyssling 


Boranists the world over will applaud the in- 
clusion by the Royal Society of London of the name 
of Prof. Albert Frey-*Vysslmg in its roll of foreign 
members. Frey-Wysslng has won international fame 
through his work on the fine structure of protoplasm 
and its derivatives, anc his books have for many years 
formed a valuable addition to the literature in this 
field. As professor of botany in the PAanzenphysio- 
logisches Institut of the Eidgenössische Technische 
Hochschule m Zurich. he follows a line of equally 
distinguished predecessors, including Carl Nägeli 
and H. Ambronn. With the exception of two 
years around 1930, which he spent m Java investi- 
gating the physiology of latex production in Hevea, 
Frey-Wysslng has spent his working life on sub- 
mucroscopic histology. During his earlier years he 
was associated with Ambronn in the development of 
the polarizing microse>pe as & tool for the mvesti- 
gation of structure ix biological material, and he 
played a large part in tae development of polarization 
studies in this field. Ir the following years, using the 
polarizing microscope as an exact tool in research, 
he laid out for the first. time the general plan of sub- 
microscopic structure n many cell types. He later 
added the methods of X-ray diffraction analysis 
and most recently of slectron microscopy. He has 
throughout shown a remarkable ability to select the 
relevant pieces of evidence from a wide variety of 
regimes in plant science, m the formulation of 
structure m terms of function; and the brilliance of 
his extrapolation from the earlier methods to struc- 
tures then mvisible but-smce confirmed in the electron 
raicroscope has been widely recognized. A recent 
article by Prof. Frey- Vyssling on “Macromolecules 
in Cell Structure” appeared in Nature of May 1], 
p. 941. Much of Frey-Vyssling’s work is summarized 
in his books, and it is a testimony to his life’s work 
that there must be few departments of botany 
throughout the world m which his books are not in 
constant use. 
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Prof. Otto Hahn 


Pror. Orro Hany has been elected a foreign 
member of the Royal Society. Prof. Hahn’s 
career has been rather unusual. We are famuliar 
with biographies of men who at an early age 
achieved’ some outstanding success to which their 
later lives added littl. To Hahn it was given, 
by indefatigable work in the new science of radio- 
chemistry, to build up a splendid reputation as the 
discoverer of radiothorium, radioactinium, the two 
mesothoriums, uranium-Z and—in collaboration with 
Lise Meitner—of protactinium ; and then, in 1938 
(in: his sixtieth year), to astonish the world by the 
most important of all his scientific contributions, 
the demonstration of the fission of uranium under 
the impact of neutrons. This discovery did not fall 
to his lot by chance; ıt could only have been made 
in a laboratory where the analytical chemistry of the 
radioelemenis had been brought to such perfection 
that it could proceed undisturbed by the too narrow 
conceptions of contemporary physics. Thus, m 
spite of its revolutionary novelty, Hahn’s crowning 
achievement was in a sense the fruit of all his previous 
labours. Hahn’s devotion to science did not end 
there, nor with the shock he received in 1945 from 
the news that his discovery had led to the con- 
struction of bombs. After the collapse of Germany, 
when the very survival of German science was 
threatened, he gave up his cherished laboratory work, 
not in order to retire but to become president of 
the Max-Planck Society. He is still carrying the 
burden of this position, and there is a general con- 
sensus of opinion that no other man could have done 
so much to bridge the gap between the German 
scientists and their colleagues in other countries as 
Otto Hahn, whose political courage during Germany’s 
darkest period had always been equal to his scientific 
eminence. 


Prof. Arne Tiselius 


Pror. ARNE TISELIOS, of the Biochemical Institute, 
Uppsala, Sweden, is well known in Britain, and his 
election as a foreign member of the Royal Society 
will give pleasure to his many friends. A pupil of 
The Svedberg, he applied himself to the development 
of methods of analysis and separation of macro- 
molecular substances. The first success in this work 
was the Tiselius electrophoresis apparatus, which is 
almost a household word in all laboratories dealing 
with proteins and other macromolecular substances. 
It undoubtedly gave a great stimulus to the analysis 
of protein mixtures and is one of the most important 
tools in the field. Later he has developed preparative 
methods for the separation of such substances, 
including ‘zone’ electrophoresis and arrangements for 
continuous separation. He has also been greatly 
interested in the development of adsorption tech- 
niques for the separation of complex mixtures. He 
was awarded the Nobel Prize for Chemistry in 1948, 


In recent years he has been active in the international ' 


organization of science and was president of the 
International Union for Pure and Applied Chemistry, 
1951-55, and is an honorary member of the scientific 
academies of numerous countries. 


Metal Physics at the Royal Institution : 
Prof. R. King 


In addition to the two Fullerian professorships of 
the Royal Institution (those of chemistry and 
physiology), to which appointment is made by the 
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Managers, other chairs have been created from time 
to time, election to these being in the hands of 
members as a whole. ln the past, and for varying 
periods, professorships of chemistry, mechanics, 
botany, natural history, natural philosophy and 
astronomy have been established. Most of these 
have now ceased, and at present the only one filled 
is that of astronomy, which was the last to be set up, 
in 1935. A new professorship in metal physics is now 
announced, and the assistant director of the Davy 
Faraday Laboratory of the Royal Institution, Dr. 
Ronald King, has been appomted to the post. 

Dr. King graduated in physics from the University 
College of North Wales in 1936. After a period of 
teaching, he entered the Royal Aircraft Mstablish- 
ment, Farnborough, working first in the Armament 
Department and later in the Metallurgy Department, 
where he joined Dr. (now Prof.) Bruce Chalmers’s 
very successful research group. In 1949 he went to 
University College, London, as a reader in metal 
physics, leaving in 1950 to take up his present post 
at the Royal Institution. The properties of grain 
boundaries, and the techniques and observations of 
thermal etching have formed Dr. Kmg’s mam 
interests, and m 1955 he was awarded a Ph.D. 
degree for his work in these fields. At the Royal 
Institution he has necessarily broadened these 
interests in supervizing the various individual pro- 
grammes of research workers and students. He has 
been a joint editor (with Prof. Bruce Chalmers) of 
“Progress in Metal Physics’? since 1952. 


Agricultural Research Council Adviser on Sheep 
Research 


Pror. J. E. Niowoxs, professor of agriculture 
(animal husbandry) in the University College of 
Wales, Aberystwyth, has accepted an invitation 
from the Agricultural Research Council to be adviser 
on sheep research. Prof. Nichols’s functions as 
adviser will be part-time: he will keep under review 
research in progress on sheep, and will be responsible 
for bringing to the Council’s notice matters in this 
field which call for their attention, including the need 
for additional research. 


Museum and Art Gallery, Durban 


THE annual report of the Durban Museum and Art 
Gallery for 1955-56 (pp. 19; 1957) stresses again the 
urgent need for new accommodation for both the 
Museum and Art Gallery. A site for these purposes 
has been allocated, and it is hoped that building 
operations will start m the near future. From the 
point of view of administration, much thought and 
attention have been given to strengthening the col- 
Jections of the Art Gallery. In view of the fact that 
the establishment does not include a curator in art, 
the director of the South African National Gallery 
has been requested to appraise and report on the 
present status of the art collections. The constitution 
and membership of the Art Gallery advisory com- 
mitiee have also been recast. 


Tetrahedron 


THe publication of the new quarterly journal, 
Tetrahedron (Vol. 1, Nos. 1/2; April 1957. Pp. 176. 
Subscription per volume (including postage): (A) 
£6 (U.S.A. 17 dollars) ; (B) for subscribers certifying 
that the journal is for their own personal use, £3 10s. 
(U.S.A. 9.80 dollars). London and New York: Per- 
gamon Press, 1957), is the first truly international 
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journal of organic chemistry, and there can be no 
doubt that its success could make an'important con- 
tribution to the generation of free and close contact 
between organie chemists throughout the world. 
That this objective can be achieved is indicated by 
the content of the first issue of 176 pages, which 
includes sixteen papers, two notes, and two pre- 
liminary communications. The origms of the papers 
are: U.S.S.R., four; Israel, three; Great Britain, 
three; and one each from South Africa, Japan, the 
United States of America and Hungary. Some of 
these papers do not differ in style from those which 
usually appear in the national journals, but it 1s 
hoped that authors will take advantage of encourage- 
ment by the editorial board to submit papers which 
also include a review of earlier work. This is very 
desirable because the reader can then appreciate 
more easily the importance and interest of the new 
results. The reviews by Prof. Fodor on “Recent 
Developments in the Synthesis and Stereochemistry 
of Tropane Alkaloids” and by Academician Nesmey- 
anov on the ‘“‘Stereochemistry of Electrophilic and 
Homolytic Substitution at Olefinic Carbon” are 
timely and well illustrate how the international 
character of this journal may be expected to develop. 
Of the sixteen papers, two are in French, two are in 
German, and the rest are in English. The promise 
that future publications will contain papers based on 
researches which have already been described in 
other languages or in rather inaccessible journals is 
important. The quality of presentation of papers in 
Tetrahedron 1s excellent, and the reproduction of 
conformational diagrams and structural formule is 
very good, apart from those on pp. 28 and 29, con- 
taining oxygen atoms located near a six-membered 
ring, which are ambiguous. 


Acta Embryologiae et Morphologiae Expertmentalis 


Tue first number of a new journal, Acta Embryo- 
logiae et Morphologiae Experimentalis (Vol. 1, No. 1), 
appeared in February. It is published in Palermo 
under the editorship of D. A. Minganti, of the 
Department of Zoology of the University of Palermo, 
assisted by a committee of five, which includes 
members from that University and others from 
Milan and Rome. It is to be devoted, as the title 
implies, to papers on all aspects of experimental 
embryology and morphology. Papers are accepted 
in Italan, English, French and German, and, of the 
contributions in the present number, five are in 
Italian and five in English, each with a summary in 
the other language. With the exception of an account 
of a preliminary investigation of the succinic dehydro- 
genase and cytochrome oxidase in the sperm of sea 
urchins, the contents of the first issue are concerned 
with experimental investigations in the embryology 
and morphogenesis of various animals: chick, frog, 
toad, ascidians, sea urchins and Aplysia. The 
number contains 104 pages, about 94 in. xX 6} in. 
and is well illustrated by a number of tables, graphs, 
line and half-tone blocks. The paper, printing and 
general lay-out are very good, and although all the 
authors are Italian, the papers in English contain 
few noticeable mistakes, albeit the phraseology is 
sometimes awkward. It is published by G. Denaro, 
Via Maqueda, 177, Palermo, and the price is 12 
dollars per volume of approximately 300 pages, but 
no information is given as to how frequently numbers 
will appear. Editor and publisher are to be con- 
gratulated on the first number. 
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Forest Research in che Sudan, 1950-54 


Tua Sudanese Forestry Research Unit is attached 
to the Gezira Research Farm situated at Wad 
Medani, the headquarters of the Gezira Cotton 
Organization. In Memoirs of the Forestry Division 
No. 7 (Agric. Publ. Committee, Khartoum, 1956), 
forestry research in the Sudan for 1950-54 is dis- 
cussed. The investigations carried out in the period 
are mostly of a preliminary nature, the result of the 
work of a sylviculturist and an entomologist. Experi- 
mental work with an irrigated plantation had been 
commenced by the agricultural research officers, with 
the object of supplying firewood to the large com- 
munity connected with the Gezira operations, fire- 
wood being very scarce and expensive in the few 
heavily populated towns of the Sudan. The species 
Eucalyptus microtheca has been found most suitable 
to the heavy, cracking, waterlogging or droughty 
soils of the Gezira, as these conditions resemble those 
in its Australian habitat. Other species are also being 
tried. Investigations into plantation work in the 
southern Sudan have shown that the teak mtroduced 
there grows rapidly and the early thinnings provide 
the poles so greatly in demand. Cassia siamea and 
Cedrela toona are also giving good results. In the 
Bahr el Ghazal Province investigations into the 
regeneration of the valuable Khaya senegalensis are 
bemg carried out; a hitherto unknown disease 
infesting the terminal bud has caused difficulty 
which has still to be solved. In connexion with the 
gum Acacia senegal, which provides a considerable 
revenue, the report is disquieting and disappointing. 
The sylviculturist writes: “The tapping and col- 
lection of gum in Kordofan (one of the chief regions 
of collection) is and will remain a peasant industry”. 
Gum is purely a forest product and the trained 
forestry expert could certainly improve both out- 
turn and tapping methods if the whole of the business 
were placed in his hands. 


Phosphate on Bellona Island 


THe Government of the British Solomon Islands 
Protectorate announces that the island of Bellona 
has been reopened to prospecting with effect from 
April 29. Phosphate has been proved by the Geo- 
logical Survey Department, but not in as great a 
quantity as had been hoped. Some samples taken 
during pitting operations are high grade, and would 
be suitable for the menufacture of superphosphates. 
Full information and details can be obtamed from 
the Senior Geologist, Geological Survey Department, 
Honiara, British Solomon Islands. 


Meteorological Aspects of Atomic Energy 


THe Executive Commuttee of the World Meteor- 
ological Organization decided, at its meeting in 
April 1956, that the Organization should advise its 
members and other international organizations on 
the meteorological aspects of the peaceful uses of 
atomic energy, and proceeded to set up a panel of 
four experts to study the matter. The results of the 
first year’s work on ths subject are described by the 
secretary-general, Mr. D. A. Davies, in the Organ- 
ization’s Bulletin for April 1957. The panel has 
pointed out that since modern instruments permit 
the detection of radiouctivity even when present m 
minute concentrations. small quantities of a suitable 
radioactive tracer could be used for studying the 
large-scale air movements associated with the general 
circulation of the atmosphere. Other meteorological 
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applications of radioactive techniques that seem 
promising are the estimation of the water equivalent 
of deep snow by, measuring the attenuation of 
radiation transmitted through the snow from a radio- 

* active source immediately beneath it, the measure- 
ment of the water content of the soil by neutron 
absorption, and the use of natural radioactive sub- 
stances produced by cosmic rays to investigate 
vertical diffusion and the rate of merease of carbon 
dioxide in the atmosphere. These subjects will be 
further considered by the Commission for Aerology 
of the World Meteorological Organization, which will 
meet in June 1957. As regards the assistance which 
meteorology can give in the use of atomic energy, 
the panel considered the meteorological conditions 
which influence the dispersal of radioactive effluents 
released into the atmosphere and which must be 
taken into account in siting and operating atomic 
power stations, and also considered the relationship 
between meteorological conditions and measured 
concentrations of atmospheric radioactivity. Plans 
‘were made to prepare a technical note on the subject 
and-to maintain an up-to-date bibliography. 


The Radio Source in the Direction of the Galactic 

Centre 

A PAPER with this title, recently published by 
F. G. Smith, P. A. Brien and J. E. Baldwin, of the 
Cavendish Laboratory, Cambridge (Mon. Not. Roy. 
Astro. Soc., 116, 3; 1956), describes the results of 
their research on the radio source [AU 1792A in 
Sagittarius, close to the direction of the galactic 
centre. In spite of the fact that this radio source is 
one of the most intense in the sky, it has not been 
easy to observe owmg to its peculiar location in the 
intense band of radiation from the galactic plane. It 
has been difficult to resolve both this band and also 
the source, usmg the aerial beam-widths that have 
previously been available, and the present paper 
describes the results of using aerials with high 
resolving power in the east-west direction at fre- 
quencies between 38 and 500 Me./s. Within that 
range of frequencies it is found that the flux density 
increases with decreasing frequency, and the bright- 
ness temperatures exceeded those expected from 
H(ii) regions. It is suggested that in this direction 
there is a non-thermal source of radio waves lying 
behind ionized hydrogen and that this source is 
situated in the nucleus of the Galaxy. The size of 
this source would be about 150 parsecs by 400 parsecs, 
the longer dimension lying m the plane of the Galaxy. 
While nucle: of dimensions as small as 20 parsecs 
have been observed in Se galaxies, in which a high 
degree of turbulence has been apparent, no nuclei of 
such small dimensions as 150 parsecs have been 
reported from optical observations of Sb galaxies. 
Kwee, Muller and Westerhout have shown, however, 
that in our Galaxy large turbulent velocities exist in 
neutral hydrogen over a region several kiloparsecs 
across. It seems possible, therefore, that the discrete 
source represents a central condensation m this 
region. 

Time Zones in the U.S.S.R. 

New time zones, numbered from 2 to 12, have 
been officially established from March 1, 1957, on the 
territory of the U.S.S.R., to replace the zones fixed 
in 1919. These zones are in better agreement with 
administrative divisions, watersheds or river courses. 
An article by P. N. Dolgov (Priroda, No. 1, 57; 
1957) includes a map of these new belts. 
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Capital for Scientific Development 


AN inquiry has recently been carried out by the 
Science and Industry Committee of the Royal Society 
of Arts, the British Association for the Advancement 
of Science and the Nuffield Foundation into the 
possibility of speeding-up the application to industry 
of the results of scientific research. The report of 
the inquiry, by Prof. C. F. Carter, of the Department 
of Economics, The Queen’s University, Belfast, and 
Prof. B. R. Williams, of the Department of Econ- 
omics, University College of North Staffordshire, has 
been published by the Oxford University Press under 
the title “Industry and Technical Progress”. The 
Royal Society of Arts and the British Association 
wave arranged a conference to discuss two of the 
major aspects of this report. The conference will 
take the form of two one-day sessions, of which the 
first, to be held on June 27 at the rooms of the Royal 
Society of Arts, will deal with ‘Capital for Scientific 
Development: the Problems of its Supply for 
Industry”; while the second session, under the 
auspices of the British Association, will be held on 
July 5 at the University of Leeds (see Nature for 
June 1, p. 1112), and will concentrate on the supply 
of scientists and technologists for mdustry. Sir David 
Eccles, President of the Board of Trade, will open the 
Royal Society of Arts’ part of the conference on 
June 27. The conference is open to all who are 
interested, without fee. Applications for. tickets 
should be addressed to the Deputy Secretary, Royal 
aol of Arts, John Adam Street, Adelphi, London, 

.0.2. 


University of Aberdeen : Blackwell Prize 


Tae University of Aberdeen will award in 1959 
a Blackwell Prize; this was founded in 1793 by 
Mrs. Barbara Blackwell, widow of Thomas Black- 
well, eleventh principal of Marischal College. The 
value of the Prize, which is open to unrestricted 
competition, 1s £60 for the best English essay on a 
prescribed subject and is awarded so far as possible 
every alternate year. The next award will be made 
in 1959 for an essay on “Francis Bacon and the 
Modern World”. Essays should be 10,000-20,000 
words in length, and must be lodged with the Secre- 
tary to the University on or before January 1, 1959. 
Each essay must bear a motto only and be accom- 
panied by a sealed envelope bearmg the same motto 
and containing the full name and address of the 
writer. Successful essays are placed in the University 
Library. 


Oversea Service Division: Colonial Office 


Tue following appointments have recently been 
made in the Oversea Service Division, Colonial 
Office: M. A. G. Hanschell (development commis- 
sioner, St. Lucia), director of agriculture, British 
Honduras; T. H. Jones (assistant government 
chemist, Northern Nigeris), government chemist, 
Northern Nigeria; N. Kirby (government chemist, 
Jamaica), government chemist, Kenya; C. Boocock 
(geologist, Bechuanaland), director af Geological 
Surveys, Bechuanaland; J. W. Du Preez (assistant 
director of Geological Surveys, Federation of Nigeria), 
deputy director of Geological Surveys, Federation 
of Nigeria; G. Turner (meteorological assistant, 
Northern Rhodesia), technical officer, East African 
Meteorological Department, East Africa, High Com- 
mission; D. E. MacGregor (principal veterinary 
officer, Northern Nigeria), chief veterinary officer 
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(Animal Industries), Northern Nigeria; ©. D. 
Sutton, soil chemist, Sarawak; Dr. V. D. Van 


Someren, biologist, Kenya; B. Marshall, assistant 
government chemist, Federation of Nigeria; J. H. 
Hill, geologist, Fiji; G. Owen, veterinary officer, 
Nyasaland. 

The appointment of P. W. Hanney was as entomo- 
logist, Northern Nigeria (and not Western Nigeria, 
as printed in Nature, May 4, p. 899). 


University News : Birmingham 


Tas following appomtments ın the University of 
Birmingham have been announced: Dr. H. E. 
Daniels, to the newly established chair of statistics 
withm. the Department of Pure Mathematics, from 
October 1; Dr. S. R. M. Ellis, to the vacant chaw 
within the Department of Chemical Engineering, 
from May 1; Dr. A. D. McQuillan, to the research 
chair in physical metallurgy, from October 1; 
Dr. C. Rainbow, formerly lecturer in the Department 
of Malting and Brewmg and Applied Biochemistry, 
to be senior lecturer in charge of the Sub-Department 
of Malting and Brewmg, from March 1; T. H. 
Richards, to be lecturer in civil engmeering from 
September 1; W. G. Key, to be staff tutor in eng- 
meering production m the Institute for Engineering 
Production, from May 6; Dr. J. V. Whitworth, to be 
senior research fellow m pure mathematics, from 
October 1; C.D. Harbury, to be lecturer in economics, 
from October 1. 


Bristol 


Tue following have been elected to readerships m 
the University of Bristol: Dr. W. Chester, in applied 
mathematics, and Dr. J. A. Laing, in veterinary 
science. The followmg appointments have also been 
made: Dr. D. J. Bohm, as research fellow in physics ; 
A. J. B. Cruickshank, as research fellow in inorganic 
and physical chemistry; Elizabeth van Horn, as 
assistant bacteriologist ; and K. W. Keohane, as 
lecturer in anatomy. 


London 


Tux following appointments in the University of 
London are announced: Dr. A. W. Bishop, lecturer 
at the Imperial College of Science and Technology, 
to the University readership in soil mechanics 
tenable at that College ; Dr. H. Halberstam, lecturer 
at the University of Exeter, to the University reader- 
ship in mathematics tenable at the Royal Holloway 
College; Dr. M. J. H. Smith, senior lecturer m 
chemical pathology at King’s College Hospital 
Medical School, to the University readership in 
chemical pathology tenable at that School. The title 
of reader in physics in the University has been con- 
ferred on Dr. E. H. Hutten im respect of his post at 
the Royal Holloway College. 


Announcements 


Pror. M. J. C. R. COURRIER, For.Mem. R.S., secre- 
taire perpetuelle of the Paris Academy of Sciences, 
has been. elected to a vacancy m the Hst of twenty- 
five Foreign Fellows of the Zoological Society of 
London. 


M. Evekne FrReyssinet, the eminent French 
engineer and inventor of prestressed concrete, has 
been awarded the Gold Medal of the Institution of 
Structural Engineers. The first paper on prestressed 
concrete to be read in Britain was given by M. 


NATURE 


1225 


Freyssmet, m 1936, on the occasion of a joint meeting 
of the Institution with the British Section of the 
Société des Ingénieurs Civils de France. 


A MEETING of the Association of Clinical Bio- 
chemists (Southern Region) will be held at Adden- 
brooke’s Hospital, Cambridge, on June 22 at 2 p.m. 
Those wishing to attend should notify Dr. N. R. 
Lawrie, Addenbrooke’s Hospital, Cambridge, from 
whom further details can also be obtained. ` 


A CONFERENCE on “The Rheology of Disperse 
Systems”, organized by the British Society of 
Rheology, is to be held at the University of Swansea 
during September 19-20 Further details with regard 
to programme and accommodation in the University 
Hostel can be obtained from the conference secretary, 
Mr. ©. C. Mills, Patra House, Randalls. Road, 
Leatherhead, Surrey. 


Tux Production Engmeermg Department of the 
College of Technology, Birmingham, under the 
direction of Mr. T. B. Worth, is holding a full-time 
course of three weeks duration on “‘Statistical Quality 
Control and Acceptance Sampling”, commencing on 
June 17. The course is primarily intended as an 
introduction to the subject. The first fortnight will 
be spent in covering the general principles and pro- 
cedures involved. The final week will be devoted to 
lectures by specialists from industry, and to visiting 
the works of firms employing quality control where 
members of the course will be able to see the practical 
application of quality control methods and discuss 
the techniques and associated problems. The course 
will be directed by Dr. C. J. Anson, genior lecturer 
in the Mathematics Department, and Mr. J. D. 
Morrison, senior lecturer in the Production Engin- 
eering Department. 


Tue Royal Photographic Society of Great Britam 
(Scientific and Technical Group), in collaboration with 
the Department of Scientific and Industrial Research, 
1s to hold a conference on “Industrial High Speed 
Photography” on June 21 at the Royal College of 
Science and Technology, Glasgow. Among the papers 
to be presented are an mtroductory talk by Mr. 
W. D. Chesterman, followed by a colour film on 
‘Welding Problems”; ‘Electrical Research and 
Production Problems includmg Circuit Breaker Re- 
search”, by Mr. Austin Young (Reyrolle, Ltd., Co. 
Durham); “Study of Cavitation”, by Dr. I. S. 
Pearsall (East Kilbride, Glasgow); ‘“Techniques for 
Kimematography of Combustion mn Diesel Engines”, 
by Mr. J. Q. G. Hempson (Ricardo and Co., Ltd., 
Shoreham-by-Sea); ‘“‘Application of High Speed 
Photography to Production Problems”, by Mr. J. 
Hadland (John Hadland and Co., Chipperfield, 
Herts); ‘‘Simple Methods of Recording High Speed 
Events”, by Dr. J. & Courtney-Platt (Cambridge). 
All who are interested m this field are invited to 
attend. Detailed programmes and further information 
can. be obtamed from Mr E. Martindale, Department 
of Scientific and Industrial Research, 20 Walker 
Street, Edinburgh 3; or Mr. R. EH. Withrington, 
cjo Research Laboratory, Ilford, Ltd., [iford, Essex. 


ERRATUM. In the communication entitled ‘“De- 
polymerization of Hyaluronic Acid by X-rays”, by 
Dr. A. Caputo, ın Nature of June 1, p. 1133, we 
regret to find that Fig. 2 has been displaced. The 
graph should be turned clockwise through 90°, the 
axes remaming as at present. Thus the lowest values 
of the sedimentation constant occur at the highest 
concentration of hyaluronic acid. 
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INDUSTRY AND THE TECHNICAL COLLEGES IN BRITAIN 


SECOND NATIONAL CONFERENCE 


WO hundred delegates, mainly comprising 

principals from technical colleges, training 
officers from industry and leading industrialists, were 
present at a one-day conference organized by the 
Federation of British Industries at its London 
headquarters on Wednesday, May 15. 

The central feature of the conference was an 
explanation by Dr. Willis Jackson of the report of 
the Committee on Recruitment and Training of 
Teachers for Technical Colleges which was appointed 
by the Minister of Education ‘last September. Dr. 
Jackson, chairman of the Committee, explained how 
the recommendations were based directly on the 
objectives set out in the Government White Paper 
on Technological Education, which called for an 
increase in the number of technical college places for 
sandwich-course students from 9,500 in 1956 to 
15,000 in 1960, together with expansion of part-time 
day-release facilities from 355,000 in 1956 to approxi- 
mately double this number. There are approximately 
11,000 full-time and 40,000 part-time teachers in 
technical colleges in Britain to-day: the Committee 
estimates that expansion during the next four years 
will require an additional 7,000 full-time teachers 
and 8,000 part-time teachers. These ‘“‘disturbing 
figures” become even more disturbing when analysed 
in terms of subjects, for the requirements are greatest 
in mathematics, science and technology. 

The current recruitment of mathematics and science 
graduates into technical colleges is mainly at the 
expense of other schools. Technology graduates can 


be drawn only from industry or government depart- . 


ments, as practical experience is essential for tech- 
nological teaching. Industry must be willing to 
accept the transfer to full-time teaching of experienced 
staff it can ill afford to lose, and it must release staff 
for part-time teaching. The teaching requirements 
of the next few years cannot be met unless industry 
and the technical colleges establish a new working 
relationship, and it should become ‘‘a commonplace” 
for individuals to move from industry to teaching 
and back again. 

Dr. Jackson said that the ‘kernel of the report” 
is a number of provisions aiming at making teaching 
as attractive as it should be. Local authorities 
should make full use of their discretion in the grading 
of posts and of their power to grant salary mcrements 
for industrial experience. Every effort should be 
made to reduce the excessive amount of actual 
teaching reqmred of many teachers, highly qualified 
staff should be deployed mainly on advanced work, 
generous provision should be made for clerical, 
laboratory and research assistants and opportunities 
should be given for teachers to take part m research 
and remunerative consultant work. 

Viscount Hailsham, Minister of Education, opening 
the conference, said that technical education in 
Britain is, at last, capturing the imagination of the 
public. This is a factor of great importance, for 
public opinion will demand that money should be 
made available for adequate. expansion of the tech- 
nical colleges. He considered that technical colleges 
should be run by independent bodies of governors— 


- Government. 


not by local authorities—and the governors should 
preserve academic freedom. 

We cannot produce the technicians and tech- 
nologists required by industry unless we improve the 
standard of general education in schools, for the 
first essential of a good technical education is a good 
general education. Technical education is, apart 
from the universities, the principal way in which 
young people continue their education after leaving 
school and, the higher the technical standard, the 
greater the need for a liberal content. In fitting 
people for responsible positions, aptitudes should be 
considered the means, not the end, for the top men 
in industry are the men with the widest intellectual 
background. 

Referring to the Willis Jackson Report, Lord 
Hailsham said that no solution to the man-power 
problem will be found if this is left simply to the 
The problem necessitates a two-way 
exchange of views between the Government and 
industry. ‘“‘Teachers,’”’ he said, “are the seed corn 
of industry ; if one ate the seed corn there would be 
no harvest.” 

Sir Harry Pilkington outlined the progress that 
has been made since the conference on technical 
colleges and industry which was arranged by the 
Federation of British Industries and took place at 
Ashorne Hill, in 1954. The need for technical educa- 
tion was obvious at that time, but subsequent 
developments have meant that however high sights 
were set then they need to be raised now. We are 
in a more technical world even than we were then ; 
but it is not only the technical world, for the commer- 
cial world is going to be new, dominated by challenge, 
hope and vision, too. 

The whole recasting of the pattern of technical 
education in Britain, as outlined in the epoch-making 
White Paper of fifteen months ago, stands out as a 
landmark and conforms with the views expressed at 
the 1954 conference. The general administrative 
system is right, but drastic changes are now under 
way in classifying colleges, thereby concentrating the 
really advanced work in @ small number of selected 
colleges in a position to achieve the standard of a 
good honours degree. The first eight colleges for 
advanced technology have been designated, but 
industry has not, perhaps, wholly appreciated that the 
reasohs for this number being so low is because high 
quality necessarily needs some degree of concentration 
of work. Sir Harry said he is personally glad that 
the Hives Council is taking a strong line in keeping 
up the quality ; but industry, also, must realize the 
danger in getting too many courses and colleges 
recognized as qualifying for Hives awards. 

The other important proposals in the White Paper 
—the increase in the scale of building and the increase 
in the number of students—should not be over- 
looked. The universities and the technical colleges 
are both to expand, so that engineers from both 
sources are to be doubled in number and improved 
in quality during the next fifteen to twenty years. 

The Industriel Fund for ‘the Advancement of 
Science Teaching in Public and Grammar Schools 
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which has raised, allocated and spent three million 
pounds, is an outstanding indication of the appre- 
ciation within industry of the need for more scientific 
training and more technical education. No praise 
can be too high for those who conceived the fund 
and for those who took the responsibility for its 
allocation and busmess-like administration. 

Sir Harry concluded by outlining the more impor- 
tant factors that need attention during the next five 
years, and he elaborated on three of these. First, 
there arises the question of students’ maintenance 
costs. Industry is beginning to see that investment 
in people is its most vital, rewarding and difficult 
investment. Industry, large or small, should not 
hesitate to pay for the training of those released for 
further education, and it should scorn to ask the 
Government or local authorities to undertake this 
responsibility. Trying to make the Government 
pay for the mamtenance of released employees is the 
eera of the idea which actuated the Industrial 

‘und. 

Secondly, it is now time to start thinking about 
what steps should be taken to implement the com- 
mercial aspects of the White Paper policy. Finally, 
much co-operation is required between colleges and 
industry in devising the right courses, planning the 
curriculum, selecting the students and arranging 
progressive programmes of works experience so 
that students may earn and learn at the same 
time. 

The discussion following Sir Harry Pilkington’s 
speech was mainly concerned with the speed of 
development compared with that on the Continent, 
and with policy concerning students’ maintenance 
costs. Several speakers referred to the strikingly 
different system of apprenticeship training in the 
three important countries of the Western world. 
The large proportion of boys and girls in Britain who 
do not receive good apprenticeship training would 
do so, compulsorily, if they lived in Western Germany. 
References were made to the unsatisfactory position 
whereby finance is left largely to the whim of each 
firm; but this matter was not pursued as it is now 
under discussion between the Federation and the 

Dr. P. F. R. Venables, principal of Birmiigham 
College of Technology, read a paper on the liberal 
content of technical education. The number of 
specialists in modern technological society is certain 
to increase, and these specialists will become increas- 
ingly important sections of the community. They 
will exercise a wider influence on the economic and 
social life of the country than their immediate 
specialization warrants and, by reason of their 
enhanced prestige, they will be expected to carry 
over their prestige into other often unrelated fields. 
A narrow specific training will not equip them to 
understand their own limitations, nor the inherent 
possibilities for good or ill in these circumstances. 
Increasing numbers of specialists will pass into 
management, and again the need will be for judgment 
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and wisdom in human affairs, in addition to their . 


primary function as specialists. 

Dr. Venables suggested that the significance of 
education for these wider functions no longer needs 
justification in purely economic terms; but this 
does not imply that everyone is persuaded of this in 
rational terms, still less that there is the will to act 
upon it. There are other utilitarian reasons for a 
liberal education ; but these are inverted evaluations, 
because the good which derives from-an unstinted 
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education is good in itself and not merely because 
it often turns out to be useful. 

By the nature of its work and its relations with 
industry, technical education can easily become 
utilitarian in outlook. It is, therefore, necessary to 
think in terms of a lberal technical education and 
not of a narrow technical training. This educational 
process must have three characteristics: diversity 
of experience, subjects to be studied, disciplines to 
be mastered and methods to be employed ; intensity 
of illumination of the student’s mind and experience ; 
timing of the phases of education in relation to the 
student’s personal development. 

The selection of general studies has been the cause 
of long-continuing debate, but there is now fairly 
general agreement that about one-fifth of the student’s 
educational time should be set aside for this purpose. 
Dr. Venables suggested that, for full-time and sand- 
wich courses, five hours a week should be devoted to 
general studies, and this time should be divided into 
three broad divisions: mai-course work, elective 
subjects and special lectures. The main-course work 
would comprise human aspects of industrial admin- 
istration, economics, history of seience and tech- 
nology and the social aspects of modern technological 
society. Elective subjects,could consist of English - 
literature, foundations of Western civilization, science 
in ancient Greece, music, psychology, languages for 
travel and the visual arts. 

Dr. Venables’s suggestions were confined to full- 
time and sandwich courses partly because time is 
available in the courses, and partly because the 
introduction of general subjects into part-time 
courses is much more difficult. Furthermore, our 
education is far too much dependent on part-time 
studies, and efforts should be made to ease this 
problem by extending full-time and sandwich facili- 
ties to craft levels. 

Several speakers in the discussion referred to the 
way in which Dr. Venables had ‘got down to brass 
tacks’ by making suggestions on training and on the 
content of the curricula. It was felt that examina- 
tions in general subjects should not form a com- 
pulsory part of the training programme. The 
problem of the part-time student should not be 
considered with a defeatist attitude, for much could 
be done by treating existing subjects liberally. One 
speaker was concerned with.the growing demands 
made by the professional institutions, while another 
pointed out that we must reconcile ourselves to the 
fact that general subjects cannot be included without 
reducing the time available for technical studies. It 
was pointed out that if schools were to insist on a 
broadly based leaving certificate, as is traditionally so 
in Scotland, there would be less need for liberalizing 
subjects in the technical course. 

In his reply, Dr. Venables said that the neglect of 
the part-time student 1s not defeatist : the question 
is whether anything can be done at all under existing 
conditions. On the question of whether present-day | 
schooling is adequate, there remains the problem of 
timing certain subjects in relation to the maturity of 
the student, so that adequate schooling does not - 
remove the case for giving adequate facilities for 
liberal studies. 

The afternoon session opened with a paper on “The 
Future of Professional Sandwich Courses” by Mr. 
A. A. Part, under-secretary, Ministry of Education, 
who commenced by bringing up to date the figures 
for sandwich courses. In England and Wales, 
there are one hundred and seventy-three sandwich 
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courses in operation, with approximately three 
thousand students taking part. The rapid recent 
growth of courses is shown by the fact that five 
hundred students completed sandwich courses last 
summer, whereas the intake last autumn was more 
than & thousand. There is, however, a long way to 
go, for the objective of the White Paper is to raise 
the three thousand to twenty thousand, with five 
thousand enrolling each year. 

This renewal of interest on the part of industry m 
Britain in the sandwich course is a remarkable sign 
of the times, for such courses have been operating 
in a few colleges since the beginnmg of the century. 
Until the Second World War, mdustry was well 
served by the combination of degree men and men 
who managed to achieve professional status by 
evening study based on a Higher National Certificate. 
Industry has always valued the type of man who 
achieved qualifications the ‘hard way’; but this is 
a wasteful method of producing a considerable 
proportion of technologists when the need is to raise 
to the technological level every person capable of 
achieving this end. 

A great deal of work must be done on the inte- 
gration of works training and college study -periods. 
Co- -operation between industry and colleges 1s impor- 
tant in every branch of technical education, but for 
sandwich courses it is basic and it has to be of a 
particularly intimate kind. Both colleges and firms 
must be convinced they have worked out the type of 
scheme best suited to the circumstances. These 
considerations would cover the length of the course, 
the length of the sandwich period, selection, reporting 
procedures and the possibility of the doubling-up 
principle whereby students are ‘paired’, with alter- 
nately one at college while his partner is at the 
works. 

Wastage during courses is a familiar feature of 
technical education. A high rate of wastage must be 
avoided in sandwich courses not only because failure 
to make the grade means inefficient use of students 
and staff, but also because it is bad for the student, 
educationally and psychologically. This problem 
could be solved by a rigorous selection policy, follow- 
ing the pattern of the university rather than the 
general technical college. 

The grammar and secondary technical schools will 
provide the bulk of the sandwich-course entrants ; 
but it should be remembered that one-quarter of 

- successful candidates in Higher National Certificate 
examinations have come from secondary modern 
schools. The National Certificate route should be 
kept in mind, for it keeps open a path for the secondary 
modern school pupil. By providing a diversity of 
routes to high qualifications, sandwich courses play 
a vital part in the new pattern of educational 
opportunity. 

A considerable part of the discussion was devoted 
to questions of finance, and it was clear that a definite 
pohey is required in the form of a government lead. 
There were differences of opinion on the part that 


should be played by small firms. On one hand, it is . 


very difficult for small firms to make the works 
periods progressive and worth while: on the other 
hand, large firms claim they are at saturation point 
im training for their own requirements, and they are 
unable to accept college-based students for practical 
training. The suggestion that small firms cannot 


afford the cost was contradicted by a speaker who’ 


pointed out that if a small firm accepted a number 
of apprentices bearing the same ratio to the number 
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of employees as the large firm, the proportional cost 
would be approximately the same. 

The problem presented by the contribution of small 
firms towards training was taken up by Sir Norman 
Kipping, director-general of the Federation of British 
Industries, in his summing up of the Conference. 
Sir Norman quoted figures which mdicated the large 
proportion of the ten million people employed in the 
British Isles working for small firms. No less than 
four million people work either for themselves or m 
firms with less than one hundred employees. He did 
not agree with the complete rejection of the economic 
justification for liberal education and there 1s, in his 
mind, & fleeting doubt whether the injection of liberal 
subjects is right for all students. If the prime 
justification for liberalizmg technical courses is to 
provide leaders of other men, he said, attention should 
be directed to the fact that relatively few technical 
men do lead at the present time in Great Britain. 


MOLECULAR MECHANISM OF 
RATE PROCESSES IN SOLIDS 


HE Faraday Society, at the invitation of, and 

in conjunction with, the Koninklijke Nederlandse 
Chemische Vereniging, held its first discussion 
meeting of 1957 at the Koninklijke Institut voor de 
Tropen, Amsterdam, durmg April 15-18. The 
meeting created a precedent in that it was the first 
to be held on the Continent, although the Society 
had collaborated with the Société de Chimie Physique 
in a discussion on surface chemistry at Bordeaux m 
October 1947, and had held a general discussion, in 
September 1952, at Toronto. The present meeting 
again emphasized how the Society endeavours to 
encourage international interest. in its work, and 
indeed its success 1s exemplified by the appearance 
of papers from America, Australia, Germany, Holland, 
Italy, Sweden and Switzerland. 

The general subject had been somewhat arbitrarily 
divided into three main sections: relaxation processes ; 
and steady-state processes involving, and not involv- 
ing, lattice re-arrangement. Practically all the time 
of the meeting was devoted to lively and critical 
discussion of the papers which had been pre-printed 
and circulated well ahead of the conference. Members 
were welcomed by Mr. R. P. Bell, president of the 
Faraday Society, who, with Prof. Gerding, president 
of the Royal Dutch Chemical Society, shared the 
duties of chairman. 

Prof. C. J. F. Béttcher (Leyden) introduced the 
first section with a concise review on the general 
principles of relaxation processes, and this was 
followed with a contribution by Dr. H. C. Brinkman 
and F. Schwarz (T.N.O., Delft) in which they 
presented a theory of the non-linear relaxation of 
solids in terms of a diffusion process of molecular 
groups over potential barriers and discussed the 
merits and drawbacks of this new approach. The 
mechanisms by which dislocations cause energy 
losses, namely, by hysteresis, resonance and relaxa- 
tion, were outlined by Dr. A. Seeger, H. Douth and 
F. Pfaff (Max-Planck Institute, Stuttgart), and 
results were reported of calculations of the rate and 
activation energy of the process in which the Bordoni 
relaxation peak was attributed to dislocations over- 
coming the Peierls stress by thermally activated kink 
formation. Dr. R. H. Cole and S. Havrilak (Brown 
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University) dealt with further work on dielectric 
relaxation in solid hydrogen halides, and stressed 
the importance of dipole interactions for the structure 
and rates of molecular orientation in the low-tem- 
perature phase. A similar study by Dr. J. S. Dryden 
and R. J. Meakin (National Standards Laboratory, 
Chippendale, New South Wales), on some alkali 
halides containing divalent cation impurity, showed 
that the activation energy from the lower frequency 
absorption is associated with the orientation of the 
dipole of the divalent cation, and with ion-vacancy 
aggregate. Their results were in agreement with 
those obtained from d.c. conductance, if correctly 
interpreted, and with the heights of the energy 
barrier theoretically obtained from the elastic 
constants of the crystal. The paper by Dr. H. 
_ Griinicher, C. Jaccard, P. Scherrer and S. Steinemann 
: (Zurich) on the theory of the dynamic behaviour of 
«ice, in which the polarization changes were ascribed 
to orientational defects and ionized states, provoked 
some stimulating discussion, particularly on the 
Pauling theoretical value for the zero-point entropy. 
The first section concluded with a contribution by 
Dr. J. Volger (Eindhoven) on the dielectric loss in 
insulators containing impurity and colour centres, in 
which relaxation times were associated with very 
small activation energies; these latter cannot be 
attributed to migration losses and merit further study. 

A concise review by Prof. J. S. Koehler and F. Seitz 
(ilinois) on point, line and planar imperfections intro- 
duced the second section. Prof. F. G. Fumi and M. P. 
Tosti (Palermo) then reported on some calculations 
of the energies to form and move vacancies in sodium 
and potassium chlorides, and Dr. J. Crank (Cour- 
taulds, Ltd., Maidenhead) discussed the definition, 
measurement and mterpretation of diffusion coeffi- 
cients ın solids. A comparatively new aspect of 
diffusion theory, the correlation between consecutive 
jumps of the mobile carrier, was developed by 
K. Compaan and Dr. Y. Haven (Philips, Eindhoven), 
who showed that this effect alters the self-diffusion 
coefficient in certain circumstances, but does not 
affect the ionic conductance ; there thus seems some 
hope of disentangling diffusion mechanism in ionic 
crystals in greater detail. A somewhat neglected 
approach—the theory and measurement of thermo- 
electric power of ionic crystals—was the subject of 
a paper by R. E. Howard (Oxford) and Dr. A. B. 
Lidiard (Harwell), and F. P. Clarke (Harwell) 
reviewed the production of defects by irradiation 
and the kinetics of their annealing. Prof. W. Jost 
and Dr. H. Oel (Göttingen) reported briefly on their 
work on the sintering processes in silver iodide, and 
Prof. F. C. Frank (Bristol) gave a clear account of 
the mteraction of pomt defects with dislocations. 
He briefly surveyed the very interesting methods of 
decorating dislocations in alkali halides that are 
being developed by Dr. J. W. Mitchell and his 
colleagues at Bristol. A short, but stimulating, 
discussion by Prof. A. R. Ubbelohde (Imperial 
College, London) on abnormal A and Æ factors in 
solid processes encouraged a lively exchange of views 
—not all, it must be admitted, related to the main 
aspect of the paper. 

The third section comprised a group of contri- 
butions on individual topics which were not too 
closely related, but Prof. J. H. de Boer (Staatsmijnen, 
Limburg), in his introductory address, did much to 
give coherence and greater breadth to this field of 
study. Two papers were concerned with allotropic 
transformation—that on tin by Prof. W. G. Burgers 
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and Dr. L. J. Groen (Deit), in which they stressed 
the mechanistic and kinetic aspects, and the other 
on sulphur by C. Briske and Dr. N. H. Hartshorne 
(Leeds), who were largely concerned with orientational 
effects. The latter authors created great interest by 
their colour ciné-film that illustrated the various 
facets of the transformation. The two remaining 
contributions differed widely in subject-matter. 
Dr. F. C. Tompkins and Dr. D. A. Young (Imperial 
College, London) discussed the information provided 
by conductance and absorption spectra on the 
annealing and thermal decomposition of azide 
crystals, and Mrs. M. M. de Maine, Dr. A. G. Maddock 
and K. Taiigbél (Cambridge) concluded the meeting 
with an account of their investigation on the kinetics 
of a radical recombination process following radiative 
thermal neutron capture. 

In addition to the scientific activities, there were 
many social events, which had been arranged by the 
Nederlandse Chemische Vereniging. These included 
an official reception at the Rijksmuseum by the 
Burgomaster of Amsterdam, dinner at the Carlton 
Restaurant, a boat-trip through the canals and 
harbour of Amsterdam at the invitation of the 
Municipality, and a day excursion to the nature 
reservation, Hoge Veluwe, and its picture gallery. 
Both Societies should be congratulated on the high 
level of the scientific discussion and the excellent, 
organization of the whole meeting. It is to be 
hoped that this will be the first of many metings 
of the Faraday Society on the Continent. 

_ FG TOMPKINS 


BRITISH RAYON RESEARCH 
ASSOCIATION 


OPEN DAYS 


HE British Rayon Research Association held the 

second of its annual open days on May 9 and 10. 
More than 450 visitors attended on the first day, and 
between 300 and 350 on the second. All the work 
of the Association was shown, with the exception, 
because of the present patent position, of some of the 
developments of fluid bed technique applied to textile 
processes involving heat transfer. All the staff is now 
at Heald Green, Manchester, the premises at Barton 
Dock Road having been vacated.- An additional 
technological building at Heald Green is being 
planned, and it is hoped that construction will start 
soon. 

Work on the hot alkalme degradation of cellulose 
in the absence of oxygen has been continued. A 
detailed chemical analysis of the products of this 
degradation has béen carnied out. The main products 
are acidic, the amount of neutral products being very 
small, Eight of these acidic products have been 
identified, the major constituent being p-glucozso- 
saccharinie acid. These products are formed by 
attack at the reducing end of the cellulose chains, 
but the mechanism of formation is certain only for 
tsosaccharinic acid. Consideration is now being given 
to labelling specific carbon atom positions with 
carbon-14, in the first place in model compounds, and. 
then in the cellulose molecule, in order to throw 
further light on the mechanism of -degradation. 
Simultaneously -with the degradation reaction, there — 
is.a ‘stopping reaction’ which renders the cellulose 
stable to alkali. It has been shown that this ‘stopping 
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reaction’ is a rearrangement of the cellulose-reducing 
end-group to a p-glucometasaccharinic acid. 

As the degradation and ‘stopping’ reactions are 
distinct, there was the possibility that, if the ‘stop- 
ping’ reaction could be accelerated with respect to the 
degradation reaction, losses in the alkali-refining of 
cellulose from wood pulp could be reduced. Wood 
pulp contains, apart from «-cellulose, short-chain 
glucans and xylans. The short-chain glucans appear 
to be produced largely by acid hydrolysis in the 
treatment of wood, and to consist of short-chain 
celluloses. The cold concentrated alkal-refinmg 
process involves the solution of these short-chain 
celluloses without any significant degradation of the 
cellulose. The hot dilute alkali treatment degrades 
the hemicelluloses to smaller molecules, which are 
soluble in the dilute alkali. Smce the degradation 
process applies also to the «-cellulose, and the 
mechanism is considered to be the same for both 
e-cellulose and the hemicelluloses, it appears that 
any change in the relative rates of the ‘stopping’ 
reaction and the degradation reaction would not lead 
to a more economic refining process. Some advantage 
would be obtained if the relative rate of degradation 
of the xylans could be increased, and this aspect is 
under examination. ; 

Two of the Association’s research fellows, working 
at Birmingham, are studying the isolation of enzymes 
Which attack specific carbohydrates. A pure culture 
of an enzyme which attacks the 1: 4 B-lmk in cellulose 
has been produced, but it has not yet been shown 
whether it attacks other carbohydrates. Similarly, 
an enzyme which degrades xylans but not cellulose 
has been isolated and purified. In parallel with this 
work, the photosynthesis of cellulose in flax seedlings 
is being studied by the use of carbon dioxide con-. 
taining carbon-14. A chromatographic method of 
separating the various products has been developed, 
and it has been shown that labelled sugars and other 
intermediate products are produced within a fraction 
ofa minute, and labelled cellulose within three minutes. 

Continuation of the preliminary work to a 
study of the photosensitized oxidation of cellulose 
by gaseous oxygen in the presence of dye molecules 
has led to a good understanding of the kinetics of 
the photosensitized oxidation of primary. alcohols, 
and this work is being extended to secondary 
alcohols, glycols and ethers. A more detailed investi- 
gation of the transient states of dye molecules has 
shown that the excited singlet state may be more 
important than the triplet state, m this type of 
reaction. 

Measurements of strain birefringence are in pro- 
gress on cellulose monofilaments under a range of 
humidity conditions, with a view to obtaining a 
better understanding of the structural changes which 
take place on straming. The method has been 
applied very successfully to amorphous polymers 
such as rubber, but is more difficult to apply to 
fibres which have both amorphous and crystalline 
regions. One line of attack is to study specially 
prepared cellulose monofilaments, for which as much 
information as possible on the nature of the crystalline 
and amorphous regions has been obtained by other 
methods, and to interpret the strain birefringence 
measurements in the light of this knowledge. 

A theory of polymer solutions, based on the con- 
cept of a network of long-chain molecules in which 
the cross-links are continually breaking down, has 
been developed. This theory leads to relationships 
between the birefrmgence and the principal stresses 
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in terms of the parameters defining the network. 
These relationships have been worked out for shear 
flow, and methods of measuring these principal 
stresses, in solutions of high polymers, devised. 
With these two types of work it is hoped to be able 
to develop the measurement of strain birefringence 
into a powerful fool for understanding the behaviour 
of textile fibres. 

Experimental work has recently been started on 
the general problem of the physical properties of 
yarns and cords as a function of the twist introduced 
in manufacturing operations. A fundamental theory 
of yarn geometry has been developed to account for 
such geometrical properties as, for example, the 
changes in cord length during twisting. 

As mentioned last year, a large technological pro- 
gramme on binary blends of viscose with other fibres 
has been carried out. This programme is practically 
complete and the Association 1s about to start on a 
programme of blends of wool with man-made fibres. 
‘Wool carding machinery has been installed and some 
pure wool yarns spun. 

The blended yarn programme enabled the Associa- 
tion to learn how to achieve the best commercial 
standards in dyeing and now it is about to start an in- 
vestigation of the physical causes of common dyeing 
faults such as rope markings and moire effects. The 
problem is essentially a study of what happens to a 
textile fabric in dyeing and an interpretation of these 
effects in terms of fibre and fabric properties. 

Last year (see Nature, 177, 1160; 1956) three 
main machinery developments were mentioned. The 
Stains direct spinner has been further investigated 
and some progress in producing viscose and nylon 
tows of suitable properties made. The new 3-over-4 
draw frame, an integral part of the Association’s con- 
ception of the measures necessary for the successful 
short processing of rayon, has been introduced into 
a number of mills. This has directed attention to the 
necessity for improving the gear trains, with respect 
to elimmation of vibration, not only on draw frames 
but also on speed frames. Consequently, the Associa- 
tion is at present concentrating on this aspect. 

The past year’s work on fluid bed techniques has 
been spent in understanding in greater detail the 
physical operation of the fluid bed and overcoming 
the engineering difficulties in building a slack-dryer. 
By a suitable design of the bed the tension required 
to draw cloth through the bed has been very consider- 
ably reduced, to about 0-5 oz. per l-in. width of 
cloth. Numerous other applications of the technique 
have been foreseen by textile manufacturers and 
manufacturers of textile machinery, and several of 
these applications should be m commercial operation, 
at least as prototypes, during the present year. 

A number of new instruments, arising either from 
the Association’s research programme or from 
members’ requests, have been developed. A simple 
method of measuring continuously the mean warp 
tension in a loom is now undergoing tests in a number 
of weaving sheds, and should prove to be very useful 
in the controlled operation of looms. An ingenious 
method of counting the number of filaments in a 
fibre has also been developed for one of the members. 
In its present form it is suitable for fibres containing 
up to about one hundred continuous filaments. 

The number of staff has changed little in the past 
year. The total is now 265, made up as follows: 
research staff, 86; laboratory and technological 
assistants, 75 ; engineering, drawing office and main- 
tenance staff, 63; library and administrative staff, 41. 
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SOUTH-EASTERN UNION OF 
SCIENTIFIC SOCIETIES 


ANNUAL CONGRESS, 1957 


HE South-Eastern Union of Scientific Societies 
held its sixty-second annual congress in Hastings 
during April 25-28, under the presidency of the 
Astronomer Royal, Dr. R. v. d. R. Woolley. Through- 
out the congress an exhibition of archeological, 
botanical, zoological and general interest was on 
display at the White Rock Pavilion, including special 
exhibits by schools’ science departments. A young 
naturalists’ evening was arranged and attracted a 
record attendance of 350. Questions from the 
audience were answered by a panel of experts, and 
the lecture by [the late] Maxwell Knight on the 
hand-rearing of birds was illustrated by a film. — 
‘Dr. Woolley’s presidential address to the Union 
was on “Large Telescopes”. He began by speaking 
of the work done by the ancient Greeks without the 
aid of telescopes, of their attempt to measure the 
distance of the Sun, and also of the Moon by lunar 
parallax, mentioning the difficulty they experienced 
both of measuring and appreciating the necessary 
accuracy of the angles involved. He then outlined 
the establishment of the Royal Observatory at 
Greenwich in 1675 for “finding out the longitude of 
places for perfecting navigation and astronomy”, at 
which Charles IL appointed Flamsteed. ‘astronomical 
observator’ with a salary of £100 a year, from which 
he was to pay for his instruments. The industrial 
development around the Observatory in the twentieth 
century obscured the sky with factory smoke and 
the city lights at night fogged the photographic 
plates, so that work at Greenwich could not continue. 
Herstmonceux Castle was chosen as the Royal 
Observatory’s new home for, in addition to providing 
accommodation with an area of 400 acres, ıt had a 
maximum of sunshine, a clear sky, a free horizon 
and a stable sub-soil upon which to erect new build- 
ings. Dr. Woolley spoke of the transfer of instruments 
from Greenwich and of the erection of the domes and 
installation of the telescopes in the new Equatorial 
Buildings. After giving details of the 200-in. telescope 
in the Umted States, he spoke of the new Newton 
telescope to be installed at Herstmonceux which, 
with its great 98-in. mirror, will enable a new study 
to be made of the extra-galactic nobulæ. He con- 
eluded by saying that, for a nation engaged in the 
new technological revolution, the study of astro- 
physics is a necessity and the large telescope an 
essential tool. i 
The presidential address to the Archæological 
Section was given by Mr. Manwaring Baines, who 
spoko on “The Life of the Poor in Eighteenth Cen- 
tury Hastings”. He said that until 1753 each parish 
had to cope with its own poor. In the eighteenth 
century Hastings was m a bad way, the poor were 
extremely badly housed, out-relief was the common 
practice and parish officers had to collect as well as 
distribute funds. Later the parishes united and a 
common poor-house was built, a governor was 
appointed and those paupers able to work were 
called upon to assist in meeting the cost of their 
keep, while elementary education was given to the 
children by the governor’s daughter. The conditions 
in the poor-house were insanitary, bugs were so 
prevalent that they were wrongly thought to be the 
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cause of a smallpox epidemic; only two sparse 
meals were provided each day and the smallest mis- 
demeanours were punished by flogging. More pros- 
perous times had arrived by 1776 and the poor-house 
was closed. 

Mr. D. Brightmore gave the presidential address 
to the Botanical Section, his subject being “Maritime 
Vegetation of the Rother Estuary”. He spoke first 
of the salt marsh vegetation established on tidal 
zones of sand and mud behind shingle banks. Seeds 
carried in by the tide germinate and help to stabilize 
the silt. The water has a low mineral content, 
approximately 3 per cent, and the vegetation has a 
wide tolerance to salt. Mr. Brightmore spoke of the 
great variation of conditions, the submergence of the 
area at the equinoxes alternating with periods of 
drought. The plant habitats are also consid- 
erably altered by artificial drainage and grazing by 
animals. 

Dr. J. F. Kirkaldy, as president of the Geological 
Section, dealt with “The Work of the Weald Research 
Committee’. After outlining the work done by the 
early investigators, ha spoke of the long time that 
elapsed before reconsideration was given to the 
subject. The Geological Survey had published several 
memoirs on the Wealden area, but owing to transport 
and other difficulties, much was written without the 
ground being revisited and the work could only be 
published at long miervals. During 1925 a com- 
mittee was founded by the Geologists’ Association 
to carry out a detailed investigation of the area. 
Amateurs and professionals worked together, relations 
with the Geological Survey were cordial and many 
detailed papers and large-scale maps prepared by 
the Committee have been published. Dr. Kirkaldy 
concluded with a description of the present stage of 
knowledge of the geology of the Weald as revealed 
by the researches of the committee. 

Prof. J. Z. Young chose for the presidential address 
to the Zoological Section the subject of “Learning in 
the Octopus’, and commenced by saying that 
memory could be described as stored-up evolutionary 
experiences related to what may happen in the 
future. It was necessary to use the terminology of 
the engineer to find terms to talk about these things. 
Prof. Young illustrated his lecture with graphs 
showing the reaction of the octopus to plaques of 
varied shapes, some providing food, others giving 
small electric shocks. Memory enabled the animals 
to correlate the experiences, approaching the shapes 
providing food and avoiding the others. When the 
visits were at five-minute intervals the responses 
showed quick assimilation by the memory of the 
experiences, but when the interval was increased to 
an hour there was @ return to the original random 
behaviour. Nevertheless, memory enables the animal 
to be better able to do in the future what has been 
done in the past. 

During the congress favourable weather conditions 
permitted the full programme of excursions to be 
carried out. The archeologists visited Pevensey, 
Battle Abbey and Great Dıxter manor house, the 
botanists and zoologists going to Petts Level, Camber 
and Northam. The geologists made excursions to 
Cliff End to collect fossil plant remains from the 
submerged forest and the Ashdown Sands, to Fair- 
light Glen and to East Hill Chiff for fossil fish 
remains. General excursions included a tour of the 
Old Town and visits to the Museum, Alexandra Park 
and greenhouses to view the summer bedding 
plants. ` 
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The success of the congress was ensured by the 
excellent management by the local honorary secre- 
tary, Mrs. K. N. Quarterman. . 

At the general assembly the importance was 
stressed of the work to be done by local societies in 

_ connexion with a conference to be held during April 

~next year at the rooms of the Zoological Society on 

“Nature and Countryside’, at which delegates from 

150 societies will discuss conservation in south-east 

England. The sixty-third annual congress of the 

Union will be held during April 1958 in Reading. 
F. J. EPPS 


MEAT HYGIENE 


T monograph* was inspired by a seminar on 
“Meat Hygiene” organized by the World Health 
and the Food and Agriculture Organizations, and 
held m Copenhagen during February 1954. The 
names of the contributors—Albertsen, Benoit, Blom, 
Croft, Dolman, Drieux, Hood, Hothuis, Jepsen, 
. Johansen, Kaplan, Koch, Scaccia-Scarafoni, Schmid, 
Schönberg and Thornton—not only show the truly 
international character of this work but also guarantee 
that the subject is adequately covered at the level 
of veterinary and medical science. The monograph 
is divided into sections ón epidemiology, ante-mortem 
care, slaughter, post-mortem inspection, processing 
-and marketing, training of personnel and meat 
hygiene practice. There are also some sixteen annexes 
on & wide variety of matters concerning meat and 
meat hygiene, together with a very useful biblio- 
graphy. This book may be regarded as an up-to-date 
picture of our state of knowledge of meat hygiene, 
‘and of the risks to health by faulty hygiene under 
both primitive and civilized conditions. The risks 
implicit in primitive communities are easy to under- 
stand, but it is not generally realized that European 
communities are also vulnerable. In this connexion, 
attention is directed to the fact that large-scale 
handling of food, for example, school and canteen 
meals, presents formidable problems if food poisoning 
is to be avoided. The need for ante-mortem care of 
meat animals 1s emphasized, and ways in which the 
mechanics of loading and unloading animals into 
trucks and lorries can be improved are discussed. 
Ante-mortem inspection, so frequently neglected, is 
once more shown to be essential. 

Perhaps the most topical section is that dealing 
with the design and operation of slaughter-houses. 
In Britain, the committee recently set up by the 
Government to report about the conditions in which 
‘live cattle are exported to the Continent was shocked 
to learn that contracts for the supply of meat for 
“United States Forces in Europe could not be arranged 
from Britain direct because the hygienic standards 
‘of slaughter-houses ın this country fell short of those 
demanded by the American Army Veterinary Corps. 
While this is not true of all our slaughter-houses, 
there is much to bë learnt from the best ones in 
Europe. ; 

Stunning (that is, making the animal completely 
unconscious) prior to slaughter is recommended. 
Among the methods described are the use of an 
electric current through the brain and of an atmo- 


* World Health Organization. Monograph Series No. 83: Meat 
Hygiene. Contributed by V. E. Albertsen and 15 other authors. Pp, 
527+2 plates. (Geneva: World Health Organization; London: 
H.M. Stationery Office, 1957.) 30 Swiss francs; 50s.; 10 dollars. 


z 


NATURE 


June 15, 197 vo. 170." 


sphere containing 60-75 per cent of carbon dioxide. 
With an electric current the voltage should be kept 
to 70-80 V. in order to -avoid hemorrhage of the | 
lungs. Moreover, it is emphasized that care in the 
use of electrical apparatus is necessary—for example, 
it should be applied to the right part of the skull, - 
The use of carbon dioxide has proved highly successful - 
on the large scale with pigs, the animals becommg. - 
unconscious within fifteen seconds and remaining so 
for about a minute. 

The rapid cooling of carcases is advocated on the 
grounds that bacterial growth is slowed down and 
the carcases lose less weight by the evaporation of 
water from their tissues. It is emphasized that the 
critical zone for the growth of bacteria is from 15° to 
50° ©. (59° to 122° F.) and‘that in handling meat 
and meat products the time spent in this range of 
temperature must at all costs be reduced to the 
essential minimum. This rule 1s just as important, 
hygienically, for cooked meat as for raw meat. 

It is pointed out that meat hygiene cannot be the 
responsibility of veterinarians alone, but that team- 
work between themselves, public health officers, 
epidemiologists, sanitary engineers, public health 
educators and private, doctors is needed if meat 
hygiene is to be successful and prevent outbreaks of 
disease in meat-eating peoples. E. H. Carrow 


COLOMBO PLAN 
REPORT FOR 1955-56 


HE fifth annual report of the Consultative Com- 

À mittee for the Colombo Plan* covers the year 

1955-56, during which economic indicators suggest 
that national incomes continued to rise at a rate 
slightly in excess of the rate of population growth. 
India’s first Five Year Plan was completed with 
encouraging overall results, including a 35 per cent 
iecrease in the index of industrial production, and a 
second Five Year Plan, for 1956-61, has been adopted, 
while in Pakistan, where the index of industrial pro- 
duction increased by 23 per cent in 1955, a new draft 
Five Year Plan is being examined by the Central 
and Provincial Governments. Development pro- 
grammes in Burma and the Philippines were adjusted, 
comprehensive plans for Indonesia and Nepal are 
under consideration, and a National Planning Council 
has been established in Ceylon. External economic 
assistance -again played an important part, and 
besides the equivalent of some 975 million dollars of 
capital aid in the form of mter-government grants 
and loans made available by donor members outside 
the area in 1955-56, loans totalling 125 million 
dollars were made by the International Bank for 
Reconstruction, and members within the area 
assisted one another with some capital development 
funds and technical aid. The numbers of people 
undergoing technical training and -of experts em- 
ployed continued to expand: there are now almost 
3,000 trainees from the area studying in all parts of 
the world and more than 2,000 experts from abroad 
working in the area. The report emphasizes, how- 
ever, the necessity for arduous and skilful adminis- 


* The Colombo Plan for Co-operative Economic Development in 
South and South-East Asta—Fifth Annual Report of the Consultative 
Committee. Pp. 155. (Omnd. 60.) (London: H.M. Stationery Office, 
1957.) 5s. 6d. net. 
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tration to ensure that the right sort of training is 
found for, or adapted to, the right sort of students, 
and that what is learnt is applied and passed on. 

Technical agsistance generally is reviewed in a 
separate chapter. Since 1950 technical assistance has 
been extended to about 11,000 trainees and about 
. 4,000 experts have been provided, the figures under 
the Technical Co-operative Scheme in 1965-56 being 
50 per cent higher than those for 1954-55. There has 
been some shift in emphasis towards engineering 
(particularly applied scientific research), while interest 
in agriculture, health and education continued and 
training periods tend to lengthen. Increasing use is 
being made of trainmg facilities available in the 
region, and India has provided training facilities for 
556 persons. In some fields contributions from teams 
of experts are becoming more frequent, and generally 
there ıs a marked emphasis in technology and 
industry on experts from outside the region. New 
ways by which technical assistance could be pro- 
vided are being studied, and Australia has introduced 
a Correspondence Scholarship Scheme under the 
Colombo Plan. Much equipment has been provided 
for laboratories and training and research institutions 
and of the offers of equipment and spare parts to 
the value of £3 million made or under negotiation, 
£600,000 is for laboratory equipment, £1,300,000 for 
training purposes and £375,000 for research equip- 
ment, > 

Technical assistance continues to form a large part 
of United States aid to the countries of south and 
south-east Asia, for which more than 40 million 
dollars were made available in the year ending June 
30, 1956, a major objective bemg the development 
of self supporting educational and training facilities 
to the point where more and better trainmg can be 
provided from the countries’ own resources. Up to 
that date the United States Government technical 
co-operation programmes financed the training of 
nearly 4,000 persons and the provision of more than 
1,200 United States experts in the countries con- 
cerned, as well as making available a wide range of 
demonstration and training equipment. Many con- 
tracts, usually for three years, have been concluded 
between universities in south and south-east Asian 
countries and those in the United States, covering 
assistance in improving curricula, provision of train- 
ing facilities in United States universities and mter- 
change of teaching staff. 

The United States Government and its Specialized 
Agencies are another major source of technical 
assistance, and stress is laid on the value of the 
reports and economic surveys produced by these 
bodies. The United Kingdom 1s the principal source 
of technical assistance to Singapore, the Federation 
of Malaya, Sarawak and North Borneo, and bilateral 
technical assistance agreements have been made 
between certain Colombo Plan countries and coun- 
tries which are not members of the Plan. To avoid 
overlapping and ensure that such assistance is, so 
far as possible, complementary, liaison officers are 
maintained with the Council for Technical Co- 
operation im Colombo by both the United States 
Government and the United Nations Technical 
Assistance Board. 

A. chapter of special interest m the report is that 
which reviews the tasks ahead. While much progress 
has been made in the economic growth of the region, 
there is an mcreasing awareness of the need for 
maintaining flexibility in furthering development 
programmes, while consolidating existing gains. The 
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problem of developing sufficient opportunities for 
productivity employing the growmg human resources 
of the area remains, while the varying stages and 
forms of development and the wide range of experi- 
ence withm the region provide new opportunities for 
co-operation among the countries of south and south- 
east Asia. Future development will tend to require 
more complex and difficult decisions m such matters 
as the extent to which the fruits of development can 
and should be devoted to consumption rather than 
investment, the patiern of investment, and the 
impact of a country’s development programme upon 
its external situation and the economic life of other 
countries. The mobilization of additional depart- 
mental energies will be required in both the public 
and the private sectors, and while the flow of external 
resources to the countries in the region has so far 
been largely in the form of grants, increased oppor- 
tunities may develop for drawing on foreign private 
investment and on private and public loans as 
sources of external capital. The record of achieve- 
ment set forth in this report gives reason to believe 
that, however great may be the difficulties ahead, 
they will be overcome. 


THE FUTURE OF REINDEER IN 
SCOTLAND 


HEN reindeer were introduced into Scotland 

some ten years ago, a significant factor was 
that the various ground, rock and tree lichens eaten 
by reindeer play little part in the diet of red deer, 
roe deer, sheep, or other indigenous animals. In , 
places the lichens form a carpet several inches deep. 
It was this discovery of untouched lichens that gave 
rise to the reindeer experiment now proceeding m 
Scotland ; its course has been described by N. N. P. 
Utsi (Oryx, 4, No. 1; April 1957). 

In northern Scandinavia there are more than 
600,000 domesticated remdeer and in the northern 
U.S.S.R. approximately two mullon, valued for 
their meat, skins, milk and hair, and for transport. 
These benefits have led to imports of reindeer m 
Alaska, Canada and South Georgia. Usually 
described as an arctic animal, the reindeer is widely 
found in the sub-arctic and in zones regarded as 
‘temperate’. 

There were many reindeer m Scotland m pre- 
historic times, and these were probably hunted with 
red deer. Why the wild reindeer died out while the 
red deer remained is unknown. Utsi suggests that 
reindeer meat was probably more popular, and the 
pre-firearm techniques of the chase were not adequate 
to eliminate the fleeter red deer. : 

Why should reindeer now be ‘forced’ to live ın 
Scotland when they had once died out? There are 
a number of reasons. Good meat can more easily be 
obtained at the time it 1s wanted, and be carefully 
handled, when it comes from a tame or at least half- 
tame animal. Remdeer owners, whatever their 
language or origi, eat mainly or only remdeer meat į 
their farming neighbours often buy reindeer meat, 
m spite of owning meat-producing animals them- 
selves. In the cities and towns of Scandinavia it is 
rated a delicatesse ; the tender tongue is a delicacy 
m Europe. Reindeer hide also tans to a fine 
chamo1s-like surface suitable for ladies’ gloves and 
handbags. 
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The leader of the experimental herd has now been 
in Scotland four and a half years. After setbacks on 
unsuitable land, the herd has been increasing since 
May 1955, through calves bred and born in the 
Cairngorms, and now numbers sixteen. When con- 
sidering the future of reindeer in Scotland, it is 
recognized that there is some overlap between the 
pasture of reindeer, red deer and sheep. But, as 
there are areas in Scotland which are scarcely grazed 
by red deer or sheep and yet offer good reindeer 
pasture, this slight overlap would not justify the 
exclusion. of reindeer. 


RARER BIRDS OF PREY 


IRDS of prey always attract attention and 
arouse an unusual degree of admiration or per- 
secution according to, outlook. Largely for that 
reason, their distribution and their breeding-popula- 
tions are often shrouded in secrecy. Indiscriminate 
disclosure which could lead to persecution or dis- 
turbance of hard-pressed species would be in- 
defensible. Secrecy can be carried too far, however, 
and it is essential to both science and bird-protection 
that adequate records should be kept, and that 
information which cannot harm the birds should be 
shared. The editors of British Birds have, therefore, 
prepared an up-to-date account of British birds of 
prey, indicating those factors which have been 
working for and against the birds (50, No. 4; April 
1957). 

Over the past few years there has been an increase 
in the numbers of buzzards, kites, hen harriers, 
marsh harriers and, perhaps, golden eagles. The 
osprey may now be re-establishing ttself, and the 
goshawk has returned after an absence of a century 
or two. In almost every case, however, the position 
to-day looks worse than it was a year or two ago. 
The buzzard received a severe setback during 1954- 
55 through the impact of myxomatosis, coupled with 
increased human persecution. The kite population 
has also been unsettled and reduced. The 1956 
reports from Scotland indicate that the hen harrier 
fared badly on the mainland and in the Hebrides. 
The golden eagle also suffered from shooting, poison- 
ing, eyrie-stoning and burning, and in 1956 a number 
of pairs were missing from regular haunts. The dis- 
turbance caused by human intervention during the 
osprey’s attempted nesting last season is widely 
known. Marsh harriers failed almost entirely in 1956 
in one of their three strongholds. No breeding record 
of the goshawk has been made in recent seasons. Of 
other birds of prey, the numbers of Montagu’s harrier 
are perhaps about the same as before the War, or a 
little higher, although probably less than they were 
ten years ago; there is no evidence of change in the 
status of hobby or honey buzzard; the peregrine 
has made some recovery from war-time organized 
shootings. 

It is hoped that the publication of the survey will 
lead to the filling in of a number of gaps in the avail- 
able information by contributions from other ornith- 
ologists. It is also hoped that efforts will be made to 
review the food and economic status of birds of prey 
and to bring about a more scientific and modern 
attitude towards them. A special article on the 
buzzard is being prepared for a later issue of the 
journal. 
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A NEW ELECTRONIC DIGITAL 
COMPUTER 


HE Metropolitan-Vickers Electrical Co., Ltd., 
which has for some years been engaged on basic 
developments for a variety of electronic computers, 
has recently announced the completed development 
of the first model of a new range, the ‘Metrovick 
950’, which is a general-purpose electronic digital 
computer capable of application to a wide variety 
of mathematical problems in research and engineering 
design. The computer incorporates interesting 
features of modern technique including the use of 
printed wiring on the plug-in boards and the extensive 
use of transistors in place of thermionic valves. 
The machine is basically a device which will do 
arithmetic at high speed under the control of instruc- 
tions given to it by the operator. The problem to 
be solved must first be stated in mathematical terms, 
and then the process of solution must be reduced to 
@ series of simple arithmetical operations which the 
machine will perform. ‘The list of mstructions, called 
the ‘programme’, causes the machine to perform the 
necessary operations and combines them in appro- 
priate sequence. The five basic units of the computer 
consist of the input equipment, for feeding informa- 
tion into the machine ; the store, for holding instruc- 
tions and data; arithmetical circuits, for performing 
the calculations; output equipment, for giving the 
results ; and a control unit, to co-ordinate the whole 
machine so that instructions are obeyed correctly 
and in the right order. The input of numerical 
data and the programme of instructions are coded 
into holes punched on a paper tape, which is fed 
into the computer and from there read off photo- 
electrically at a high speed of up to 200 characters 
per second. The numbers are punched in the tape 
as decimals, each digit being represented by a five- 
hole combination, and each instruction is coded as a 
combination of decimal digits which is punched into 
the tape in that form. The computer automatically 
converts the decimal form into a binary representation 
in which one number or instruction is normally 
represented by thirty-two binary digits, called a 
‘word’. The main store is a cylindrical drum coated 
with magnetic oxide, on which a total of 4,096 
‘words’ are ‘written’ as magnetized spots on 128 
separate circumferential tracks, and the mean access 
time to the location of any word on the drum is 
one-half of a revolution period, that is, ten mili- 
seconds. In the circuits the numbers and instructions 
are represented by electrical impulses which occur in 
a regular series with a pulse or digit frequency of 
75 ke./s. In addition to the main store there are 
several stores with capacities of one or two words, 
the ‘registers’, for use in the arithmetical unit. The 
registers take the form of regenerative tracks on the 
drum, and a further store holding eight words on a 
regenerative track is provided to enable instructions 
to be modified after they are taken from the main 
store and before‘ they are obeyed. The arithmetical 
circuits, which use transistors, include an adder- 
subtractor unit and a multiplier. The output is by 
means of five-hole punched tape or a printed page, 
and the control unit, using transistor circuits, controls 
the sequence of operations and the flow of instructions 
and numbers in the computer. The basic timing of 
the computer is controlled by signals obtained from 
the tracks on the magnetic drum, thus synchronizing 
the computer with the drum. 
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The computer, which is housed in a steel frame of 
overall dimensions 14 ft. 54 in. x4 ft. 10 in. x6 ft. 
1} in., is assembled in three units—the control desk, 
control and power supply rack, and computing rack— 
each of which is designed to pass through a standard 
doorway (2 ft. 6 in. x6 ft. 6 in.). Al the operator's 
controls are conveniently arranged on a panel with a 
desk table in front, and two cathode-ray monitors 
enable the contents of any track in the stores to 
be examined. A set of thirty-two keys is pro- 
vided, which enable a number or an instruction to 
be set up, together with additional keys to place 
it in any register as required. The input tape reader 
and the output tape punch are on the control 
desk, and the output printer, connected to the com- 
puter by a multicore cable, is on a wheeled 
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ag which may be situated anywhere near the 
esk. 

Because of the use of transistors and printed 
wiring, the Metrovick 950 has considerably reduced 
overall size and weight is more reliable and consumes 
less power (3 kW.) thar computers using conventional 
thermionic valves. The first computer of this type 
to be completed 1s aow m use in Metropolitan- 
Vickers’ Electronics Department where it was 
produced, and additioral instruments are being built 
for use in the Company’s Research Department at 
Trafford Park and in tke Associated Electrical Indus- 
tries Research Laboratories at Aldermaston, Berks. Full 
details of the Metrovick 950 are given in an illustrated 
brochure (Metropolitar-Vickers Electrical Co., Ltd., 
Special Publication Nc. 7655/1). 


A METHOD FOR THE ESTIMATION OF THE INCREASE IN 
CONCENTRATION OF ADENOSINE DIPHOSPHATE IN MUSCLE 
SARCOSOMES FOLLOWING A CONTRACTION — 


By Pror. BRITTON CHANCE and Dr. C. M. CONNELLY* 


Johnson Research Foundation, University of Pennsylvania, and Blophysics Department, Johns Hopkins University 


HE stimulation of respiration of mitochondria 

or sarcosomes by the addition of adenosine 
diphosphate is accompanied by striking changes of 
the steady-state oxidation-reduction levels of several 
respiratory enzymes as recorded by a special double- 
beam spectrophotometer!. Intramitochondrial pyri- 
dine nucleotide, very nearly completely reduced in 
the resting state of the mitochondria, becomes 
considerably oxidized upon addition of an excess of 
phosphate or phosphate acceptor. In the course of 
preliminary studies of the respiratory enzymes of 
excised muscle, it was found that the steady-state 
oxidation of intramuscular pyridine nucleotide was 
increased by contraction of the muscle®. In this 
communication, we describe how these two mde- 
pendent observations lead us to a quantitative 
determimation of the increment of adenosine diphos- 
phate or morganic phosphate concentration followmg 
á muscle twitch. The method has the following 
advantages: (a) observations are made on one intact 
muscle without the need to destroy the tissue or to 
rely on ‘paired’ muscles or to use a muscle of atypical 
properties; (b) the observations are based: upon 
changes localized m the muscle sarcosomes which are 
in contact with the myofibrils (for a summary see 
ref, 4) ; (c) observations can be repeated a number of 
times on the same muscle; (d) the method has a 
sensitivity m terms of adenosme diphosphate equival- 
ent to Jess than 0.001 umol. per gm. ; (e) the method 
has a response time of less than 0.1 sec. 

Because of the great mterest m the role of adenosine 
triphosphate m muscular contraction, several papers 
have appeared m, which a pair of muscles, one of 
which has been stimulated, are plunged into a freezing 
bath and are then analysed chemically for changes of 
adenosine di- and tri-phosphate levels in the stm- 


* Present address, Rockefeller Institute, New York City. 


ulated muscle’-7. Dus to difficulties m obtaining 
exact pairs of muscles, of freezing rapidly, and of 
avoiding internal contractions during freezing, the 
results of such chemica. studies have a relatively low 
sensitivity (40-03 (ref. 5) to +0-01 (refs. 6, 7) 
umol. adenosine diphogephate/gm.). The conclusion is 
reached that no significant changes in the level of 
adenosine diphosphate occur during a muscle twitch 
at 0°° and that muecular contraction can occur 
without the decomposit.on of adenosine triphosphate® 
(cf. ref. 8). We find that adenosme diphosphate or 
inorganic phosphate arrives at the muscle sarcosomes 
during the twitch m amounts readily measurable by 
this new method. 

Fig. 1 shows three galvanometer oscillograph 
recordings of the outpus of the double-beam spectro- 
photometer, adjusted to measure the change of 
absorption at 340 my relatıve to 386 my, the two 
wave-lengths bemg selected so as to give maximal 
response to the reduction of pyridine nucleotide and 
a considerable rejection of light-scattering effects’. 
A perfused frog sartozius muscle, held in a flow 
chamber, is under aezobic conditions in oxygen- 
saturated glucose-Ringer solution at 7°. In trace 4, 
electrical stimulation at 1-0 times/sec. causes an 
abrupt decrease of absorbency at 340 muy (relative 
to 386 my). Upon cessation of stimulation the trace 
slowly returns towards the original base-line. In 
trace B, no upward declexion of the trace occurs m 
& muscle pre-treated with 10-5 M dinitrophenol. In 
trace C the twitches are spaced at 15-sec. intervals 
to show clearly the briaf artefact due to the twitch 
and the absorbency decrease following it. The 
contribution of each one of the earlier twitches to 
the change of absorbency 18 clearly shown. 

These changes of absorbency are attributed to the 
oxidation of reduced pyridine nucleotide for the 
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Fig. 1. Absorbency changes recorded in frog sartorius muscle 
0-08 om. thick upon contraction caused by electrical stimulation. 
The muscle was Pathed in oxygenated Ringer solution at 7° and 
stimulated with silver electrodes (ref. 13). The time-scale applies 
to all three graphs, as does the absorbency scale. The recorder 
bandwidth is approximately 3 2 cycles per sec. 
In traces 4 and B, stimulation is continuous from the point 
marked ‘on’ at 1°5 por sec. to the point marked ‘off’. In trace C, 
stimulation occurs at 15-sec. intervals (exps. 8301-8, 301-4, 303-3) 


following reasons: (1) The absorption band of 
reduced pyridine nucleotide of the perfused sartorius 
muscle is clearly shown when the muscle is bathed 
m nitrogenated Ringer solution’. (2) Variations of 
the wave-length of the measuring beam in the vicinity 
of 340 mp reveal that the decrease of absorbency 
caused by muscle contractions? has ẹ maximum at 
340 my. Evidence that we are dealmg with pyridine 
nucleotide of the sarcosomes is afforded by the 
abolition of the change of absorbency by only 10 pM 
dinitrophenol, œ specific reagent for inhibition of 
this reaction in the sarcosomes, 

Identification of adenosine diphosphate as the 
nucleotide that activates the sarcosomal pyridine 
nucleotide following the contraction is based upon 
the specificity of the respiratory chain for that sub- 
stance!*13,18, The choice between adenosine diphos- 
phate or inorganic phosphate as the activator is 
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Fig. 2. ‘Titrations’ of intramitochondrial reduced pyridine 
nucleotide with phosphate (solid curve) or adenosine diphosphate 
( ed curve). Additions of phosphate or phosphate acceptor 
are made to a suspension of rat liver mitochondria y supplied 
with substrate and oxygen. The decreases of absorbency due to 
the oxidation of reduce game nucleotide are plotted, and the 
concentrations corresponding to half-maximal effect are indicated 
on the graph (Exps, 229b and 436) 
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made in favour of the former for two reasons. First, 
chemical observations show that very high phos- 
phate concentrations are already present in muscle, 
and second, studies of other cells (baker’s yeast 
and ascites tumour cells) show clearly that adenosine 
diphosphate and not phosphate is the activator 
of the resting state of metabolism, and it is reason- 
able to apply this result to the resting state of 
muscle. However, calculations are made for both 
adenosine diphosphate and phosphate. (Incidentally, 
we have been concerned to note the high levels of 
phosphate and adenosine diphosphate obtained by 
chemical analysis of mitochondria and of muscles 
that are presumably in the resting state’. The 
high affinity of the respiratory chain suggests that, 
were these enzyme systems actually in the resting 
state at the moment of termination of enzyme 
activity in the analytical procedure, the adenosine 
diphosphate values would be small compared to the 
50 pmol. per litre indicated by Fig. 2. It is perhaps 
a problem for the biochemist to perfect methods for 
arresting metabolism without increasing the concen- 
tration of adenosine diphosphate.) 

The- concentrations of adenosine diphosphate and 
phosphate required to activate electron transport and 
to cause oxidation of reduced pyridine nucleotide in 
wolated mitochondria are shown in Fig. 2. In these 
expermments, solutions of adenosine diphosphate or 
phosphate are added to the mitochondrial suspensions 
and give the decreases of absorbency at 340 my with 
respect to 374 mp as plotted in the graphs. Half- 
maximal effects are obtained with 56 pM adenosine 
diphosphate and 1 mM phosphate, and similar values 
are obtained for heart muscle sarcosomes!*. 

In Figs. 14 and 10, the discussion above leads us 
to conclude that the same process is in progress: 
the contraction is causing increments of adenosine 
diphosphate or phosphate concentration to build up 
at the sarcosomes. At the end of the ten twitches, 
the level has built up to about three-quarters of the 
maximum level as obtained in a separate experiment 
similar to Fig. 14 in which the twitching was con- 
tinued until a plateau was reached (see arrow). 
Half-maximal effect was obtained with seven twitches. 
By comparison with Fig. 2 the seven twitches have 
resulted in an increase of adenosme diphosphate 
concentration at the sarcosomes of 56 pM (or 
56 pmoles per kgm. wet-weight of muscle which 
equals 0-056 umol. per gm.). In terms of phosphate, 
the value would be 1-0 umol. per gm. 

The average of the results of a large number of 
studies on the number of twitches required for half- 
maximal effect is 6, and this value is relatively 
constant in spite of wide variations m the rate of 
stimulation (see Table 1). Thus the value of adeno- 


Table 1, CHANGES OF LEVEL OF REDUCED PYRIDINE NUCLEOTIDE 
FOLLOWING MUSOLE TWITORES 
Frog sartorius muscles, 5-7° in oxygenated Ringer solution plus 


glucose. Muscle essentially unload 
Exp. No. 292b 292b 292b 301 301 301 301 
Record No 12 133 44 3 4 14 #14 
Stimulation rate (sec.~*) 3 7 15 15 3 0:07 02 
Total twitches 75 7 45 #15 4&5 6 27 
Maximal oxidation of re- 
duced pyridine nucleotide 


observed (uM) at 
stimulation rate 
į effect with rapid 
stimulations (7/4) 24 2: 24 32 32 82 — 
Twitches to give half-max- 
imal effect z 8 fT 7 5 =e 


* We have computed the number of stimulations that have occurred 
in the time required for the optical change to reach half the ‘maximal 
effect’ with rapid stimulation. In 301-14 this point was reached by 
linear extrapoiation from the initial increments per twitch. More 
oe calculations were not justified by the accuracy of the observa- 

ons. $ 


given 
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sme" diphosphate per twitch is less than 0-056/6 œ 
0-009 umol. per gm. per twitch. The corresponding 
value for phosphate ıs less than 0-17. 

It is unlikely that the spectroscopic method under- 
estimates the adenosine diphosphate or phosphate 
concentrations ; the sarcosomes are in direct contact 
with the myofibrils! and any change of concentration 
in the myofibril would be accurately measured by 
the sarcosome m contact with ıt. Re-synthesis of 
adenosine triphosphate within the myofibril ıs the 
only possibility for an under-estimation by our 
method, and the hıgh affinity and reactivity of the 
respiratory chain for the diphosphate as well as the 
very high concentration of sarcosomes require such 
a reactive ‘high-energy’ store or transfer enzyme 
system as render this hypothesis very unlikely. in 
any event, an appreciable under-estimation due to 
re-synthesis by known stores of energy is very nearly 
ruled out by a consideration of the chemical 
results. 

The uncertamties of the negative results obtained 
in three series of chemical analyses*-? are +0-032, 
+0-01 and roughly +0-01 pmol. adenosine diphos- 
phate/gm., as compared with our uncertamty of less 
than 0-001 and our actual assay of 0-009 umol./gm. 
per twitch. The chemical results clearly limit the 
range of formation of adenosine diphosphate to the 
values we have found. The analytical results set 
similar bounds to our results when calculated m 
terms of morganic phosphate; an uncertainty of 
+0-39 of the chemical results 1s grven® compared. to 
our uncertainty of 0-02 and our actual assay of 
0-17 umol. phosphate per twitch. 

In summary, this new spectroscopic method for a 
determination of the increment of concentration of 
adenosine diphosphate following a muscle twitch 
substantiates the result of the chemical studies that 
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very little of the diphosphate 1s released following a 
muscle twitch, but our results go further and show 
how much adenosine diphosphate or phosphate is 
released. 

These results may now be compared with the 
expected value for muscular contraction in an 
unloaded muscle. Values based on the assumption 
of 100 per cent efficiency of the biochemical process 
and calculated on the value of 12,000 cal. for AF 
for hydrolysis of adenosine triphosphate are 0-3 to 
0-5 pmol. per gm. per twitch®. 

Our values are 2-3 per cent of the expected value 
calculated as adenosine diphosphate or 30-60 per 
cent calculated as inorganic phosphate. As discussed 
above, the figure for the diphosphate 1s probably the 
relevant one. On this basis, we can conclude that no 
significant portion of the expected breakdown product 
of adenosine triphosphate is found at the surface of 
the myofibril following a smgle twitch of an intact 
muscle. This result favours the idea that adenosine 
triphosphate need not be broken down during the 
contraction phase of muscle activity. 

This work was supported in part by the National 
Science Foundation. 
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AROMATICITY AND COLOUR OF COAL 
By Dr. R. A. FRIEDEL 


U.S. Department of the Interior, Bureau of Mines, Pittsburgh 


ANY physical and chemical investigations of 

the structure of coal over a period of years 
have indicated that coals consist mainly of poly- 
nuclear condensed aromatic structures. One inter- 
pretation of infra-red spectra and of some chemical 
studies on bituminous coals has questioned the 
presence of such structures in any appreciable 
quantities. 

Spectral measurements in the ultra-viclet and 
visible regions have been made on Pittsburgh vitrain 
(84 per cent carbon) in an attempt to measure 
possible concentrations of polynuclear condensed. 
aromatics. Spectra of thm sections in the visible 
region, and of potassium bromide pellets in the 
ultra-violet region, show that absorption mereases 
gradually from the edge of the infra-red through the 
visible and through the near ultra-violet region to 
2100 A. No spectral band structure appears except 
for one broad band shoulder near 2650 A. which is 
typical of low-temperature chars and of strongly 
oxidized aliphatic substances?. 

Quantitative measurements m the visible spectrum 
and semi-quantitative measurements in the ultra- 


violet spectrum have been made in order to determine 
absorption intensities (specific extinction coefficients, 
K)*. The K values for Pittsburgh vitrain at two 
wave-lengths are compared with the K values of the 
principal absorption bands of various polynuclear 
condensed aromatics and of conjugated polyenes in 
Table 1. One of the absorption bands of violanthrene, 
a highly coloured polynuclear condensed aromatic 
compound, has a K value of 200 at 4920 A.; at the 
same wave-length Pittsburgh vitrain has a K value 
of 5-6. In the unlikely case that all absorption 
mtensity of Pittsburgh vitrain at 4920 A. is due to 
violanthrene, the maximum possible amount of 
violanthrene nucle: would be about 2:8 per cent. 
A comparison of areas under absorption curves would 
permit a somewhat greater total concentration of 
polynuclear condensed aromatics, as various poly- 
nuclears absorb in different regions of the spectrum. 
But such a proposal ıs countered by the absence of 
the spectral structure that should result from a large 
concentration of various polynuclears. The most 
maportant limitation ıs the absorption intensity, 
which is too low m bituminous coals to substantiate 
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Table 1. INTENSITIES OF PRINCIPAL ABSORPTION BANDS OF VARIOUS 
POLYNUCLEARS AND OF CONJUGATED POLYENES; COMPARISON WITH 
INTENSITIES OF BITUMINOUS VETRAIN 





Specific extinc- 
tion coefficient, 
K, in 1./gm.-em. 


Coal: 84 per cent carbon 
vitrain, Pittsburgh seam 


Compound : 

- Violanthrene* 
Anthanthrene* 
Dibenzo fans pyrene* 
Dibenzo [@,h] pyrene” 
Coronene* 
Fluorenonet 
Anthracene 
Phenanthrene ft 
Naphthalenet 
Octatrienolt 
Decatetraeno]t 





2650 
2990, 3110 





* Olar, E., “Aromatische Kohlenwasserstoffe”, 2nd edition (Springer- 
Verlag, Berlin, 1952). 


t Friedel, R. A., and Orchin, M., “Ultraviolet Spectra of Aromatic 
Compounds” (John Wiley and Sons, New York, 1951). 


$ Braude, E. A., Chem. Soc. Ann, Rep., 42, 105 (1945). 


high concentrations of polynuclear condensed aroma- 
tics or of conjugated polyenes. 

The weak colour intensity of bituminous coals is 
also shown. by the absorption index, 0-025 at 5460 A., 
calculated from absorption measurements on thin 
sections of Pittsburgh vitrain. Higher values obtained 
by Huntjens and Van Krevelen! for a powdered 
sample of Pittsburgh vitrain and a thm section of 
Velsen vitrain are given in Table 2. Absorption 
indices calculated by various workers from reflectance 
measurements are appreciably higher than 0-025 3-8, 
This discrepancy is presumably due to the fact that 
the reflectance equation is practically insensitive to 
absorption indices in the range of 0-025. 

The colour of coal is not logically attributable to 
small amounts of polynuclear condensed aromatics 
since, a8 Hirsch has stated, polynuclears of the sizes 
indicated by X-ray measurements do not possess 
the colour of coal’. The colour of coal may be 
attributable to the structures with unpaired electron 
spins, presumably free radicals, shown to be in coal 
by paramagnetic resonance measurements**. These 
structures are apparently free radicals rather than 
solid-state colour centres, since solutions of asphaltene 
from coal hydrogenation’? and coal extracts!.12 
produce similar paramagnetic resonance signals. 

Free radicals absorb radiation over wide wave- 
length ranges**, as does coal, and in some cases free 
radical spectra also are devoid of spectral structure. 
Free radicals constitute only a fractional percentage 
of the coal®* and their structures are unknown ; they 
might be polynuclear condensed aryl radicals, semi- 
quinones*®, triarylmethyls, etc. It is possible that 
the dark colours of many different reaction residues 
with non-specific absorption spectra might be due to 
free radicals. 

If the colour of coal is due to free radicals, the 
visible and ultra-violet absorption intensity should 
increase quantitatively with the number of free 


Table 2, ABSORPTION INDICES OF VITRAINS AT 5460 A., DETERMINED 
BY ABSORPTION MHASUREMENTS 


Huntjens and Van 
Krevelen (ref 8) 


This work 


Pittsburgh vitrain 
Velsen vitrain 


0-025 
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radicals. The existence of such a correlation would 
not constitute proof; but absence of any correlation 
would nullify the hypothesis. A preliminary corre- 
lation has been sought for free radicals and absorption 
intensity in high-volatile bituminous vitrain and 
lignite vitrain. Ratios of the specific extinction 
coefficients at three wave-lengths are compared m 
Table 3 with the ratio from Ingram’s values for 
concentrations of free radicals in coals of 84 per cent 
carbon!!! and 72 per cent carbon!*. These incomplete 
results do not include ultra-violet measurements. 
The trend shown by increasing ratios of coefficients 
with decreasing wave-lengths in the visible spectrum 
indicate that the ultra-violet intensity ratios may 
approximate the free radical ratio. 

Table 3. CORRELATION OF COLOUR INTENSITY AND FREE-RADIOAL 


CONTENT OF 84 PER CENT CARBON AND 72 PER OUNT CARBON VITRAIN 
° THIN SECTIONS 


Specific extinction 
coefficient 





Pittsburgh vitrain 
(84 per cent carbon) 

Velva lignite vitrain 
(72 per cent carbon) 


1-22 
1-25 


0-50 x 10% 
(ref. 16) 
0-12 x 10% 
(ref, 12) 


Ratio 10 s 2 4-2 








Other optical properties of coal, such as reflectance 
and refraction, have indicated that coal is composed 
principally of polynuclear condensed saromatics?’. 
However, indices of refraction and absorption for 
coal might be explainable by small concentrations of 
free radicals as satisfactorily as by large concen- 
trations of polynuclear condensed aromatics. 

Charge transfer complexes may contribute to the 
colour of coal. Possible examples are complexes 
between quinones and hydroquinones!*, and between 
molecular oxygen and aromatic nuclei”. Some 
properties of charge transfer complexes do not exclude 
them, but neither do these properties indicate that 
complexes are causes of the colour of coal: (1) most 
known complexes are diamagnetic, whereas coal is . 
paramagnetic; (2) solutions of complexes are 
electrical conductors!8, whereas coals have very low 
conductivities ; (3) the optical properties of solutions 
of coal hydrogenation products differ from those of 
charge-transfer complexes?. 

The assistance of J. A. Queiser is gratefully 
acknowledged. 
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LETTERS TO THE EDITORS 


The ‘Editors do not hold themselves responsible 
for opinions expressed by their correspondenis. 
No notice is taken of anonymous communications. 


Endoradiosonde 


AN arrangement that could send out information 
about conditions inside a living person could supply 
scientific information and also become a diagnostic 
tool in echnical work. For this purpose one would 
desire a radio method that could perform under 
approximately physiological conditions. Accord- 
ingly, we have produced a small capsule that a person 
can swallow, and which contains the sensmg trans- 
ducer and the radio transmitter. This device has 
successfully operated durmg its passage through the 
gastro-intestinal tract. 

During the past five years, at the University of 
Cahforma, attempts were made to perfect a passive 
telemetermg transmitter in the form of a resonant 
circuit, one of the reactances of which would change 
in response to the variable under observation. The 
change m characteristic frequency was to be de- 
tected from outside the body by a ‘grid-dip meter’ 
that cyclically scanned the frequency-range. Even 
with several detector coils around the body to com- 
pensate for changes in orientation of the passive 
transmitter, the signal fell off so rapidly with distance 
that it was clearly desirable that the transmitter 
generate its signal from an associated power source. 

Several alternatives exist using transistor oscilla- 
tors. The person could be placed within a coil and 
energy induced into an internal secondary winding 
at a frequency quite different from that of the out- 
going signal. However, a self-contamed battery 
seemed superior. In one experiment the battery 
consisted of a gold and iron electrode with the in- 
ternal fluids of the subject acting as the electrolyte. 
The low power properties of a junction transistor 
made such a single-cell battery adequate though the 
‘ine voltage’ varied. The stability of a self-contained 
mmiature cell, thermostated by the body, permitted 
the use of simpler circuits with an overall saving of 
volume, i 

Some variables of interest are pressure, temperature 
and chemical composition. Pressure can be sensed 
by the motion of a diaphragm which moves a piece 
of iron within the coil of a tuned circuit controlling 
the oseulator frequency. The transistor itself is quite 
sensitive to temperature and so ıt can perform this 
sensing operation. In general, chemical analysis by 
potentiometry at present seems impractical because 
of mterfering biochemical substances. However, 
investigation is now under way to determine a 
suitable combination of electrodes and circuitry 
to telemeter pH. 

For easy detection of the radiated signal, a high 
frequency seemed desirable, though considerations 
of signal penetration or ‘skin depth’ plus the factor 
of transistor efficiency caused us to select a frequency 
in the hundred-kilocycle range. Using readily avail- 
able components, the capsule is 2-8 em. long and 
0-9 cm. in diameter. Radiation is mostly from the 
coil itself acting as a loop antenna or primary windmg 
relative to the receiving loop, though a small antenna 
could trail along behind and thus possibly also help 
orient the device along the direction of motion. One 
can track the unit through the body with a small 
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Fig. 1. Circuit of radix transmitter swallowed to transmit 

internal temperature and pressure, The transistor generates two 

frequencies and acts as a thermometer, Pressure modulation 

results from motion of pcwdered iron near coil. C is roughly 
0 01 mfd., depemling on particular transistor 


tuned antenna or, for more precision, by X-ray 
observation. 

The circuit that wascinally evolved uses a grounded 
emitter connexion as shown in Fig. 1. The phase 
difference between collector and base allows the use 
of a single tapped coi (Hartley oscillator) across all 
of which the tuning eondenser is connected to yield 
a given frequency wish as small a coil as possible. 
The base connexion :s through a condenser which 
not only results in əmitter bias from the single 
collector battery but also, if its capacity is high 
enough, gives a blocking or quenching action. The 
radio-frequency transmits information about the 
pressure practically independent of temperature. 
The repetition-rate Cf the radio-frequency bursts 
depends on, and transmits, temperature. The burst 
repetition-rate does show a dependence on the 
pressure, but since tre indication of the latter is 
unambiguous the temperature indication can always 
be corrected to the trie value. Thus the tuning of 
a standard radio receiver indicates pressure and the 
tone of its output signal indicates temperature. 

Calibrations are made outside the body just before 
and possibly after ar experiment. It is actually 
possible under laboratory conditions to calibrate the 
pressure-sensing device while it is inside the subject. 
Since there is a sealed air space m the capsule behind 
the diaphragm, exposing the subject to changmg 
atmospheric pressure a lows calibration of the pressure 
sensitivity. Extrapolation to zero pressure, or return 
to any fixed value, makes possible a temperature 
reading completely independent of pressure. In 
principle, one could use a feedback system to change 
the external pressure >n the subject until the trans- 
mitted reading was always returned to a fixed value. 
The external pressure would then measure the in- 
ternal pressure indeperdent of linearity or sensitivity, 
that ıs, no calibration would ever be necessary. 
Questions of interaction with changing temperature 
indications also woulc not arise, though m general 
the method seems impractical. 

The concept of a radio transmitter Inside a person 
originated because of a desire to get information 
about processes in ths bladder during micturition. 
The generalzation of this idea in the case of endo- 
radiosondes that are swallowed would indicate the 
study of peristaltic activities including pathological 
conditions, the testmg of spasmolytics, the monitor- 
ing of freezing anzsth2sia, the possible indication of 
emotional states as in a ‘lie detector’, and the 
observation of metabclic activity. 

This work was performed while one of us (R. S. M.) 
was on leave from the University of Califorma 
Medical Center as a Guggenheim Fellow. 

Note added in proof. A pH transmitter’ based on 
the reversible mecharical expansion of certain co- 
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polymers with acidity has been submitted for publica- 
tion to the Lancet since the above was written. 
Chemical analysis based on mechanical e ion 
might be extended to oxygen tension with a chelate 
encased in polyethylene. Since the battery runs for 
two weeks, extended in vivo animal experiments of 
these types are possible. - 
R. STUART MACKAY 
BERTIL JACOBSON 
Karolinska Institutet, 
Stockholm 60. 
April 10. 


[Attention may be directed to a paragraph in 
Nature of May 4, p. 898, referring to a similar device 
demonstrated at tho Rockefeller Institute and briefiy 
announced on April 9.—Editors.’ 


The Sunward Tail of Comet Arend-Roland 


Comet AREND-RobanpD (1956h) displayed in late 
April a remarkable spike-like tail directed roughly 
towards the Sun. This tail developed from a diffuse 
fan-shape on April 22 to a long and narrow spike 
attaming its maximum reported length of 15° on 
April 25.9 u.r., according to the observation of 
Fogelquist!. By April 29 the sunward tail had 
essentially ‘disappeared. Van Biesbroeck? reported 
it as being a “slender jet 4° long” on April 24.1 
and estimated a length of some '13° on April 25. 
No observations of length on April 26 are yet avail- 
able to me, so it appears that the maximum extension 
of the sunward tail took place some time during-April 
25-26. ” 

The direction of the spike has been measured on 
six photographs of the comet, and the deviations 
of the Sun from the great circle projections are plotted 
m Fig. 1. The photographs, which were transmitted 
to Sky and Telescope Magazine, were made by R. 
Fogelquist (Upsala, Sweden); ©. F. Capen, jun., and 
B. A. Smith (State College, New Mexico) ; T. Sjogren 
(Hovas, Sweden); E. Mendoza and M. Krebs 
(MacDonald Observatory); and W. S. Butts (Pull- 
man, Washington), and have been used with their 
permission. 

From Fig. 1 it is apparent that the sunward tail 
swung round in position angle fairly uniformly with 
time and that its extension passed through the Sun 
within an hour or two of April 25, 17h., 1957. The 
Earth crossed the plane of the comet’s orbit on 
April 25, 18h., 1957, according to the orbit calculated 


1957 April 24 25 26 27 28 


North 3° 
of 
Sun 


Through 
Sun 
South 
of 


Sun 


Projection of comet spike near Sun 


Fig. 1 
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by Candy*. This time of crossing appears to be 
established to within an hour, in complete agreement 
with the time that the spike pointed towards the Sun. 

No extraordinary physical theory appears necessary 
to account for the growth of the sunward tail by 
more than 10,000,000 miles in a few days and its 
similarly rapid decline. The sunward tail must 
almost certainly have resulted from the concentration 
of cometary debris over an area in the orbital plane. 
Seen-at moderate angles to the plane, the material 
possessed. too low a surface brightness to be easily 
observed, but seen edge-on it presented a concen- 
trated hne of considerable mtensity. 

The icy model‘ for the cometary nucleus provides 
@ ready explanation for the sunward tail. The ices 
and free radicals sublimating from the surface of 
the nucleus carry with them a certain amount of 
fragile low-density meteoritic debris at ejection 
velocities somewhat smaller than the gaseous kinetic 
velocities. Sizeable pieces of icy material should be 
included in this ejection process, but at very low 
velocities. Once in space, under the action of sun- 
light, the individual icy fragments suffer sublima- 
tion on the sunward side. A jet action effectively 
reduces the solar attraction of an icy fragment for 
a short time and may move the remaining meteoritic 
debris away from the Sun with respect to the nucleus 
at velocities up to 1 km./sec. or even more. Such 
material will be confined largely to the plane because 
small velocities of ejection normal to the plane can 
change the inclination of the individual orbit by only 
@ small amount. The effects of light pressure and 
corpuscular radiation on small low-density particles 
will again tend to spread them in the orbital plane. 

Occluded ices and gases, escaping slowly from the 
meteoritic particles, can provide a small source for 
molecular radiations, so that the sunward tail need 
not give an entirely continuous spectrum. Arend- 
Roland is very likely a ‘new comet’ in the sense 
used by Oort; Candy finds a slightly hyperbolic 
orbit. Even so, the comet may well have ejected the 
orbital debris during this first close perihelion passage. 

The above deduced geometrical aspects of the 
sunward tail are essentially those described clearly 
by Bredichin® as early as 1877. 

Frep L. Warran 
Smithsonian Astrophysical Observatory 
- and 
Harvard College Observatory, 
Cambridge 38, Massachusetts. 
May 15. 

1 Fogelquist, F., U.A.I. Circ. No. 1598 (May 10, 1957). 
2 Biesbroeck, G. Van, Hary. Ann. Card, No. 1858 (April 26, 1957). 
? Candy, M. P., U.A.I. Circ. No. 1585 (Feb. 20, 1957). 
‘Whipple, F. L., Astrophys. J., 111, 375 (1950); 113, 464 (1951). 
* Oort, J., Bull. Astro. Neth., 11, 91 (1950). 
* Bredichin, T., Ann. PObs. Moscow, 3, 1 (1877). 


Absorption Spectra arising from the 
Photolysis of Lead Tetramethyl 

In a recent communication}, details were given. of 
some unknown absorption features occurring during 
the flash photolysis of lead tetramethyl. While con- 
tinuing this work, exposures have been obtained in 
which the most intense band at 3196 A. is apparently 
resolved into a series of Q-like heads. The satellite 
band at 3096 A. is also characterized by a central 
strong Ime-like feature and this also could be 
attributed to a Q head. There is no doubt that the 
bands 3196 A. and 3096 A. are related, since they 
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Table 1 





Resolved heads on a diffuse back- 
ground 


Resolved on a diffuse background 
Pb(CD,). 


Head at centre of a broad diffuse. 


31,280 fon extending from 3210 A. to 
sk 


82,035 
82,142 


3 Clearly resolved 
32,246 





The wave-number difference of 1,025 cm.~t is obtained by considering 
a centre In the Pb(CH,), main band at 32,267 cm,~?, 


disappear with the same life-time, which does not 
appear to exceed the duration of the photolysis flash. 
Moreover, in repeating the experiments on the flash 
photolysis of lead tetramethyl-d,, an unmistakable 
shift of the 3096 A. band occurs. This band is consider- 
ably displaced towards the red while the 3196 A. band 
moves slightly towards the violet. The wave-numbers 
of all the features observed are given in Table 1. 
Fig. 1 is a microphotometer trace, which compares 
the spectra obtained in the photolysis of deuterated 
and undeuterated lead tetramethyl with the con- 
tmuum produced by the source flash. 

The isotopic shift of the satellite band towards 
the red means that the hydrogen atom vibrates more 
strongly in the upper state than in the lower molecular 
state; the magnitude of this shift indicates that the 
hydrogen atom has a large amplitude in the normal 
mode to which the frequency 1,025 em.~! corresponds. 
The small shift to the violet of the 3196 A. band is in 
keeping with the general rule for the replacement of 
atoms by heavier isotopes; the substitution of 
heavier atoms tends to decrease the energy of the 
zero-point vibrations in the lower state. 

The appearance of the spectrum is interesting. In 


-the case of Pb(CH;),, there is the most intense band 





3106 A. 3161 A., Kra 


Fig. 1. "Densitometric traces for spectra arising from photolysis of 
lead tetramethyl and lead tetramethyl, in the reglon 3000- 


8095 A., Krn 
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in the region of 3196 A. accompanied by the weaker 
band at 3096 A. With Pb(CH,),-d,. the primary 
trensition in the 3196 A. region is again very intense ; 
but the satellite consists of three line-like features, 
each component of the ‘triplet’ having a separation 
of approximately 100 cm.-1. There is no sign of a ` 
‘head’ at the wave-length normally occupied by the 
Pb(CH,), satellite, which would be the case if the 
sample contained Pb(CH,;), in any appreciable 
amount. í 
Examination of the most intense band of the 


` undeuterated spectrum on exposures obtained under 


optimum conditions reveals an apparent series of 
Q-like heads on an unresolved background. It appears 
to have the characteristics of a perpendicular band 
of a symmetrical top molecule, but the resolution 
of the Hilger (#1) spectrograph (about 5 A./mm.) 
does not make such an observation at all certain. 

There is @ striking visual similarity between the 
appearance of this spectrum and those shown in 
the published photographs of Porter and Wright?’ 
They point out slight differences in the characteristics 
of spectra which they assigned to the triplet state 
in aromatic vapours, compared to those attributed 
to free radicals such as benzyl, anilino and phenoxy. 
The spectra obtained by them are present, also, only 
during irradiation by the photolysis flash. Walsh‘ 
has predicted a perpendicular transition for the CH, 
radical which, if found to lie above 2500 A., would 
be weak. In view of the recent communication by 
Herzberg and Shoosmith®, in which band spectra 
belonging to the CH, radical have been described, 
this might be the transition predicted by Walsh. 

In polyatomic electronic spectra, frequencies of the 
order of 1,000 cm.-? are generally indicative of CH, 
bending vibrations. It seems, therefore, that the 
wave-number difference of 1,025 cm.-! corresponds 
to a frequency of a normal mode of the methyl group 
excited during the photolysis of Pb(CH,),. On this 
reasoning, & plausible explanation of the appearance 
of, three satellites when Pb(CH;,),-d,. is photolysed 
is that the wave-number differences, 755 em.}, 
862 cm.-! and 966 cm.-!, correspond to the vibrations 
of CD,, CD,H' and CDH,. The conditions of the 
experiments are such that it does not seem possible 
to consider that transitions belonging to Pb(CH5), 
are involved. Photochemically, either the free radical 
Pb(CH,), (where w is 1, 2 or 3) or the free radical . 
CH, must be considered. We have not, however, 
been able to obtain unaquivocal evidence that would 
lead to an assignment being made. We have not 
been able to observe the 2150 A. band reported by 
Herzberg and Shoosmith because this region is 
obscured initially by strong absorption of the parent 
molecule and during photolysis by a continuum, 
which is very intense and moves rapidly towards 
the red end of the spectrum. : ; 

Acknowledgment is made to the Chief Scientist, 
Department of Supply, Australia, for permission’ to 
publish this communication. 

J. G. Chouston* 
C. L. Coox 
Department of Supply, 
Australia. ý 

* Present address: Chemical bie, sera Department, Imperial 
College of Science and Technology, London, 8.W.7. 
Cook, O. L., and Clouston, J. G., Nature, 177, 1178 (1056). 
‘Porter, G., and Wright, F. J., Trans. Farad. Soc., 51, 1205 (1955), 
3 Porter, G., and Wright, F. J., Trane. Farad. Soc., 51, 1469 (1955). 
t Walsh, A. D., J. Chem. Soc., 2296 (1958). 
+ Herzberg, G., and Shoosmith, J., Canad. J. Phys., 31, 528 (1956). 
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The ‘Clock Paradox’ of Relativity 


Dr. FRANK S. Crawrorp’s further communication! 
is welcome as thé first attempt to answer my argu- 
ments. Hitherto they have been ignored, and inde- 
‘. pendent reasons, which I reject, have been adduced 
for the opposite conclusion. That leads nowhere. - 

Dr. Crawford rightly distinguishes the ‘‘qualita- 
tive” from the “quantitativo” argument: these 


are based respectively on the ‘postulate of relativity’ . 


and the ‘postulate of constant light-velocity’, 


which Einstein sharply distinguished from one - 


another. The first states that Nature provides no 
phenomenon corresponding to absolute rest (later 
extended to cover motion in general) ; it is a general- 
ization from experience and is non-mathematical. 
The second gives a definition for timing distant 
events; it is entirely mathematical and 1s(chosen 


R Sato ensure that violations of the postulate of relativity 


shall not be expected} Being a definition, it is, of 
course, not susceptible of proof; it is suggested by 
experience and is tenable so long as its implications 
conform to experience—in particular, the experiences 
leading to the postulate of relativity. a 

The argument against asymmetrical ageing rests 
wholly on the postulate of relativity, though I main- 
tain that(the postulate of constant light-velocity is 
compatiblé with it'*the postulate of constant light- 
velocity is necessary to determine the age at which 
the twins. will reunite. The argument is a single 
syllogism’: . 

(1) According to the postulate of relativity, if two 
bodies (for example, two identical clocks) separate 
and reunite, there is no observable phenomenon that 
will show in an absolute sense that one rather than 
the other has moved. 


(2) If on reunion one clock were retarded by a 
quantity depending on their relative motion, and the 
other not, that phenomenon would show that the 
first had moved and not the second. 

(3) Hence, if the postulate of relativity is true, 
the ‘clocks must be retarded equally or not at all: 
in either case, their readings will agree on reunion 
if they agreed at separation. 


No flaw has been found in this. Dr. Crawford 
speaks of a retardation arising from “third body 
» acceleration” with respect to the rest of the universe, 
“not the relative acceleration of the two twins’. 
That is not “a quantity depending on their relative 
motion”. But the only retardation in question in 
this discussion, namely, 27a = 27(1 — V*/c#)12, 
where 2T is the time of the round trip and V is 
the uniform relative velocity’, is such a quantity. 
Hence his criticism is irrelevant. 

I have said more than once? that I do not dispute 
@ possible slight effect associated with third-body 
acceleration, but I cannot see how that, regardless 
of its magnitude, can turn 27'« into a physical effect 
onatwin. This would be equivalent to the conversion 
of the apparent diminution of size which each of two 


uk v observers sees in the other when they walk away 
from one another, into en actual shrinking of one 
«`, of them if he alone does the walking. No one has 


yet explained this, and I would be grateful if Dr. 
Crawford would do so. If it does occur, however, 
then since we know, from Foucault’s pendulum, for 
example, that the Earth has third-body acceleration, 
the Earth twin also should suffer the retardation and 
so be indistinguishable from his brother. Moreover, 
since Dr. Crawford holds‘ that it is only the accelera- 
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which occurs after a time T} that produces this 
effect (thus implying an unexplained distinction among 
third-body accelerations), how can the effect be pro- 
portional to 27'? Ib would have to act retrospectively 
and make the ageing brother suddenly grow younger 
again.on reversal. Is this credible ? 

Now consider the quantitative argument. If my 
syllogism holds, then such arguments are not de- 
terminations of the actuality of the asymmetry but 
tests of the postulate of constant light-velocity : (if 
the postulate of constant light-velocity requirés 
asymmetry, it fails to conform to the postulate of 
relativity and must be-rejected.)"(An experimental 
proof of ‘asymmetry, on the other hand, would 
require that the postulate of relativity -must be 


» rejected.) I do not believe this: Space will not allow 
-æ direct answer to Dr. Crawford’s criticism of my 


theorem which he quotes, which I do not accept ; 
but in view of its importance (I am surprised to 
find that this property of the Lorentz transformation 
is so little known) I will restate it and give another 
and more general proof to which the criticism cannot 
apply. `- 

The theorem is this. Let B, and C, be two 
observers-cum-clocks’moving with the same velocity 
V away from and towards, respectively, a distant 
object A, regarded as stationary. Then the events 
on A, which B, and C, regard as simultaneous with 
their meeting are respectively before and after, by 
equal amounts, the event on A, which an observer 
on A, regards as simultaneous with that meeting. 
To prove this, introduce as an intermediary an 
observer-clock D,, stationary with respect to A, 
and coincident with B, and C, at their meeting. Let 
all three clocks, B,, O1, Dı, read 0 at that event, 
so that their co-ordinates are related by the Lorentz 
transformation. If v is the distance between A, and 
D, in their common rest frame, the event, Eo, on 
A, which is simultaneous in the D, co-ordinate 
system with the meeting of B,, C,, D, is (x,0) in 
that system. Hence, by the Lorentz transformation, 
its time in the B, system is Vajc*«, and in the 
C, system, — Vaj/c’«. Now let A, be a clock identical 
in working with B, and O, but set at random, 
so that its reading at the event E, is T'o which may 
be anything at all. Then clearly the readings of A, 
which B, and C,, respectively, regard as simultaneous 
with their meeting are To — Vajc’x and Ty + Væla. 
A, will obviously regard the meeting of B, and C, 
as occurring at Tẹ for that is his reading for the 
event which D, times at zero. This proves the pro- 
position. It is easily verified that Va/c*a = (xep — 
aB/c) of the former proof. t. zi fiyy’ 

Dr. Crawford has agreed that my reasoning, apart 
from this theorem, is correct. I hope he will now be 
able to accept my result. But if not, how will he 
explain the asymmetry in this case, in which no 
acceleration of any kind occurs, when he has relied 
on third-body acceleration alone to produce it in 
the ordinary case ? ' 

I must add a word on Einstein’s ‘‘regrettable 
mistake”. I have no doubt that Einstein himself 
realized this. In a later discussion of the clock 
paradox’, he stated clearly that the problem cannot 
be considered in terms of the special theory since ıb 
involves accelerations. That alone would require the 
rejection of the earlier argument. But about the same 
time he wrote a popular book, translated into English 
as “The Theory of Relativity” (Methuen, 1920), in 
which all the reasoning of the 1905 paper (other than 


with the Watson type. 
method 
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the technical electro-magnetic 
order—with one omission, namely, this phenomenon 
of the circulating clock. This could not be because 
of its abstruseness—it is the simplest possible applica- 
tion of the theory—for even aberration and the 
Doppler effect are explained. I can think of no 
explanation except that, as he said elsewhere, he then 
considered the special theory inapplicable to such a 


problem. 
: HERBERT DINGLE 

Purley, Surrey. 
1 Nature, 179, 1071 (1957). 
2 See McCrea, Nature, 167, 680 (1951); Discovery, 18, 175 (April 1957). 
* For example, Nature, 178, 630 (1956) ; Bull. Inst. Phys., 7, 320 (1956). 
* Nature, 179, 35 (1957). . 
$ Naturwiss., 6, 697 (1913). 


An Optical Artefact with Phase Contrast 


Orrriz notes that under certain conditions of 
oblique illumination objects with refractive index o. 
slightly greater than that of the surrounding medium 
“bright on one side but dark 
; He does not consider the possibility 
of unintentional obig illumination with p 

which has been studied in the 


slightly irregular 
the lipid inclusions of many cells, The 
the same for both types of phase-con- 
though perhaps they were more marked 
In all the experiments the 

of Galbraith? for obtaining an axial beam 

from the lamp was used, except when the light was 

adjusted so as to be non-axial. 

When the light was axial, and all the components 
of the microscope were correctly centred, the globules 
appeared under phase contrast as perfectly sym- 
metrical , with a dark rim or apparent ‘cortex’ 
surrounding the bright region within(Fig. LA). With 
the lamp out of alignment, so that the light entering 
the condenser was not axial, the appearance of the 
droplet was changed. ‘The optical membrane appeared 
erescentic, much thickened, and at the same time 
the sharp definition of the dark region noted before 
was not obtained (Fig. 1B). A similar effect was 
produced when the light was axial but the condenser 
was put out of centre; with this arrangement the 
phenomenon was not so pronounced. It seems prob- 
able that in both these experiments the crescentic 
appearance around the droplet was due to an optical 
artefact which resulted from uneven illumination of 
the phase-plate annulus. 

A crescentic appearance also resulted in some cases 


formed — 
resembling 


results were 
trast system, 


when the spiral-filament lamp was used, even though . 


the system was in correct alignment. Inspection of 
the back focal plane of the objective with an auxiliary 
lens showed that in these cases there was uneven 
illumination of the phase-plate annulus, due to the 
differing brightness of the various parts of the image 
of the lamp filament. 
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Fig. 1. The same droplet of methyl benzoate under 

Cerone comet oe ear? 

nation an ; 
ieee i peier A non-axial 


The ‘crescent’ effect which was noticed on artificial, 
with 


with e m- 
(B) with the 


thus absolutely necessary 
contrast is used in the study of living cells, the optical 
system is exactly centred, 
truly axial, and the phase-plate annulus evenly 


illuminated. 

J. T. Y: Cxou 
S. BRADBURY 

Cytological Laboratory, 

Department of Zoology and 
Comparative Anatomy, 
Oxford. 
March 11. 


1 Qettlé, A. G., J. Roy. Micro. Soc., 70, 255 (1950). 
2 Galbraith, W., Quart. J. Miero. Sci., 96, 515 (1955), 


Phase-fluorescence Microscopy 


In a previous communication’ fluorescence micro- 
scopy was introduced to the study of soil algae. 
However, it is most desirable and in some cases 
imperative to be able to observe not only the chloro- 
phyll but also the other part of the cell. The use of 
fluorescent stains has proved to be not entirely satis- 
factory. 

The normal annular disk of the phase microscope 
condenser is replaced by a ring of polarizing material. 
The normally opaque parts are replaced by a selective 
filter. A second ring of polarizing material is placed 
immediately under the first annular ring. By rotating 
the second ring, it is possible to control the light- 
intensity of the phase image. 
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Such an arrangement can produce three types of A solution of zinc complexonate is prepared by 


image: (a) when the polarizers are crossed, pure 
fluorescence microscopy is realized; (b) when they 
are parallel a practically pure phase image is obtained 
because the fluorescent image becomes tod weak to 
be seen; (c) aceording to the orientation of the 
polarizer, any intermediate images can be obtained. 


Therefore; one can observe simultaneously fluorescence 


and phase images. 

If the polarizing material is placed on the ocular, 
according to its orientation, the three types of images 
can be observed. If the specimens are birefringont, 
a polarizing image is also obtained. However, this 
arrangement may weaken the intensity of the 
fluorescence. It should be possible to insert a polar- 
izing ring in the objective to overcome the difficulty 
above. 

This arrangement is not only useful for algal work, 
it should also be important for any other observation 
where fluorescence microscopy is ‘involved, for 
example, fluorescence microscopy of antigen-antibody 
reactions, the location of antigen then being observ- 
able directly within the cell. i 

A much easier, but less convenient, arrangeme) 
can be made by drawing an annular ring with a 
fluorescent material on a slide. When this is properly 
centred, a similar phase-fluorescence image is 
obtained, _ 
~ Buch arrangement does not necessarily require a 
phase. objective. With an ordinary objective, one 
can obtain a bright field and fluorescent image. 

Details of the work will be published elsewhere. 

I acknowledge with thanks the help received from 
Dr. W. H. Steel and Mr. D. G. Puttock of the 
Commonwealth Scientific and Industrial Research 
Organization, Sydney. 






Y. T. TCHAN 
Microbiology Laboratories, 
Faculty of Agriculture, 
University of Sydney. 
1 Tehan, Y, T, Proc. Linn. Soc. N.S.W., 77, 265.11953). 


Direct Chelatometric Method for the 
Estimation of Calcium or Magnesium 
in the Presence of Phosphate 


ACCORDING to the classical procedures, determina- 
„tion of calcium in the presence of phosphate is carried 
out. by precipitation as the oxalate in acetic acid 
medium iñ presence of ammonium citrate’, and 
subsequent ignition of the separated precipitate. 
Magnesium: is determined gravimetrically by pre- 
cipitating it as the phosphate and this precipitate 
is then ignited to its pyrophosphate for weighing. 

These procedures are lengthy and time consuming. 
Chelatometric procedures recently introduced by 
Schwarzenbach*, Pribil® and others provide extremely 
rapid methods for the estimation of calcium or 
magnesium when present alone‘. In the presence 
of phosphates, however, their estimation is attended 
with difficulty. Methods have recently been described 
in which the calcium is separated from the phosphate 
by ion-exchange methods’ and the calcium thus 
freed from the phosphate is determined by a eom- 
plexometric (chelatometric) method. “Several other 
methods have been described which are tedious, 
indirect® or more involved. We have attempted 
to develop a method which is simple, direct, accurate 
and very rapid. 


mixing equivalent quantities of a solution of zine 
and disodium salt of 1-2 diamino cyclohexane- 
tetra-acetic acid (chenta acid). This is mixed 
with an aliquot of the solution of calcium or mag- 
nesium phosphate and the pH brought to 3-4. 
The mixture is shaken well, and then its pH is” 
adjusted to 8-10 by addition of ammonium chloride — 
ammonium hydroxide buffer solution, a few drops” 
of erlochrome black 7’ indicator are added and the 
solution titrated against a standard solution of the 
disodium salt of chenta acid. 

In the case of a calcium solution, the titration | 
should be carried out almost immediately at ordinary 
temperatures. Towards the end, however, the 
titration becomes slow, and the titration is com: | 
pleted after heating the solution to about 60-70° C. 
and gradual addition of the chenta. yi 

In the case of a magnesium solution, however, the’ 
solution has to be kept hot throughout the titration, 
and it takes a little longer to finish the titration. 

“In each case the determination can be completed 
in a few minutes, as compared to several hours 
required by the usual gravimetric determination, and _ 
here the titre gives a direct measure cf the quantity 
of calcium or magnesium. 

In Tables 1 and 2 are some typical results, The 
determination gives the quantity of calcium (CaO) 
or magnesium (MgO) present in 500 ml. of the given 
solution containing varying amounts ofyphosphates ; 
25 ml. of the solution was used for each titration. 


Table 1. DETERMINATION OF CALCIUM IN PRESENOR OF PHOSPHATE. 





Molar ratio CaO (gm. 
P,O,/8Cad Present 











Moiar ratio MgO (gm.) | Error 
P.0,/38MgO Present Found | (per cent) 
5-90 0:1770 0:1767 — OD | 
1:53 0:2760 0-2768 Er A ote 
4-2 0-0984 0-0984 i Nil i | : 








The method is being extended to the analysis of. 
phosphatic fertilizers, and conditions are being worked | 
out for avoiding the interference due to other con- 
stituents normally present in these materials, Full. 
details, with possible mechanisms of the reactions, 
will be published elsewhere.. Our thanks are due.to™ 
the J. R. Geigy Co., of Basle, for the gift of a quantity _ 
of chenta acid, which has made this investigation 

ible. wos 
ti M. R. Verma aai 
V. M. Boucuar 9 
% K. J. THERATTIL 
National Physical Laboratory of India, i 
New Delhi. 
Feb. 14. 


1 Lung, G; and Keane, C. A., “Technical Methods of Chemical 
Analysis”, 3, 519 and 530 (Gurney and Jackson, London, 1031). ~ 


.* Schwarzenbach, G.. Analyst, 80, 718 (1955). 


* Pribil, R., ‘“Complexometrie’ (Chemapol, Prague, 1954). : 

‘Verma, M. R., and Therattil, K. J.J. Set. Indust. Res., 1A, Supp. 1° 
1986), Geigy Industrial Chemicals, New York, “Sequestrene 

— and Chel’, Teck, Bull. (1952). : 

* Broniskolz, G., Genton, M., and Plattner, E., Helv. Chim. Ada, 
36. 732 (198 ). Schilz, W. E., and Krynaw, G. N., Anal. Chem... 
28, 1759. (1956). 

e Pribl, R., and Jelinkova, V., Chem. Listy, 46, 408 (1962). 
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Glass Strip Collector for Column 
Chromatography 

Tue glass strip collector for column chromato- 
graphy to be described presents a visible result of an 
analysis in a manner similar to one-dimensional paper 
chromatography, but without the need for specific 
development reagents. Fractions can be isolated and 
estimated quantitatively. 


“ot ee, 


Fig. 1 


- 


A serrated glass strip (Fig. 1), 2-4 in. wide, rests 
on a carriage pulled along at a suitable constant 
speed beneath the drip point. The solvent is evap- 
orated by heat from an infra-red lamp. A shield 
protects the column and the dried fractions. Excessive 
heat may cause longitudinal cracks in the strip. 
‘Vitrolite’ panelling glass is used, serrated on the 
back with twelve serrations per inch. For colourless 
crystalline substances black glass is used; in other 
cases white or coloured glass may be preferable. 
Oily fractions are ‘developed’ by dusting with talc 
and brushing off the excess: this also in some cases 
promotes crystallization, which may take up to an 
hour for completion. The drip-point is shrouded to 
surround it with saturated vapour. This prevents 
creeping. For 2-in. glass a drop rate of 7 drops/min. 
of petroleum ether is suitable. 

Fig. 2 shows the result before and after tale 
development from a crude benzene hexachloride 
extract, using a l-cm. column with 30 gm. silica gel* 
and a speed of 0-7 in./hr. 


Before After 
development development 





3 + Hexachlorocyclohexane 
= (melting point, 85° C.) 


+ Unknown impurity 


0 — Gamma-BHO 


Fig. 2. The same strip before and after talc development 
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- For isolation and quartitative recovery of fractions, 
the strip is hung on edge in a loop of braided nylon 
radio panel cord, with & smaller knotted loop at the 
lowest point to direct drips of solvent into a receiver. 
The selected fraction is washed off with any suitable 
solvent applied with æn eye-dropper. With pure 
gamma-B.H.C., 20-mgm. amounts gave 98 per cent 
recovery when the minimum requisite heat was 
applied. 

Flat glass was used in the early development of 
the method, with a T-shaped distributor hooked’ on 
to the drip-point of the column. Levelling and flow- 
rate were highly critica: and creep was also trouble- 
some. With the serrated glass the management is 
much less critical, surfaee tension providing the effect 
of closed-end troughs. 

The carriage has been used also for mounting a 
straight rack of test-tubas as described by Grubhofer*. 

We thank Imperial CLemical Industries of Australia 
and New Zealand, Ltc., for permission to publish 
this communication. 


R. A. Dewar 
D. GuNew 
Central Research Laboratories, 

ICIANZ, Ltd., 
Newson Street, 

Ascot Vale, 

Melbourne. 

March 8. ° 


1 SE T., Munter, P. A., and Gall, J. F., Anal. Chem., 20, 610 
*Grubhofer, N., Chem. Ing. Technik., 28, 119 (1956). 
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Biosynthesis of Acetylcholine Precursor 
with Choline containing Carbon-14 
showing the Presemce of Labile Phosphorus 


Some years ago, we found that scarcely any 
preformed acetylcholine exists in the organs of rabbit 
or frog}. Working on organs frozen in liquid air 
or ethyl ether mixed with solid earbonie acid until 
the solutions to be prepared were free from proteins 
and then at the lowest possible temperature, we 
showed that the acetylcholine found with ordinary 
methods was in reality present in a bound state 
which we called the acetylcholine precursor. We 
were able to show its presence in two essentially 
different ways'-*. Nevertheless, some workers were 
unable to show the precursor, probably due to diffi- 
culties in technique. We have been working on a 
method of demonstrating the precursor which is 
essentially different frem the earlier methods. Now 
we are able to report the demonstration of acetyl- 
choline precursor, which is biosynthesized from 
choline containing carton-14 in its methyl groups. 

Earlier, it was showr that young rats on a choline- 
free diet lose about swo-thirds of their precursor 
contents. It increases swiftly to normal values when 
choline is given’-*. ‘Taerefore, young rats weighing 
23-25 gm. were placed on a choline-free diet. After 
7 days on this diet wə injected 2 millicuries of the 
radioactive choline intsaperitoneally. After 2 hr. the 
animals were killed. The hearts, livers and muscles 
from their hind limbs were taken out with great 
rapidity and frozen in a mixture of ethyl ether and 
solid carbonic acid. The precursor was extracted 
with 2 vol. of 96 per cent alcohol. The alcohol was 
evaporated to a final volume of 1 ml, The residue 
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with 99 per cent alcohol, which precipitates some 
substance containing nitrogen. The alcohol was 
evaporated to about 1 ml., then 80 ml. of water-free 
acetone was added. The acetone precipitates the 
precursor but not choline or its derivatives. The 
acetone precipitate was washed twice with the same 
amount of acetone. It was then dissolved in some 
water and washed many times with chloroform, which 
removes the remnant phospholipids. The residue was 
dissolved in water and divided into portions. These 
were used for the determination of the radioactive 
choline, for measuring the amounts of liberated acetyl- 
choline, for quantitative measurement of free and 
bound phosphorus, and for qualitative test on sugar. 

In the first portion we liberated the choline by 
heating it with 5 per cent sodium triphosphate. The 
liberated choline was precipitated as reineckate and 
the radioactivity was determined. Through com- 
parison with 4 x 10- millicurie of choline we found 
10 gm. of organs to contain 6 x 10-3 millicurie of 
choline, that is, 6 gamma of choline bound as 
acetylcholine precursor. 

In another portion we determined the bound 
acetylcholine. This was liberated by adding hydro- 
chlorie acid to pH 5-5 and heating the mixture for 
7 min. The amount of acetylcholine liberated was 
determined on the eserinized m. rectus abdominis 


2 mil. of ammonium reineckate in 


sulphuric acid. Both acids were evaporated on a 
sand bath. The residue was taken up in water. 
phosphorus was. quantitatively determined accord- 
ing to a modification earlier described by Martin and 
Doty’. We found 3-3-5 gatama of phosphorus ; in 
“comparison with the amounts of choline found the 
amounts of phospborus are far larger than would be 
found in the lipoids. 
In the same amount of organ extract no, or almost 
no, free phosphorus could be found. 
The organ extract was found to contain reducing 
sugar after hydrolysis*. 
A full report will be published in Acta Pharma- 
cologica et Towxicologica. 
a N. 0. ABDON 
F. KREISKY 
Department of Pharmacology, 
Üniversity of Gothenburg. 
March 13. 
2 sbaen ni 0., and Hammarskjöld, S. O., Acta Physiol. Scand., 8, 75 
2 Abdon, N. O., dela Pharmacol., 1, 169, 325 {1945}. 
s Abdon, N. O., and Borglin, N. E., Acta Pharmacol., 3, 73 (1947). 
1 Abdon, N. O., and Ljungdahl-Gstberg, K., Acta Physiol. Scand., 8, 
103 (1944). 
s Martin, L B., and Doty, D. M., Methods Biochem. Anal., 8, 7 (1956). 
s Feigl, F., “Spot Tests” (1956). 
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Virulence of Pasteurella pestis 


Ir has widely been assumed that the antigen 
thought to constitute the capsule or ‘envelope’ which 
surrounds plague organisms in vivo’ and which forma 
under suitable conditions in vitro? is essential for full 
virulence of P. pestis in mice. This antigen has been 
isolated by Baker et al. and given the name Fraction. 
1 (F1). From their studies on the relative abilities 
of strains to produce F1 and toxin, Englesberg et al.4 


„correlated high virulence for mice with ability to 


produce maximal amounts of F1 and toxin. 

Recent work from this laboratory*.*, however, has 
shown that two additional antigens V and W (VW-+), 
together with ability to produce pigmented colonies 
on certain defined media (P+) and independence on 
exogenously supplied purines for growth (Pu+), 
collectively determined virulence for mice in this- 
pathogen. Besides being toxigenic, fully virulent 
strains, therefore, were considered to be only those 
showing the phenotypic characters F1+ VW-+- P+ 
Pu+. ¿While F1— strains have. repeatedly been 
isolated in the past, all, so far as I am aware, have i 
proved to be avirulent for mice. This communication 
reports the occurrence of strains which retain full” 
virulence for mice despite apparent inability to pro- 
duce F1 antigen. 

From the fully virulent strain MP6, with, of course, 
the characters Fl+ VW-+ -P-+ Pu-+, mutant 
strains have been derived which lack any one, two, 
three or all these particular characters. As ex- | 
pected, selection for loss of VW only (strain M15) — 
resulted in loss of ability to develop. resistance to 
phagocytosis of the type recently investigated here* : 
and in total loss of virulence. On the other hand, 
again as expected, selection for F1— left the ability. 
to develop resistance unimpaired. Contrary to ex- 
pectation, however, such strains, for example, M23, 
retained full virulence for mice. Strain M23 does not 
accumulate detectable amounts of F1 antigen under 
conditions in which it is accumulated abundantly by 
F1- strains, and, in vivo, fails to produce the readily 
demonstrated envelope characteristic of wild-type 
virulent strains. In addition, M23 organisms re- 
covered from moribund mice are not agglutinated 
by potent FL specific antiserum. This strain remains «— 
unable to accumulate Fl antigen after passage in 
mice and guinea pigs. 

The isolation of strains M15 and M23 is of import- 
ance in providing evidence to substantiate the views 
that VW antigens, rather than F1, determine resist- 
ance to phagocytosis in the absence of visible capsula- 
tion, and that virulence for mice cannot be conditional 
on the production of maximal amounts of Fl. Of » 
greater importanee, however, is the repercussion on 
current trends in the prophylaxis of plague occasioned 
by the isolation of strain M23. Although it is firraly 
established that. F1 antigen is of major importance 
for the protection of mice and monkeys against 
infection by ‘normal’, that is, Fl+, virulent strains’, 
it appears that strains such as M23, being Fl —, are 
indifferent to the presence of F1 antibody in vivo. 
Preliminary tests show that-mice actively immunized 
with living F+ WVW— vaccines, and thereby made 
highly resistant to challenge with MP6, have little 
protection against comparable challenge with M23: 
Active immunization with Fl+s VW-+ vaccines, 
however, protects equally against infection with 
either organism. F1— strains comparable with M23 
have been observed to arise spontaneously in vivo, 
where they may constitute the terminal bacterial 
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population of mice which, following active immuniza- 
tion with live Fl+ VW— vaccines, fail to resist 
challenge with strain MP6. 

While being fully virulent for the mouse, M23 has 
shown reduced virulence for the guinea pig. In the 
limited number of tests which have been possible 
the intraperitoneal A.L.D. for this species falls 
between 10° and 10° organisms. It is conjectural 
whether, in man, M23 would behave as it does in 
the mouse or as in the guinea pig. If the former, as 
the relevant literature on plague would suggest, 
then reliance on the protection afforded by active 
immunization of man with purified F1 antigen would 
be misplaced. 

I hope to report this and related work more com- 
prehensively in a future publication. 

T. W. BURROWS 
Microbiological Research Establishment, 
Ministry of Supply, 
Porton, Wilts. 
March 11. 


1 Rowland, 8., J. Hyg., 13, Plague Supplement II, qona. 

2 Schütze, H., Brit. J. Exp. Path., 15, 200 (1934). 

-a Baker, E. E., Sommer, H., Foster, L. E., Meyer, E., and Meyer, 
K. F., Proc. Soc. Exp. Biol., 64, 193 (1947). 


‘ E., Chen, T, H., Levy, S. B., Foster, L. E., and Meyer, 
or goien, 119, 413 (1954). : 


6 eer) T, W., and Bacon, G. A., Brit. J. Ezp. Path., 37, 286, 481 
+ Jackson, 8., and Burrows, T. W., Brit. J. Eżp. Path., 87, 570, 577 
* Meyer, K, F., Proc. 4th Int. Congress Trop. Med., 264 (1948). 


Phosphatases in the Central Nervous 
System 


, see refs. 1, 2 and 3). 
The substrates used were the following: glycero- 
phosphate ; glucose, 3 
phates; œstrone-3- hosphate, hexæstrol and corti- 


were uniformly 
were no signs of diffusion of the reaction from the 
positive ‘ground-substance’ in which they were em- 
bedded. The nuclei were negative in the glycero- 
phosphate preparations except for a slight reaction 
in the nucleolus, and in the riboflavin phosphate 


their membranes. 
The fact that these important neurones and their 
processes are, though negative themselves, embedded 
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Fig. 1. a, Large pyramidal cells. Substrate qstrone-3-phosphate. 


A positive reaction is seen in the nucleolus and in a on near 


phos) 

hesperidin, ©, yramidal and o cells in itive 

‘matrix’. Substrate glycerophosphate. Positive capillaries and 

nucleoli. d, Positive cells scastered through the cortex. Su te 

pyridoxal phosphate. A strong positive area underlying the pia 
mater may be seen 


in a phosphatase-rich ‘matrix’ must have some func- 
tional significance. s 

High-energy phosphates are certain to be located in 
a ‘matrix’ giving such reactions. The wide range of 
phosphatases present would be capable of dealing 
with almost any type of phosphate ester presented to 
them as demonstrated by their ability to hydrolyse 
the non-naturally occurring synthetic carboxy -pheny]- 
phosphate. The added concentration of some phos- 
phatases along the dendrites of some pyramidal cells 
is also of interest, and so is the fact that it is the long 
axons of the large pyramids which show this par- 
ticularly well. This arrangement may bear ‘some 
relation to synaptic transmission. It may be signifie- 
ant, too, that the axonal processes of the olfactory 
cells pass through a strongly phosphatase-rich region 
(the basal cells) before they leave the olfactory 
mucosa‘, 

Another fact which should be mentioned is that 
in the deeper parts of the cortex many cells are 
found in which the nucleus, cytoplasm and processes 
give an extremely strong reaction with many phos- 
phatase substrates, and in the case of pyridoxal 
phosphate such cells are scattered through the cortex 
and other parts of the brain. ‘The functional difference 
between a phosphatase-negative cell embedded in a 
phosphatase ‘matrix’ and a cell in which the phos- 
phatase is within the cell and its processes must be 
considerable and difficult to elucidate. 

It seems that since morphological delineation of 
the cells of the brain has for some time virtually 
reached its limit, the chemical and particularly 
enzymic differentiation of nerve cells is obviously 
the next step forward in the study of neuro-anatomy. 
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The terms ‘matrix’ and ‘ground-substance’ are 
used for convenience and are not meant to imply, 
needless to say, that the interneuronal tissue is 
structureless. 

Fuller details of this work will be published in the 
Proceedings of the Conference on ‘“The Fine Structure 
and Function of the Nervous System” held at the 
Institute of Neurology and Brain Research, Caracas, 
Venezuela, in March 1957. 


G. H. Bourne 


Histology Department, 
London Hospital Medical College, 
j Turner Street, i 
London, E.1. 
March 8. 


* Bourne, G. H., J. Physiol., 124, 409 (1954). 

+, Acta Anat., 22, 289 (1954). 

* Bourne, G. H., Quart. J. Micro. Sci., 95, 359 (1954). 
* Bourne, G. H., Nature, 161, 445 (1948). 


Metabolism of 5 : 5-Diphenylhydantoin 
in the Rabbit 


Burier' has shown that the metabolism of 
5 : 5-diphenylhydantoin in man leads to the excretion 
of what is presumed to be the pure levorotatory 
form of 5-(p-hydroxypheny]l)-5-phenylhydantoin, 
melting point 326-328° (decomp.), [x]? — 16° (c. 0-4 
in ethanol), through hydroxylation in one ring only. 
In dogs, however, hydroxylation of either of the 
two phenyl groups appears to proceed with almost 
equal facility: the excreted p-hydroxy derivative is 
slightly dextrorotatory. 

In the course of some uncompleted work at the 
Wellcome Research Laboratories, Beckenham, the 
urine of rabbits receiving 5 : 5-diphenylhydantoin was 
extracted with ether at pH 4 and the ether evaporated 
after washing with water and sodium bicarbonate 
solution (0-1N). Crystallization from aqueous 
acetone gave an excretion product, melting point 325° 
(decomp.), [a] — 13-5° + 1-6°, [x],88,— 21-5°4 
1-6° (c. 0-59 in ethanol), [~],20, — 101-5° + 0-5° 
(c. 1:49 in 0-1.N sodium hydroxide), which was 
believed to be the essentially pure levorotatory form 
of 5-(p-hydroxyphenyl)-5-phenylhydantoin. We did 
not, however, consider this structure to be conclusively 
established, since resolution of the synthetic racemic 
compound? could not be achieved. 

Dr. Butler has now kindly sent us a specimen of 
the excretion product from man, which we find does 
not depress the melting point of the metabolite from 
the rabbit. It seems probable, therefore, that the 
metabolism of 5: 5-diphenylhydantoin follows a 
similar course in man and the rabbit. 


J. H. Gorvry 
Wellcome Laboratories of Tropical Medicine, 
183 Euston Road, 
London, N.W.1. 
G. BROWNLEE 
Department of Pharmacology, 
Hre Od ; 
University of London, 
April 18. 


* Butler, T. C., J. Pharmacol., 119, 1 (1957). 
* Gorvin, J. H., Nature, 161, 208 (1948). 
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The First Observation of Sickle-Cell 
Hemoglobin E Disease 
It is likely that adult hemoglobin (hemoglobin -A) 
and its variants are all allelomorphs, but strongly sup- 
porting evidence has so far been produced only that 
hemoglobins A, S and C are allelomorphs'. The Eti- 
Turks are a small Arabic-speaking group in southern 
Turkey with a high incidence of the sickling gene*. 
When, in 1955, an Eti-Turk was discovered with both 


a segregation for hemoglobins A, S and E and where 


many Eti-Turks, no further cases of hemoglobin Æ 
were discovered. We therefore thought that hamo- 
globin # might perhaps be found in the Turks them- 
selves, and that the observation on a single Eti-Turk 
might haye been the outcome of a mi on. We 
investigated more than 400 Turks; but although we 
found one family with hemoglobin D*+, no further 
instan f hemoglobin Æ came to light. 

1s waai edos & Forkania ihanne Ohea, AEE 
interval of two years, one Eti-Turk was examined 
at Mersin State Hospital and was found to possess 
two hemoglobins, one of them sickle-cell hæmo- 
globin and the other hemoglobin Æ. This was the 
first time that ‘sickle-cell — hemoglobin Æ disease’ 
was recognized. re, by a study of this 
patient's offspring, evidence has been forthcoming 
which suggests, though it does not conclusively 
prove, that hæmoglobin Æ is an allelomorph of 
hemoglobins A and S, and therefore also of 
hemoglobin C. 

The propositus was a seventy-year old woman 
admitted to hospital because of myocardial infarction. 
She had a mild hypochromie microcytie anemia. 
Her blood was found to be positive in the sickling test. 
An X-ray photograph of the skull showed a mild 
thickening of the diploic space and mild trabecular 
stripation of the parietal and occipital bones. By her 
first husband she had one child, and by her second 
husband fourteen, of whom four were still living. 

Details of the hemoglobin mixtures in her living 
offsprings can be seen in Fig. 2. Her hemoglobin 
consisted of 40 per cent hemoglobin Æ and 60 per 
cent hemoglobin S. One of her sons also was a 
heterozygote for the genes responsible for hæmo- 
globins Æ and S. It was not possible to examine 
the second husband in order to make cartain that he 


Line of 
appli- 
cation 





Fig. 1. Comparison by pa 
the itus (S +2) wi 
proposi us (3-8) with hemoglobin mares d s 


-strip method on 
Whatman Filter ” in barbit- 
urate buffer at pH 8-6. At the end of the elec tic separa- 
tion the strips wo aren and the bands were 
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Table 1 
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SICKLE-CELL — 


$ E DISEASE 
The only physical complaints (apart from the myocardial infarct in Eho propositus) i occasional joist and bone pains. The 





son was sli 


4,750,000 
5,600,000 4 


*M.0.V. = mean corpascular volume. M.C.H. = mean corpuscular hemoglobin. M.C.H.C, = mean corpuscular hæmoglobin concentration. 


had been a heterozygote for the genes responsible 
for hemoglobins A and S ; however, it is not unlikely 
that this was the case, in view of the high incidence 
of sickling among the Eti-Turks. Perhaps the fact 
that only four of her fourteen children from this 
second marriage survived was partly due to death 
of sickle-cell homozygotes from sickle-cell anemia in 
early infancy. 





So ee $ £ amogesin E: t meega 


[Ee roemeguaie y Gad + #5 heme tan 


Fig. 2. f Propositus 


Tt will be seen from Table 1 that both the SE 
heterozygotes had very similar blood pictures, and 
it can be stated in addition that all the other carriers 
of the hemoglobin Æ trait who did not also carry 
the gene for sickling showed no abnormality in their 
blood picture. In particular, there were no target 
cells in their blood smears. . 

While the likely explanation for the fact that the 
woman with hemoglobins S and E had a son with 

the same hemoglobin composition is the possession 
of the sickling gene by the deceased father, it could 
be argued that both hæmoglobins had been inherited 
independently from the mother. However, the second 
family, where of four children examined none had 
the same genotype as either parent, strongly supports 
the assumption that the genes responsible for hæmo- 
globins A, S and E are either alleles or are so closely 
they segregate as if they were alleles. 
One of us (M. A.) would like to thank the Blood 
Research Foundation, Washington, D.C., for a grant 
from which, among other things, a ‘Spinco’ R model 
paper electrophoresis apparatus used at Mersin was 
purchased. 
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M. AxsoY 
Beyoğlu Ilk Yardim 
Beyoğlu, Istanbul. 
H. LEHMANN 
St. Bartholomew’s Hospital, 

“London, E.C.1. April 26. 
1 Ranney, H. M., J. Clin. Invest., 33, 1634 (1954). 
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ay Be Wickremasinghe, R. L., J. Physiol., man Se F068) 
‘ oo] ee H., Trans. Roy. Soc. Trop. Med. and Hyg., 


Effect of ‘Starvation’ upon the 
Constitution of Bacteria 

Waen bacteria, which have grown in a mineral 
salts medium, are trans‘erred to fresh medium of the 
same composition a lag period may develop before 
growth is resumed'. is reduced by addition of 
sterile culture filtrates or by certain compounds 
shown to be present in such filtrates*. We have 
recently observed charges within the cells them- 
selves when they are trensferred to phosphate buffer. 
Esch. coli was harvested from’ a growth medium 
containing 0-5 per cent peptone, 0-2 per cent glucose . 
and mineral salts and tae crop was divi into two 
equal parts. One half was disrupted immediately 
in the Hughes bacterial press* without abrasive and 
the crushed cells extracted with phosphate buffer. 
The other half of the crep was i 
volume of phosphate buffer as that of the medium 
in which the cells had grown. After incubation at 
30° C. for 2 hr. the bacseria were harvested, erushed 
under the same conditicns as those used for the first 
half of the original crop and the two extracts were 
adjusted to the same protein content by addition of 
buffer. The ultracentr-fuge pattern for the extract 


from the cells crushed mmediately after harvesting 
from their growth medum is shown in Fig. la. It 
agrees closely with paiterns reported by previous, 
the cells are incubated in the 


authors**. When 
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absence of compounds necessary for growth, however, — 


a dramatic modification oceurred in the distribution 
of macromolecules. in the extract. The leading 
boundary, which has an uneorrected sedimentation 
coefficient of 408, was largely abolished while that 
sedimenting at 20S was somewhat augmented 
(Fig. 1b). 

‘Similar observations have been made on several 
occasions when conditions of growth or resuspension 
have varied. If the bacteria were grown in media 
containing no peptone, that is, with ammonium 
sulphate as sole source of nitrogen, the macromole- 
cules responsible for the 40S boundary disappeared 
even more rapidly from the resuspended cells. 
Additions to the buffer of glucose and ammonium 
sulphate, together or separately, made little difference 
to the rate at which this boundary was lost. It was 
only when magnesium sulphate was also added, so 
that the growth medium was completed and was 
therefore capable of supporting cell division, that the 
‘40S macromolecules’ were retained. A relation of 
this phenomenon to amino-acid metabolism is sug- 
gested by the fact that these macromolecules can 
‘still be observed for cells that have remained in 
cultures for long periods after growth has ceased due 
to exhaustion of the source of energy (glucose). 
Bacteria produce amino-acids in mineral salts media 
supporting their growth?. Removal of the cells from 
such culture fluids and their resuspension in incom- 
plete growth media are essential for the phenomenon 
described. 

This work forms part of a comprehensive study of the 
effect of growth conditions upon the macromolecular 
components of bacterial extracts and will be reported 
in full elsewhere. Meanwhile, it seemed desirable to 
publish this report for the following reasons: (1) Re- 
suspension of bacteria is often resorted to, and 
changes such as those described are not anticipated. 
It should be noted, however, that the bacterial 
population was not concentrated in our experiments 
when the celld were resuspended. A concentrated 
suspension may show these changes only on dilution. 
(2) When bacteria are ‘starved’ the assumption is 
not justified that the only effect is upon the ‘free 
amino-acid pool’. (3) The macromolecules responsible 
for the 408 boundary carry most of the bacterial 
ribonucleic acid*s?. It is improbable that their dis- 
ruption has no effect upon protein synthesis and other 
metabolic activities. (4) The succinoxidase system? 
and other enzymes are located largely upon the 
‘40S macromolecule’. If a measured biochemical 
activity is complex and depends upon the integrity 
of this particle, the treatment received by the cells 
` may determine the activity of extracts prepared for 
«them... (5) These macromolecules appear to have inde- 
dént existence within the cells and do not arise 






from # stable pre-existing structure disrupted during 
the preparation of the extract. 
: 5. DAGLEY 
J. SYKES 


Department of Biochemistry, 
University of Leeds. March 6. 


t Hinshelwood, ©. N:, “The Chemical Kinetics of the Bacterial Cell” 
: (Clarendon, Press, Oxford, 1946). 
* Dager, 8., and Johnson, A. R., Biochim. Biophys. Acta, 21, 270 
1956). 


* Hughes, D. E, Bri. J. Exp. Path., 32, 97 (1951). 

4 Schachman, H. K., Pardee, A., and Stanier, R. Y., Arch. Biochem., 
88, 245 (1952). 

* Bilen, D., and Volkin, E., J. Bact, 87, 191 (1954). 

* Dagley, S., and Sykes, J., Arch. Biochem., 62, 338 (1956). 

7 Pardee, A., Paigen, K., and Prestidge, L., Biochim. Biophys. Acta, 
23, 162 (1957). 
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Induction of Cytoplasmic Mutations 
in Aspergillus nidulans 


VOL. 179 


Mutations have been induced in Aspergillus 
nidulans (Eidam) Winter by the use of ultra-violet 
light and acriflavine, which, when screened by 
Jinks’s!? heterokaryon test, proved to be not nuclear 
but cytoplasmic in origin. 

Ultra-violet light was applied to a suspension of 
asexual spores, which are known to be uninucleate* 
and haploid, the dose ‘being adjusted to give 1 per 
cent survival. The acriflavine was added to minimal | 
Czapek medium to give concentrations of 1 in 10-5 
and l in 7-5 x 10-4, by weight, both asexual spores 
and mass hyphal propagations of the fungus being 
tested for changes. One certain and three probable 
cytoplasmic mutations have been obtained following 
ultra-violet treatment, and seven after acriflavine. | 
Of the ultra-violet induced mutations no two appear © 
to be alike, but so far as phenotypic effect goes, all 
seven from acriflavine appear to be identical. 

One ofthe ultra-violet induced mutants has been, 
investigated in detail. Following irradiation, the 
asexual progeny of a group of almost wild-type 
colonies were tested for changes in the continually 
varying cytoplasmic equilibria, which have been 
shown by selection experiments‘ to effect such char- 
acters as growth-rate. One colony was observed to 
be markedly different from the rest in the sharp 
discontinuity of behaviour shown by its asexual 
offspring. 

Among the asexual offspring of this colony three... 
phenotypes were observable. Colonies in the first... 
class were a mosaic of a greater or lesser, proportion- 
of normal and abnormal growths... Members of both, 
the other classes started as wild-type in appearance. 
but, where the colonies were not crowded on the 
plate, some could be seen to continue as wild-type 
while others sooner or later broke down to produce ` 
some abnormal sectors. The abnormal growth was 
delimited by its reddish pigmentation, its reduced 
density of perithecia and its higher growth-rate 
(Table 1). 

Among the classes which were initially wild-type 
in appearance, those which had abnormal sectors 
gave segregating asexual progenies, as did some of 
the colonies which maintained the wild phenotype. 
Presumably the latter would have produced such 
sectors had they been given opportunity. The re- 
mainder of the wild-type class gave nothing but wild- 
type asexual offspring. Abnormal growth invariably 




















Table 1. RELATIONSHIP BETWEEN GROWTH-RATE, PERITHROIAL 
DENSITY AND THE PROPORTION OF ABNORMAL ASEXUAL DAUGHTER. 
COLONIES 

j me t 
| Parent colony | 
Perithecial | Growth-rate | Proportion. of 
Phenotype density (mean | (mm./day) | asexual daughter 
mumbers of five) at 25° C. colonies with. 
random areas} abnormal growth® 
Original parent. l : 
or to irrae ~ 
iation 14-8 2°38 ð 
3 ita 3-00 34 
Near 7 Ba ý 
3 iwe] Bo | ig 
5. 13-2 2-88 ae ah 
6 9-0 i 3-63 88-0 
7 6-4 | 3:7 83-5 
8. Abnormal T4 3 38-3 
9 3-2 400 472 
10 7-8 3-75 74-4 








* Ratio based on a minimal number of 39. Colonies 1 to 10 are. 
asexual daughters of the original irradiated uninucleate asexual spore.” 
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canes progenies which repeated the segregation, any- 
thing from 1/3 to 9/10 of the daughters showing 
‘ab least some abnormal growth. The proportion of 
abnormal daughter colonies was shown to be correlated 
with the degree of abnormal growth in the parent, 
the. correlation coefficient being + 0-76 between 
growth-rate of the parent and proportion of abnormal 
offspring (Table 1). 
The cytoplasmic basis of ‘this. segregation was 
proved by: Tinks’ test. A heterokaryon, was syn- 
thesized between a line with e nuclear marker and 
a line giving almost entirely. abnormal asexual 
progeny. On propagation by asexual spores from this 
_heterokaryon, colonies with the nuclear marker and 
abnormal cytoplasm were obtained. ‘These colonies 
intained segregation. 
_ A consistent explanation — of the . segregational 
behaviour follows from the assumption that the 
original irradiated uninucleate asexual spore con- 
tained . several representatives of a. cytoplasmic 
7 particle, at least one, but not all, of which was 
induced to mutate. The phenotypic effect of the 
mutant. particle was virtually masked by: its wild- 
type fellows. ‘The presence of the mutant particle 
_ would be revealed by any segregation, or sorting out, 
guch ag might come about by the unequal distribution 
the particles during asexual spore abstriction. 
If we assume that the distribution of the 
ytoplasmic particles is at random during the pro- 
duction of the asexual spores it can be estimated that 
_ each asexual spore must have contained at least six 
‘particles of this kind. More confident estimates 
must, however, await further experiments. 
_.. I am indebted to Prof. K. Mather, Dr. J. L. Jinks, 
and Mr. L. G. Wigan for guidance and criticism in 
_ the preparation of this report. This work has been 
undertaken while in receipt of, an Agricultural 
Research Council Studentship. 

Corr F. ARLETT 


i Agricalbural Research Council 
-Unit of Biometrical Genetics, 

z Department of Genetics, 

< University of Birmingham. 

s May 6. 

A Jinks, J. L., Mature, 174, 409 (1954), 
oo * Jinks, J. L., Proe. Rey. Soe., B (in the press). 
Yul, B., Prans. Brit, Mycol. Soc., 33, 324 (1950), 
Jinks, J. T., Proc, Roy. Soc., B (in the press). 
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_ Induction of Resistance to A-Methopterin 
in Diplococcus pneumoniae by Deoxyribo- 
nucleic Acid 


Tam study of bacteria which have become resistant 
_ to the folic acid antagonists has been used. as a 
: tie approach to the mechanism of resistance in 
deukæmic cells. Development of resistance in S. 
faecalis! and L. citrovorum® to A-methopterin 
-(4-amino. !*N-methyl-pteroylglutamic acid) has been 
-“reported. In each case, resistance was developed 
| stepwise as a consequence of exposure to increasing 
-Amounts of the antagonist. It has been suggested 
_ that a major factor in the acquisition of resistance by 
bacteria involves a reduction in the permeability of 
the bacterial cell to the folic acid analogues or a 
change which renders the susceptible enzyme less 
_ accessible to the antagonists*. The occurrence of 
puch a change ‘in leukemic cells has not been 
_ demonstrated. This communication deseribes the 

acquisition of resistance by a susceptible strain of 

Diplecoccus pneumoniae as a result of a short ex- 
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posure to the deoxyribonucleic acid derived from a 
strain of pneumococcus resistant to A-methopterin. 

.Two rough strains of pneumococci. were used in 
the studies to be reported. In tho-interest of sim- 


plicity, we shall refer to them as the A-methopterin- 


susceptible strain and the .-methopterin-resistant 
strain. The latter was derived from the former by. 
the procedure described for S. faecalis’. Broth con- 
taining 2 ugm. of A-methopterin. completely inhibits 
the multiplication. of the susceptible cells, whereas 
the resistant cells grow and multiply unimpeded in 
medium containing 40 pgm. per ml. 

Deoxyribonucleic acid was- prepared from A- 
methopterin-resistant cells bythe improved method 
of Avery and McCarty*. The technique for inducing 
resistance to A-methopterin. was similar to that 
described for inducing other types of drug resistance 
in pneumococci’, A-methopterin-susceptible cells 
were grown in broth for 3} hr. and then ‘challenged 
with a few micrograms of deoxyribonucleic acid. 
Incubation at 37° C. was continued for 1-14 hr. to 
allow for the lag in the expression of drug resistance. » 
The number of resistant cells was estimated by 
isolating in broth made selective by the addition of 
various concentrations of A-methopterin. Small 
amounts of anti-pneumococcal antiserum were added 
which promoted growth in the form of discrete 
colonies. 

The results of a typical experiment, carried out 
in duplicate, are given in Table 1. 1t is evident that 
cultures which were exposed to the deoxyribonucleic 
acid prepared from A-methopterin-resistant cells 
yielded greater numbers of organisms which were 
resistant to inhibitory amounts of the antagonist. 
Deoxyribonucleic acid from a strain susceptible to 
A-methopterin did not invoke a similar response. 
The acquired resistant characteristic is retained by 
the pneumococci throughout repeated subculture in. 
the absence of A-methopterin. In many cases we 
have observed that the cells from the first or second 
subculture are resistant to much. higher concentra- 
tions of A-methopterin than those to which they 
were originally exposed. 

The effect of deoxyribonuclease : and ribonuclease 
on active preparations of deoxyribonucleic acid has 
been investigated. The results indicate that the 
resistant characteristic is associated with the deoxy- 
ribonucleic acid. Table 2 shows the results of an 
experiment in which 100 ugm. of deoxyribonucleic 
acid was incubated, for $ hr. at 37° C., in 0-5 ml. of 
0-03 M magnesium sulphate containing 0:05 pgm. 
of deoxyribonuclease or ribonuclease, Cells susceptible 
to A-methopterin were challenged with 15 pgm. of 
treated or untreated deoxyribonucleic acid, It will 
be seen that deoxyribonuclease caused inactivatio 
whereas ribonuclease was without effect. 
results have been obtained in other experir 
which the enzymes have been added to culturi 
prior to the addition of deoxyribonucleic acid. 


Table 1 


No. of resistant cells per ml. 
of enlture 
(agm. of A-methopterin 
per ml, of = y broth) 


Deoxyribonucleic acid added to 
1-6 ml. aliquots of culture 


114,488. 6,276 
14,448 


15 gm, prepared from A-meth- 
Fesistant cella 6:510 


0 
1,512 
0 


Bgm. F 
opterin-susceptible cells 0 

Control—-no deoxyribonueleic i24 6 

acid 9 0 
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Table 2 


No. of argent cells per ml. 










Deoxyribonucleic acid. prepared 


of culture 
from 4-methopterin-reaistant (ugm: of 4-methopterin per 
“ee Hae of assa y broth) 











28,678 12,723 


DNA os 
zi DNA treated with deoxyribo- 








d cmuclease 1,588 0 
DNA treated with ribonuclease 18,266 10,425 
Control—no DNA 794 it) 


in our experience, the number of bacteria m a 
population. which are capable of reacting with 
extracellular deoxyribonucleic acid varies from one 
time-interval to another and from one culture to 
the next. The best response to deoxyribonucleic acid 
has been obtained in cultures which have been 
incubated for 34 hr. Table 3 shows the number of 
pneumococci resistant to A-methopterin found when 
like aliquots of a culture were challenged with 
15 ugm. of deoxyribonucleic acid, at varying time- 


= intervals, 


Table 3 


No. of resistant cells per ml. 
of culture 
(ugm. of 4-methopterin per ml, 
of assay broth) 


Time of addition of 15 ugm, 
deoxyribonucleic acid from 
A-methopterin-resistant cells to 
1°5 mh of culture 





24,581 1,065 
5,600 | oil 





0 time indicates the period beginning 8} hr. after starting the 
culture of A-methopterin-suseeptible cells. 


This work suggests that in micro-organisms the 
development of resistance to a folic acid analogue 
may be accompanied by some type of alteration in 
the deoxyribonucleic acid fraction of the cell. If 
such deoxyribonucleic acid is made available to 
“susceptible bacteria, they may acquire resistance 
without ever having been exposed to the analogue. 

This: investigation was supported by the U.S. 
Atomic Energy Commission. 

R. M. Drew 


Medical Department, 
Brookhaven National Laboratory, 
` Upton, L.I., New York. 
z. Feb. 15. 
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A Method of isolating Protoplasts 
ý from Yeast 


A NEW approach to the structure and functions 
of the cell surface of certain bacteria was revealed 
< when Weibull! slowed that, in the presence of sucrose, 
“lysozyme dissolves the cell-wall, leaving the proto- 
plast essentially intact. Various attempts have since 
been made to isolate protoplasts from bacteria 
normally insensitive to lysozyme* and also from 
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yeast. Thus Nečas? showed that spontaneously 
autolysing yeast gave rise to a small extent to 
structures which, superficially at least, résenibled 
protoplasts. e 

The observation of Giajat that the gut juice 
the snail Helis pomatia dissolves the cell-wall 
whole yeasts suggested a basis for an improved method, 
of isolating the yeast protoplast. Following «this. 
suggestion, it has been found in these laboratories. 
that the cell-walls of certain strains of Saccharo- 
myces carlsbergensis and Saccharomyces cerevisiae are 
particularly susceptible to attack by the snail 
enzyme, and the investigation has -been further 
assisted by the observation that freeze-dried prepara. 
tions of the enzyme are stable for at least a year’. 

In the light of Weibull’s work with bacteria, we. 
have now shown that by digesting the intact yeast 
with snail enzyme in the presence of a relatively, 
high concentration of sugar, stable protoplasts may 
be obtained. Under these conditions, however; the. 
digestion of the wall is rather slow and only proceeds 
to completion when young cells are used. Moreover, 
the yield is also influenced by the nature of the 
sugar. For example, in the presence of glucose the. 
yeasts rapidly lyse during digestion unless the tem- 
perature is reduced in the later stages to about, 4° ©. 
‘This circumstance may be avoided by using rhamnose, 
possibly because it is a substance whieh is not mêta- 
bolized. In the light of these observations, therefore, 
the following method of preparing the protoplasts 
was developed. ‘, 

Young cells of either of the above yeast species: 
are obtained by inoculating a small volume (0-2 ml.) 
of a mature culture into Wickerham’s malt-extract 
medium? (500 ml.) and shaking the culture at: 25°C... 
The cells are harvested after about 18 hr, when a- 
population density of approximately 6 x 10* cells. 
per ml. is attained. After thorough washing in- 
distilled water, the young yeast is suspended at a 
density of about 108 cells/ml, in 0-005 M citrate- 
phosphate buffer (pH 5-8) containing 0-55 M rham- 
nose and 1-0 mgm.jml. of the freeze-dried snail 
enzyme. After about 18 hr. at room temperature, or 
about 5 hr. at 25° C., more than 90 per cent of the 
cells are converted into protoplasts, the remainder 
being completely dissolved. Despite their fragile 
nature, the protoplasts can then be washed and centri- 
fuged at low speeds in 0-5 M solutions of rhamnose 
buffered at pH 5:8, in which they appear to be 
stable for several hours. 

Fig. 1 shows, diagrammatically, stages in the 
release of protoplasts from the strain of S. carls- 
bergensis in which the cells (Fig. 2) are of an elongated 
form, in contrast to the spherical protoplasts derived 
from them (Fig. 3). Examination under phase 
contrast shows that the protoplast retracts from one 
or both poles of the cell at an early stage of the 
digestion. Later it extrudes through a hole in the 
cell wall which develops during digestion and which 
frequently seems to occur at the site of a bud scar. 
Finally, the cell wall from which the protoplast has 
emerged is completely dissolved, leaving a suspension 
of protoplasts essentially free from either whole 
yeasts or debris. 
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Fig. 1. Stages in the release of the protoplast of S, carlsbergensis 
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- Fig. 2. Young cells of S. carlsbergensis. Phase 


à contrast 
Fig. 3. Isolated protoplasts of S. carlsbergensis. Phase contrast 
~ In sugar solutions more concentrated than 0-5 M 
the isolated protoplasts are found to contract and 
become crenate. At lower concentrations, on the other 
` hand, they tend to swell and eventually burst. It is 
interesting that in the latter case the surface mem- 
brane appears to disintegrate and a spherical structure, 
tentatively identified as the vacuole membrane, 
separates from the debris. Such bodies are found 
in large numbers in suspensions of burst protoplasts. 
This and other aspects of the structure and functions 
of the isolated yeast protoplasts, including the 
possibility that they may regenerate cell walls (cf. 
Nedas*), are now under active investigation. 
A. A. EDDY 
D. H. WILLIAMSON 
Brewing Industry Research Foundation, 
Nutfield, Surrey. 
April 17. 
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Tranquillizing Drugs and Morphine-mania 
in Cats 


CHLORPROMAZINE has been shown to potentiate 
i ia!-*, while reserpine antagonizes 
well as the central stimulatory 


uce 
of reserpine alone‘. Since 
peculiar excitant or manic 
interested in the possible 
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influences of these tranquilizing drugs on the 
morphine reaction in this species. _ 
Morphine-mania was consistently obtained in 
thirteen cats after subcutaneous injection of 20 mgm./ 
kgm. ‘These cats were highly excitable, apprehensive, 
ataxic, and displayed marked iasis. Milder 
effects were obtained in five cats with 5-10 mgm./ 
kgni and none in two cats with 3 mgm./kgm. Chlor- 
promazine alone caused mild tranquillity, ataxia, 
relaxation of the nictitating membrane, and moderate 
meiosis in twenty-one cats after intra-muscular in- 
jection of 20 mgm./Egm. ; progressively milder 
effects were seen in groups of four cats each injected 
with 5, 2 and 0-5 mgmjkgm. Reserpine alone, after 
intraperitoneal injection of 0-1-0-5 mgm./kgm., 
produced in ten cats a deep tranquillity approaching 
catatonic stupor, relaxation of the nictitating mem- 
brane, and marked meiosis; these signs persisted for 
several days, accompanied by anorexia and diarrhcea. 
The interactions of morphine (20 mgm./kgm.) and 
chlorpromazine (20 mgm./kgm.) were observed in 
five cats, three receiving the tranquillizer several 
hours after morphine and two several hours before. 
Chlorpromazine caused relaxation of the nictitating 
membrane and partially antagonized the excitement 
but not the mydriasis caused by morphine. These 
results are similar to those obtained by other 
workers®?, but are in contrast to the effect of chlor- 
ia'-*, Combinations 
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Pathological Melanosis in an e 
Intergeneric Hybrid’ 


A of the putative hybrids 
i e ve hybri 
-the Erran, Mr. W. Woodward, who stated that 
the mother was an albino swordtail (Xiphophorus 
helleri) and the only possible father was a black 
Mollienisia sphenops. ‘the mother had been isolated 
from all other viviparous males for nearly a year. 
At the end of this period she produced four successive 

broods at the normal, monthly, intervals. 

This is certainly a very unusual cross; but Prof. 
J. H. Vivien, of Strasbourg, in a personal communica- 
tion, tells me that one of his students has worked 
with Xiphophorus x Mollienisia hybrids, and the 
curator of Edinburgh Aquarium says that they have 
obtained this cross three times. 

The young from Mr. Woodward’s albino female 
were mostly black-striped green fish, with a few plain 
greens and plain reds. The fish with black pigment 
were large and heavily built, the others were abnorm- 
ally small. In form they were of the Xiphophorus 
type, the only recognized Moilienisia character being 
the black pigmentation. 

Extreme matroclinous inheritance has been ob- 
served before in viviparous cyprinodonts. I have 
myself had broods from a definitely virgin M. 

where the only possible father was a 
Heterandria formosa. ‘The young showed no recog- 
nizable paternal characters but became sexually 
mature at two months instead of the normal five. 
A virgin Lebistes mated with one of these fishes pro- 
duced Lebistes-type young with a quite abnormal 
sex-ratio in the F, M. sphenops x M. latipinna 


th 
In Mr. Woodward’s cross parthenogenesis and 
self-fertilization can both be ruled out since an 
albino swordtail must be homozygous for the recessive 
factor i which inhibits the development of melanin, 
and therefore all ‘fatherless’ offspring must necessarily 
be albino. The factor for black, presumably inherited 
from the Mollienisia male, behaves most abnormally. 
It is apparently not inhibited by the albino factor 
since no proper albinos have ever appeared in any 
of the broods resulting from mati between black- 
-pi ted fish. Some of these bring, ROWAN 
albino patches. In matings with virgin golden 
wagtail platies no black appears on the body, although 
the inheritance of another factor proves that true 
fertilization has taken place. A detailed account of 
the genetics of this cross will be published in the 
Journal of Genetica. è 
There are many suggestions of hormone imbalance 
in these fish. The sex ratio in many broods is highly 
abnormal and apparent sex reversal is common. 
Still more striking are the extraordinary differences in 
size and age of maturity. ‘The plain-coloured males 
always seem to mature rather early and to be dis- 
tinctly undersized. Many are absolute dwarfs and 
in these sexual precocity is extreme, that is, they 
mature at 6-7 weeks. The fish with black pigment, 
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on the other hand, all tend to be large and abnormally 
ad built and these become mature at five months 
or later. 

In a high proportion of the hybrids melanin forma- 
tion becomes pathological, and most of the heavily 
pigmented fish develop melanomas. These omas 
have been serially sectioned and examined at the 
Chester Beatty Research Institute. Although the 
pigment is spread over a very large part of the 
body, all the melanomas so far observed have 
originated in the same position, in the lower half of 
the caudal peduncle, at the base of the caudal fin. 
In this respect melanomas differ from those 
found in Xip us helleri x Xiphophorus macu- 
latus hybrids, where the melanomas appear practically 
anywhere i black areas. 

There are other points of difference between the 
melanomas which arise in this intergeneric cross and 
the melanomas which appear in intrageneric crosses 
of the Xiphophorus species, which have been studied 
in great detail by Myron Gordon and others. Although 
the growth in the Xiphophorus x Mollienisia hybrids 
may be very malignant, with extensive penetration 
into the underlying tissues and a thick solid black 
Be crowth which iam pred. gees the underlying 
scales, so far no actual disc secondary growths 
have been observed and there is no distortion or 
erosion of the fins as in the Gordon melanomas. The 
growths are frequently fatal but the actual cause 
of death is still somewhat obscure. Quite often the 
fish appear fairly healthy and are very active, with 
good appetites, right up to the end, but sometimes 
there is severe wasting and often severe dropsy of 
the whole body occurs shortly before death. The 
appearance of the melanoma is not correlated with 
ageing; in fact, the most usual time of onset seems 
to be the period at which the fish begins to develop 
its sexual characters. 

Perhaps the most important observation made so 
far is that in some cases the melanoma spontaneously 
regresses. A complete cure occurred in two cases, in 
another there was a remission followed by regression. 
Other cases of spontaneous cure are suspected from 
the presence of scars, but the fish concerned were 
living in a large aquarium and were not individually 
observed. 
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Huxley believes that in the Gordon hybrids the 
10rmal control of the growth of macromelanophores 
aas been lost through hybridization, the modifying 
‘actors which have arisen during evolution being upset 
shrough the introduction of the foreign genes. The 
same thing has probably occurred here. In my 
iybrids there are obvious signs of endocrine imbalance, 
ind it is suggested that this may lead to melanoma 
formation. Since the pituitary controls the develop- 
nent of the melanophores to a certain extent and 
shere are other abnormalities which might be ex- 
plained by a hypothesis of pituitary imbalance, an 
attempt will be made to investigate the action of 
this endocrine organ in these hybrids. It is also 
proposed to attempt to repeat this cross and to make 
other interspecific and intergeneric crosses, by 
artificial insemination. 
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Colour Change in a Chelonian 


Various species of Pisces, Amphibia and Reptilia 
exhibit reversible colour change according to lighting 
conditions. According to Parker’, Chelonia is the 
only order of Reptilia from which no example of this 
activity has been described. It is the purpose of this 
communication to record colour change in a tortoise 
(Chelodina longicolis). ? 

For the observations that follow, the tortoises were 
kept in water with continuous overhead i ination 
either in tanks painted white (afterwards referred 
to as white background) or in tanks painted black 
(afterwards referred to as black background), With 
a black background, light impinges only on a cir- 
cumscribed area (B) of the retina and, on a white 
background, the whole of the retina is ilhuminated*: 
This animal has webbed feet so, as with amphibians 
and fish, direct visual estimation of the melanophore 
condition in the living animal is possible. 1 
trace no previous record of such observations with 
a reptile. 





Fig. 1.° Macroscopic appearance of pale and dark animals 
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Melanophores from web of animal maintained on a white 


Fig. 2. 
contracted 


background. Dermal and epidermal melanophores 





Fig. 3. Melanophores from web of animal maintained on a black 
background, Dermal (a) and epitiermal (b) melanophores expanded 


Animals maintained on a white background have 
contracted melanophores and are macroscopically 
pale and on a black background the melanophores 
are expanded and the skim is dark (Figs. 1-3). After 
transferring an animal equilibrated on a white back- 
ground to a black background it takes approximately 
30 days for the melanophores to expand fully. The 
reverse £ ye takes about the same time. The time 
relations of these responses are nearer to those of the 
eel? than those of any other animal so far described, 
both as regards speed and the near equivalence of 
bTw and wTb ?. The speed of response suggests that 
it is hormonally co-ordinated* and consequently 
injections of melanophore expanding (B) pituitary 
hormone were made. 

Intraperitoneal injections of crude ‘B’ containing 
extracts of whole pituitary powder caused melano- 
phore expansion in pale animals. A dose sufficient 
to cause expansion maintained the animals in the 
dark state for several days, after which there is a 
slow return to the pale state. In this respect also 
it is similar to Anguilla’; it appears that injected 
B-hormone is only slowly destroyed. 

Adrenaline causes contraction of the melanophores 
in all animals in which the melanophores are in- 
nervated directly and it also has the same effect in 
some animals in which there is no evidence of direct 
innervation. Recently, Burgers* has described 
expansion of the melanophores of Xenopus following 
injections of adrenaline. Injection of adrenaline into 


~. above quantities were not e 

















much larger. doses of adrenalin 
sufficient to evoke very large blood pressure resp 
>o Although only preliminary observations have been 
"made it is apparent that the co-ordinating mechanism 

is dominantly humoral, and.this permits: us to place 
nother item in Waring’s 1942 table? ; the Chelonia 
are known as a separate order from Permian times 
and ‘the family Chelyidae since Miocene, 
i servations were made incidentally during > 
an investigation of pituitary «vasomotor effects in” 
vertebrates. Grateful acknowledgment is made for 
a National and Medical Research Council (Australia) 
grant to Prof. H. Waring. ” 
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Influence of Some Factors on the Relative 
Evaporation Rate from the 
Skin of Cattle 


Tue rate of evaporation from the skin plays an 
important part in the thermoregulatory adaptation 
methanism of cattle in a high-temperature environ- 
ment. In the present investigation a method for 
the determination of the relative evaporation-rates 
of the skin was examined and employed to determine 
the evaporation-rate for differentregions of the body, 
its variability among cows, and the factors affecting 
this variability. 

This method, previously used by Volcani and 
Schindler’, is based on the colour changes upon 
hydration of cobalt chloride anhydride. A solution 
of 10 per cent cobalt chloride was absorbed in filter 
paper which was afterwards dried, then ett into small 
disks of equal size, dried once more at 105°-@. over- 
night, and finally transferred in test-tubes to a 
desiccator. To measure evaporation, a disk was 
. introduced into a small cylindrical glass cup, which 
was immediately pressed on to the skin. The time 
taken for the colour to change from violet to bright 
rose-was recorded by a stop watch. This depends on 
both the primary vapour pressure of water in the 





Under constant primary vapour 
pressure, the time of colour change “is inversely . 
related to the evaporation-rate from the skin. There- 
fore this method is well suited for comparative 
measurements of evaporative-rates under constant 
vapour pressure of water in the air. 

This experimént was carried out in the Jordan 
Valley on a group of 221 Holstein x Syrian F,-F 49 
cross-bred cows. 

Evaporation -rates of different body regions. Evapora- 
tion-rates were measured at fourteen parts of the 
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“body, namely, muzzle, forehead, lateral neck, ventra. 


neck, thoracal back, sacral back, thigh, front flank 
abdomen, udder (fore, lateral and rear), teat base 
and vulva. The highest evaporation-rates occurred’ 
in the following diminishing order: muzzle, latera 
neck, vulva, ventral neck and front flank; whereas 
the slowest rates occurred on the abdomen, forehead 
and udder respectively, The differences were highly 
significant. “These relations follow generally the 
regional distribution of the sweat glands’ evaporative 
surface’, o ; 

White spots had a slower evaporation-rate tham 
black spots, but the difference was not significant, 
in the conditions of these experiments. 

The increase in evaporation-rate due to shearing) 
was great and highly signifie The interaction 
cows x shearing was significant, but the correlations 
between evaporation-rate and weight of hair per 
100 cm., and that between evaporation-rate and, 
density of hair per 100 cm.*, were very low and. 
non-significant. ~ 2 

Variation in evaporation-ratecof different cows, Fori 
this purpose, the front flank (black colour) was taken, 
as the standard recording place. The variation found, 
was highly significant. An analysis of the factors of 
variation. revealed that increasing the percentage of 
relationship to the Holstein breed in the Holstein x 
Syrian cross-bred cows from 75 to 99-2 per cent did 
not influence the evaporation-rate. A highly signifi- 
cant variation was found among groups of the 
daughters of cows from. different sires. The sires 
were of the Holstein» breed (Canadian and Israeli, 
origin), and Holstein x Syrian /, cross-breds... The. 
daughters of the Holstein x Syrian Fa cross-bred 
sires did not show a higher rate of evaporation. than. 
the daughters of the Holstein sires. ane 

These results point to the possibility of increasing: 
skin evaporation-rates in cattle by using sires capable. 
of transmitting the characteristic of higher evapora- 
tion-ratesto their offspring, and by shearing the 
coat of cattle, rather than by cross-breeding alone. 

This investigation forms part of a progress report 
of work carried out under the guidance of Dr. R. 
Voleani in partial fulfilment of the requirements for 
the Ph.D. degree. A detailed account will be published 
elsewhere. ; 

This study is part of an Agricultural Research 
Station, Rehovot, research project on acelimatization 





















¿problems of dairy cattle in Israel. 
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Graphical Methods in Enzyme Chemistry 

AGREEING with . J.B. 8. Haldane’s view that 
“Squabbles as to priority are undignified’, I point 
out that in 1932 C. $- Hanes? used the linear form 
sje =x] V + KIV of the Michaelis equation for his 
experimental results with amylase, where v is the 
initial rate of hydrolysis and æ the initial concentration 
of starch. i 
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FORTHCOMING EVENTS 


Monday, June 17 


British Soomry FOR THR’ HISTORY OF SCIENCE (in the Council 
200m (second floor) of the Science Museum, Exhibition Road, South 
Xensington, London, S.W.7), at 5.80 p.m.—Dr. H. Hamshaw Thomas, 
ES S.: “Carl Linnaeus and his Influence on the Development of 

iology”. 


BRITIBH SOCIETY FOR THE HISTORY oF ‘SOrmNOE, PHILOSOPHY OF 
3orENCE Grover (in the Joint Staff Common Room, University College, 
dower Street, London, W.C.1), at 5.30 p.m.—Prof. M. G. Kendall: 
“On Probability”. 


+, ~ Tuesday, June 18 
ZOOLOGICAL Society. OF LONDON (at the Zoological Gardens, 
Wegent’s Park, London, N.W.1), at 5 p.m.—Scientific Papers. 


Wednesday, June 19 


ROYAL METEOROLOGICAL Soorery (at 49 Cromwell Road, London, 
$.W.7), at 5 p.m.—Scientific Papers. - 


Thursday, June 20 


Roya Sooty (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Prof. C. F. Powell, F.R.S.: “The Elementary Particles” 
(Bakerian Lecture). 


ROYAL SOCIETY of TROPIOAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at-7.80 p m.—50th Annual 
General Meeting, followed by Dr. A. J. Haddow: “Lhe Work of the 
Virus Research tnstitute at Entebbe”. 


Saturday, June 22 


BRITISH PSYOHOLOGIOAL SOOIETY (ın the Gustave Tuck Theatre, 
University College, Gower Street, London, W.C.1), at 2.30 p.m.— 
Prof. H. J. Eysenck; “Personality as an' Integrating Concept in 
Psychology”. 2 ` 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

PRINCIPAL (with a university degree in engineering or science or 
equivalent (for example, A.M.I.Mech,.E.), and experience in responsible 
posts in technical education) OF BELIZE TEOHNIOAL COLLEGE, British 

onduras—The Director of Recruitment, Colonial Office, Great Smith 
Street, London, 8.W.1, quoting BCD.114/31/04 (June 21). 

CHEMIST (with an honours degree in chemistry or equivalent 

ualification, and preferably knowledge or experience of agricultural 
chemistry or horticulture), for nutritional and other studies relating 
to glasshouse and other crops—The Secretary, Glasshouse Crops 
Research Institute, Worthing Road, Rustington, Littlehampton, 
Sussex (June: 22). 

JUNIOR LECTURER IN MATHEMATIOS—Prof. E. C. Titchmarsh, 
Mathematical Institute, The University, Oxford (June 22). 

SENIOR LECTURER or LECTURER (with special qualifications in pure 
mathematics) IN MATHEMATIOS—'The Secretary, The University, 
Exeter (June 24). 

SENIOR PHYSICIST FOR DUTIES IN THE RADIOTHERAPY DEPART- 
een Secretary, North Middlesex Hospital, London, N.18 

une 24), 

ASSISTANT (graduate, with hbrary qualifications and experience) 
5 T) LIBRARY—The Registrar, The University, Nottingham 
‘une 29). ` 

ASSISTANT LEOTURER IN ANATOMY—The Secretary, Royal Free 
Hospital School of Medicine (University of London), 8 Hunter Street, 
London, W.C.1 (June 29). 

ASSISTANT LECTURER IN GEOGRAPHY—The Registrar, The Univer- 
sity, Hull (June 30). 

KEEPER (with a university degree in botany or zoology or the 
Diploma of the Museums Association, and previous museum ex- 
perience) OF THE DEPARTMENT OF BIOLOGY in the Leicester Museums 
une oo Museums and Art Gallery, New Walk, Leicester 

‘une $0). 

LECTURER IN ZOOLOGY at Auckland University College (Universisy 
of New Zealand)—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1) (New 
Zealand, June 30). 

NEMATOLOGIST, for duties which would include investigations into 
host relationship of grass and other crops with respect to their suit- 
ability as a rotation crop- with tobacco, together with a study of ` 
environmental factors favouring the reproduction of parasitic nema- 
todes and the development of assay technique—The Director, Tobacco 
Research Board of Rhodesia and Nyasaland, P.O, Box 1909, Salisbury, 
Southern Rhodesia (June 30). 

RESEARCH ASSISTANT (preferably with a Ph.D. degree), for work 
on, the stereochemistry of piperidines and quinolizidines with special 
reference to quinolizidine alkalotde—The Secretary, The University, 
Exeter (June 30). 

RESEARCH ASSISTANT, to work on fundamental theoretical research 
in electromagnetism— The Secretary, Department of Electncal 
Engineering, Queen’s College, Dundee (June 30). 

BENGER RESEAROH FELLOW (graduate in medicine or science 
{including pharmacy) or with other suitable qualifications) IN PHARMA- 
ooLoGy—The Registrar, The University, Manchester 13 (July 1). 
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FARM DEMONSTRATOR (with a degree in agriculture, or an honours 
degree ın pure science, followed by an adequate postgraduate qualifica- 
tion in agriculture, together with farming experience)—The Secretary, 
School of Agriculture, The Uncversity, Cambridge (July 1). . 

FELLOW (man or woman graduate) IN 
a research project involving ths measurement of physico-chemical 
properties of organic systems—-T2e Principal, Royal Holloway College, 

University of London), Englefidid Green, Surrey (July-1). 

LECTURER’ (graduate in metallurgy or chemistry, with special 
qualifications in the theory of extraction metallurgy) IN METALLURGY 
—The Registrar, The University, Manchester 13 (July 1). 

RESEARCH ASSISTANT IN InNS¥oT EcoLogy—The Registrar, The 
University, Leeds (July 1). . 

-RESEAROH STUDENTS (with the degree of Bachelor or Master of a 
British university, other than Manchester) IN SOlENOE—The Registrar, 
The University, Manchester (Jusy 1). ‘- 

CHAIR OF BOTANY in the University College of Ghana—-The Secre- 
tary, Inter-University Council Zor Higher Education ‘Overseas, 29 
Woburn Square, London, W.C.1 {July 5). BEN yr 

LECTURER“ IN PsycHoLoay—The Secretary, The * University, 
Aberdeen (July 5). j zo. . 

DEMONSTRATOR (preferably candidate wanting research experience 
in cytology) IN THE DEPARTMEJT OF BoTANY—The Registrar, The 
University, Leeds 2 (July 8). 

LEGEURER IN PHYSICS at the University of Cape Town, South 
Africa—The Secretary, Associasion of Umiveralties of the British 
Commonwealth, 36 Gordon Sqrare, London, W.C.1 (South Africa, 


July 8) 

LECTURER IN THE DEPARTMEMT OF GEOLOGY AND MINERALOGY at 
the University of Adelaide, Aussralia—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia, July 15). 

' LEOTURER (well qualified in the fields of educational psychology, 
educational and psychological tests and statistics) IN UCATION 
at Auckland University College (University of New Zcaland)—The 
Secretary, Association of Univezsities of the British Commonwealth, 
36 Gordon Square, London, W.¢.1 (New Zealand, July 15). 

RuskaROH FELLOW IN THE IJSTITUTE OF EDUCATION (University 
College of Rhodesia and Nyasa‘and), to investigate problems posed 
by the early development of tecnnical education in the Federation— 
The Secretary, Inter-University Council for Higher Education Over- 
Londen, W.C.1 (July 15). 

SENIOR LECTURER or LEOTUEER IN BACTERIOLOGY at University 
College, Ibadan, Nigeria—The Sesretary, Senate Committee on Colleges 
Overseas in Special Relation, Lniversity of London, Senate House, 
London, W.C.1 (July 15). 
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S OFFICERS (2),:for work on plant virus diseases-——-The 
Secretar , Rothamsted Experfmental Station, Harpenden, Herts 
uly 


CHEMIST/ASSAYER (with a fist- or upper division second-class 
honours degres in chemistry, ard preferably two years postgraduate 
research or experience as chemist) IN THE DEPARTMENT OF GEO- 
LOGIOAL SURVEY, Government of Northern Rhodesia, to carry out 
assays of ores, and the analyxs of minerals and rocks and other 
determinations in the Geologica? Survey Laboratories—The Director 
of Recruitment, Colonial Office, London, S.W.1, quoting BOD.105/3/03. 

DEMONSTRATOR IN AGRIOUIZURAL CHEMISTRY—The Registrar, 
King’s College, Newcastle-upon—Tyne. 

DEMONSTRATORS (2) IN PHARMACY——-The Registrar, The University, 
Nottingham. 

GRADUATE COMPUTHR (with a degree in mathematics or statistics, 
or with experience in computing), for planning, programming and 
processing of punched card taoulations, with eventual use of an 
electronic digital machine—The Secretary, Oxford University Institute 
of Statistics, St. Cross Road, Gxford. 

MASTER TO TEACH Puysics tc advanced level, and to take charge 
of the subject—The Head Masser, Boys’ Grammar School (Central 
Foundation Schools of London}, Cowper Street, London, E.C.2. 

Puysioists (with, or obtainmg, a first- or second-class honours 
degree or e uivalent) at Ministry of Supply Experimental Establish- 
ments, mainly ın the South of England, for research and development 
directed towards the solution cf problems and the development of 
new ideas in various fields including aircraft and aircraft equipment ; 
gas turbines and jet engines ; 1mproved cross-country vehicle mobility ; 
guided missiles and other armaments ; instrumentation; radio, radar 
and communication equipment—The Ministry of Labour and National 
Service, Technical and Screntific Register (K), 26 King Street, London, 
S.W.1, quoting A.420/6A. 

PRINCIPAL RESHAROH OFFICES (with good academic qualifications 
and proved ability to conduct and direct research); and a RESEARCH 
OFFICER or ASSISTANT RESEAECH OFFIORR (with a minimum of 
4 years university training and Folding a B.Sc. (Hons.) or M.Sc. degree 
in chemistry, or equivalent, vith physics and/or mathematics as 
auxiliary subjects) with the South African Council for Scientific and 
Industrial Research, National Chemical Research Laboratory, Division 
of Physical Inorganic and Analytical Chemistry, Pretoria—The South 
AT ali Scientific Liaison Officer, Africa House, Kingsway, London, 


RESEARCH ASSISTANT (with, or candidate for, the B.Sc. (Special 
Chemistry) degree of the Uni-ersity of London) IN CHEMISERY— 
The Registrar, Brighton Technical College, Brighton, Sussex. 

SENIOR LECTURER (man or woman, with a good honours degree 
in mathematics or general horours degree, including mathematics, 
and varied teaching experience) IN ottinghamshire 
County Training College for Women, Eaton Hall, near tford— 
The Director of Education, County Hall, Trent Bridge, Nottingham. 

SENIOR Lreorurer (preferably with a degree in agriculture and 
sound practical and teaching experience) IN AGRICULTURE at Kirkley 
Hall Farm Institute—The Dire: tor of Education, County Hall, New- 
castie-upon-Tyne 1. 

SENIOR LECTURER (with at least five years experience of teaching 
and laboratory work at a Briti-h university, and experience of high 
voltage practice) IN ELEOTRIOAL ENGINEERING at the University 
of Rangoon, Burma—The Ministry of Labour and National Service, 
(E9), Almack House, King Street, London, 8.W.1, quoting 
A.12/BUR/TCS/88. 
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SENIOR MATHEMATIOAL MasrerR—The Head Master, Bedford 
Modern School, Bedford. 

SENIOR SCIENTIFIC OFFICERS (with a first- or second- class honours 
degree in physics, and postgraduate experience in nuclear physics) 
to carry out fundamental studies in the field of fast neutron physics— 
The Senior Recruitment Officer, Atomic Weapons Research Establish- 
ment, Aldermaston, Berkshire, quoting Ref. 1501/34. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Kent Theorporated i Society for Promoting 
culture. Research Station, Annua. 
October, 1955 to 80th September, 1956). Forty-fourth 
Fli 106 46 plates. t ERA Maidstone : ea Haline 

Research Station, 1957.) {1 

The South-Eastern Naturalist and A being the Sixtieth 
volume of Transactions of the A tem Union of Scientific 
Societies ; {noluding t the Proceedings at the Sixtieth Annual Congress 
held at Folkestone, 1955. Pp. xxv+84. (London: South- Bostern 
Union of Scientific Societies (Hon. General Sec. and Hon. 

Pank Edwards, 68 The Drive, Shoreham-by-Sea), 1957.) 8s. oa 6d, 


erlments in Horti- 
gart, ae oe 


Ciba Foundation for the Promotion of International Coopera - 


in Medical and Chemical Research. Report for 1956. Pp. 48. (London ; 
The Ciba Foundation, 1957.) 234 
Physical Society. Hora of the Meeting on Semiconductors held by 
the Physical Society, in collaboration with British Thomson-Houston 
Ltd., Rugby, in April 1956. Pp. -153. (London: Physical Society, 
1957.) 128. 6d. to members: 20s, to non-members. [23 
The Assoclation of British Pharmaceutical Industry. aaa 
ae t and Year Book, 1956-1957. EP: 44, (London : Association of 
tish Pharmacentical Indus , 1957 .) [234 
ae Index of Technical Articles. March 1957. (A. monthly 
index of articles published in ities inea periodicals.) Annual 
subscription: 6 guineas, Single issues, 10s. 6d. (London: Iota 
Services, Ltd., 1057.) {294 
Atomic Energy Research Establishment, A List of British Books 
and Periodicals on Atomic Energy. Prepared by N. Skeats. 4 A.E.R.E. 
TNE/BIB 100.) Pp. 1i+10. (Harwell; Information Office, A.E.R. B 


108 ional Smoke Abatement Society. Clean Air Year Book, ber. 
Pp. aes (London: National Smoke Abatement Society, 1957.) 


4 
Petroleum Information Bureau. U.K. Petroleum Industry Statistics 
mate t o Consumption and Refinery Production, 1955 and 1956. 
Pp. 10. (London: Petroleum Information Bureau, 1957.) [294 
Aero osc Technical Notes. Bulletin No. 171 (March, 1957) : 
Honeycomb Sandwich Construction for Supersonic Atreraft—a 
Survey of Materials and Mothoda: By Bryan R. Noton. (Duxford : 
Aero Research Limited, 1957.) 294 
- _ Ohristian Faith and the Freedom of Serenoa By Dr, R. Hoo: kaas. 
Pp. 24. hilosophia Libera.) ndon: The Tyndale 
1987. Published for the Research Scientists Christian Tawa § 


6d. 
athe British Electrical and Allied Industries Research Association. 
Thirty-sixth Annual Report for the year ended 3lat December, 1966. 
Pp. 153. (Leatherhead: British Electrical and Allied Industries 
Research Association, 1957.) (294 
Lundy Field Society. Tenth Annual Report, 1956. Pp. 77 +-2 plates. 
(Exeter: Prof. È A. Harvey, Secretary, Dept. of Zoology, The pai 


versity 1957.) 5 

e Royal Charter of the Imperial College of Science and Techno- 
logy Teblive 1907-1957. Pp. ix+-87+-6 plates. (London: Imperial 
College of Science and Technology, 1957.) [294 


Other Countries 


United States Department of the Interior: Fish and Wildlife 
Service. Research Report 42: Biology of Young Lake Trout (Sal- 
velinus namaycush) in Lake Michigan. By John van Oosten and Paul 
H. Eschmeyer. Pp. ii+88. 40 cents. Research Report 48: Effect of 
Pulse Frequency and Duration in Guiding Salmon Fingerlings by 
del ar By Howard L. Raymond. Pp.ti+19. 15 cents. Research 

Repo ort 44: Biology of the Sea Lamprey in Its Parasitic Phase. By 
Philip S. Parker and Robert E, Lennon. Pp.ii+32. 20 cents. Research 
Report 46: Proparation PA & pe Product from Condensed. Menhaden 
Solubles. Pre . 11-433. 20 cents. Fishery Bulletin 105 
Method of aR Te erature in Lakes with Description of 
Thermal Characteristics of Convict Lake, California. By Norman 
Reimers and Bobby D. Combs. Pp. ii+535-554. 20 cents, Fishery 
Bulletin 107 : Validity of Age Determination from Seales, and Growth 
of Marked ‘Lake Mi Lake Trout. By Louella E. Cable. Pp.ii+60. 
45 cents. Fishery B etin 108: Comparative Study of Food of Bigeye 
and Yellowfin Tuna in the Central Pacific. By Joseph E. King and 
Isaac I. Tkehara. Pp. ii+ 61-68. 30 cents. (Washington, D.C.: Govern- 
ment Printing Office, 1956.) hee 

United States Department of the Interior: Fish and Wildlife 
Service. Statistical Digest No. 36: Fishery Statistics of of the United 
States, 1953. By A. W, ‘Anderson and E. A. Power. Pp. {1+-338. 
1.50 dollars. Statistical Digest No. 87: Alaska Fishery and Fur-Seal 
Industries—1954. By Seton H. Thompson. Pp. iv+70. 35 cents. 
Statistical Digest No. 88: Propagation and Distribution of Food 
Fishes for the Calendar Years 1953-1954. Prepared by the Branch 
of Game-Fish and Hatcheries. Pp. ti+37. 20 cents. Circular 3 
:Wetlands of the United States—Their Extent and Their Value te 
Waterfowl and other Wildlife. By Samuel P. Shaw and O. Gordon 
Fredine. Pp. iv+68+21 plates. n.p. Circular 40: This is a Pondfish 
Hatchery: Hearing and Distributing Warm-water Fish to help main- 
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tain Sport Fishing. Pp. 8. 5 cents. Circular 42: 'Fhisis Cortland— 

sh-Cultural Sta! ion 5 En behing pos Hatchery ; Trout-Nutritior 
Ou ; In-Servi School. n.p. Circular 44: 
urvey of Tiching am and Hunting mee ‘a yee ort on the first 
Nationwide Economic Survey of Sport Fishing and Hunting-in the 
United States, during the calendar year 1955. Pp. ii4+-650. 40 cents 

.C.: Government Printing Office, 1058.) 164 
g Jahre Relativitatstheorie, Bern 11-16 Juli 1055—Ver- 
handimgen. Heranegegebon von André Mercier und Michel Kervaire. 
(Helvetica Physica Acta, Supplementum 4.) . 286. (Basel: in 
häuser Verlag, 1956.) 36 Swiss france ; ; 86 D. 

Trinidad and Tobago. A: trative ‘Report of the Forest pets. 


ment for the year 1955. Pp. 42+-1 map. (Trinidad: QGoverament 
Printing Office, 1956.) 36 cents. [ 
Chicago Natural tory Muson, Fieldiana + ‘Acticonaibuy. 
Vol. 47, No. 2: The Bayou Goula Site, Inberville Parish, Louisiana. 
By George I. Quimby. Pp. if+91-170. 1.75 dollars, Fieldiana: 
Geology. Vol.18, No.1: Early Cretaceous and the Evolution 
of Mammalian Molar Teeth. By Bryan Patterson. Pp. 11+106. 
2.25 dollars. (Chicago: Chicago Natura. fam, fated Baas 1957.) [234 
Fonds National de la Recherche. Scientifi Vingt-neuvieme 


Rapport - Annuel, 1955-1956. Pp. 254. (Bruxel bs: Fonds National 
Recherche Scientifique, 1966.) 


284 
qe ia Recherche Life Insurance Corapang. «S peste nice Bulletin, Vor 88 
(rebruary 1957): Trend of Mortali Coronary Artery Disease. 


-12. (New York: Metropolitan "Life Insurance Company, 
£ DJa Health Organization. Technical Report Series. No. 116: 


ert Committee on  Adalction-Producing Druge Se event th Re rt, 


. 278+2 plates. 18 Swiss francs ;,80s.; 6 dollars, (Geneva $ World 
th Organization :. London ;, E.M. ‘tation Office, 1957.) {234 
New Zealand : Department of Scientific and Industrial Research. 


Geophysical Memoir 5: Crustal Structure Project. The Wellington 
. By G. å. Eiby. The Seismic Energy and Magt sado or the 
Protons ‘The Pencarrow Fro By G. 


By R. BR. Dibble. 
Eiby. ‘Wellington: Government Printer, 947.) iosi 
Carnegie Institution o Washington, Year Book, etd o, (July 1, 
ae orma 80, a with Administrative Reports thro h December 
1956. Pp. xt +xxx+1 (Washington, D.C.: Carnegie 
Instituton o Gr Washington 1956. pote dollar, paper bound ; 1.50 dollare, 
oth 
Isael, co of the Independent Biological Laboratories, Kefar- A 
Isra ael, covering the period May 1953 to April 1956. Pp. 20. k 
Independent Biological Laboratorles.) 
Ramee of California Publications tn Botany. Vol, 28, No. 5: 
Morpholo lcal Suaia on the By Richard ‘Earl 
Horr nal Pt -834 -+plates 28-40. (Berkeley and Los Angeles: 


Galifornia ‘aides London: Cambridge University 


s M. J 
American ‘tosophleal Ba Area iA zi 
mal Papers of the Natural Histo: useum of Sta 


omedusa, By e ouser. real 
Natural nee Museum of Stanford. University, 
0 


1957. 
1957. 
United States Naval in, Circular No. 71: Positions, 
Areas, and Counts of Sunspots, June-July, 1956. By Winifred Sawtell 
Cameron. . 12. Circular No, 72: Positions, Areas, and Counts of 
Sunspots, August 1956. By Winifred Sawtell Cameron. Pp. 11. 
(Washi , D.C.: U.S, Naval Observatory, 1957.) [204 
of the American Academy of Arts and Sciences. Vol. 
ffects ap on Binary Alloys, Parts 6 and 6. By 
P. " Belagman, 181-216. (Cambridge, Mass.: American 
Aeadeiny of Arts and ‘eienees, 1957, 1.65 dollars. [294 
Eastern Region, Nigeria. An: port on the Forest Administra- 
tion of the Eastern Region of SA r the year ended 31st March, 
1955. Pp.1i+81. (Enugu: Government Printer, 1957.) 9g. net. [294 
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ci UNIVERSITY EXPANSION IN BRITAIN 


IR JAMES MOUNTFORD, ‘vito-thanoéllor of the 
University of Liverpool, has examined: -the 
sproblems with which universities in the United 
Kingdom -will be confrorited in the next ten years in 
a recent series of three articles in the Manchester 
Guardian. Foremost is the difficulty of providing 
enough places to meet the demands for scientists 
and technologists. Numerical expansion is, of 
course, no new problem to the universities, and 
Sir James rightly pays tribute to the magnificent 
performance of the universities smce the end of the 
Second World War,. In 1938-39 there were 50,250 
students ; by 1949-50 this figure had risen to 85;400, 
mainly because of the influx of ex-Service men. It 
was assumed that this remarkable achievement was » 
but a temporary operation and that numbers would 
settle at about 70, 006: In 1946; however, the Barlow 
Committee had, wisely assessed the country’s needs 
and had called for a ‘considerable increase jn science 
and technology graduates, together with a sub- 
stantial expansion in students of humanities. The 
universities’ response to the challenge is well known ; 
their numbers have now risen to 88,700. 

To rest content with these numbers, however, 
would quickly lead to national disaster, and they are 
already seen to be pitifully inadequate. This was 
brought out by Lord Pakenham in the debate in the 
House of Lords on May 22 when, with proper concern 
for providing the country with a sufficient supply of 
scientists and technologists but less with the practical 
means of finding and training them, he suggested 
that we should not rest content with any target ten 
years from now less than 176,000 students—double 
the present total. Lord Pakenham’s figures would be 
difficult to achieve and most observers will at least. 
be content for the time being if a permanent increase 
to about 120,000 is achieved by 1965; this is the 
figure currently -bing discussed by the University 
Grants Committee and the universities. 

Where are these men and women to come from ? 
They will come, as, Sir James Mountford explains, . 
from the ‘bulge’ and ‘the ‘trend’. The ‘bulge’ is the 
. result of the increased birth-rate since 1942. For 
- every 100 boys and girls aged eighteen in 1957, there 
will be 112 in 1961, 144 in 1965, and still 112 in 1971. 
What has come to be called the ‘trend’ is the number 
of extra students who are staying on into the sixth 
forms and qualifying for university entrance; over 
the past four years, there has been an annual increase 
of 5 per cent in the number of*pupils taking general 
certificates of education at advanced level. The 
cumulative effects of the ‘bulge’ and the ‘trend’ will 
mean that, even when the peak figures of 1965 have 
been “surmounted, the subsequent ‘plateau’ will be 
appreciably higher than ‘he ners aia 
population. es ~ 

This challenge to! ‘the universities of Britain hot 
only raises problems of finance ‘and buildings, but 
also many fundamental principles; chief among 
these is the optimum size of a university. This will 


? 


NATÙRE 


te: 


vary from place to place; but, as Sur James puts it, 


“when that number has been exceeded, a university ; 
falls asunder into a congeries of ill-related depart- ' 


ments, the institution is no longer a fellowship of 
learning but an intellectual emporium dispensing 
parcels of information”. _ This is a weighty matter 
which is never far from the minds of those who are., 
concerned with the universities’ well-being. Yet 
expansion there must be, and fears must be used as 
warnings rather than as bases for inaction. = 

‘Some universities, undoubtedly, have grown to 
sizes which may, even now, be ‘inmmical to their 
proper functioning. Oxford has 2,700 and Cambridge 
2,360 more students than in 1938-39; to retain 
their traditional and invaluable patterns would 
necessitate the building of new colleges—at enormous 
cost. 
and it is difficult to believe that much greater 


“numbers would be desirable or beneficial. For many 


years in Wales and Scotland a much greater pro- 
portion of the population, than in England has 
benefited from university education ; , it is doubtful 
whether considerable expansion in the near future 
seems desirable. Immediate expansion would seem 
to lie with other universities, where the number of 
students now falls bétween 1,500 and 4,000. ~ 
Recommendations to individual universities have 
already been made by the University Grants -Com- 
mittee, and these should soon become publicly known. 
Since the present proposals for expansion go much 
farther than the Barlow Report in providing for 
increased numbers of graduates in science and tech- 
nology; it is inevitable that much of thé expansion 
will take place in centres where there are already 
adequate facilities for teaching technologies and 
where there is a considerable industrial hinterland to 
support the university. Even if such Universities as 
Southampton, Exeter, Reading and Hull and the 
University College of North Staffordshire increase to 
double their size, the main expansion to provide 
places for many more students is likely to take place 
in the Universities of Manchester, Durham, Leeds, 
Birmingham, Sheffield, Liverpool, Bristol, Notting- 
ham and the Colleges of Technology in Manchester 
and Glasgow. i : 
Yet, assuming expansion on this scale at all the 
universities and even more at some, the number of 
places available would still fall short of the University 


Grants Committee’s anticipated target by several - 


thousands. It is surprising that Sir James has not 
pressed the case for one or more new universities. 
The case for a University of Sussex at Brighton has 
been persuasively argued, while York also has its 
supporters ; advocates for establishing universities 
in the new towns are also making themselves heard. 
Such a development may be the only answer to 
short- and long-term needs if the spirit of existing 
universities is not to be destroyed by over-loading. 
The creation of a ‘néw town’ university would have 
the-merit of integrating town- and country-planning 


London has a student population of 19,400, ° 
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in preventing excessive growth of existing conurba- 
tions and making effective use of land. g 

Another question raised by rapid university expan- 
sion is that of balance. Of the 40,000 places to be 
provided in the next ten years, about two-thirds will 
-be in faculties of science and technology. Whereas 
in 1938-39 students of science and technology 
accounted for 25-9 per cent of the university popula- 
tion, by 1965 the proportion will have grown to 
62 per cent. This should, as Sir James wisely points 
out, present no cause for alarm and despondency. In 
numbers, arts students will still be as many as the 
number of science and technology students in 1956. 
They, and their teachers, should accept thew new 
responsibility ‘‘of helping a society which cannot 
avoid becoming technological to get its human and 
moral values right”. 

Rapid expansion is also bound to cause concern 
about the quality of students and degree standards. 
For those extra students whose existence is due to 
the increased birth-rate there need be little anxiety 
if we take for granted that the proportion of children 
with high mtelligence will remain approximately 
constant. Anxiety is greater about the intellectual 
levels of those young people whose university entrance 
has been governed by the ‘trend’. Fortunately, an 
inquiry undertaken by a committee of‘ vice-chan- 
cellors—the report of which has only just been 
published—shows that there is still a pool of qualified 
students who will do well at the universities. In his 
address to Convocation on June 30, 1956, Sir Charles 
Morris, vice-chancellor of the University of Leeds, 
paid warm tribute to the work of the student 
population and the standards obtained by them in 
the past academic session. Sir James Mountford 
believes that “the crucial problem will not be the 
supply of students, but the provision of funds to 
enable them to come to the universities”. When he 
talks, however, about there being no lack of students 
of the right quality “if the loss of good material from 
the grammar schools between the ages of 16 to 18 
continues to be checked”, some doubt arises about 
his awareness of what happens to many of the boys 
—and some girls—in this age-group. 

The report of the Central Advisory Council for 
Education, which investigated this point on behalf 
of the Ministry of Education, might well have been 
written differently if the Council had contained more 
members with industrial experience in companies 
with extensive education and training schemes*. They 
could have shown how many of these so-called ‘losses’ 
to higher education have, in fact, become techno- 
logists by taking degrees at universities after one or 
two years experience in industry. There is a growing 
number of leading industrialists who believe that 
men educated in this way have more to offer to 
industry than boys who go to university direct from 
school. 

Few graduates will quarrel with Sir James Mount- 
ford’s belief that we should give serious attention to 
the quality of university teaching ; it was no cynic 
who remarked that as one climbed the education 

* “Early Leaving.” A area: ‘of the Central Advisory Council for 
Education. (London: H.M.8.0., 1954.) 
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ladder the lower became the level of pedagogy. ‘he 
traditional university lecture has been well deseribed 
as a means of passing notes from the lecturer to the 
student without the transmission of thought. ‘Lhe 
suggestion put forward by the Willis Jackson com- 
mittee for the establishment of a staff college whereby 
lecturers in senior technical .colleges could meet to 
discuss teaching methods would bring even greater 
results if it were first adopted by the universities. 
Few university teachers would fail to profit from 
reading some sound advice on teaching technique 
recently published by G. Kitson Clarke called ‘The 
Art of Lecturing’’*. 

The difficulty of providing enough of the right 
kind of university staff to meet the increased number 
of students needs no underlining. These teachers 
must be recruited in advance of the expansion; the 
dilemma is that the universities must have the 
teachers before they can take the students from 
whom the enhanced supply may be expected, An 
imaginative recruitmg campaign will be needed to 
find the 4-5,000 additional teachers required, and 
this should find support from the more attractive 
salaries which are to come into operation on August I 
of this year. 

The provision of academic accommodation and 
student residence will be no less difficult than finding 
an adequate number of teachers. Although money 
has been available, the difficulty of providing raw 
materials and of building quickly enough has meant 
that, by 1957, the new accommodation provided has 
been barely one-third of what was regarded as neces- 
sary even by the Barlow Report. A great deal more 
money is being provided by the Government but, 
with stringent regard for building economies, means 
of spending it must be greatly speeded up ; where to 
build and how to build have led to the appointment - 
of experts at the universities to advise on patterns 
of development. Patterns of development are not 
enough, however, and they can be made nugatory in 
large cities by local authorities with pressing re- 
housing problems. i 
, The difficulty of providing sufficient academic 
building is aggravated by the necessity for student 
residences. Halls of residence are now accepted 
as essential elements in the framework of higher 
education. Without including Oxford and Cam- 
bridge, about 7,500 additional places in such halls 
will be required by'1965 to maintain the present 
inadequate figure of 22-5 per cent of students resident 
in halls. This assumes that other students will be 
able to find lodgings ; but, as wardens of university 
lodgings are frequently pointing out, the number of 
lodgings available may already have reached its 
peak and, as standards of living continue to improve, 
may even decline. The report of the sub-committee 
appointed by the University Grants Committee to 
“consider the role which should be played by halls 
of residence in the education of university students 
and its relationship to other forms of student organ- 
ization” will receive a warm reception if it contains 
novel proposals for the housing of students. Sug- 


* “The Artof Lecturing ” By G. Kitson Clarke. Pp. W+20. (Cain- 
bridge: Heffer and Sons, 1957.) 1a. 6d. net. 
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gestions that students might be economically housed 
in blocks of houses resembling council houses should 
be carefully considered on their merits. Are university 
planning authorities familiar with the ‘student 
villages’ at Oslo and Upsala? Such an approach 
may be the only answer to what is admittedly a 
difficult problem. 

The spirit and standards adopted by the Ministry 
of Education and local education authorities to meet 
successive crises in primary and secondary schools 
since the Second World War may point the way 
whereby the universities can deal with their expan- 
sion problems. For in considering their own needs 
they should never forget the needs of the country as 
a whole. When inviting industrial organizations to 
contribute vast sums of money to provide adequate 
facilities for much-needed scientists and technologists, 
university authorities would do well to remémber 
that much of that money comes from many firms 
where facilities for trainmg school recruits are 
inadequate by any respectable standards. 

Sir James Mountford, too, has given a salutary 
warning to university empire-builders. We should be 
spared the spectacle of heads of postgraduate depart- 
ments having to canvas; for and accept students of 
less than degree standard to build up classes of 
adequate size. University expansion must go hand- 


in-hand with expansion of educational facilities in all. 


kinds of schools and in industry itself. Technologists 
are of little use without technicians who, in turn, 
need. craftsmen to serve them. There are many who - 
feel that, desperate as is our plight for technologists, 
in ten years time our greatest deficiency may be the 
lack of adequately tramed technicians and craftsmen. 


THE PROFESSION OF SCIENCE 


The Organisation of Science in England 

A Retrospect. By Dr. D. S. L. Cardwell. (Heinemann 
Books on Sociology.) Pp. 1x+204. (London: 
William Heinemann, Ltd., 1957.) 18s. net. 


T was not for want of urging that Englishmen 

have’ been slow to appreciate the educational 
implication of the revolution initiated by applied 
science. As early as 1832 Baden Powell, Savilian 
professor of geometry at Oxford, condemned the 
practice of allowing graduates to leave the university 
ignorant of science. Lectures in chemistry and 
experimental philosophy were, in his time, losing 
their appeal, and the proportion of those taking 
honours in mathematics was also steadily falling. He 
ascribed it to the faulty education provided by the 
schools. Charles Babbage, Lucasian professor of 
mathematics at Cambridge, was even more outspoken 
and, two years before, in ‘‘Observations on the Decline 
of Science in England”, lamented that “the pursuit 
of science does not constitute a distinct profession 
as it does in other countries’. ` 

To obtain professional status for scientists, Dr. 
Cardwell argues there had to.be a series of changes 
in the educational system. “The professional scien- 
tist,” he writes, “is, in the first instance, the product 
of the educational system ;‘to a much less extent 
is he the produc of industrial practice and economic 
organisation.” 
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This book is written Stes the provocative thesis 
that industry did not demand’ professional scientists 
until the universities produced them. In other words, 
the first professional scientists produced were teachers, 
and the present voracious appetite which industry 
exhibits for professional scientists has grown with ` 
feeding. . To support this thesis, Dr. Cardwell has 
combed the nineteenth-century journals, Nature in- 
cluded. He rightly gives full credit to Liebig and 
Helmholtz for helping to convert the English to a 
need to train scientists. They.exported men and 
ideas in the eighteen-forties. The men included Caro, 


‘Fischer, Fries, Bopp, Griess, Geyger, Kolbe, Leibius, ` 


Holtzmann, Ulrich, Martius, Olshausen, Wilbrand, 
Sell and Witt: the first of these only left England 
in 1867 and the last in 1879. During this period 
they served English industry and science before 
England was producing men of similar calibre. For 
the fine crop of projects for industrial universities - 
and even ministries of science which Dr. Cardwell 


has exhumed needed rooting in good schools, and 
-sustentation, by a capacity-catching (or capacity- 


attracting) system. Neéither was available. 

So, to slake what tha Edinburgh Review called 
“the sacred thirst for science’, there arose the 
mechanics institutes : those ‘steam intellect societies’ 
that evoked the post-prandial jokes of -the upper" 
class. Baden Powell, watching their spread, remarked 
that unless the upper class followed suit, ‘that class « 
will not long remain the righer’’. By the time of, the 
Great Exhibition, plans were afoot to federate the 
mechanics mstitutes’ into æ national network of 
colleges of technology. Soon after, the Government 
created the most formidable instrument for scientific 
education to date—the Seience and Art Department. 
This Department did much to tap “the vast reservoir 
of unfriended talent’? (as the Rev. James Booth 
called it) that lay stagrant in Victorien England. 
Aptly enough, access to this reservoir was obtained 
by Sappers: officers of the Royal Engineers ‘were 
employed by the Scienca and Art ee 

he 
-` most distinguished of these, John Donnelly, rose from 
captain to major-general in the process of tapping 
this reservoir: he enjoyed throughout his professional 
life the friendship of T. H. Huxley, and earned at 
his death an obituary in Nature. The Army also 
nourished Col. Alexander Strange, Fellow of the , 
Royal Society, who insisted that only the State could 
adequately support the advance of science. As Dr. 
Cardwell writes, “‘it is a testimony to his judgment 
that practically everything he called for has, today, 
been realised”. „It 1s tke story of this realization 
which provides the core of Dr. Cardwell’s book, and 
ut should be read by all those whose professional 
ancestry he has sketched with such intimate detail. 

W. H. G. ARMYTAGE 


VETERINARY OPHTHALMOLOGY 


Veterinary Ophthalmology - 
By R. H. Smythe. Pp. xii+356+165 plates. (London: 
Bailliére, Tindall and Cox, Ltd., 1956.) 35s. net. 


HIS book will be waleomed by veterinary sur- 
geons, students and others interested m the 
mammalian and avian eye. The work presents, in the 
form of & concise and reacable text-book, the existing 
knowledge of ophthalmology as it may be applied 
to the study and treatment of animals. The book 
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is in two parte: ‘The first deals with the anatomy and 
physiology of the eyes of various animals. The 
domestic animals are dealt with in detail, and in 
addition reference is made to birds, fish and reptiles. 
The sections on animal vision and the optical system 
aré compiled very well, and the author has correlated 
the work of others and contributed the results of his 
own. observations. 

The.second part of the book is devoted to the 
clinical aspect and consists of two hundred pages. 
All aspects of veterinary ophthalmology are reviewed, 
and methods which have stood the test of time as 
well as new treatments are described. This section is 
introduced with a description of the clinical examina- 
tion of the eye followed by chapters dealing with 
anatomical regions of the eye. Clinicians and students 
will find this a valuable source to which to refer, 
especially with regard to the incidence, diagnosis 
and medical treatment of the conditions described so 
comprehensively. The surgical references are somewhat 
disappointing. No method of extirpation of the eye- 
ball which might give promise of first intention healing 
is described. Many methods of dealing with entropion 
and ectropion are detailed and these defects, which 
are usually simple to treat, are made to appear 
complex. Extraction of the crystalline lens in the 

“dog, on the other hand, seems simpler than most 
would agree. The book ends with fairly complete 
chapters on therapeutics and ophthalmic preparations 
in daily use. 

It is hoped that the next edition might have the 
references removed from the text and placed at the 
end of each chapter. Some chapters, particularly 
that dealing with methods of examination, could be 
given titles of greater clarity. 
` Despite these few criticisms the wealth of informa- 
tion in this book, which is full of illustrations, 
lne drawings, photomicrographs and photographs, 

' should be studied by all who are interested in advan- 
cing’ their knowledge of veterinary ophthalmology. 

The author has filled a need, and the publishers should 
be congratulated on their part of the task. 

„0. Frost 


. CHEMISTRY AND TECHNOLOGY 
OF WOOL-WAX 


Wool Wax 

Chemistry and Technology. By Dr. E. Vernon 
' Truter. Pp. xi+368. (London: Cleaver-Hume Press, 
Ltd., 1956.) 60s. net. 


N the preface to his book, Dr. Truter expresses the 
hope that this work—the first comprehensive and 
critical account of the chemistry and technology of 
wool-wax-—will help to encourage further research 
and development on this most interesting subject. 
Undoubtedly the author has succeeded in presenting 
the subject in @ most instructive manner and. should, 
by virtue of this, provide a stimulating influence to 
prospective workers in his field. The diversity of 
subjects covered may be indicated by the fact that 
the topics discussed vary from the structure of the 
wool follicle to the stereochemistry of clathrate 
compounds and that there are 571 references. 

The contents' of the fleece and their distribution, 
and the factors affecting these variables are discussed 
fully in Chapter 1. 
constitution of the wax and describes the large 
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amount of. work that - Has been carried out on this 

subject in the past decade. The constitùtioń anc 

uses of suint, the water-soluble portion of wool-wax 

merits a chapter on its own. There follows a critical 
discussion of the physical chemistry of: oil-water 
emulsions which is aided by several photomicrographs 

and clearly drawn diagrams. The derivation and 
utilization of the principles involved in the recovery 

of wool-wax from oil-in-water and -water-in-oil 
emulsions follow quite naturally, as does the account 
of the various saponification processes. 

Of particular interest is the space devoted by the 
author to a discussion .of the isolation, purification, 
determination and properties of cholesterol and 
isocholesterol. No fewer than 146 of the 356 pages 
are devoted to thése. topics. The chapter in which 
is described the preparation and uses of clathrate 
compounds (‘Sorting Molecules by Size and Shape”) 
is particularly interesting, albèit' it suffers from a 
slight surfeit of thermodynamics. In the chapter 
entitled ‘““Lanostane Derivatives” is given a compre- 
hensive account of the. step-wise elucidation of the 
structure of the one-time bête noire of the triterpene 
chemist, ‘lanosterol’. The account is presented 
logically and is helped in no small measure by a 
generous recourse to diagrammatic reaction schemes 
which are clear and unambiguous. 

The chapter on steroidal derivatives begins with a 
short account of the stereochemistry of the steroid 
nucleus.’ This‘would have been better placed in the 
previous chapter on lanostane in order to explain the 
stereochemical notations used, for they are common 
to both classes of compounds. This chapter might be 
considered a valuable adjunct to the standard book 
of reference ‘Natural Products related’to Phenan- 
threne” by Fieser and Fieser, since about half the 
references cited are later than 1949—-the date of the 
last edition. After a very enlightening chapter which 
describes the remarkable ‘Bradford Recovery Pro- 
cess’ for the recovery of wool-wax from the city 
effluents, there are listed the many and varied uses 
of the wax in various states of purity. Space is also 
devoted to an account of the destructive distillation 
and vacuum distillation of wool-grease. 

The book is written in a lucid and unassuming 
style, and is ‘gratifyingly free from misprints; as a 
source of reference for workers on wool-wax and allied 
fields it should prove a Valuable asset. 

D. A. ‘Lewis 


MEASURE AND INTEGRAL 


Mass und Integral und ihre Algebraisierung 

Von Prof. C. Carathéodory. Herausgegeben von P. 
Finsler, A. Rosenthal und R. Steuerwald. (Lehr- 
bücher und Monographien aus dem Gebiete der 
Exakten Wissenschaften. Mathematische Reihe, 
Band 10.) Pp. 337. (Basel und Stuttgart: Birk- 
häuser Verlag, 1956.) 38.50 francs; 38.50 D.M. 


HIS is a charming book; all mathematicians 

must regret that it is the last we shall have from 
its distinguished author. For some twenty years, in 
æ series of papers, Carathéodory worked at the con- 
struction of a theory of measure which should start 
from the concept of a, set of objects for which Boolean 
addition, multiplication and complementation could 
be defined, and should proceed from there to a 
measure theory and a definition of the integral, the 
Boolean ring playing a part analogous to that of the 
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point. function. In. Tact, it Š ‘possible. to “trace the 
first steps of this.-programme ‘in his delightful 
“Vorlesungen uber reélle- Funktionen” (1918); to 
which those students who came, fresh to real variable 
theory: just after ithe First World War owe aproat 
debt -of gratitude. Fortunately, Carathéodory_ lived 
long enough to gather up into a systematic and self- 
contamed account the half-dozen or so papers in 
which he’ developed his programme, and this volume 
has all the clarity, elegance and power which we had 
come to, expect as a matter of course from his pen. 
The elegance is particularly shown m the chapter 
mtroducing the theory of measure, and the power is 
exhibited effectively m the chapter which deals with 
limit processes, convergence in the mean, and cul- 
minates in an admirable account, following H. R. 
Pitt, of G. D. Birkhoff’s ergodic theorem. . 

Although we may feel that this is a classic exposi- 
tion marking the close of an era, rather than the crude 
but stimulating signpost to unexplored domains, its 
urbanity and charm cannot be denied; no one 
save possibly de la Vallée Poussin has written so 
attractively about the real variable. 

T. A. A. BROADBENT 
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MARINE CREATURES 


Window in the Sea 
By Ralph Nading Hill. Pp. 240424 plates. 
don: Victor Gollancz, Ltd., 1956.) 18s. net. 


The Living Sea 
By John Crompton. Pp. 256. (London: William 
Collins, Sons and Co., Ltd., 1957.) 15s. net. 


Creatures of the Deep Sea 

By Klaus Günther and Kurt Deckert. 
by E. W. Dickes.) Pp. 222. 
and Unwin, Ltd., 1956.) 


Adventuring with Beebe 

Selections from the writings of William Beebe. 
Dr. William Beebe. Pp. xii+284+8 plates. 
don: The Bodley Head, 1956.) 18s. net. 


The World of Water 

By Dr. J. Gordon Cook. (Science for Everyman.) 
Pp. 192+8 plates. ~(London: George G. Harrap 
and Co., Ltd., 1956.) 12s. 6d. net. 


AR from-causing a decline in reading, as was once 

„predicted, ıt is now becoming evident that 
television has led to a greatly increased sale of books 
dealing with topics which have proved popular on the 
sereen. This is perhaps most evident in archeology, 
but it ıs becoming noticeable in other fields too. 
The growing sport of undersea, swimming has rein- 
forced the demand for books about sea life, the pub- 
lication. of which has received a further fillip from the 
film and television successes of Hans Hass and Jacques 
Cousteau. We cannot blame the publishers for trying 
to satisfy this demand, but we can blame them for 
publishing books seemingly written in haste merely 
to profit from this fashion. The past twelve months 
have seen the publication of several excellent works 
on sea life, but of the five here reviewed only one is 
really to be recommended. ‘Window in the Seg’, 
& description of the genesis and functioning of the 
‘Oceanarium’ in Florida, is clearly intended as an 
extended piece of journalism, written by someone 
well versed in his craft, and as such succeeds admir- 
ably. To the marine biologist it affords tantalizing 
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glimpses of the functioning of this overgrown, aquar- 
ium, and it has a few minor errors of fact, but I found 
it of absorbing interest. The prose has a coinpulsive 
quality, the construction is as tightly woven as & 
good detective story and the subject is, of. both 
popular and scientific interest. 

“The Living Sea” is a more potas ‘piece of 
writing, in essence again a piece of journalism, but 
disguised. I receive the impression that Mr. Crompton 
has hurriedly read up marine biology in order to write a 
book on a subject which will sell. Mistakes of fact 
abound; for many pages together not one may be 
found free of error. That an author should attempt 
a book on sea life without knowing or ‘finding out 
what is meant by ‘plankton’ is truly astounding. 
“The Living Sea” is illustrated by twenty-four unin- 
formative, badly executed line drawings, nearly half 
of which deal with land animals. By contrast, 
“Creatures of the Deep Sea” is copiously illustrated, 
entirely by well-conceived and executed line drawings. 
It is, however, apparent that these are the same blocks, 
now well worn, that were used for the original’ 
German edition seven years ago. Perhaps -the 
economy is justified in a lower price, but the drawings- 
deserve better printing. Indeed, the chief merit of 
this English edition lies m the drawings, but any 
student with access to & library copy would ‘be well 
advised to use the origmal German edition, printed 
before the blocks were so-worn. For a work so 
evidently intended for students this book is thoroughly - 
out of date. If it had been written for the general 
reader this would not matter so much, but even in 
1950 it was a trifle behind the times. The seven 
years which have elapsed before the appearance òf the 
translation have seen the publication of enough of the 
results of the Galathea and Albatross deep-sea, expedi- 
tions to revolutionize cur knowledge of this field. 
The publishers are at fault in commissioning this 
translation, which is moreover little more, in places, 
than a transliteration: some of the sentences even 
have the verb at the end, and one is conscious through- 
out of the Germanic construction. Mr. Dickes 
evidently is no marine biologist ; he does not know 
the English names of fishes or of fishing gear, however 
well he may know the German. Teufelfisch and 
devilfish, for example, are by no means the same 
thing: they are not even in the same phylum. Nor 
is a trawl a townet. The book provides a reasonable 
summary (provided we take heed only of the scientific 
names) of our knowledge of deep-sea fish as it was 
ten ‘years ago. It is much less good on invertebrate 
groups, which are, of course, of the greater importance 
in the economy of the extreme depths. As a picture 
gallery of biological curiosities it does fulfil a useful 
function. 

The same cannot be said of “Adventuring with 
which consists of isolated’ chapters re- 
printed from earlier books by Dr. Beebe. I cannot 
believe that Dr. Beebe supervized the publication of 
this hotch-potch. It is pleasant tọ meet again his 
elegant if sometimes over-fanciful prose, but’ the 
sudden jumps from subject to subject, with missing’ 
antecedents, are disconcerting. <A re-issue of “Half 
a Mile Down”, the account of his bathysphere 
descents, would have been acceptable, but these 
extracts are not. Nonesuch Island loses its fascina- 
tion when treated in this cavalier manner. This is a 
book published to profit from a passing fashion. 

“The World of Water” is free from this taint. It is 
one of a series designed to inform the general reader on 
scientific topics of se day. Itis badly produced and 
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the title page ıs one of the worst examples of typo- 
graphy I have seen for many years. Yet where ho is 
writing on subjects which he knows, Dr. Cook is 
readably informative. His prose style is incisive 
(unlike the type face) and runs smoothly. But he is an 
industrial chemist ; and to him water is a chemical 
substance and the raw material, m varying degrees of 
purity, of many chemical, engineering and industrial 
processes. It is an unfortunate accident that certain 
uninteresting creatures live in this otherwise cleanly 
compound, and so Dr. Cook sets manfully about 
describing them. In three very brief chapters he 
dismisses aquatic life, chiefly in disconnected para- 
graphs of one sentence apiece. He has culled his 
facts from the text-books and served them out half- 
digested and very condensed on to the page. Facts 
treated like this have a regrettable habit of ending 
no longer as facts, or at best as quite unintelligible. 
Dr. Cook should stick to departments of science where 


his digestion works better. In his own field he writes: 


_ well and clearly. These three chapters aside, “The 
World of Water” probably fulfils its aim of informing 
the general reader. D. B. CARLISLE 


LINNAEUS AND THE ANIMAL 
KINGDOM 


’ Caroli Linnaei Systema Naturae 

Tomus 1: Regnum Animale. (A. Photographic Fac- 
simile of the First Volume of the Tenth Edition 
(1758) .) Pp. v+824 (London: British Museum 
(Natural History), 1956.) 42s. 


Ta publication by the Trustees of the British 
Museum (Natural History) of a fresh facsimile 
edition of the tenth edition of the “Systema Naturae” 
of Linnaeus—the volume in which Linnaeus dealt 
with the animal kingdom—meets a real need, copies 
of this essential work having become increasingly 
difficult to obtain. : 
In many fields a work which, in its day, was of 
importance by reason of the novelty of the ideas put 
forward or of the techniques adopted for the mar- 
shalling and presentation of existing knowledge, it 
outwears in time its practical‘ utility until at last it 
becomes little more than an interesting landmark in 
the history of the subject. This, however, cannot 
happen in the case of works concerned with systematic 
zoology, owing to the fundamental part played by 
nomenclature in this field. That this should be so is 
due to two causes. First, it was in this volume that 
Linnaeus introduced the binommal system of nomen- 
clature, which distinguishes it from any previous 
work in the field of descriptive zoology. It is for 
this reason that the present International Code 
provides (Article 26) that the publication of this 
volume in 1758 is to be treated as the starting point 
of zoological nomenclature. Second, the Code 
enshrines (Article 25) the principle orgmally pro- 
pounded by Linnaeus for the naming of plants but 
later extended by him to the naming of animals that, 
other things being equal, the oldest name for any 
taxon is its vald name. Systematic zoology is thus 
to a considerable extent a historical subject, the 
specialist constantly finding it necessary in the course 
of lus strictly zoological work to refer back to the 
published literature. For these reasons the tenth 
edition of the “Systema Naturae” is a basic sourcee 
book, for the 312 generic and 4,300 specific names 
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employed by Linnaeus in this volume are the oldest 
available names for the taxa concerned, and, save im 
a few special cases, are the valid names for those 
taxa and are accordingly to-day in universal use. 
Notwithstanding the importance of the “Systema 
Naturae” of 1758 from the foregoing point of view, 
it might be thought that almost the last drop oñ 
value had been squeezed out of that famous work by 
the zoologists of the past two centuries; but this is 
not so, for the development long after Linnaeus’s day 
of the subspecies concept necessitated a detailed 
re-examination of the original descriptions of all the 
older-described polytypic species in order to determine 
which of the known subspecies should be accepted 
as the nominate subspecies. Until recently, such 
studies presented serious difficulties, but these have 
been greatly eased by the provision by the Four- 
teenth International Congress of Zoology, Copen- 
hagen, 1953, of rules both for the designation of 
lectotypes for nominal species established without 
holotypes and for the designation of ‘restricted 
localities’ for such species. These decisions call for a 
detailed re-study of the tenth edition of the “Systema 
Naturas”, and from this point of view alone the pub- 
lication’ of a facsimile edition at a moderate price is 
particularly opportune. Fundamental in importance 
as is the tenth edition, the twelfth and thirteenth 
editions are almost equally essential to the working 
systematist, and both are now costly and difficult 
to obtain. The twelfth edition was regarded by 
Linnaeus as crowning his work in systematic zoology, 
while the thirteenth edition, edited by J. F. Gmelin 
after the death of Linnaeus, contained many im- 
portant additions to his published work. 
Zoologists are greatly mdebted to the Trustees 
of the British Museum for publishing the present 
facsumile, and they would be even more indebted 
if the Trustees could see ther way to treat the 
present as being the first instalment of a series of such 
editions of basic historical works on systematic 
zoology. Francis HEMMING 


MODERN TECHNIQUES OF 
BLOOD TRANSFUSION 


Blood Transfusion in Clinical Medicine 

By P. L. Mollison. Second edition. Pp. xxvi+587. 
(Oxford: Blackwell Scientific Publications, 1956.) 
45s. net. 

N preparing this new edition, Dr. Mollison has 

skilfully sifted the volummous literature of the 
past five years and has incorporated every significant 
advance in the clinical practice of blood transfusion, 
blood group serology and laboratory technique. As 
Dr. Mollison states, “just what is relevant to the 
subject of Blood Transfusion must necessarily depend 
to a great extent on the knowledge and interests of 
those who practise it”, but those who are unfamiliar 
with the first edition will find that the authors 
interests and knowledge of his subject are such that 
this book contains sound and clear guidance on every 
problem which clinicians or pathologists may en- 
counter in blood transfusion. 

Many of the advances in knowledge have come from 
the Blood Transfusion Research Unit at the Postgrad- 
uate Medical School of London, of which Dr. Mollison 
is director, in developing procedures such as the 
measurement of the survival of red cells in vive by the 
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technique of labelling with radioactive chromium and 

whe preservation of red cells for mdefinite periods in 
whe frozen state. Authoritative and up-to-date 
accounts are included, therefore, of these new tech- 
aiques. Other new sections cover the effect of purine 
nucleosides on blood storage, hypo-gammaglobulin- 
emia, transfusion ın injured patients, plasma sub- 
stitutes, auto-antibodies in acquired hemolytic 
anemia, patterns of destruction of mcompatible red 
cells, and citrate and potassium toxicity. The chap- 
ters on the blood of new-born infants and hemolytic 
disease of the new-born will be of particular interest 
and value to pediatricians, and detailed accounts are 
given of ABO hemolytic disease and of the tech- 
niques of simple and exchange transfusion. The book 
concludes with a comprehensive and up-to-date list 
of references extending to forty-nine pages. 

This second edition will enhance still further the 
reputation established by the first edition in 1951 
and can be strongly recommended as an essential 
work for clinicians, pathologists and research 
graduates concerned with blood groupmg and blood 
transfusion. It is too detailed and advanced for 
general use by undergraduates, but these also would 
obtain much vital information from a study of those 
sections concerned with clinical aspects, such as 
transfusion in hemorrhage, anzmia and disorders of 
blood clotting, and the ill-effects of transfusion. 

G. H. Tovey 


NUCLEAR SCIENCE - 


Annual Review of Nuclear Science 

Edited by James G. Beckerley, in association with 
Martin D. Kamen and Leonard I. Schiff. Vol. 6. 
Pp. viii+471. (Palo Alto, Calif.: Annual Reviews, 
Inc., 1956.) 7 dollars. 


HIS latest volume of the series maintains the 

high standard of the preceding ones. Thirteen 
review articles by experts in the fields range from 
cosmic rays to radiobiology. For the non-specialist 
about half the articles may prove heavy going. These 
are usually the articles where the authors attempt to 
review exhaustively all the literature of the past year 
or two. The reviews which attempt to see a problem 
whole, and to assess our present knowledge of it, are 
much more satisfactory. 

The present state of our knowledge of time varia- 
tions of primary cosmic rays is summarized by 
Sarabhai and Nerurkar. This is a most interesting 
branch of cosmic-ray studies because of its possible 
connexion with the origin of the cosmic rays—still 
one of the outstanding astrophysical puzzles. Polar- 
ization of fast nucleons, by Wolfenstein, reviews the 
theory and illustrates this with the experimental 
data recently assembled for nucleon energies between 
100 and 400 MeV. Coulomb excitation of heavy 
nuclei by relatively low-energy charged particles has 
been one of the really new advances in low-energy 
nuclear physics. This field is summarized by Heyden- 
burg and Temmer, who have contrmbuted so largely 
to the experimental work on this subject. The 
properties of medium weight nuclei between neutron 
numbers 22 and 90 are reviewed by Way, Kundu, 
McGinnis and van Lieshout. This is the group under 
Dr. Way whose tireless efforts at compiling nuclear 
data keep every nuclear physicist in her debt. The 

“range of nuclei they discuss is that interesting region 
where the nuclei are too heavy to be simple structures 
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and too light to act m a simple way collectively. 
The isotope shift m atomic spectra is discussed 
briefly by Mack and Arroe and the method of ex- 
tractmg nuclear masses from reaction data is 
described by Mattauch, Waldmann, Bieri and Ever- 
ling. A technical article on recent advances in lowe 
level counting by Anderson and Hayes describes in 
particular the large liquid scintillator systems devised 
to detect the neutrino, For the chemists the concept 
of generalized acidity in radiochemical separations 
has become of great importance in connexion with 
the atomic energy field. This subject is reviewed by 
Horne, Coryell and Goldring. How oxygen isotopes 
can, be used. as tracers in chemical studies is described 
by Taube. Reactor physicists will be most interested 
in a review of the crucial field of radiation effects in 
solids by Brooks and m a compilation of the nuclear 
reactors bemg built or thought of throughout the 
world for power generation. The latter article by 
Davidson, Loeb and Young treats some twenty-seven 
types in some detail but may well be out of date 
even now. Two radiohiology articles complete the 
volume: cellular radiobiology by Gray, and verte- 
brate radiobiology by. O’Brien. Radiobiology is 
undoubtedly a subject in which all scientists need to 
be better informed. E. B. Paon 


LIVER-FLUKE SNAILS IN BRITAIN 


Liver-Fluke Snails in Britain 
«By Dr. Alan Mozley. Pp. xii+55. 
Lewis and Co., Ltd., 1957.) 9s. net. 


O those already familiar with Dr. Mozley’s other 

books ın this series the present volume will need 
little introduction or explanation. The book 1s 
concerned with the location, identification and control 
of Lymnaea truncatula in Britain. The author de- 
scribes several walks through unidentified areas of 
England, Scotland and Wales during the course of 
which an account is given of the sites in which the 
snails are found. In his preface Dr. Mozley states 
that the book is intendad for veterinarians, advisers 
and farmers. He follows this by a statement of the 
admirable principle that neither scientists nor 
technologists should feel it undignified to write in 
ordinary language. Unfortunately, Dr. Mozley has 
gone to the opposite extreme and fallen into the trap 
of ‘talking down’ to his readers. 

The remarks on identification of the snails suggest 
that there is no possibility of confusion with other 
species, but unfortunataly this ıs not the case, and 
in view of this fact it is a pity that the instructions 
relating to the preservation of specimens for identifica- 
tion do not include some slementary information on the 
fixation of material for anatomical examination by 
experts. Some of the half-tone illustrations of 
habitats are reasonably good, since such sites are 
notoriously difficult subjects for black-and-white 
photography. = 

I find it difficult to share Dr. Mozley’s optimistic 
outlook on the ease with which snail eradication will 
be achieved. There ic no doubt that the sites he 
describes as centres of snail development are the most 
important from the aspect of fluke transmission, but 
there is little doubt thai there is a usually undetected 
reservoir snail population from which these foci will 
rapidly be repopulated. under suitable conditions. 

C. A. WRIGHT 
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The Theory of Games-and Linear Programming 

By S. Vajda. Pp. 106, with 14 diagrams. (New 
York: John Wiley and Sons, Inc.; London: 
Methuen and Co., Ltd., 1956.) 8s. 6d. net. 


‘HIS book provides a useful introduction to linear 

programming and. to the terminology and basic 
concepts of games theory for those who have a 
reasonable knowledge of matrix algebra, and analytical 
linear geometry. Newcomers to these subjects should 
find the text and mathematics easy to follow despite 
a cumbersome use of subscripts intended to provide a 
generality that is not needed. Chapters 1 and 4 in 
particular give a sound outhne of games theory and 
linear programmmeg, respectrvely, with a minimum 
of mathematics. 

Linear progrémming ıs treated in a straightforward 
' and commendable manner. The common problems 
that occur (for example, degeneracy) are discussed in 
some, detail and four methods of calculating the 
solution of a linear programming problem are given 
—the simplex and dual simplex methods, the method 
of leading variables proposed by E. M. L. Beale and 
an ‘inverse matrix method’, apparently Dr. Vajda’s 
own invention. 

The theory of games receives scant treatment by 
comparison. Only one type of game is discussed— 
the two-person zero-sum game—and that is employed 
mamly to provide examples of a use to which linear 
programming methods may be put. Little mention 
is made of other types of game. Two proofs of the 
minumex theorem are meluded ; one being the proof 
given by von Neumann.* Numerous simple numerical 
examples are given to illustrate the text. Discussion o 
of the practical applications of lmear programming 
is necessarily restricted by’ the size of the book. The 
references given at the back of the book provide a 
useful basis for further study. P. R. Fisk 


Inorganic Qualitative Analysis 

Semi-Micro Methods. By H. Holness. Second edition. 
Pp. vii+152. (London: Sir Isaac Pitman and Sons, 
Lid., 1956.) 12s. 6d. 


HE author of this little book i is well known as an 

enthusiast on’ his subject, and this volume is 
based on long experience with students and their 
difficulties. It describes the equipment necessary for 
students working up to a pass degree standard and, 
as economy has been kept m view in the selection and 
design of the apparatus, it should have a wide appeal 
to school science teachers. In fact, I have reason to 
know’ that many schools already use the apparatus 
and methods herein described. 

It is sometimes urged, usually by people who have 
not studied this type of approach, that semi-micro- 
methods tend to destroy the didactic value of a 
systematic course of analysis and to replace it by a 
series of more or less selective ‘spot’ tests. This book 
should dispel that idea, for the analytical scheme is 
essentially the time-hallowed Fresenius group scheme 
with certain distinct improvements, many of them 
due to the author. The*methods of separation and the 
confirmatory tests are clearly described, and there is 
a wealth of helpful advice on many points which are 
apt to puzzle students. The technique is such as to 
instil the necessity for clean and careful working, and 
the author claims—and rightly—that large classes 
can carry out their work with a mininium of smell and 
personal movement.: The book is well produced on 
good paper and appears to be free from misprints. 

A. D. MITOHELL 
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"Hydiadymania 

By Hugh L. Dryden, Francis D. Murnaghan and 
'H. Bateman. Pp. ii+634. -(New York: Dover Publi- 
cations, Inc., 1956.) 2.50 dollars, paper bound. 


HIS book was originally published by the United 
States National Research Council in 1934. Ib is 
in four parts. The first and shortest part, by all three 
authors, deals with the basic physics of fluids and 
classical hydrodynamics. The formule for diver- 
gence, etc., are derived, but the major part is an 
account of the types of flow to which classical perfect 
fluid and viscous fluid theories apply. The rest of the 
book is all by H. Bateman. The second part is on the 
motion of an incompressible viscous fluid, the third 
on turbulent flow and the last on compressible fluids. 
It is not a book for beginners in hydrodynamics but 
an excellent one for reference to many special types of 
fow. The emphasis is on application to hydraulics 
and aerodynamics. It is not geophysical ; tidal waves 
are not mentioned. It contains the initial stages of 
the statistical theory of turbulence. The biblio- 
graphies are excellent and so are the subject- and 
author-indexes. The only illustrations are clear line 
drawings. The book is now, of course, out of date, 
but as a reference book in its field up to 1934 is a very 
useful addition to this excellent series of reprints which 
already includes the sixth (last) edition of Lamb’s 
“Hydrodynamics”. The only complaint is that the 
binding, which is stapled, is too tight so that the book 
must be forcibly held open. G. A. BUIL 


Symposium on Monte Carlo Methods, held at the 
University of Florida, March 16 and 17, 1954 
Edited by Herbert A. Meyer. (A Wiley Publication 
in Applied, Statistics.) Pp. xvi+382. (New York: 
John Wiley and Sons, Inc. ; London: Chapman and 

Hall, Ltd., 1956.) 60s. net. 


HE first symposia on Monte Carlo methods were 
held during 1949-50, when, m addition to the 
description of early successes, much time was spent 
on definitions. To-day, discussion of the definitional 
problem, as A. W. Marshall observes in his excellent 
mtroduction to the present volume, is largely beside 
the point. In the symposium under review we see 
the Monte Carlo method in its full vigour, accepted 
for a wide range of problems in statistics, physics, 
biology, game theory, engineering, and msurance. 
It is greatly significant of its extensive importance 
that wm the last paper we read of first-year students 
at Darmstadt’s Institut für Praktische Mathematik 
learning to estimate integrals by a Monte Carlo 
method immediately after having discovered what an 
integral is. 
The remaining eighteen papers are a stimulating 
but heterogeneous collection. The expert will find 
much of interest and the novice (for whom no book 
has yet been written on the foundations of Monte 
Carlo) may approach without fear: the introduction 
and' the paper by Curtiss (a detailed comparison of 
‘classical’ and Monte Carlo approaches to the solution 
of linear equations) expose the fundamental attriude 
of Monte Carlo with great clarity. In addition to the. 
applications already mentioned, there are papers on. 
the generation of random numbers, techniques of 
variance reduction, and a conditional sampling 
technique by means of which 1,000 random numbers 
do the-work usually designed for 5 million. The book 
ends with an extensive bibliography which includes 
- D. M. G. WISHART 
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NATURAL SELECTION IN ACTION IN EUCALYPTUS 


By Pror. H. N. BARBER and W. D. JACKSON 


University of Tasmania | 


: URING the past twenty years the genetical 
theory of natural selection has become the 
dominating theory of evolutionary mechanism. Its 
domimance is probably greater to-day than was that 
of Darwin’s own theory in the years before the anti- 
Darwinian revulsion of the late nineteenth century. 
The reasons for this are quate clear. Genetical theory 
has allowed us`to put on a quantitative basis the — 
processes of natural and artificial selection so that 
‘we can measure the coefficient of selection (or Dar- 
winian fitness) for any one member of an allelic series 
of genes with reference to a chosen standard allele. 
Basically the methods for measurement are of two 
kinds—the dynamic method in which changes of 
gene frequency over a number of generations are 
measured, and the static method where the con- 
ditions of selection determining a stable set of gene 
frequencies in a population are analysed. 

The dynamic methods have been successful in 
giving some estimate of coefficients of selection over 
periods of tens or hundreds of generations as in 
industrial melanism in moths, colour polymorphs in 
rabbits’, ete. They have also been successful over 
much shorter periods of time where ıt has been 
possible to demonstrate considerable regular and 
cycheal, for example, in Drosophila’, or irregular, for 
example, in the moth Panasiat, fluctuations from 
generation to generation m the magnitudes of selective 
coefficients. 

The static methods are of three main types. The 
first involves a study of conditions determining &® 
polymorphic equilibrium m a population under a 
more or less uniform environment. The condition 
for a stable equilibrium with two or more alleles 
inJ the population mvolves a heterotic effect, for 
example, inversions in Drosophila’, blood groups, 
hemoglobin types, etc., in human populations’. In 
these cases it is possible to measure the Darwinian 
fitnesses of both homozygotes against the’ hetero- 
zygote taken as standard. In the second static 
method the equilibrium involves a balance between 
the selective elimination of unfavourable genes and 
the production of the same gene by mutation. If we 
can measure the mutation-rate and the equihbrium 
frequency of the alleles, we can calculate the co- 
efficient of selection and vice versa. This method 

“has been apphed successfully to populations of flies 
and human bemgs*. The third static method involves 
the analysis of chnal change in gene frequency. It 
has been used in populations of clovers, eucalypts, 
snails and mammals’. The cline may be determined 
either by a gradual change in selective coefficients 
along an ecological gradient or by random migration 
of genes in gamete or zygote across a sharp ecological 
barrier or by both factors combined. Clinal changes 
in gene frequency may have to be considered over 
distances of yards as in the snails, hundreds of yards 
as in the eucalypts or hundreds of miles as in the 
clovers, fruit flies and human beings. 

In many populations it ıs possible to apply a 
variety of these methods in the estimation of co- 


efficients of selection. Where one of the static 
methods shows large selective coefficients, transplant 
experments or the population cage can be used to 
measure the coefficient of selection dynamucally. The 
classical example is the work on the heterotic inver- 
sions of Drosophila pseudo-obscura ; but the detailed 
medical mvestigation of the varying chances of 
disease among the different blood groups and hæmo- 
globin types is another basically similar approach. 

Clinal analysis of glaucousness in several of the 
Tasmanian species of eucalypt has indicated very 
high selective coefficients for the genes controlling 
this characteristic®. The non-glaucous (green) pheno- 
types are characteristic of the more sheltered eco- 
logical habitats, the glaucous phenotypes becommg 
more frequent the mare exposed the environment. 
Thus in species lıke E. gigantea, pauciflora, salicifolia, 
gunnii, urngera, etc., the populations at the lower 
altitudinal range are usually uniformly green, while 
at the upper altitudinal limit they are uniformly 
glaucous. The change may be complete over an 
altitude of 400-500 ft. (4-1 mile m ground distance). 
This means that the genes controllmg glaucousness 
are, from an evolutionary point of view, lethal in the 
sheltered habitats but essential to survival in the 
exposed. So far as is known, these clines are m 
equilibrium with the present environment. Nothmg 
is known about the rave of their establishment from 
a uniform mixed population. However, this spec- 
tacular and delicate response to selection has made 
it seem likely that a direct measure of the selective 
coefficients per generation by one of the dynamic 
methods would be worth while. 

There are two ways of approach, both of which 
are being tried on populations of E. urnigera from 
Mount Wellington (Hobart). The first is the trans- 
plant method. Twelve progenies from mothers of 
known phenotype and altitude have been planted in 
two latin squares for studies of growth- and survival- 
rates. It will be several years before results are 
available. Half the mothers used were segregating 
both green and glaucous seedlings, so ıt will be 
possible to test any differences in growth-rate or 
survival between seedlings of the one progeny and 
between different progenies. It 1s hoped to use 
several different habrtats for experiments of this 
nature. 

The second approach has given immediate results. 
There is little direct evidence on the mating system 
operating m eucalypt forests. Marler workers have 
usually assumed predominant selfing. However, the 
pronounced protandry m many species and the 
genetic segregation observable in seedlings from the 
one mother point to out-breedng. The known 
pollinators include many strong-flymg insects and 
birds such as honey-eaters and parrots. H. urnigera 
flowers in the late autumn. Its flowers, with their 
ureeolate receptacle which may overfiow with the 
copious nectar, are often visited by flocks of birds. 
Thus, the mean free path of a pollen grain may be 
considerable compared with the inter-quartile dis- 
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Fig. 1. Clinal variation in glaucousness in Eucalyptus urnigera, 
Mount Wellington, Tasmania 


tance of the cline (about 100~200 ft. in altitude). 
Under these conditions a direct demonstration of 
natural selection in action appeared to be possible. 

The plan adopted was simply to measure the 
frequency of green and glaucous trees in the adult 
forest and also in seedlings raised in the experimental 
garden from open-pollinated mothers from known 
altitudes. The sampling procedure adopted for seed- 
collection was to cover the whole altitudinal range of 
the species from 1,900 to 3,500 ft. Sixty-seven 
mothers were chosen at intervals of 20-50 ft. From 
each mother, fifty seedlings were pricked out into 
tubes and grown for six months until scoring was 
possible. Survival-rate and germination of seed 
varies considerably between mothers, but at the time 
of scoring 2,955 seedlings were available (an average 
of 44-1 per mother; minimum 20, maximum 60). 
The results are given graphically in Fig. 1. It will 
be seen that of the 28 green mothers 12 segregate 
glaucous seedlings, while of the 39 glaucous mothers 
17 segregate green seedlings. This is strong evidence 
of outcrossing. The only other explanation is a 
strong heterotic system based on multiple dominant 
inhibitors of glaucousness at low altitudes and 
multiple recessive greens at high altitudes. This 
seems unlikely. It is hoped to study the inheritance 
of glaucousness in more detail. Dominant or incom- 
_ pletely dominant glaucousness is known in several 

species or species crosses. Recessive glaucousness has 
not been reported. 

Whatever the precise details of inhertance of 
glaucousness, Fig. 1 shows immediately natural 
selection in action. The eline in seedling frequencies 
is less steep with longer tails at top and bottom than 
is the cline for adults. If the adult cline is in equi- 
librium, this means that we must postulate that at 
the bottom- of the cline glaucous seedlings are 
eliminated by natural selection as the forest matures, 
and at the top end green seedlings are eliminated. 
In other words, the selective coefficients per 
generation show almost the maximum possible 
change in value over. less than 1,500 ft. change in 
altitude. 

The raising of these sixty-seven progenies in the 
uniform environment of the garden has proved that 
several gene differences controlling glaucousness are 
segregating along the cline. Progenies and seedlings 
within the one progeny may differ in both intensity 
‘and pattern of glaucousness. Intensity is usually 
highest in the half-expanded leaves of all types. In 
some seedlings the wax rapidly fades as the leaves 
mature, while in others it persists on mature leaves, 
probably because the adult leaves continue to secrete 
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the wax. Scormg of these variations is difficult, bu 
it is clear that clines in the genes controlling intensity 
and pattern are present, intensity and spread o 
glaucousness increasing with increasing altitude. 

There were several other variable characteristics iz 
the seedlings. Some of these show indication o 
clinal change. In adult trees the leaves change fron 
long falcate in the lower populations to blunt oblon; 
in the upper forests. Transplant experiments havı 
shown that this difference is heritable. The seedlin; 
leaves were scored for shape as measured by length 
breadth ratio and apex shape (pointed or blunt) 
The data on length/breadth ratio have not beer 
fully analysed ; but there are strong indications of : 
change in apex shape from pointed to blunt as th 
altitude of collection mereases. However, at thi 
stage of growth variability is large. Similarly, the 
seedlings vary in degree of smoothness of the stem 
From 1,800 to 2,800 ft. there is little change m thi: 
characteristic, the percentage smooth-stemmed seed 
lings remaining at about 20. But above 3,000 ft. thi 
proportion rises to 50 per cent. Variability withir 
and between progenies is still high. There is ar 
indication of a third clinal variability affecting 
pattern of growth. During the first winter, thi 
seedlings from the parents at high altitudes tendec 
to go mto dormancy earlier than those from low 
altitudes. No detailed scoring of this characteristic 
has been made. It is hoped to follow all thes 
characteristics in older seedlings to check these 
findings. But there appears little doubt that the 
response to selection in this species involves cor. 
related changes in leaf colour, leaf shape, stem surface 
and timing of growth, the response in leaf shape anc 
stem surface being controlled by lower selective 
forces operating on the genes concerned. 

The results of this study of natural selection agree 
with those of many other recent investigations’ ir 
showing the existence in Nature of selective co. 
efficients of a high magnitude (5-100 per -cent 
affecting genes controlling a wide variety of appar 
ently trivial characteristics. The selective coefficients 
show great changes in value with change of habitat 
Our investigations add the fact that correlatec 


, responses in several different characteristics can be 


built up by natural selection acting along the onc 
ecological gradient. 

The significance of these observations is generally 
unappreciated. Natural evolutionary processes are 
usually discussed against the background of smal 
differences in selective coefficients. Thus Wright 
states: “It is probable that most of the mutation: 
which are important in evolution have much smalle: 
selection-coefiicients than it is practicable to demon 
strate in the laboratory”. The main reason for this 
belief is the knowledge that evolutionary processes 
have had the whole of geological time to do thei 
work of creating the diversity of the present fauns 
and flora. In this abundance of time, there is nc 
need. for large selective coefficients. This view over 
looks the widely fluctuating environments unde) 
which populations of almost all living organisms have 
had their being. The new knowledge of selective 
processes immediately raises two problems: How 
important are the fluctuations in selective forces ir 
long-term evolutionary processes, and what is the 
functional significance of the genes concerned ? 

As regards the first problem, it is clear that strong 
selection ttself, faf from bringing uniformity to & 
species population, can build up great genetic 
diversity, even in the face of considerable immigra- 
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tion of genes. Whether or not Wright's idea that 
local, partially isolated, populations of the one species 
provide the conditions for the most rapid evolution 
is true or not, selection itself will create genetic 
diversity in the local populations of different habitats 
or micro-habitats. Genetic ‘drift’ arising from 
statistical sampling accidents can have little power 
to ‘alter the outcome of these strong selective 
processes. 

A second point is that in a region of great ecological 
change we can expect simultaneous clinal variation 
in the frequencies of genes at a number of loci. 
Variability under the control of selection along an 
ecological gradient may reach a peak and decay on 
both sides of this peak. This situation would lead to 
the ‘loose association of variables’ which Andersont? 
considers to be.diagnostic of the ‘introgression’ of the 
germ plasm of one species into another by hybrid- 
ization and repeated back-crossing. If the environ- 
mental factors which are significant in selection vary 

< mosaically, a complex pattern of interlocking clines 
could be built up by selection alone. It would be 
| difficult if not impossible to decide whether ‘intro- 
= gression’ or selection had built up the ‘loose associa- 
ion of variables’ without the experimental measure- 
ment of selective coefficients. In none of the numerous 
cases now interpreted by introgression has this been 
attempted. It is probable that the data from such 
: ‘studies would often be better handled by the methods 
- of clinal analysis, for example, Woodson’s or Hall’s 
descriptions of variation in Asclepias and Juniperus, 
where the clines cover hundreds of miles, or Ander- 
son’s descriptions of Oxytropis, where the clines occur 
over a few hundred feet of altitude. 

It is, perhaps, worth considering a little further 
other general reasons for the popularity of ‘intro- 
_ gression’, They are two-fold. The first is the idea 

_that speciation always depends on a prior geographical 
_ separation of two or more populations. This view has 
been strongly advocated by Mayr. A necessary 
“-eorollary of this: view is that, where intergrading 

populations occur at the junction of two geographical 
“subspecies or species, hybridization has occurred. 
‘However, with the demonstration that the selective 
*eoefficients of a gene may change from lethality to 

essentiality for survival within the free path of a 
pollen grain, Mayr’s arguments may require re- 
examination. If our interpretation of the eucalypt 

clines is justified, it means that the green populations 
zat the lower altitude limit are suffering a net repro- 
_ ductive loss of 5-10 per cent through the immigration 
of pollen-grains carrying genes producing glaucous- 
néss, ‘The glaucous populations have a similar net 
“reproductive loss through immigration of pollen 
grains from the green populations. With these 
antense selective forces, it is possible to imagine, in 
a cline of long evolutionary standing, mechanisms 
which prevent these reproductive losses being 
gradually built up by natural selection. The easiest 
method would be the adoption of a system of in- 
breeding. Hence, perhaps, the origin of so many of 
the self-fértilizing plant species. But slight differences 
in reproductive physiology could be selected which 


‘still preserve outbreeding in the sub-populations: 


while increasingly preventing crossing between them. 
Mayr’s arguments fail because he has not envisaged 
` contiguous populations in one of which a gene may 
` be lethal but in the other essential to survival. Under 
this umbrella of intense selection, correlated adaptive 
changes in gene frequency must gradually build up, 
thus imereasing the chances of the origin of a genetic 
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sterility barrier leading to a simultaneous increase in 
the adaptive value of both populations. 

The second reason for the popularity of intro- 
gression arises from the nature of the changes in 
phenotype so often seer. in clines or ‘hybrid swarms’. 
The segregating differences seem so trivial—small 
changes in habit, in shape and colour of flower or 
fruit or leaves, etc. If we adopt. an explanation 
based on ‘introgression” the problem of the function 
of the segregating differences in phenotype can be 
forgotten. If, as we believe, it is possible to design 
experiments to show that many of these apparent 
‘introgressive’ phenomena are the consequences of ` 
intense selection, the problem of function of gene 
and character is thrust upon us. Too much of our 
thinking on these problems of function is still 
dominated by the anzi-Darwinian speculations of 
fifty years ago. 

Let us conclude by returning to a consideration of 
the function of the main. clinally. varying charac- 
teristic in the populations of Eucalyptus urnigera. It 
is possible that the layar of wax.is functionless, the 
cline being selected on the basis of some. pleiotropic 
gene-action, This is unlikely on general grounds? 
and it seems unlikely to be the case when several 
species show parallel ciines and also when there is 
such an accurate correlation of intensity and pattern. 
of wax deposition witk ecology. What advantages 
or disadvantages can possession of a waxy layer over 
leaf and stem give to a seedling or adult tree? The 
possibilities are legion. They include: (1) protection 
from too great a cuticular transpiration, particularly 
in young expanding leaves when the epidermal 
coverings cannot be fully developed ; (2) protection 
from too intense insolation; (3) alteration of the 
surface properties of the leaf. The glaucous leaves 
shed water rapidly, while green leaves may carry 4 
persistent film of water. Has this alteration in sur- 
face properties’ any significance from the point of 
view of frost injury, (t) insect attack, or even (5) 
collection of water from fog and mist? These are, 
of course, the sort of questions it was fashionable to 
ask in the heyday of Darwinism. Then it was 
impossible to design experiments to answer such 
questions and consequently consideration of such 
problems has become anfashionable. However, the 
progeny of a tree heterozygous for genes controlling 
a clinally varying characteristic seems an admirable 
population for experimonts designed to answer such 
questions on function of substance and structure. It 
is hoped to use some of the progenies for experiments 
of this nature and thus attempt to close one of the 
great gaps in evolutionary theory. Genetics has 
rewritten Darwin’s thecry of natural selection. ‘This 
genetical theory of nasural. ‘selection must now be 
used for interpreting ix physiological and ,ecological 
terms the adaptive values of gene substitutions. 

We wish to thank Miss M. Szokoloczi for help in 
scoring the progenies. 
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GROWTH AND THE BREAKING STRAINS OF CERTAIN 
NEEDLE CRYSTALS 


By J. E. GORDON 
Tube Investments Research Laboratories, Hinxton Hall, Cambridge 


YDROQULNONE, quinone, resorcinol, MgSO, 
i THO; NiSO,.7H,0 and ZnSO,.7H,O form long 


rapid 
strain, from the point of view not of a crystallo- 
grapher, but of a structural engineer. In general, 
hydroquinone and quinone were crystallized from 
water, resorcinol from water and from benzene and 
hexachlorbenzene from benzene and from chloroform. 
The three sulphates were crystallized by adding 
ethyl alcohol to their aqueous solutions. 

most numerous pieced psec were made upon 
hydroquinone. The gro ofn c of the 
a-form (hexagonal) can be watch a drop of 
the aqueous solution is allowed to evaporate upon a 
microscope slide in a warm room. If evaporation is 
too slow, the crystals may be predominantly y-hydro- 
quinone (monoclinic), which is of no interest for the 
present purpose. 

While there appears to be more than one mechan- 
ism by which such crystals can grow, that which will 
be described is often observed both in hydroquinone 
and in the other substances examined, with the 


barely visib 
which spread very 
many directions. 


a thickness of between 0-1 and 1-0p, being somewhat 
variable) seem to depend both upon the temperature 
and upon the supersaturation of the solution. When 

ization is slow and the solution is cool, the 
filaments are few and straight; if crystallization be 
rapid and if the solution be warmed a few degrees 
above room temperature, a mass of curved filaments 
resembling cotton wool is observed. In both cases 


individual filaments are often of great length, some- 


times extending to a centimetre or so. r 

In the next stage the thin filaments thicken by 
the spread of growth-layers which have often visible 
steps and which frequently, though not always, 
encircle the filament after the manner of a tube. 
Upon the whole, the straighter filaments thicken 
the more quickly ; but if crystallization is rapid, all 
the filaments, both bent and straight, will thicken. 
This stage of the process, for hydroquinone, is shown 
very clearly in Fig. 1, in which four crystals are 
shown in the process of thickening. In one of these 
the growth layer is too thin to be resolved in the 
photograph, in the other three the growth-layers are 
5-10 thick. 

As the bent crystals become thicker, they tend to 
straighten, and if they are prevented from doing so 
they can be seen to exert relatively considerable 






A P 

Fig. 1. Four curved filaments of hydroquinone being 

straightened b; nea pomer of various thicknesses. 
x 100. (Photograph by R. W. Gooding) 


In many hundreds of observations with hydro- 
quinone, only one reliable example of a ‘permanent 


w 


+7 7 

2 L P a 

Fig. 2. A hydroquinone crystal, has freed itself and 
“4 TAO et of coringing straint. x 680 
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Fig. 3. A bent hydroquinone filament is thickening rapidly and 

is about to break. Note growth step. After fracture the crystal 

became quite straight. er strain at failure 6-8 per 
cent. x ` 


set’ has yet been observed. Although more or less 
bent crystals are frequently seen when hydroquinone 
solution is evaporated on glass, when the adhesion 
to the glass is released (for example, by washing the 
crystals off with paraffin), they will always become 
sensibly straight. The strains observed in the crystals, 
even up to mechanical failure, are therefore elastic 
‘and can be estimated from the geometry of the 
curved crystals. If we assume equal Young’s 
moduli in tension and in compression the maximum 
tensile and compressive strains will both be e= ¢/ 2R, 
‘where ¢ is crystal thickness and R is mean radius of 
curvature. 

R can be assessed with fair accuracy ; ¢ is subject 
to the usual errors which accompany the observation 
of thin filaments in the optical microscope but has 
been checked in a few cases by an interference method. 
In the case of thin crystals, the strains reported are 
therefore approximate. (It is hoped to extend this 
work with the X-ray microscope.) 

Although fewer observations were made upon 
quinone, resorcinol, and magnesium, nickel and zinc 
sulphates, complete elastic recovery of crystals 
grown under strain is almost certainly the case ; 
and it is also probably true of urea, phenol and 
potassium permanganate (which are less convenient 
substances with which to work). 

It is possible to grow curved crystals of nearly all 
these substances until fracture occurs, and the 
method in fact constitutes a practical and fairly 
convenient technique for assessing the breaking 
strains. With fine needle crystals, two to four 
microns thick, the breaking strains observed were 

high, and at least of the order associated with the 
strongest metal whiskers. In the case of hydro- 
quinone, normally a very weak substance, breaking 
strains in the range of 6-8 per cent were frequently 
measured. Since growth occurs by the spread of 
sharp-fronted growth terraces (electron microscope 
photographs by J. W. Menter? indicate that growth- 
steps in phthalocyanine crystals may be sharp to a 
radius of a few molecules) and since the strains have 
been shown to be fully elastic, there must exist 
severe concentrations of stress at the growth-terrace 
re-entrant. As a result, the strains estimated from 
simple beam theory must be multiplied by a factor 
of from three to five and perhaps more at the point 
of growth. In other words, these crystals can grow 
in an apparently normal manner while subjected to 
strains in the region of 20-40 per cent. Although 
such strains are probably comparable with those 
associated with single edge dislocations, and although 
it would seem that the growth layer when spreading 
in the strained substrate has a strong inducement 
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to form edge dislocatoons, in fact in the crystals 
described the formatior of edge dislocations must be 
very rare, judging by the complete elastic recovery. 
Thus, for the crystals described, mechanical strain 
during growth is not an important factor in the 
formation of edge dislocations, and it is quite possible 
and indeed normal for sensibly perfect crystal layers 
to be laid down at what seem to be enormous strains. 

Such behaviour is not, however, universal, since 
hexachlorbenzene, whieh forms needle crystals by 
the thickening of filaments in a very similar manner 
to hydroquinone, behsves differently when grown 
under strain. When grown under strains up to 
roughly 0-5 per cent, the behaviour is in all respects 
similar to, say, hydrocuinone. However, a curved 
crystal allowed to thicken to such an extent as to 
exceed this strain loses most of its power of recovery 
and-must presumably grow with edge dislocations. 
It is therefore impossible to use the method of growing 
curved erystals to measure the breaking strain of 
hexachlorbenzene. Waen manipulated under the 
microscope, such crystals can be bent in a ductile 
manner and seem to have slip planes parallel to the 
length of the needle. 

For all the crystals -described, other than hexa- 
chlorbenzene, it seems probable that the needles 
formed in the early stages of crystallization, which 

have fully elastically up to very high strains, are 
sensibly perfect crystals analogous to metal whiskers. 
However, whereas whiskers seem to be a compara- 
tively rare form of metallic crystal produced only 
under rather special conditions, sensibly perfect 
crystals seem to be a normal, and perhaps an essential, 
stage in the growth of she crystals described. As to 
whether these needles grow by a screw dislocation 
mechanism, there is at present no reliable information. 

Additional evidence for the perfection of these 
thin crystals is that bert and highly strained needles 
of hydroquinone can be kept in air at room tempera- 
ture for several montas without deterioration, in 
spite of the fact that hydroquinone has an appreciable 
vapour pressure and wll generally sublime at room 
temperature. 

Although high breeking strength is generally 
retained up to crystal ciameters in the region of five 
microns, above this thicsness the c! are weaker, 
generally falling off to « negligible strength at about 
100 microns. Occasionslly, growing needles of 30-50 


Fig. 4. Hydroquinone crystal about 2u thick grown straight and 
afterwards bent mechanically to about 5 per cent strain. x 200 
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Fig. 5. Forking and inserpenetration of hydroquinone crystal. 


x 130. (Photograph by R. W. Gooding) 


° 
microns thick have been observed to break spon- 
taneously under no bending strain, an effect presum- 
ably produced by high internal stress. 

High strength is not of course confined exclusively 
to erystals which have been grown in the bent state. 
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Fig. 4 shows a hydroquinone crystal a few microns 
thick grown straight and afterwards bent to about 
5 per cent strain by mechanical manipulation in 
petroleum jelly. 

Not very much is known about the nature of the 
defects which weaken the thicker crystals. Since 
these crystals can be grown bent and will almost. 
always become fully straightened when released, it-is 
unlikely that the defects are of the nature of edge. 
dislocations. Films which have been taken of the: 
growth of the thicker crystals show that complicated 
forking and rejoining mechanisms such as that seen 
in Fig. 5 undoubtedly occur, but it is doubtful if 
these account for all the facts. It is not easy to 
postulate a growth mechanism by which substantial 
defects can be introduced without at the same time 
introducing the probability of a relief of strain energy 
which would result in a ‘permanent set’ in crystals 
grown while bent. 

This article is published by permission of the: 
Chairman of Tube Investments, Lid. 
1 Hardy, H. K., “Progress in Metal Physics’, 6, 45 (1956). 

*Menter, J. W., Proc. Roy. Soc., A, 23@, 119 (1956). 


SUB-MICROSCOPIC ORGANIZATION AND FUNCTION 
OF NERVE CELLS 


N international symposium on “The Fine 
Structure of the Nervous System” was held in 

the Venezuelan Institute for Neurology and Brain 
Research during March, under the auspices of the 
International Society for Cell Biology. The pro- 
ceedings will be published as a supplement to 
Experimental Cell Research. The papers were drawn 
from the -fields of electro-physiology, electron miero- 
scopy, chemistry and histochemistry. Spectroscopy 
and flame photometry also figured in the programme. 
Inspection of the Institute during the Symposium 
showed it to be the best equipped in the world for 
the application of physical techniques to the study 
of biological problems. Probably the most intriguing 
new technique demonstrated was that of nuclear 
magnetic resonance and its application to the 
measurement of rapid changes in the water content 
of untreated intact nerve. Nuclear magnetic reson- 
ance is a form of spectrometry, and it provides 
a new technique for the study of magnetic and para- 
magnetic properties of elements. The method depends 
upon the principle of precessing the elementary 
magnetic moments of atomic nuclei in a homogeneous 
field and then causing transitions between the various 


quantum states by the application of radio-frequency 


magnetic fields. A proton magnetic resonance signal 
is then produced and can be recorded: from it the 
water content of the tissue can be determined. The. 
principle has many applications apart from the 
estimation of water, and ultimately it should be 
possible to determine free radicals and the content of 
a variety of chemical. compounds including ribo- 
nucleic acid in nerve and other tissues. This technique 
is at present being applied to neuro-biological studies 
only at the Venezuelan Institute for Neurology and 
Brain Research. Physicists may know that the tech- 
nique of nuclear magnetic resonance is to be used, in 
conjunction with the Earth satellite to be released 


later in the year, to measure the Earth’s magnetic 
field at great altitudes. ER 
The papers at the symposium fell into four | 
groups: on the nerve fibres, the nerve eell membrane, _ 
the neuron, and the receptors. The papers presented « 
in the first of these groups centred around the theme . 
of axon-satellite cell relationships, and this naturally 
included the structure of the myelin sheath. Dr. 
Herbert Gasser was concerned particularly with the 
structure of unmedullated nerves. He established as.: 
a general principle that non-medullated fibres run ins: 
and are supported by, the Schwann sheaths of medul-._ 
lated fibres in mixed nerves. Dr. Gasser pointed out 
that the sustentacular cells and basal cells of the 
olfactory mucosa behave like Schwarm cells. in. this. 
aspect, and he demonstrated a very intimate relation .. 
between the basal cells and the axon cf the olfactory 
cell passing between them. This led naturally to the: 
consideration of the relationship between. satellite 
cells and the myelin sheath of medullated nerves. 
Dr. F. O. Schmitt dealt with the recent suggestion, ` 
based on experimental observations. on neurogenesis 
in tissue culture, that the satellite cell wraps in spiral 
fashion around the axon, thus producing alternate 
layers of phospholipid. and protein- (the jelly-roll. 
theory); and Dr. Fernandez Moran’s beautiful high- 
resolution electron micrographs demonstrated that the 
laminz of the myelin sheath which he had previously 
described could indeed be traced in a spiral pattern. 
Dr. Moran also demonstrated that if merve is centri- 
fuged at 200,000 g for twenty-four hours with its axis 


‘radially arranged, the axonal material is centrifuged 


into a drop. By this means pure axon material can 
be obtained for investigation. Under such treatments 
the lamination of the myelin sheaths is well preserved. 
The myelin sheath was the subject of X-ray diffrac- 
tion studies by Dr. J. B. Finean, and he showed that 
& distinction must. be made between myelin of peri- 
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pheral nerves and myelin of central origin. He also 
demonstrated differences due to dehydration and em- 
bedding with methacrylate as compared with gelatin. 

Prof. A. von Muralt showed that during excitation 
of nerve, bound thiamine is liberated as free thiamine 
and that this is split very rapidly into at least two 

- substances, X, and X., which are resynthesized into 
thiamine during recovery if energy from glycolysis 
is available. These thiamine transitions are closely 
connected with the sodium transport system, and Dr. 
P. Mueller, by burnmg a stimulated nerve fibre in a 
flame photometer, demonstrated’ an appreciable gain 
in sodium, and that this was equal to the loss of 
potassium which also occurred. He found that 10 per 
cent of the potassium in nerve cannot be exchanged 
in this way. It is of interest that Dr. Lorente de Nó 
found that sodium ions are not necessary in the 
external medium of nerve fibres for the conduction 
of action potentials, but that on the other hand the 
action potential is directly related to the amount of 
sodium inside the nerve fibre. He also demonstrated. 
that a number of onium ions can be substituted for 
sodium and can restore the ability to conduct 1m- 
pulses in the sodium-deficient frog. His results 
indicate that-local anzsthesia is due to competitive 
inhibitions of chemical reactions which require the 
presence of sodium inside the nerve fibre. 

Dr. ©. Q. Bernhard showed in model experiments 
with cats and monkeys that corresponding doses of 
local anesthetics selectively block the ephaptic type 
of neuron interaction, and thet small intravenous 
doses of local anzsthetics thus reduce the ephaptio 
motorgensory fibre transmission at the injured region 
of peripheral nerve. Dr. J. Folch Pi directed atten- 
tion to the fact that nervous tissue contains ionic 
lipids, for example, phosphatidyl serine, diphosphine 
inositide and cerebron sulphuric acid. Whether such 
lipids are related to the ionic balance in nervous 
tissue has yet to be discovered. 

Dr. G. H. Bourne pointed out that a number of 
phosphatases are concentrated along the membranes 
of the dendrites of the pyramidal cells in the cerebral 
cortex and that these and otħer cells and their pro- 
cesses appear to be embedded in phosphatase-rich 
tissue. Attention was also directed to the fact that 
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the bøsal cells of the olfactory epithelium, with wbich ` 


the axons of the olfactory cells enter into intimate 
contact, show extremely high phosphatase activity. 
In a review of modern theories of ion transport in 
membranes, Dr. T. Teorell suggested that the mutual 
action of electrochemical and hydrostatic ‘pressure’ 
differences might lead to oscillatory membrane 
phenomena revealed by periodic variations in mem- 
brane potential, membrane conductance and pressure 
difference. 

From cell processes interest then turned to the 
neurone itself, and Prof. R. Jung showed how extra- 
cellular recordings of single-neuron discharges from the 
visual cortex in the cat ‘encephale isolé’ preparation 
were used for investigating the co-ordination of the 
cortical neuronal system. He found that the neurons 
of the visual cortex show a well co-ordinated pattern 
following light stimuli and a tendency to restrain 
excitation. He concluded that this neuronal system 
tends to maintain a medium level of activity and an 
adequate regulation of cortical function corresponding 
_to an actual situation by four self-regulating control 
mechanisms. This was followed by Dr. D. P. L. 
Lloyd’s paper on “The Approach of Unitary Analysis 
to Neuron Response”. He described how as each 
motoneuron encountered is examined, it is charac- 


. 
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terized according to tke number of responses in a 
set number of trials at afferent stimulation fixed in 
frequency and intensitr. This assemblage of units 
represents a synthetic motoneuron pool and the sum 
of their individual beheviours can be compared m a 
given situation with tkat of a natural pool. This 
synthetic pool can be uzilized to provide information 
that cannot be extracted from a study of natural 
pool responses. Such a study of individuals suggests 
that details of heterocynaptic organization, rather 
than wide variation of motoneuron threshold, under- 
hes heteronymous transmission during the peak of 
post-tetanic potentiatim, and that low-frequency 
depression is due to aztion upon the motoneurons 
rather than to a reduction in presynaptic efficacy. 
Dr. Lloyd directed attention to the fact that the 
introduction. of the intracellular microelectrode tech- 
nique for representative sampling of motoneurons 
would appear to merit the most careful attention. 
His paper was therefore very appropriately followed 
by Dr. G. Svaetichin’s paper on action potential 


analyses and electrical stimulation of single neurons, - 


in which he demonstreted that when an electrical 
stimulation was applied on to the perikaryon of a 
dorsal root ganglion zell, either extra- or intra- 
cellularly, the action potential always started at the 
M-region of the axon, end he suggested that in syn- 

aptic activation the electrical response also starts in 
the same M-trgger region. Further papers on the 
neuron dealt with its ckemistry and its fine structure 
as seen with the electron microscope. Dr. H. Hydén 
described methods in use in his laboratory for the 
localization and quantiiative determination of ribo- 
nucleic acid nucleotides, lipids, and protein in nerve 
cells. Dr. V. L. Van Breamen described the presence of 
small vesicles in the axon, visible under the electron 
microscope, and found shat these and other constitu- 


ents undergo similar changes in both neuron and, 


axon following ligation of the axons or injection of 
malanonytryl. Dr. Fesnandez Moran demonstrated 
the characteristic assoziation of membrane profiles 
with the dense granalar material-of the nerve 
cell body, the presence of filament-like structures 
in the cytoplasm, the fine structure of the nucleolus 
and pores in the ncclear membrane 700-800 A. 
across. “Dr. J. L. Luft showed a system of ‘electro- 
plaques’ in the electris tissue of fishes which con- 
tain a highly developed system of tubules and 
vesicles extending from the plasma membrane into 
the interior of the pleque. This system could be 
associated with one phase of ion transport occurring 
by vesicular transfer, in a manner analogous to that 
proposed for the function of synaptic vesicles m 
nerve endings. 

These synaptic vesizles were beautifully demon- 
strated by Dr. E. de Robertis and Dr. S. L. Palay 
in their respective papers; and also in adrenal 
medulla and neurohypophysis by the latter. Dr. de 
Robertis dealt with the possibility that these vesicles 
contained acetyleholm>. Dr. S. Kuffler discussed 
synaptic inhibitory mechanisms and-gave an analysis 
of inhibitory processes which took place at the 


“isolated two-neuron synapse between the dendrites 


of the sensory cell and an inhibitory axon. Prof. G. 
Causey described charges in the synaptic areas in, 
the superior cervical ganglion’ following pre- and 
post-ganglionic section, and Prof. T. H. Bulloch gave 
an account of synaptic and intra-neural parametery 
of integration in soma invertebrate ganglion cells. 
Dr. R. Couteaux demonstrated the localization of 
acetylcholine in motor end plates. 


` 
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The final section of the conference dealt with the 
receptors. Dr. Fernandez Moran described the 
structure of the insect retina, which is of particular 
interest in view of the ability of insects to orient 
themselves by polarized light. Dr. George Wald 
summarized the relation of visual pigments to the 
process of vision, and Dr. G. Svaetichin gave an 
analysis of the receptor potentials from single cones. 
Dr. E. F. MacNicholl gave an account of the sub- 
liminal slow potentials recorded from the eye of 
Limulus, and Dr. H. Autrum an electrophysiological 
analysis of the visual systems of insects. Drs. Forbes 
and Deane presented electrical studies of colour 
vision in the turtle. The physiology of olfactory, 
sound and taste receptors was described by- Drs. D. 
Ottoson, H. Engstrom and Y. Zotterman. Drs. K. 
Porter and G. Palade discussed membrane-limited 
systems, in particular the endoplasmic reticulum in 
the cytoplasm, and paid special attention to its 
manifestations in striated muscle, where it was 
suggested it may play a part in transmitting de- 
polarization from the sarcolemma to the myofibrils. 
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Membrane resting potential of muscle was con- 
sidered by Dr. J. W. Woodbury, the morphology of 
muscle fibres with different conducting properties by 
Dr. H. Ruska and ciliary co-ordination in Protozoa 
by Dr. L. E. Roth. Dr. L. U. C. Junquiera gave a 
statistical account of the number of nerve cells and 
ganglia in the different parts of the intestinal plexuses, 
and Prof. J. Runnstrøm analysed the cytoplasrnic 
changes occurring upon fertilization in the sea urchin 
egg. 

It is obvious that a wide field was covered, and all 
talang part were agreed that the symposium was & 
considerable success. On the Saturday following the 
conclusion of the symposium, the President of 
Venezuela visited the Institute, met the participants 
and spent most of the morning talking with them. 
There is no doubt that the Venezuelan Institute for 
Neurology and Brain Research has been scientifically 
launched and thai it is embarkmg upon a series of 
fundamental investigations on the nervous system 
which cannot fail to make it the outstanding Institute 
of its kind in the world. Gzorreny H. BOURNE 


CYTO-FAXONOMY 


HE Linnean Society of London held a whole- 

day session on cyto-taxonomy on May 3. Dr. 
W. B. Turrill introduced the symposium. He pointed 
out that the study of chromosomes was only one 
branch of cytology, dnd expressed a hope that cell 
contents other than the nucleus would receive due 
consideration. There is no doubt that cytological 
data can often be used by the taxonomist, but they 
have to be correlated with characters from many 
other branches of botany and zoology and taxonomic- 
ally evaluated in connexion with these. Insufficient 
numbers of species have so far been adequately 
studied cytologically, especially in tropical and sub- 
tropical floras, for wide taxonomic generalizations 
validly to be made on the basis of cytology. Many 


taxonomists are whole-heartedly in favour of syn- .’ 


thetic taxonomy and welcome any contribution that 
eytologists can make towards elucidating the problems 
of taxonomy. The number of biologists who regard 
cytologists as queer and perverse ultra-modernists 
who “peer down & microscope and count their own 
eye-lashes” is dwindling. They are, however, irritated 
by those cytologists who, from ignorance, scorn the 
basic work of taxonomists and appear to believe that 
scoring the chromosomes tells one everything one 
needs to know about a plant. Exaggerated claims or 
extreme criticisms made by taxonomists or by cyto- 
logists are to be deplored. What is needed is co- 
operation based on an understanding of each other’s 
aims and methods and expressed in attempts to 
synthesize results. 3 

Mr. J. L. Hamerton, in his paper,- “Problems in 
Mammalian Cytotaxonomy”, began by reviewing the 
advances in technical methods which had occurred 
during the past ten years and which had led to the 
* development of modern techniques for the study of 
mammalian chromosomes, so that rapid and atcurate 
chromosome counts, and detailed studies on chromo- 
some morphology were now possible. It was emphas- 
ized that for comparative work counts of chromosome 
number alone were not sufficient and that studies 


should embrace all aspects of chromosome morph- 
ology. ; : 

The concept that the chromosome number must 
necessarily be constant throughout the range of a 
morphological species was discussed and rejected, 
and it was pointed out that it was the population 
which was of major importance in cytogenetical work 
rather than the morphological species. 

The relative importance of aneuploidy, polyploidy 
and structural change was considered in respect of 
mammalian evolution, and it was emphasized that 
there was not necessarily any direct relationship 
between chromosomal and morphological change, 
though there are certain obvious exceptions to this. 
Mr. Hamerton considered that the main result of 
chromosomal change was the introduction of dis- 
continuity leading to some degree of isolation or 
variation which in turn might lead to éventual 
phenotypic differences of a specific nature. 

The results of chromosomal change in mammalian 
evolution were considered at both the inter-specific 
and intra-specific levels. Data on experimental poly- 
ploidy in the mouse were-reviewed briefly, and the 
evidence for polyploid evolution in the hamsters was 
discussed: It was considered that insufficient evidence 
was available to determine whether polyploid 
evolution had occurred here or not. Further detailed 
morphological studies on the chromosomes were 
required, and some attempt should be made to 
produce hybrids and back-crosses, perhaps by 
artificial insemination, for subsequent cytological 
analysis. 

Chromosomal polymorphism and the existence of 
chromosome races or cryptic species in mammals was 
discussed, and their evolutionary significance con- 
sidered. 

Dr. A. J. Cain stated that although there is general 
agreement that chromosomes are important iw 
taxonomy there has been little analysis of what is 
meant by taxonomic importance. The study of 
chromosomes can contribute three main classes of 
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data, namely, substitute breeding data, comparative 
data, and’ substitute phyletic data. These classes 
must not be confused and the possibilities of con- 
vergence and mistaken homology must be remem- 
bered. [Illustrative examples were provided by 
researches on earthworms. 
Dr. M. Fischberg dealt with the effects of out- 
crossing on the chromosome number in vertebrates. 
Chromosome differences may change the physiology 
enormously. .In mice heteroploid embryos occurred 
if individuals from different inbred lines were crossed. 
In Amphibia the percentage of young with abnormal 
chromosome number increased with increasing genet- 
ical variation of thew parents. If polyploids are 
produced and if they hybridize with diploids an 
explosion-like variation of genotypes may result. 
Even if there be a very high mortality of the variants 
some may survive and start new evolutionary lines. 
Prof. Irene Manton gave an extensive outline 
account of the chromosomes and classification in 
ferns. Some ten to fifteen thousand species of ferns 
‘are known taxonomically and are classified into about 
, three“hundred genera. Prof. Manton had examined 
cytologically about five hundred species belonging to 
approximately 2 hundred genera. The majority of 
the species are tropical. Chromosome numbers can 
be accurately counted, and it has been found that 
with few exceptions the species within a genus have 
the same basic number. The exceptions may be due 
to mistakes in taxonomy or to shifts-in one chromo- 
some. The classification proposed by Copeland was 
subject to criticism especially in the Pteridaceae and 
Aspidiaceae. There is no doubt that the study of 
chromosomes can. lead to improvements in classi- 
fication m the ferns. 
Dr. T. G. Walker considered in some detail the 
cyto-taxonomy of a tropical fern complex (the Pieris 
quadriaurita complex). The large complex of ferns 
centred around Pteris quadriaurita Retz. has been 
the source of much taxonomic confusion. Many 
members of the complex have been made the subject 
of a cyto-taxonomic and genetical investigation and 
some of the results for the Ceylon members were 
. „reported. It'has been found that there are in, Ceylon 
several species which, although possessing a similar 
gross morphology, are cytologically distinct and 
retnain distinct as species under natural conditions. 
Such species can, however, be recognized by several 

“relatively small morphological characters, the diag- 
nostic importance of which has been overlooked in 
the past. 

Two species were then discussed which contrasted 
strikingly with the other Ceylon members of the 
complex. These two species in gross morphology are 

_very different from one another (but cytologically 
similar) axid in Nature frequently meet to produce 
fully fertile hybrids. Such hybrids segregate into a 
wide range of morphologically different but not true- 
breeding individuals, several of which in the past 
have been described as new species by herbarium 
botanists. Observations made in the field in Ceylon 
relevant to the ecology of these species and their 
hybrid swarms were also reported. 

Dr. A. B. Acton pointed out that the minute 
differences that accumulate in animals which are 
destined to become specifically distinct may be 
indistinguishable from uninherited, and consequently 
less important, variations. The banding-patterns of 
giant chromosomes are an exception. The chromo- 
somes of Chironomus tentans larve in a single 
population differ from each other by imversions. 
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The chromosomes of larve in nearby populations 
contain, as a rule, exactly the same inversions, but 
at different frequencies: This is true of populations 
as far.apart as Sweden, Austria, and Britain. 

The chromosome bending-patterns in O. tentans 
larve from Canada differ from those in Europe. Not 
only do some of the inversions by which the chromo- 
somes of European and Canadian larvæ differ occur 
as heterozygotes (in Europe), but there are certain 

- inversion heterozygotes which are found in both areas. 
There are no external differences between either 
larve or imagines; hybrids can be made and these 
appear to be perfectly viable. The situation is inter- 
mediate between the one found: to exist between 
individuals of a single species and those of two 
distinct species. Even though it is possible to detect 
minute differences between the giant chromosomes 
of different larvæ, it may still -be no easier to decide 
the taxonomic status of the animals concerned, and 
it will continue to be necessary to appeal to the 
‘competent taxonomist’. 

Prof. D. H. Valentine outlined the cyto-taxonomy 
of the rostrate violets. The Rostratae form a sub- 
section (comprising thirty-five species) of the very 
large section Nomimium of the genus Viola. Tax- 
onomically they are well defined by their possession 
of overground leafy stems and by the hooked beak to 
their style; the basic chromosome number is 10. 
All species of the sub-section so far tested (fourteen) 
form viable hybrids with one another and it might 
be thought that the group constituted a comparium ; 
but, as shown by Gershoy, artificial hybrids with the 
sub-sections Stolonosae (n = 12) and Boreali- 
Americanae (n = 27) are possible, and wild hybrids 
with the Uncinatae and the Repentes (both with 
n = 10) have been recorded. Thus the comparium 
extends beyond the bounds of a single sub-section. 

The relationship of the species within the Rostratae 
may be tested by crossability and by cytological 
analysis. The group was divided by Becker into the 
Mirabiles (two species), the Arosulatae (nine species), 
and the Rosulantes (twenty-two species). The last 
are generally chamezphytes with a basal leaf rosette, 
and the Arosulatae, hemicryptophytes without a 
rosette. Hybridization experiments show that viable 
interspecific hybrids are produced just as easily 
between these groups as within them, and there are 
no significant differences in the fertility of the 
hybrids, which is always low.- Chromosome counts 
(by various authors) have shown that, of the species 
investigated (fifteen), ten are diploid. There are 
three tetraploids and a hexaploid in Europe and one 
octoploid is reported from North America; no 
linking species between this octoploid (V. howellii) 
and the remaining North American species, which 
are diploid, are yet known. 

Studies of chromosome pairing m interspecific 
hybrids between the European species indicates that 
two (the rosulate F. riviniana and the arosulate 
F. canina) are amphiploids and that they have one 
genome in common. ` Whether there are further 
chromosome homologies between members of the 
rosulate and arosulate groups is not yet known. 

The Rosulantes have a cireumpolar distribution, 
while the remainder of the group is Eurasiatic. 
Comparison of the morphology, distribution, and 
cytology of the North American and Eurasiatic 
“species of the Rosulantes may make it possible to 
work out their evolutionary history and thus to make 
a contribution to our knowledge of che history and 
migrations of Tertiary floras. W. B. Tourer 
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OBITUARIES 


Prof. Pierre Bugnon 


PERRE FRÉDÉRIC Buenon was born on January 
14, 1886, and died on May 11, 1957. After holding 
academic posts at Caen and Rennes, he was, until his 
retirement, professor of botany at Dijon. In his 
student days he worked at botany, zoology and 
geology at the Universities of Caen and Lyons. In 
1910 and 1911 he was Octave Lignier’s pupil, and he 
later became his colleague at Caen. Lignier’s mind 
had more than a touch of genius, and his intellect 
and insight were the determining factors in the 
primary orientation of Bugnon’s researches. Lignier 
recommended him to make himself proficient in the 
morphology and anatomy of modern plants before 
turning to the problems of fossl botany, and rb 
was, in the end, the structure and phylogeny of 
the plants of to-day to which Bugnon gave his 
allegiance, though he retained his interest in palæo- 
botany. 

Bugnon obtamed his Paris doctorate in 1921 for 
a thesis on the leaf in the Gramineae, in which he 
gave special attention to the phylogenetic evidence 
derived from the peculiar seeding structure of this 
group. He developed different aspects of his thesis 
am the succeeding years, his memoir on the ontogeny 
of the conductmg system in the Grammeae being 
specially notable. Eventually his work branched out 
from these and related topics to studies of many 
other problems arising out of the morphology of the 
flowering plants. In a brief note such as this, no 
adequate idea can be given of the scope and variety 
of his own large output, or of the work of the research 
students whom he directed and inspired. He often 
dealt, lucidly and incisively, with controversial 
questions ; even when one disagreed with his inter- 
pretations, his memoirs were always found to be 
thoughtful and thought-provokmg. He had the 
French capacity for absorption in the things of the 
mind, controlled always by a deep respect for the 
facts of experience. His standards were high, and he 
was entirely without pretension; he once said to 
me, “Je sws barbare, moi”, but this description of 
himself was belied completely by his own sensitive 
verbal expression, and by his horror at those misuses 
of language in which quiet appropriateness is lost 
through over-emphasis. 

Though they were merely side-issues among 
Bugnon’s preoccupations, his’ enthusiastic contribu- 
tions to the field botany of Normandy deserve 
mention. Late in August, 1927, my daughter and I 
spent an unforgettable day walking under his guidance 
in the region of the joint estuary of the Douve and 
the Vire to see the cord-grass fields. We were 
accompanied by Louis Corbiére, who had detected 
Spartina townsendit here for-the first time in 1906, 
when 15-20 tufts were observed in one place, and 
another small stand elsewhere. Twenty-one years 
later, when we saw it during this walk in the full 
beauty of its anthesis, it had succeeded im clothing 
some two thousand acres of what had formerly been 
sterile mpd flats. — 

Pierre Bugnon’s son, Frangois, known for his work 
on morphology and anatomy, began his botanical 
career in his father’s laboratory, and thus, mdirectly, 
under Lignier’s influence. <A research tradition of 
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quality and individuality, which might have been 
extinguished by Lignier’s premature death, has thus 
been transmitted to further generations of botanists 
through Pierre and Francois Bugnon and their 
students. AGNES ARBER 


Dr. H. R. Heath 


Dr. H. R. HEATH, head of the Physics Department 
of Battersea Polytechnic, died at the early age of 
forty-two on May 4, after a painful illness, Educated 
at Halesowen Grammar School, he proceeded to 
the University of Birmingham. took an honours 
degree in physics, and was later awarded the Ph.D. 
degree for his research work on diffusion. 

Dr. Heath had been a member of the physics lectur- 
ing staff of Battersea Polytechnic since the autumn of 
1939, except for a break of four years war service in 
the R.A.F. Soon after his return to teaching, he was 
appointed senior lecturer in physics, and four years 
later became head of the Department. In the com- 
paratively short time that he was to hold this office, 
Dr. Heath had been concerned with the building 
expansion of the Physics Department and with the 
initiation of a number of fresh courses m preparation 
for the new diploma in technology. Although taking 
his full share in teaching and in university examinmg 
work, he was also very active in extending the 
research activities in his Department. ` 

Most conscientious m everything he undertook and 
always deeply concerned with the well-being of his 
students, his passing is a tragic loss at a time when 
he had still so much to contribute. Dr. Heath leaves 
a widow and a, fifteen-year old son. 

: k R. W, B. STEPHENS 


s 


Sir William`Beach Thomas, K.B.E. 


Few writers on the English countryside knew their 
subject better than the late Sir Wilham Beach 
Thomas, who died on May 12. An athlete ın Ins 
younger days—-he was president of the Oxford 
University Athletic Club—a sometime war corre- 
spondent of distinction and a man of many activities, 
it is nevertheless his writings on country-life and 
Nature that constitute his outstanding achievement. 
A regular contributor to the Observer and the Spectator 
over many years and the author of a number of books, 
his love of the ‘coloured counties’ blazes from every 
article and every volume. He was a naturalist in the 
tradition of Gilbert White and Lord Gray, with an 
intense love for, and an unappeasable interest in, the 
life of field and hedgerow, coppice, stream and hillside, 
to say nothing of village and farmstead. 

The son of a country clergyman, educated at 
Shrewsbury and Oxford, he was both by origm and 
upbringmg a countryman, an Englishman who let his 
love of the countryside flow down his pen and on to 
paper with a fluency and skill that few have equalled, 
even if ıt was not always easy to decipher his hand- 
writing. His books are truly English and full of the 
sights and sounds, the scents and smells, that from 
dawn to dusk and from sundown to sunrise make 
our. England. Franors Prrr 
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. The Queen’s Birthday Honours List 


Tur following names of scientific men and others 
associated with scientific work appear in the Queen’s 
Birthday Honours List : 

K.B.E.: Brigadier L. H. Harris, engineer-in-chief, 
Post Office. r - 

Knights : Prof. Gordon Roy Cameron, professor of 
morbid anatomy, University College Hospital Medical 
School, University of London; Harry Campion, 
director, Central Statistical Office, -Cabinet Office, 
London: Prof. Alister Clavering Hardy, Linacre 
professor of zoology and comparative anatomy, 
University of Oxford ; Prof. George White Pickering, 
regius professor of medicine, University of Oxford.. 

C.B.: Dr. D. W. W. Henderson, director of the 
Microbiological Research Establishment, Ministry of 
Supply. ; ; = 

C.M.G.: R. O. Hennings, permanent secretary, 
Ministry of Agriculture, Kenya. 

C.B.E.: Arthur Beggs, of Beaufort, Victoria, 
Australia, for services to agriculture; A. T. Black, 
director of electronic production (munitions), Ministry 
of Supply ; (the late) Dr. Macalister Brew, education 
and training officer, National Association of Mixed 
Clubs and Girls’ Clubs;- Dr. D. P. Cuthbertson, 
director of the Rowett Research Institute, Bucksburn, 
Aberdeenshire; J. W. Edmondson, assistant secre- 
tary, Ministry of Agriculture, Fisheries and Food ; 
Basil Gray, keoper of the Department of Oriental 
Antiquities, British Museum; Prof. E. L. Hirst, 
Forbes professor of organic chemistry in the Univer- 
sity of Edinburgh; Dr. Donald Hunter, physician and 
director of research, Industrial Medicine Unit, London 


Hospital; J. A. McMillan, senior education and , 


advisory officer, National Agricultural Advisory 
Service, Ministry of Agriculture, Fisheries and Food ; 
Prof. J. L. M. Morrison, professor of mechanical 
enginéering, University of Bristol; R. J. Noble, 
under-secretary and permanent head of the Depart- 
ment of Agriculture, New South Wales; Dr. H. W. 
Parker, kéeper of zoology, British Museum (Natural 
History); Dr. J. G. Pearce, director of research, 
British Cast Iron Research Association; A. H. H. 
Ross, lately director of forestry for Scotland; D. 
Skilbeck, principal of Wye College,’ University of 
London; Dr. D. G. Sopwith, director of mechanical 
engineering research, Department of Scientific and. 
Industrial Research ; Dr. J. H. Watson, chemist and 
assayer, Royal Mint. 

I.8.0.: Dr. J. Glasspoole, a principal scientific 
officer, Air Ministry ; H. F. Hendry, a senior chief 
executive officer, Ministry of Agriculture, Fisheries 
and Food ; F. W. Johnson, assistant director, R.A.F. 
Aircraft Research and Development Branch (Fighters) 
1, Ministry of Supply; W. R. Kerr, deputy chief 
veterinary research officer, Ministry of Agriculture 
for Northern Ireland; D. W. La Mare, director of 
fisheries, Federation of Malaya and Singapore ; 
. W. B. Niven, a principal in the Department of 
Agriculture for Scotland ; N. F. Wright, agricultural 
officer, Department of Agriculture, Fisheries and 
Forestry, Hong Kong. | - ` 


University of Cape Town: Prof. J. P. Duminy 


Pror. J. P. Dummy has recently been appointed 
principal of the University of Cape Town in succession 
to the late Dr. T. B. Davie. Since the death of Dr. 
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Davie in December 1955, Prof. R. W. James has been 
acting principal.- .. 

Jacobus Petrus Duniny was born at Bellville, near 
Cape Town, on December 16, 1897. He. attended 
the South African CoLege School and studied mathe- 
matics and physics at the South African College, 


-obtaming the degree cf B.A. as.a medallist. In 1918 


the South African College became the University of 
Cape Town and he obtained the M.A. of the new 
University in 1920. He was a- Rhodes Scholar and 
graduated B.A. and B.Sc. at Oxford in 1923 with a 
thesis on ‘‘Continuity and Infinity m Modern Mathe- 
matics and Philosopry’. He also studied at the 
Sorbonne. On returnmg to South Africa he lectured 
for a time in mathematics and astronomy at the old, 
‘Transvaal. University College, and in 1930 was 
appomted to the chair of mathematics at the 
University of Pretor:a, where he was dean of the 
Faculty of Science during 1933-39. In 1942 he 
became principal o? Pretoria Technical College, 
which he has guided most successfully. 5 

Prof. Dummy has served on many Government 
commissions on university and educational matters 
and has a wide knowledge of university finance: and 
its relations to the Government. He has been a 
member of the Courcil of the University of South 
Africa and of the Universities Advisory Committee. 
He was a member of the South African delegation to 
the Unesco conferene@ in 1947. Prof. Duminy is also 
an all-round sportsman and has played Rugby foot- 
ball, cricket and tennis and taken part m athletics 
and rowing; he played cricket for South Africa 
against the M.C.C. ır the 1927-28 tour. 


Mathematical Statistics at Brown University; : 
Prof. Ulf Grenander 


Dr. ULF Grenanper, of the University of Stock- 
holm, has been appointed to the newly established 
chair of mathematical statistics and probability at 
Brown University. A native of Vastervik, Sweden, 
Dr. Grénander recez:ved his early education there. 
He attended the Universities of Upsala and Stock- 
holm, receiving his doctorate at the latter in- 1950: 
He has since been `a visiting professor at the Uni- 
versity of Chicago and a visiting ‘associate pro- 
fessor at the University of California. Returnimg to 
Sweden, he becam» docent at the University of 
Stockholm, where hə has served as acting chairman 
of the Department of Mathematical Statistics, and 
has published papers dealing with various aspects of 
the subject. He will assume his post at Brown 
University on September 1. ; 


Rutherford College of Technology, Newcastle 
-upon Tyne a. 
In a written ansver to a question in the House of 

Commons on June 4 regarding the establishment of a 

college of advanced technology in the north-east, Sir 

Edward Boyle, the Parliamentary Secretary to the 

Ministry of Educetion, said that the Northern 

Advisory Council for Further Education has recently 

submitted a report on the pattern of technical educa- 

tion in the north of England with particular reference 
to the establishmert there of a college of advanced 
technology. The Minister of Education agrees with 
the unanimous reccmmendation of the Council that - 

a college of advanced technology should be established 

in the northern regicn as soon as possible. The Council 

made no specific recommendation, and the Minister 
considers that no existing college is at present suit- 
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able for designation ; but he has decided to request 
the Newcastle Local Education Authority to under- 
take the development necessary at the Rutherford 
College of Technology so that it may become in due 
course a college of advanced technology. The College 
is to take its place in a regional scheme in which the 
other colleges in the region, and in particular the 
Sunderland Technical College and the Constantine 
Technical College, Middlesbrough, will play their 
full part, and the Newcastle Local Education 
Authority is to be asked to review the government 
of the College to afford representation to other 
authorities in the region. The Sunderland Technical 
College is to continue as a regional college, to make 
its distinctive contribution to technical education in 
the region, and-the Minister hopes that the Con- 
stantine Technical College will also develop intoa 
regional college in the near future. 


International Association for Psychopharmacology 

ArT the International Symposium on Psychotropic 
Drugs, held in Milan in May, it was proposed that an 
International Association for Psychopharmacology 
should be formed. Preliminary discussions took place 
during the Symposium, at which an organizing com- 
mittee was elected, and it was decided that a definitive 
meeting should be held in Zurich at the time of the 
Psychiatric Congress in September. In the mean- 
time, @ representative of each country undertook to 
get into contact with*those who might be interested 
in the formation of such an association. Anyone who 
is interested, or who has definite views regarding the 
scope and limitations of the proposed association, is 
invited to write to Dr. P. B. Bradley, Medical School, 
Hospitals Centre, Birmingham 15. 


Ciba Foundation: Report for 1956 

Tsx report for 1956 of the Ciba Foundation for 
the Promotion of International Co-operation in 
Medical and Chemical Research lists the chairman, 
speakers and subjects at the ten discussion meetings 
held durmg the year. Sıx film sessions were also 
arranged. Five Foundation conferences, at- which 
the invited audience, drawn from different countries, 
did not exceed thirty, were held, together with one 
guest symposium on “‘Anoxia”’, which represented a 
new departure. The eighth Ciba Foundation Lecture 
-was given by Prof. R. B. Woodward, of Harvard 
University, on December 5, 1956, on “Recent 
. Advances in the Chemistry of Natural Products”. 
Seven British and six French candidates were 
selected for short-term bursaries under_the Anglo- 
French exchange scheme, and four awards of £200- 
£400 and five grants of £100 were made in support 
of research relevant to the problems of ageing. Five 
volumes of the general symposia, one volume on the 
colloquia on endocrinology and one on the col- 
loquia on ageing were published by J. and A. 
Churchill, Ltd., and in the United States the first 
seven of the Foundation’s books were published by 
Blakiston Co., New York. Details of publications, 
ag well as of library acquisitions during the year, are 
included in the report. 


The British Library of Political and Economic 
Sclence 
Tum annual report for 1955-56 of the British 
Library of Political and Economic Science, London 
{pp. 16), records the completion of various additions 
and alterations to the premises, including provision 
of a special reading room for the more convenient 
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use of manuscripts and rare books. ‘Inter-library 
loans declined noticeably, but the number of 7,110 
photostat prints supphed was the highest since the 
service began. Readers’ permits fell to 589 com- 
pared with 613 in 1954-55, the total including 460 
complimentary permits for academic research, 22 
fee-paying permits for commercial research and 107 
for undergraduate students, permit holders from 
overseas numbering 155. The total number of 
volumes in the Library on July 31, 1956, is estimated 
at 371,106, or 1,022,000 individual items ; and 5,574 
periodical titles are currently received as gifts from 
governments, municipalities, institutions and societies. 
Expenditure on current serials was £6,224 and on 
current binding £4,779, while expenditure on treatises 
and their binding was £6,182. A list of publications 
by members of the Library staff is appended. 


Synthetic Waxes in Museum Work 

AN important article by Dr. A. E. A. Werner, of 
the British Museum Research Laboratory, on the 
uses of synthetic waxes in conservation appeared in 
the Museums Journal for April. Many of these sub- 
stances differ chemically from the natural waxes but 
possess the same range of physical properties—inert- 
ness to ageing and ability to form an effective 
moisture barrier. Some of the synthetic waxes 
also possess properties not normally found in the 
natural waxes. The first group includes microcrystal- 
line waxes isolated as by-products from the refining 
of petroleum. They differ from paraffin wax in being 
plastic and may be obtained in a wide range of 
melting points. The second group, which includes 
polyethylene, are produced by the polymerization of 
ethylene. These waxes are white and translucent, 
with a high melting point, and are characterized by 
ther hardness and toughness. Lastly, polyethylene- 
glycol waxes, known commercially as ‘Carbowax’; 
waxes of this group dissolve freely in water and in 
many organic solvents. The article includes some 
practical details and references to literature. 


Thomas Telford Bicentenary Exhibitions 


An exhibition commemorating the bicentenary of ` 
the birth on August 9, 1757, of Thomas Telford w to 
be opened at the listitution of Civil Engineers, 
Great George Street, London, 8.W.1, by the Minister 
of Power, Lord Mills, on July 22. The exhibition 
will be open free to the public between 10 a.m. and 
8 p.m. daily, Saturdays and Sundays included, until 
August 10. 

An exhibition is being held ın the entrance hall of 
the Engineering Laboratory of the Department of 
Engineermg, Trumpmgton Street, Cambridge, to 
celebrate the bi-centenary of the birth of Thomas 
Telford. The exhibits have been collected from a 
large number of sources and include letters and 
sketches in Telford’s own hand and a number of 
other objects of historical interest, together with a 
very fine collection of photographs and lime drawings. 
The latter are grouped in sections, illustrating Tel- 
ford’s work on masonry and iron bridges and his 
designs for bridges not actually built, each illustration 


- being accompanied by"an explanatory note. A series 


of eighteen photographs records the various stages 
in the reconstruction of the-Menai Bridge between 
1938 and 1941. Another section is devoted to his 
canals and aqueducts, with a brief description of 
the engineering difficulties met and overcome. An 
illustrated map pinpoints the exhibits and denotes 
those works which are still in use. A chronology 
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_ Summarizes the most important achievement of this 
remarkable man, who was born in a shepherd’s 
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‘ cottage on Eskdale, became the first president of the - 


Institution of Civil Engineers and a Fellow of the 
Royal Society and was buried in Westminster Abbey. 
The exhibition will remain open to the public on 
weekdays between 9.30 a.m. and 5 p.m. (12.30 p.m. 
on Saturdays) until July 15, except for the period 
June 24-29. There is no charge for admission. 


Archeology in South Africa 


Onos again the annual report of the Archeological 
Survey in South Africa, for the period April 1, 1954— 
March 31, 1955 (Union of South Africa : Department 
of Education, Arts and Science. Pp. 8. Pretoria: 
Government Printer, 1956), shows considerable act- 
ivity. Not only has work continued in the Makapan 
valley, where so many of the recently discovered re- 
mains of ape-men have been found, but also in the 
Pietersburg district. A picture of the archeology of 
the Central Transvaal has now been built up. Further 
work at Mapungubwe has been undertaken, and 
archeological sites in the vicinity of Krausberg, 
Muden and Weenen visited, where new rock paintings 
were discovered. Two other publications of the 
South African Department of Education, Arts and 
Science report archzological investigations in East 
Griqualand and Mapungubwe. In East Griqualand, 
industries belonging to the Fauresmith"culture (first 
intermediate), the Middle Stone Age—early and 
late, the Magosian culture (second intermediate) and 
the Later Stone Age have been found. In “A Pre- 
liminary Account of the Archeology of East Griqua- 
land”, by B. D. Malan (Archeological Series No. 8. 
Pp. 14+10 plates. Pretoria: Government Printer, 
1955. 10s.) details of the finds at a number of sites 
are given, with some good illustrations. 

The account of “The Glass Beads of Mapungubwe” 
will be among the last of the articles by the late Dr. 
C. Van Riet Lowe to be published (Archzological 
Series No. 9. Pp. 22. Pretoria : Government’ Printer, 
1955. 18s.). Mapungubwe is a small, flat- -topped, 
sandstone hill on the farm Greefswald in the northern 
Zoutpansberg district, and is situated on the south 
bank of the Limpopo River. Excavations have been 
in progress at the site since 1933 and much inter- 
esting material has been discovered. More than one 
people oceupied the site at different times. Dating, 
in such circumstances, is always somewhat problem- 

‘atical. There are clearly connecting links- with 
Zimbabwe, but Mapungubwe, especially in its later 
phases, can be much later in date, possibly even 
belonging to the seventeenth or early eighteenth 
centuries of our era. The account of the glass beads 
found adds much to our knowledge, and the inclusion 
of a plate in colour is very valuable. Beads are 
somewhat unsatisfactory objects for the archæo- 
logist to deal with. They have a great survival 
potentiality, and are therefore not very useful for 
accurate dating, and they may often have been trans- 
ported from great distances. It seerns possible that 
the East Indies were in early times a considerable 
source of beads which later found their way to East 
Africa, and thence into the interior of the continent. 


Lundy Field Society 

Tem tenth annual report of the Lundy Field 
Society contains a heartening record of progress 
both in the financial and scientific spheres which 
should encourage the Society in its future activities. 
Besides the usual bird list, the report contains an 
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account by H. J. Boyd of the biology of guillemots 
and razorbills as shown by ringmg observations on 
the island over the period 1947-56. The same author 
has examined records of the gull populations over 
the same ten-year period; these show a steady 
decline in the numbers of great and lesser blackbacks 
and wide fluctuation m the numbers of kittiwakes. 
Barbara, Whitaker describes results obtained from 
shag ringing between 1948 and 1955 and analyses the 
weights and measurements of certain migrant species 
which were trapped on the island. A description of 
a prehistoric settlement at Garret’s Combe is con- 
tributed by K. S. Gardner. Copies of the report may 
be obtained from the secretary, Prof. L. A. Harvey, 
of the University of Exeter, price 5s. 


Photoperiodic Control of Cambial Activity 
An investigation of the effect of photoperiodic 


conditions on cambial activity in seedlings of Robinia - 


pseudoacacia by P. F. Wareing and D. L. Roberts 
(New Phytol., 55, 356; 1956) has yielded some new 
and interesting facts. The seedlings were first exposed 
to short-day conditions in order to bring about the 
cessation of extension-growth. If such seedlings were 
continued under short-day conditions for several 
weeks, the cambium of the stem also ceased activity. 
On the other hand, if the seedlings were transferred 
to long-day conditions after extension-growth had 
stopped, cambial activity was maintained in approx- 
imately half the plants. The maintenance of cambial 
activity depends upon’ exposure of the leaves to 
long-day conditions. In bark-ringing experiments it 
was shown that the cambial stimulus, which appar- 
ently originates in the leaves, is transported in a 
basipetal direction in the stem. The maintenance of 
cambial activity under long-day conditions is not 
accompanied by any detectable .bud-growth. The 
new wood formed under long-days after extension- 
growth has ceased is of the ‘summer-wood’ type. 
The vessels in such wood appear to arise from the 
region in which the leaf-traces join the main vascular 
system of the stem. ‘These results suggest that a 
cambial stimulus may arise in the mature leaves 


under jong-day conditions, and that meristematic - 


activity at the shoot apices is nob a necessary con- 
dition for cambial activity. 


Zoological Nomenclature 
Tue International Commission on Zoological 


Nomenclature gives notice that, as from December ' 


28, 1957, it will start voting on the following cases 
involving the possible use of its plenary powers for 
the purposes specified against each entry. Full 
details of these cases were published on June 28 in 
the Bulletin of Zoological Nomenclature (13, Parts 6 
and 7): (1) musicus Linnaeus, 1758 (Turdus), 
suppression ; iliacus Linnaeus, 1758 (Turdus), valida- 
tion of neotype for (Cl. Aves); (2) Oecbia Hubner, 
[1825], and emend. Oebia, suppression (Cl. Insecta, 
Order Lepidoptera); (3) Indiana Matthew, 1902, 
designation of type species for (Cl. Crustacea, Order 
Ostracoda) ; (4) Globigerinidae Carpenter, Parker and 
Jones, 1862, to be given precedence over Orbulinidae 
Schultze, 1854 (Cl. Rhizopoda, Order Foraminifera) ; 
(5) Labeceras Spath, 1925, designation of type species 
for (Cl. Cephalopoda, Order Ammonoidea); (6) 
Calycoceras Hyatt, 1900, designation of type species 
for (Cl. Cephalopode, Order Ammonoidea) ; (7) Hop- 
litoplacenticeras, validation of, as from Paulcke, 1906, 
with Hopliies plasticus Paulcke, 1906, as type species 
(Cl. Cephalopoda, Order Ammonoidea) ; (8) Kotoceras 
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Kobayashi, 1934 (Order Nautiloidea) and Damesites 
Matsumoto, 1942 (Order Ammonoidea), validation 
(Cl. Cephalopoda). Proposals are also made for the 
adoption of declarations: (1) clarifying (a) the pro- 
visions of the “Code of Ethics”, (6) the procedure to 
be adopted when a specific name is published in an 
abbreviated form and (c) the status of names pub- 
lished in works written in Latin; (2) determining 
the gender to be attributed to generic names with 
the terminations ‘-ides’, ‘-ites’ and ‘-oides’. Comments 
should be sent as soon as possible in duplicate to 
Francis Hemming, Secretary to the Commission, 
28 Park Village Hast, Regent’s Park, London, N.W.1. 


Physics of Non-Destructive Testing 


UNDER the title “Physics of Non-Destructive 
Testing’, Supplement No. 6 to the British Journal 
of Applied Physics, published recently by the Institute 
-of Physics, contains a selection of papers chosen from 
those presented during the past year at meetings of 
` the Non-Destructive Testing Group. The technology 
of non-destructive testing is usually regarded as being 
confined to the task of detecting defects in materials 
and components. The detection of defects, however, 
forms a relatively small part of the whole subject 
for, if the term ‘non-destructive testing’ is taken: in 
its broadest sense, it includes every type of non- 
destructive measurement carried out on solids, 
liquids and gases, with the object of examining some 
aspect of their physical, chemical and even biological 
condition. Very little is to be found m Supplement 
No. 6 about the ‘physical principles upon which 
present-day techniques for detecting defects are based. 
Indeed, the one discussion reported dealing with this 
aspect of the subject serves to show that, in the 
particular case of the penetrant method for flaw 
detection, practically nothing is understood about 
the mechanism involved when a fluid penetrates a 
crack. The supplement records some of the current 
scientific investigations which are likely to yield the 
kind of knowledge required for the development of 
new types of testing technique. The information 
reported directs attention to the scientific back- 
ground from which automatic systems of quality 
control will be created. There are papers dealing 
with the relationship between the structure of 
materials and their physical properties. Some papers, 
are concerned with the measurement of those physicel 
properties. which would serve to detect changes in 

* structure and composition of materials. Two papers 
describe studies of structural changes accompanying 
metal fatigue and discuss the possibility of detecting 
these changes by means of a physical property 
(damping capacity). A unique feature of the Supple- 
ment is that it contains a contribution entitled 
“Physical Methods in Medical Diagnosis”. The 
medical field is one in which non-destructive testing 
is of particular interest. 


Volcanism in Asia 


E. M. Murzarv (Priroda, No. 3, 90; 1957) has 
assembled a record of new discoveries of recent 
volcanicity in Siberia and“Central Asia. There is a 
considerable body of evidence to show @ very large 
extent of Quaternary volcanism in eastern Siberia 
and eastern and central Mongolia. Certain volcanoes 
were’ active in northern Manjouria in the eighteenth 
century. E. M. Murzaev, V. A. Obruchev and V. I. 
Vlodavetz have described well-preserved volcanic 
cones and lava flows in the Khingan and Darigang 
regions of Mongolia. Various travellers have also , 
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reported on volcanoes of Kuen-Lun and northern 
Tibet. There are also reports on active volcanoes in- 


voL 179 


‘ the Chinese province of Sintzian and other parts of 


China. In Tian-Shan and Pamir only volcanic rocks 
connected with fissure eruptions are known, and. 
there are no traces of Quaternary volcanicity. 


Polish Ephemerides 

Rocznik Astronomiczny Obserwatorium Krakow-. 
skiego, 28 (1957), contains the ephemerides of eclipsing 
binaries, prepared by Dr. K.' Kordylewski and his 
collaborators at Cracow Observatory. The present 
ephemerides contain 705 stars, a considerable 
increase over the 589 stars listed in the issue for 
1956. At the end of the publication, tables of pro- 
cessional coefficients and of obliquity of the ecliptic, 
and also of occultations of stars by the Moon, are 
given. The first of these enables, by the use of simple 
formule, the calculations of the reduction of rect-" 
angular equatorial co-ordinates from the epoch 1957-0 > 
to another epoch, and vice versa. The first two were 
computed by Dr. S. Andruszewski and the occultation 
tables by W. Wisniewski, using T. Banachiewicz’s 
method. The computations were made for the five 
Polish Observatories of Poznén, Wroclaw, Torun, 
Cracow and Warsaw. 


Microchemical Journal ` i 

Tue first number’ of ‘a new publication, Micro- 
chemical Journal, devoted to the application of 
microtechniqtes in all branches of science, has. been 
received. Jt has an editorial board of well-known 
authorities and is published under the auspices.of the 
Metropolitan Microchemical Society by Interscience 
Publishers, New York and London. -The subscription 
price is 9.60 dollars per year, foreign postage 0.50 
dollar per volume. The first part contains some 
interesting original papers and also brief abstracts 
of publications in the field. We wish the new.journal 
every success. - anne an 


“Meeting of Nobel Prize-winners in Lindau 


Tum annual meeting of Nobel Prize-winners is to 
be held in Lindau, Lake Constance, during July 1-5. 
The conférence, which will be held in the Stadt- 
theater, Lindau, will be devoted to various aspects 
of medicine, and the following addresses will be 
delivered: Prof. P. S. Hench (Rochester), “The 
Chemical, and Experimental Uses of Cortisone”’ ; 
Prof. Werner Forssmann (Bad Kreuznach), “Uber 
Cardiologie” ; Prof. Henrik Dam (Copenhagen), 
“Über einige Erndéhrungsversuche mit dem Gold- 
hamster’; Prof. W. M. Stanley (Berkeley), “Relations 
between Viruses and Cancer’; Prof. Georg von 
Hevesy (Stockholm), ““Krebsanaemie”; Prof. Gerhard 
Domagk (Wuppertal-Elberfeld), ‘Stand der Chemo- 
therapie des Carcinoms” ; Prof. Selman A. Waksman 
(New -Brunswick), “Antibiotics and their: Social 
Significance”; Dr. Paul Hermann Muiller (Basle), 
“Antibiotica in der Landwirtschaft”; Prof. Hans 
von Etiler-Chelpin (Stockholm), “Anpassung und 
Resistenz” ; Prof. Hugo Theorell (Stockholm), 
“Atmungsfermente”; Prof. Richard Kuhn (Heidel- 
berg), subject to be announced. Also’ participating 
will be Prof. Kurt Alder (Cologne), Prof. Max Borm 
(Bad Pyrmont) and Prof. Adolf Butenandt (Munich). 
The meeting will be of general interest to both 
medical practitioners and research workers, and 
opportunities will be provided for discussion. A 
comprehensive programme of excursions has also 
been arranged. Further details may be obtained from 
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the Standıger Arbeitsausschuss fur die Tagungen der 
Nobelpreistrager, Lindau im Bodensee, Postfach 11. 


United States Nationa! Science Foundation : Senior 
Postdoctoral Fellowships k 


APPLICATIONS are invited by the United States 
National Science Foundation for a second group of 
semor postdoctoral fellowships to be awarded during 
the current calendar year. Fellowships will be 
awarded m mathematical, physical, medical, bio- 
logical, engmeermg and other sciences, including 
anthropology, psychology (other than clinical), geo- 
graphy, certain interdisciplinary fields, and areas of 
convergence between the natural and social.sciences. 
To be eligible for these awards, candidates must be 
citizens of the United States with special aptitude 
for advanced training and must hold the doctoral 
degree or have the equivalent in tramimg or experi- 
ence. Annual stipends to a maximum of 10,000 
dollars, adjusted to match as closely as feasible the 
regular salaries of the recipients, may be applied 
toward study or research m an accredited non-profit 
institution of higher learning in the United States or 
abroad. A limited allowance to aid in defraying costs 
of travel for a Fellow and his dependants will also be 
available. Applications and further details can be 
obtained from the Division of Scientific Personnel 
and Education, National Science Foundation, Wash- 
ington 25, D.C. 


Zoological Society of India 1. 


THe new Executive Council of the Zoological 
Society of India has been elected as follows: Presi- 
dent, Dr. M. L. Roonwal, director, Zoological Survey 
of India, Calcutta; Vice-Presidents, Dr. H. S. Rao, 
Katpadi, and Dr. G. S. Thapar, Lucknow; Editor, 
Prof. R. V. Seshaiya, Annamalai University, Anna- 
malamagar ; Secretary, Prof. P. N. Ganapati, Andhra 
University, Waltair; Treasurer, Dr. B. S. Chauhan,’ 
Zoological Survey of India, Calcutta; Manager of 
Publications, Shri K. Chidambaram, New Delhi; 
Members, Dr. N. K. Panikkar and Dr. B. N. Chopra, 
New Delhi; Dr. B. Prashad, Dehra Dun; Dr. M. A. 
Moghe, Poona; Dr. J. L. Bhaduri and Dr. H. N.~ 
Ray, Calcutta. 


Royal Aeronautical Society: Officers 


Tre followmg have been appointed officers of the 
Royal Aeronautical Society for 1957-58: President, 
Sir George Edwards ; Past Presidents, E. T. Jones, 
N. E. Rowe, Sir Sydney Camm; President-elect, Sir 
Arnold A. Hall; Wice-Presidents, P. G. Masefield, 
Dr. E. S. Moult, Air Marshal Sir Owen Jones; 
Honorary Treasurer, Major G. P. Bulman ; Secretary, 
Dr. A. M. Ballantyne. 


University News : London 


Tue following appomtments in the University of 
London are announced: Dr. R. A. Buckingham, 
reader in physics at University College, to the post 
of director of the University of London Computa- 
tional Unit ; Dr. R. S. Scorer, lecturer in the Depart- 
ment of Meteorology at the Imperial College of 
Science and Technology, to the University readership 
in applied mathematics tenable at that College. 


_ Malaya 


Pror. T. F. Drxon, of the Department™of Bio- 
chemistry, Royal Faculty of Medicine, Baghdad, has 
been appointed professor of biochemistry in the 
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University of Malaya, ın succession to Prof. J. W. H. 
Lugg, who has gone to the University of Western 
Australia. Prof. Dixon hopes to be in Britain during 
July and August, when his address will be c/o The 
Royal Society of Medicine, 1 Wimpole Street, 
London, W.1. 


Announcements 


Sır EDWARD APPLETON opened the new Radio 
Research Station near Slough of the Department of 
Scientific and Industrial Research on June 20. 


Sm Harorp Roxser Cox, a director of Wilmot 
Breedon (Holdings), Ltd., and of the Brush Group, 
Ltd., formerly chief scientist to the Ministry of Fuel 
and Power, and Dr. C. J. Smuthells, managmg 
director of Magnesium Elektron, Ltd., and a former 
director of research to the British Aluminium Co., 


Ltd., have been appointed members of the Council — 


for Scientific and Industmal Research. 


Pror. ROBERT MILLNER SHacKLETON, Jane Herd- 
man professor of geology in the University of Liver- 
pool, has been awarded the Liverpool Geological 
Society Medal for 1955-57. 


Dr. J. M. Rowson, curator of the Museum of the 
Pharmaceutical Sociesy of Great Britain, has been 
appointed head of ths Department of Pharmacy m 
the Nigerian College of Arts, Science and Technology. 


TŒ nmth meetmg of the International Whaling 
Commission is to be held at 10 Carlton House Terrace, 
London, §.W.1, during the week beginning Monday, 
June 24. 


THE twenty-fifth anniversary of the International 
Tm Research Council is to be marked by two open 
days, on July 10 and 11, at the Council’s head- 
quarters and laboratories, at the Tin Research 
Institute, Fraser Road, Greenford, Middlesex. 


Tue 1957 Electronics Exhibition and Convention, 
organized by the Northern Division of the Institution 
of Electronics, will be held at the College of Tech- 
nology, Manchester, during July 11-17. Tickets for 
the Exhibition, which meludes Manufacturers and 
Scientific and Industrial Research Sections, can be 
obtained from exhibitors or from the honorary 
exhibition organizer, Mr. W. Birtwistle, 78 Shaw 
Road, Rochdale, Lancashire. 


A LEOTURE organized by the Institution of Elec- 
tronics will be held at 6 p.m. on July 5 in the 
Beveridge Hall of the Senate House, University of 
London. It will take the form of a joint lecture, 
illustrated by sound film and slides, on “The 
Theoretical Problems of Television Astronomy”, by 
Dr. P. B. Fellgett, and on “The 1956 Opposition of 
Mars”, by B. V. Somes-Charlton. The meeting is 
open to members and friends, and non-members are 
also invited. Admission tickets are available from 
the hon. general secretary, Mr. W. Birtwistle, 78 Shaw 
Road, Rochdale, Lancashire, or from Mr. C. H. 
Messenger, 38 Hainault Court, Forest Rise, London, 
E.17. 


WE regret that in the article on the annual con- 
gress of the South-eastern Union of Scientific Societies 
published in Nature of June 15, p. 1231, Major 
Maxwell Knight has been confused with Capt. 
Cc. W. R. Knight, author and lecturer on bird life, 
who died on May 19 
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THE FUTURE FOR 


HE present strength of the United Kingdom in 

the field of commercial nuclear power is due 
very largely to the foresight and singleness of purpose 
which have always marked the activities of Sir 
Christopher Hinton. A paper by Sir Christopher 
having as its subject “The Future for Nuclear 
Power”’* must therefore command the utmost 
respect. The argument presented in this Lecture is 
mainly concerned with the cost of electricity gener- 
ated from nuclear power stations of existing design, 
the way in which the nuclear power industry will 
develop and the price at which it will be possible to 
generate nuclear power in the future. 

As a starting point, Sir Christopher takes approx- 
imate figures for reactors of the type which have 
been ordered by thé electricity authorities in the 
United Kingdom. These reactors which are now 
under construction are based on the Calder Hall 
design and use essentially the same materials. How- 
ever, they are of larger size and their design has been 
optimized for power generation and not for the 
production of plutonium as at Calder Hall. The cost 
of power generation is made up in the following way 
when. operating at 80 per cent load-factor: 


Pence per kWh. 
sent ont 


Depreciation (6 per cent interest and 20 years life) 0°37 
Interest on fuel charge (5 per cent) 0:06 
Fuel replacement charge 0-24 
Operating expenses 0-06 
Total 0°73 
Credit for plutonium in irradiated fuel 0-07 
Net cost 0-66 


In this analysis the fuel cost is calculated on the 
basis of a figure of £20,000 per tonne of fabricated 
uranium in the form of complete fuel elements. 

Two points cell for special comment. It is to be 
noted that 65 per cent of the cost of electricity sent 
out arises from the capital charges in the case of 
these first nuclear stations. This is in contrast to a 
conventional coal-fired station where only about 
25 per cent of the cost of electricity arises from these 
charges, but where the fuel cost is the major item. 
The second point to be noted is that the credit for 
by-product plutonium has been scaled down drastic- 
ally from the level which was proposed at the time 
of publication of the original White Paper pro- 
gramme. The case for nuclear power resting on a 
substantial credit for plutonium production was 
never a very satisfactory one. Plutonium credit has 
now largely disappeared from the picture. Thanks 
to the successful engmeering development of the 
gas-cooled reactor, however, 1t now seems reasonably 
certain that the cost of electrical power sent out 
from these first industrial stations, to be completed 
in 1960-61, will be only marginally higher than the 
cost of power produced from the best conventional 
stations completed at that date. 

From this point Sir Christopher argues by analogy 
with the history of development of the coal-fired 

* The Future for Nuclear Power. By Sir Christopher Hinton, 
F.R.S. (The Axel Ax:son Johnson Lecture delivered at Stockholm 


( 
on 15th March, 1857.) Pp. 20. (Stockholm: Royal Swedish Academy 
of Engineering Sciences, 1957.) 
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steam engine that the capital cost per horse-power 
or per kilowatt ıs likely to follow an exponential law 
of decrease. In view of the large proportion of the 
total cost of generation represented by the capital 
component in the case of the nuclear stations, it is 
concluded that a large reduction in generating cost 
will be possible in successive designs with the passage 
of years. ` 

A possible criticism of this argument from history 
is that historical analogies are apt to be misleading, 
and it may easily happen that unrelated phenomena 
may yield a straight-line ‘law’ when quantities are 
plotted on a logarithmic scale. 

This criticism, however, is at least partly answered 
in the paper, “‘. . . we are not entitled to ‘assume 
these reductions in capital cost purely by the 
analogies of history unless we can predict how they 
may come about, and to do this it is once more 
useful to look back at the history of other prime 
movers. More than anything else, the reduction in 
the cost of steam power plants has been linked with 
the rise in the initial temperature which ıt has been 
possible to achieve in the steam cycle’. The argu- 
ment is then developed in some detail with a dis- 
cussion of some of the engineering and metallurgical 
developments which may be expected to lead to 
increased heat ratmgs and higher working tem- 
peratures in future designs of nuclear reactor.» 

There can be no doubt at all that there will be & 
general trend towards higher ratings and higher tem- 
peratures with nuclear stations as in the case of 
other types of generating plant. Just how far this 
trend can be predicted in a quantitative manner, 
however, is open to question. There is at least one 
basic difference between nuclear and conventional 
thermal power plant which may affect the validity 
of the analogy. In conventional stations where 
energy is released by the combustion of fossil fuels, 
we necessarily start at the top of the cycle with a 
relatively high combustion temperature. The source 
of heat or furnace, however, is mechanically simple. 
Progress with steam plant has been concerned mainly 
with achieving higher steam pressures and tem- 
peratures, and the most difficult problems have 
arisen at the high-temperature end of the turbine, 
where large stresses and mechanical complexity are 
encountered in a region of high temperature. With 
@ nuclear reactor, on the other hand, while theoretic- 
ally the heat may be released at almost any tem- 
perature we please, the reactor core or heat source is 
itself a complex piece of structural and mechanical 
precision engineermg. Formidable problems are to 
be expected in the operation of nuclear reactor cores 
at very high temperatures. The chequered history 
of the attempts to develop the gas turbine in large 
sizes for power generation which have been made 
during the past decade, provides a warning of the 
scale of difficulty that must be expected if too rapid. 
an advance is attempted towards high temperatures 
in association with plant of mechanical or structural 
complexity. 

Having sounded this note of criticism, however, ıt 
is necessary for the reviewer to point out that Sur _ 
Christopher Hmton has exhibited an unerring 


No, 4573 


June 22, 1957 


instinet in the past for being right in his engineering 


judgments. He may very well be right again on this - 


issue of the pace of development of nuclear plant, 
towards higher working temperatures. That part of 
his paper which deals with the further development 
of the Calder Hall type of station is of the greatest 
interest. The British commercial designs of graphite- 
moderated gas-cooled reactor have already gained a 
commanding lead over rival American designs for 
liquid-cooled reactors. It now seems probable that 
the gas-cooled reactor may also prove superior in its 
capacity for future development. Certainly no 
responsible engineer or scientist could quarrel with 
Sir Christopher’s statement that “the technology of 
design is advancing so quickly that manufacturing 
provision must be laid down on the basis of forecasts ; 
its provision cannot follow. in the wake of technical 
development’. - J. M. Kay 


OXIDATION OF PLANT - 
l PHENOLICS 


INAUGURAL MEETING OF THE PLANT 
PHENOLICS GROUP 


T E Plant Phenolics Group was inaugurated at 
a meeting held m the Department of Botany, 
` University of Cambridge, on April 9. Dr. E. C. Bate- 
Smith, presiding, -said that the idea of formmg the 
.Group originated from a succession of inter-laboratory 
symposia on tannins, hydroxyaromatic acids (see Chem- 
istry and Industry, 478; 1956), ete., in plants, under 
the auspices of the Food Investigation Organization 
of the Department of Scientific and Industrial 
Research. These symposia attracted a diversity of 
interest not catered for by any single existing Society. 
The response received to the invitation to enrol in 
the Group is a clear indication of the need which is 
-felt for an association to provide for these diverse 
interests. The enrolled membership numbers one 
hundred and twenty, and represents university 
laboratories, agricultural and forestry research insti- 
tutions, food research laboratories, and various other 
industrial Wboratories, in approximately equal 


- numbers. 


The objects of the “Group were defined as “the 
advancement of the knowledge of the phenolic 
constituents of plants in respect of their function, 
biosynthesis, the effect on plant and animal physiology 
and pathology, and the application of such knowledge 
in industry and agriculture”, 

- A provisional] committee was elected as follows : 
Dr. E., C. Bate-Smith (Low Temperature Research 
Station, Cambridge) ; Dr. H. G. Harvey (British Food. 
Manufacturing Industries Research Association, 
Leatherhead, Surrey) ;. Dr. D. E. Hathway (British 
Leather Manufacturers’ Research Association, Egham, 
Surrey); Dr. A. C. Hulme (Ditton Laboratory, 
Larkfield, Maidstone, Kent); Mr. W. W. Reid 
{Carreras Limited, Stanhope Koad, London, N.W.1) ; 
Dr. E. A. H. Roberts (Indian Tea Association, Lafone 
‘Street, London,’S.E.1) ; Dr. T. Swain (Low Tempera- 
ture Research Station, Cambridge); Mr. A. H. 
Williams (Agricultural and Horticultural Research 
Station, Long Ashton, Bristol). Dr. J. Friend (Low 
Temperature Research Station) was appointed honor- 
arty secretary of the committee, pro tem. (vice Dr. I, 
Swain, absént abroad). 


va 
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The inaugural meeting. was followed by a sym- 
posium on “The Oxidation of Plant Phenolics”, with 
Dr.. J. Barker (Cambridge) presiding. . e 

In a paper on “The Oxidation of Phenols” Prof. 
R. D. Haworth (Sheffield) enumerated the several 
chemical- mechanisms. by which phenols may “be 
oxidized. With persulphate or Fenton’s reagent, 
hydroxyl grotips may be added either in ortho- or 
para- positions ; these changes are often accompanied 
by shifts of p-methyl groups and elimination of 
p-aldehydic groups. Thus thé oxidation of p-cresol 
to form homogentisic acid. Elimination of hydrogen 
takes several forms: the production of o- or p- 


- quinones ; the formation of diphenyl derivatives or 


diphenyl: ethers; or the formation of peroxides. 
The oxidation of gallate esters to ellagic acid is an 
instance of the first type. Slightly more complicated 
bimolecular oxidations lead to such compounds as” 
Pummerer’s ketone from p-cresol. The, fusion of 
rings and the formation of C—C bridges can also lead 
to the morphine and apomorphine skeletons from ' 
phenylisoquuioline. 

The very common.’ phenolic compounds derived 
from phenylpropylene can be oxidized in the side- ° 
chain to form bimolecular structures such as those 
found in the lignans. It seems highly probable that 
the group of substances known as lignins are built 
up on this plan. Oxidations involving rupture of an 


_ aromatic nucleus lead to’ the formation of tropolones , 


such as purpurogallm, and compounds such as 
brevifolin carboxylic acid and chebulic acid may be 
formed as products of ellagic acid oxidation. 

The paper on “Tha in vitro Oxidation of Plant 
Phenolics” by Dr. D. E. Hathway (British Leather 
Manufacturers Research Association) was concerned 
with the way in which such chemical mechanisms as 
those described by Prof. Haworth might be involved 
in the formation of the larger molecules found in ! 


. plant tissues, and especially those found m tanning 


extracts. ‘These are of two classes, the one based on 
gallic acid and its oxidation products, and the other 
based on catechin-like substances and their condensa- 
tion products. Aerobic autoxidation of gallate esters 
leads to ellagic acid and humic acids, but oxidation 
catalysed by mushroom polyphenolase proceeds 
preferentially to ellagic acid. ‘The coincidence in the 
recorded systematic distribution of gallic acid with that 
of ellagice acid suggests that in some cases at least the 
latter may arise by enzymic oxidation of the former. 
Studies of the autoxidation of d-catechin and a 
number. of methyl-substituted catechins’ by mano- 
metric and spectrophotometric methods confirm that 
the oxidation procéeds by way. of a quinone stage, 
followed by intermolecular C—C linkage. The evidence 
suggests that the most likely linkage is between either 
the 6 or 8 carbon of one molecule and the 2’ earbon 
of the second. Such ‘head-to-tail’ lnkages might 
take place progressively leading to large molecules 
Autoxidation and poly- 
phenolase (tobacco and potato) oxidation of catechin 
gave polymers which had the same elementary analy- 
sis and physical properties, and were closely similar 
m these respects to phlobatannins from Uncaria 
gambw (gambier) and Acacia catechu (cutch). Smee 
both species contain catechin epimers, there is & 
strong supposition that the phlobatannins present in 
the tanning extracts are formed on catechins by- 


` oxidative condensation. 


In dealmg with “Polyphenolases- as Respiratory 
Enzymes”, Dr. W. O. James (Oxford) summarized 
the evidence in favour of the function of polyphenol- 


, 
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ases as terminal oxidases in tho respiration of plants 

under ‘four. heads. R 
Firat, .polyphenolases are .widely distributed 

throughout plants and are capable of catalysing the 


secondly, enzymes exist m plant tissues which 
catalyse the redtiction of quinones by reduced co- 
enzyme diphosphopyridine nucleotide, and an electron. 
transfer can be visualized as occurring between their 
substrates and molecular oxygen; thirdly, the 
respiration of many plant tissues can be stimulated 
by the addition of small amounts of polyphenol ; 
and fourthly, many substances which act as competi- 
tive inhibitors on’ polyphenolases or inhibit by 
complexing with the -copper of the enzyme algo 
inhibit the respiration of plant tissues. ; 
. Although such evidence at first sight seems impres- 
sive, if it ig examined critically the conclusion cannot 
be avoided that proof of the participation of poly- 
phenolases in a respiratory chain has still to be 
produced. Polyphenolases are not found in all plant 
tissues, and the fact that model respiratory systems 
can be constructed in vitro.is not evidence that they 
so function in vwo. Many plant tissues, the respira- 
tion of which is stimulated by the addition of 
polyphenols, contain no polyphenolases and, in those 
tissues which do, stimulation of respiration may be 
achieved -by the addition of substances such as 
2-6-dichloromdophenol and by other dyes. Similarly 
` the inhibition of respiration by. substances such as 
p-nitrophenol can be seen with other tissues, for 
example, yeasts, in which no one would suggest that 
polyphonolases play any part m respiration. The 
inhibition of respiration by substances such as Dieca 
may well be due to the inhibition of other enzyme 
systems, such as those systems involving ascorbic 
acid oxidase. The case against a palyphenolase 
system is largely the case for a cytochrome system. 
It is possible, as H. S. Mason suggests, that the 
polyphenolases are concerned in the further oxidation, 
by dehydrogenation or introduction of hydroxyl 
groups, of simpler phenolic constituents to` such 
complex products as lignin. ` : > 
_ Dr. C. Weurman (Central Institute for Nutrition 
Research, Utrecht) read, the fourth and last paper on 


“The Oxidation of Phenols m Injured Plant Tissues”. - 


The situation is one in which the tissue 1s dead or in 
a state, of rapidly, approaching death. Studies of 
isolated enzymes in vitro are of no help when the 
complete chaos of the dying cell is the object of 
study. As one-example of the way enzyme systems 
interact in such a system, phenoloxidases are fre- 
quently inactive towards glycosides, and it will 
-therefore be of importance whether or not active 
glycosidases are present along with phenoloxidases 
in the complex system. After discussing results 
which had been obtained with purified enzymes, 
Dr. Weurman. described his own work with enzyme 
mixtures from potatoes and mushrooms acting on @ 
large number of naturally occurring phenolic glyco- 
sides and aglycones. Only very few of the glycosides 
were not attacked by these enzyme preparations. 
Dr. Weurman briefly outlmed the part played by 
oxidation of phenols ın the development of desirable 
commercial quality in tea, cocoa, and cider, and 
invited discussion in greater detail from the experts 
in. those commodities present at the meeting. A 
written contribution on polyphenols in fruits to the 
discussion of Dr. Weurman’s paper was submitted by 
Dr. A, ©. Hulme (Ditton Laboratory, Kent).. 
. : E. C. BATE-SMITH. 
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FITTING THE JOB TO THE 


WORKER ~~ (2. > 


oxidation of most naturally occurring phenols; .” A N international seminar under the title ““Fitting 


the Job to the’ Worker’’,. organized by “the 

European Productivity Agency, was held at Leyden ` 
during March 28-April 3. It was attended by about 
seventy people, from thirteen European and North 
American countries, comprising physiologists, psycho- | 
logists, engmeers and industrial physicians m about 
oqual numbers ; the aim was to bring out what each 
has to contribute to the scientific study of the indus- 
trial worker as he uses his tools and equipment and 
as he is affected by his.immediate environment, and 
how such knowledge can be apphed to the design 
of machine and work-place either to merease, the 
effectiveness with which the job is done, or to improve 
the worker’s well-being. Welcoming the participants, 
Dr. Alexander King (deputy director of the European 
Productivity Agency) said that the Agency 1s giving 
mecreasmg attention to the application of the human 
sciences to industrial problems imked with product- 
ivity. This gathering was to provide opportunity for 
a full and frank exchange of views between. scientists 
from different countries ; ‘and it should help, the 
European Productivity Agency to-see further action 
it could take, bringmg together as it does employers, 
trade unionists and -scientists. aT 

The nucleus of the seminar was a small team from 
different countries which had spent two months. in 
the United States to study activity there in the field , 
of industrial physiology and engineering psychology 
—the field for which the name ‘ergonomics’. has 
developed in Britain. Mr. K. F. H. Murrell, of the 
Department, of Psychology at the .University of 
Bristol, speaking of the visit, commented that nearly. 
all the research in, the ‘human engineering’ field 
appears to haye been done in a military context, and 
to have concerned itself largely with high-stress 
situations which do not.arise in industry ; the effects 
of long-continued work at normal stresses still await, 
study, -and pending this, there may be danger in 
premature translation of miltary results. to the 
mdustrial field. Prof. H. S. Belding (Department of ` 
Occupational Health, University of Pittsburgh), who 
was United States. adviser to the team, commented 
on its impact’ in stimulating contact in the -United 
States between the different types of scientists. Also 
they had not previously experienced the three-sided 
approach by scientists, employers and unions. The 
problems needing study are very similar in the 
physical stress has 
been reduced (‘the hardest physical effort of the 
worker is now that of the housewife”), and the lighting 
of factories has-improved tremendously over the past 
twenty years; but in new factories some jobs are 
hotter than ever, -and noise-expesure is probably 
mereasing. - - i k 

The seminar divided into two groups for discussion 
of partıcular fields, with short notes in advance by 
participants on relevant work im progress m their 
own country. One group discussed the- physiological 
assessment of heavy muscular work and heat-stress, 
and next day turned to the effects of noise, and nowe-- 
abatement. A joint contribution from Dr. F. H. 
Bonjer, of the Department of Occupational Medicine: 
at the Netherlands Institute for Preventive Medicine, 
and Dr: D. van Auileti, of the “I.N,O. Research 
Institute for Public Health Engineering, - showed 
impressive collaboration between the physiologist 


~ 
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rg treet + 
and the engineer +6 carry Ga “ surveys of the 
noise at work places and of the hearing- loss of the 
people there. With equipment in mobile varis, 1b 


` No. 4573 ' 


now takes only ten minutes to obtain the complete, 


freqiency- -spectrum of a person’s hearmg-threshold, 
and it was pomted out that such a curve may. contam 


.& deep ‘dip’ so narrow, that 1t-would. be overlooked 


by medsurements at octave-spaced spot-frequencies. 
Two work places with the same total noise-level but 
different frequency-distributions (for example, cotton 
spinning and weaving sheds) may cause very different 
hearing-losses in. the course of, say, ten years: so 
as well as recording total noise-level, 1t is necessary 
to analyse the frequency-spectrum. For places where 
noise fluctuates, they have developed an- instrument 
which analyses the noise by octave’ bands and 
integrates automatically the total time (during: a 
one-hour observation period)‘for which the nojise- 
level exceeds the first or second of two pre-set levels. 
Comparable ‘research on the effects of noise is-im 
progress in other‘ countries, meluding - Germany, 
Sweden and the United States. 

The parallel group was concerned with piimarily 
psychological problems; and it appeared that 
whereas all the countries represented are doing 
work on physiviogical problems of interest to indus- 
try, competent specialists who can be called engm- 
eering psychologists are more or less confined to 
Britain and the United States. Besides discussions 
on engineering psychology, especially design of 
machine controls, and on motivations and satis- 
factions ‘arising from the nature of the work itself, a 
day was given to discussing display of information, 
dealing both with the study pf -pointer-and-scale and 
other display mstruments and panels and with 
information from sources not specially mtended as 
such. Mr. J. Spencer, of University College, London, 
in outlining the various types of display, referred 
especially to results from his own research on the 
best’ forms of graduation for ‘scales. Discussion 
emphasized the importance of formation ‘displayed’ 
other than visually—for example, to the kinesthetic 
sense of position or (especially) to hearmg: every 
machine or process has characteristic sounds which 
are used by the operators to know how it is gomg, 
though design engineers usually overlook the im- 
portance and potentialities of this, and much further 
study is needed of the properties and capabilities of 
the different senses as mformation-channels. Both 
groups joined. for a discussion on anthropometry, 
physiology and psychology ‘applied to working 
postures and machine-design, which showed marked 
variety in the interests developed in different coun- 
tries. Thus, the relation between machine-dimensions 
and operator-posture was approached from the engin- 
eering point of view by Dr. B. Schulte, of Siemens— 
Schuckert A.G., Germany, and by Mr. B. Hellern, 
director of - the. Research Institute of Production 
Engwmeering, . Oslo. Starting from psychology, 
researches’ on -the design of machme-controls were 


‘described by Mr. R. G. Sell, of the British Iron and 


Steel Research Association, and Mr. W.-T. Singleton, 
of the British Boot, Shoe and Alhed Trades Research 
Association. ' . Outstanding as’ an ‘inter-disciplinary 
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éxbrcise was the design of. driver’s seat and controls ` 


for a tractor-mounted hoe developed by the National 


Institute of Agricultural Engineering; the need being’ 


to steer -with an accuracy of about half an inch along 
the line of plants to be hoed ; Mr. K. Provins, of the 
Department of Human Anatoiay of the University of 
Oxford, described the various anatomical and phy: 


inola, Germany, during April 24—26. 


. 
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logical TEE E R taken into account, while dis- 


cussion brought .out possible psychological ‘effects 

worth study, due to the relative movement of hoe 

and plants or to the influence of position and colour 

Bs chassis-members in. building up the driver’s visual 
eld. 

Training needs in the field of ergonomics were 
discussed on the-last day. “In all countries, trained 
people are very few. ‘At the- Ph.D. level, Prof. 
S. D.’ S. Spragg} of the University of Rochester, 
indicated his training of experimental psychologists ; 
the need ıs for engineers, physiologists and psycho- 
logists thoroughly trained in their’ own disciplines 
and with enough knowledge of the other two to 
collaborate in joint research. - THe biggest immediate 
need, however, and one which came out again and 
again during the whole seminar, is’ for some simple 
training ‘in the field of ergonomics for production 
engmeers and designers at the graduate-and tech- 
nologist levels, since straightforward applications of 
existing knowledge can now lead ‘to big results. 
Various small-scale. but promising beginnings wére 
indieated, ‘notably “by Prof.'S. Forssman, of the 
Swedish Employers’ Confederation, and by Prof. E. 
Grandjean, of the Swiss Federal Institute of Tech- 
nology, ‘Zurich; and the seminar recommended 
various steps to bring the need and possible courses 
before universities and colleges of technology. - +- 

Altogether the week was profitable and stimulating, 
justifymg the remark that never before ‘in this. field 
had so well-balanced a group met, from so many 
countries. An informal committee, with Prof. 
Grandjean as‘ corresponding secretary, was charged 
with exploring ways of continuing international 
contact between ‘humañ work’ scientists; and there 
was every’sign that the various participants were 
going from Leyden with fresh ideas and determination 
to broaden and- intensify research in this field in 
their own countries. R. G.- STANSFIELD 


INTERNATIONAL STARCH ` 
; CONVENTION... 


HE seventh International Starch Conventivia 
was held at- the. Cereal Research Station, Det: 
‘Among the 
two-hundred and forty chemists who attended, there 
were eighty from’ abroad representing twenty-one 
countries. The papers which were read .to the 
meeting were divided into three sessions, on research 


-and analysis; starch manufacture ; ; and on starch. 


fractions and derivatives. - ~ 

Following the actual Convention, a conference was 
held on April 27, attended by representatives from 
fifteen countries, for the purpose of discussing the 
possibility of standardizing the analysis of starch, . 
its’ derivatives and by-products, on aw international 
level. The, meeting decided that this could-best be. 
done under the auspices of-the International Organiza- 
tion-for Standardization and that this body. should 
be approached with the request for the organization: 
of the necessary working committees in the various 
countries. The meeting then discussed the report of 
two ad “hoc committees, which had ‘already carried 
out-surveys of-methods employed for, the determina- 
tion of protein in starch and the assessment of starch 
qualities. +> - 

The first séssion of thé Gonveation was: opened 
by -Prof. M. Samec. (Ljubljana, Jugoslavia), who 


discussed the influence of various starches and starch 
derivatives on the mechanical strength of paper. In 
general, he found that wheat and rice starches were 
more efficient in this respect than starches from other 
plants. Fractionating mdividual starches, it was 
found that sizes made from amylose produced paper 
of greater strength than amylopectin sizes. Investi- 
gations had also been undertaken to decide whether 


it was more advantageous to add the requisite starch” 


size to the cellulose pulp in the beater or whether 
the paper sheets should be dipped into the size solution 
(tub size). It was found that by adopting the latter 
procedure the mechanical strength of paper could 
be increased up to 900 per cent. Properties which 
were tested included folding endurance, stretch, and 
tearing and tensile strength. Some relation was 


also found between the infra-red spectrum of starch, ` 


the rate at which the starch was adsorbed by the 
cellulose fibres and the accompanying increase of 
mechanical strength. ` 

Prof. J. Holló (Budapest) showed that during the 
amperometric titration of starch with iodine there 
was some free iodine present in the solution before 
the end-point of the titration had been reached. 
The concentration of the free iodine was propor- 
tional to the concentration of potassium iodide,-to 
the degree of polymerization of starch and to the 
temperature. ‘The heat of reaction was calculated 
and corresponded to the formation of hydrogen 
bonds between iodine and hydroxyl groups. 

An account of the action patterns of starch- 
metabolizing enzymes was given by Dr. W. J. Whelan 
(Lister Institute, London). He presented a scheme 
showing how-amylose and amylopectin might be 
synthesized and deposited side by ‘side in the starch 
granule. By treating nativé starch with the appro- 
priate enzyme, it was possible to de-branch_ the 
amylopectin component, thus producmg a poly- 
saccharide with the characteristics of amylose. With 
other enzymes it was also possible to ramify the 
otherwise linear. amylose molecule, thus giving the 

starch the properties of amylopectin. 

: Dr: E. Dux (Richmond, Surrey) described the use 
of electrophoresis for the investigation of industrial 
starch and dextrine products. Using strips of fibre- 
glass paper in a ridge-pole type tank at relatively low 
voltages, the method was found suitable for the 
classification of white and pyro-dextrins. It was 
also useful for the detection of polar groups in starch 
products and the separation of polysaccharides and 
monosaccharides for quantitative analysis. 

The analysis of the constituents of glucose syrups, 


manufactured for food purposes by acid hydrolysis . 


of starch, was described by Prof. F. Schneider (Bruns- 
wick). 
oligo-saccharides present in such syrups could be 
readily resolved, and details were given of suitable 
_ solvents and developers. The method was used for 
followmg the mechanism of degradation and reversion 
reactions ocewring during manufacture of starch 
syrups. 
of oligosaccharides which were formed by the heat 
treatment of glucosé and fructose in acid or alkaline 
media, : 

Prof. W. Smirnow (Leningrad) réported his 
investigations concerning the products formed by 
the acid hydrolysis‘of starch. The dextrins which 
appeared during the reaction had been isolated, and 
their properties determined. The decomposition of 
glucose ın acid medium was investigated and the 
pH limits for maximum stability were given. ‘‘Rever- 


Mention was especially made of the analysis, 
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‘Using paper chromatography, the mono- and , 
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sion products and aP substances produced by 
the acid decomposition of glucose have also been 
isolated and characterized. 3 

It has been known for some time that the dis- 
coloration of starch syrups is due to two causes: 
first, the Maillard reaction between proteins. and 
their degradation products with aldehydes (sugars), 
and secondly, the decomposition in light of hydroxy- 
methyl furfural. It has now been found by J. Borud’ 
(Lillehammer, Norway) that the amount of soluble 
amino-acids present in starch hydrolysates could be 
appreciably réduced by employing initial starch 
suspensions of considerably higher concentration 
than hitherto common. The remaining nitrogen- 
containing substances were present in the syrup as 
insoluble protein which did not cause discoloration. 

Another method of purifying starch syrups was 
explained by Dr. G. de Jong (Amsterdam). Here 
the hydrolysate was passed through a system of 
four ion-exchange resins arranged in series. Pre- 
liminary decoloration was carried out with a porous 


-and strongly basic resin. Remaining amino-acids 


were then removed by anion and cation exchange 
resins. Lastly, hydroxymethyl furfural was removed 
by.an anion exchange resin which had been saturated 
with sulphur dioxide. 

Various methods used for the determination of 
water in starches were discussed by Dr. E. Eberius 
(Duisburg). Mention was made in particular of -the 
Karl-Fischer method and its application to the field 
of starch. Two variations of this technique were 
used, namely, the direct titration of ungelatinized 
starch granules with the reagent, or preliminary 
dispersion of the granules in anhydrous methanol. 
It was found that the former method gave values for 
the water content which were consistently 0-15 per 
cent less than values from the latter. The water 
content obtained by direct titration also corresponded 
to that given by oven drying. It was considered 
likely that methanol caused some diffusion of water 
out of the interior of the starch granules. 

All papers presented to the Convention and the 
discussion which followed each one will be published 
in due course in the journal Die Stärke. 

i g 3 E. Dux 
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COLONIAL DEVELOPMENT. 
CORPORATION 


REPORT FOR 1956 


HE annual-report of the Colonial Development s 
Corporation* for the year ended December 31, 
1956, records a surplus of £572,809 after paying all 
outgoings, including £416,173 Colonial Office interest, 
the net operating profit from direct projects and sub- 
sidiaries being ‘£371,718, compared with £113,165 in” 
1955. .The only substantial loss was on re-opening 
the Macalder—Nyanza, Mines, Ltd., but better results 
are expected when the initial difficulties are over- 
come and the efficiency improved, provided that the 
“price of copper does not fall much further. Eight 
new projects were initiated by the Corporation during - 
the year, bringing the total to sixty-six continuing 
projects and investigations, compared with sixty- 
* Annual Report and Statement of Accounts of, the Colonial 


Development Corporation for the year to 31.12.66. Pp. v+57. 
(London: H.M. Stationery Office, 1957.) 3s. net. 3 
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representing a total 


three in the previous year, 
of which £45,753,000 


approved capital of £74-2 million, 
was deployed at the end of the year. Of these `pro- 
jects, sixteen are in the Caribbean, eight in the Far 
<. East, fifteen in East Africa, seven in Central Africa, 
twelve in High Commission Territories, and eight 
(including one in Ghana) in West Africa. Function- 
ally, thirteen projects and 18-6 per cent of deployed 
X capital were in agriculture; six projects and 4:5 
per cent capital in animal projects; eight projects 
and 7-0 per cent capital in factories ; one project and 
0-3 per cent capital in fisheries ; four projects and 
11-2 per cent capital in forestry ; two projects and 
0-5 per cent capital in hotels ; nine projects and 12-7 
per cent capital in minerals; eight projects and 
12-5 per cent capital in property and housing; nine 
projects and 27-5 per cent capital in power; and six 
projects and 5-2 per cent capital in transport and 

> communications. ae 
While the projects controlled by the Corporation 
are in much better shape as revenue-earners than 
before, the report points out that the three out- 
standing issues in 1955 are still unsettled. The 
| ‘special losses’ on pre-1951 commitments abandoned 
wholly or in part were assessed last year at £8,020,441, 
and even if the Secretary of State’s power to waive 
interest is exercised in full, it does not relieve the 
‘Corporation of its obligation to repay the ‘special 
losses’ capital. The load cannot be carried by other 
‘projects, which can probably do no more than service 
their own capital, particularly if, as has been argued 

“by the Colonial Office, the Corporation should not 

be allowed to embark on undertakings for which 
alternative finance’ is available. Lord Reith points 
out trenchantly that, on this argument, it would 
become impossible for the Corporation to associate 
with credit-worthy borrowers, who obviously would 
allow neither the Corporation nor the Government to 
‘test the market nor provide any certificate likely to 
‘damage their credit. 
On the interest. question, the report points out 
that, borrowing at the present level (4-25. per cent 

- for short-term, 5 per cent for medium-term and 

8 per cent for long-term loans, fixed on February 16, 

-1957—compared with 4 per cent, 5 per cent and 

. 4°75 per cent at January ‘17, 1956), new projects 

<" must show equivalent high returns, and the Cor- 

“poration is faced. with completing. existing jobs 

with money now costing almost double the rate 

at which the projects were budgeted. This policy 

` slows down Colonial development more than is 

-= necessary. or desirable, and in March 1956 the 

Corporation was presented with a new schedule of 

‘annuities: payable, revoking the previously agreed 

~ interest-free period to March 31, 1957, and involving 
additional interest of more than £957,000. 

"The third outstanding issue relates to the powers of 
the Corporation, and although the Overseas Resources 
Development Act, 1956, which became law on August 
2, 1956, removed some doubts as to the validity of 
past activities, it created fresh doubts, for example, 
as to the validity of Southern Rhodesian under- 
takings. Lord Reith also offers a strong protest at the 
exclusion of the Corporation from territories emerging 
into independence. The Corporation was informed in 
August that the Government did not contemplate 


























the starting of new projects after a Colony became; 


‘independent, and in November the Corporation was 
told that certain new schemes for Ghana and 
Malaya were to be arbitrarily exeluded, while a 
clause in the Ghana Independence Bill excluded 
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Ghana from the term ‘colonial territories’ in the 
Overseas Resources Development Acts, 1948 to 1956. 
Both Ghana and Malaya have protested at the loss 
of the Corporation’s halp, and Lord Reith urges that 
it is common sense taat the Corporation’s services 
should be available tə both emerging and emerged 
members of the Commonwealth. 


MIGRATIONS OF HUMPBACK 
WHALES 
of whalebone whales in the 


ong been of interest, 
è (Megaptera novae: 





To migrations 
southern hemisphere Har 
and those of the humpback 






angliae) were among tae to be recognized by the 
whalers working at Soath Gegrgia and on the African, 


coasts in the early years of this century. In later 
years Australian, Bcitish, Norwegian and other 
workers assembled further evidence of these migra- 
tions, and their condusive demonstration between 
Antarctic waters and the north-west coast of Aus- 
tralia, and the waters off Madagascar, was an 
immediate result of the whale-marking undertaken 
in the Southern Oceam by the Discovery Committee : 
in the 1930s. W. H. Dawbin has now extended our 
knowledge of the movements of humpback whales in 
the Pacific Ocean by his study of records of some 
9,000 individuals of this species in New Zealand 
coastal waters (Trane. Roy. Soc. N.Zis 84, 1, 147; 
1956). . These records, which include the catch 
statistics of shore waaling stations; sightings by 
lighthouse keepers, coastal vessels and aircraft 
pilots; and data frem old logbooks, diaries, etc., 
have been combined to give a clear picture of the 
northward and southward migration routes. North- 
bound whales pass mainly along the east coasts of 
New Zealand, but there is one group passing through 
Cook Strait to the west coast of North Island, and 
another moving around the south-west corner of 
South Island. South-bound whales pass mainly down 
the west coasts, but some follow the east coast of 
North Island as far es East Cape. Records of ‘out’ 
of season’ whales sigtted in January, February and 
March are of interest in view of the evidence which 
is accumulating of the presence of some whalebone 
whales in the warmer latitudes when the bulk of the 
population has migraced south to the Antarctic. 

The seasonal variat.on in the date and duration of 
the migration and in tae relative abundance of whales 
passing in different years has been studied, and the 
rate of migration along the coast has been calculated 
at approximately 22 nautical miles a week in a 
direct north-south line. It is evident that this slow 
overall rate of advance is the result.of frequent 
periods of rest and random movements on a large 
scale, since the cruising speed of humpback whales 
on passage has been observed to average 4—5 knots 
and it is known that individual animals may travel 
up to 500 miles at an average speed of more than 
3 knots. ; i 

Dr. Dawbin is to bə congratulated on the detailed 
picture he has built up of the movements of this 
whale in New Zealand waters. More information 
about its migrations in the Pacific Ocean as a whole 
will come from his work in organizing the whale- 
marking programme, and the collection of observa- 
tions of humpback whales among the island groups ` 
of the South Pacific. S. G. Brown 
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PHYSICAL PROCESSES IN CLOUDS 


N important observational contribution to cloud 
physics is published in the Monthly Weather 
Review (United States Weather Bureau), December 
1956, in the article on “‘Cloud Systems and Precipi- 
tation Processes in Pacific Coast Storms”, by W. H. 
Hoecker, jun. The paper summarizes observations 
made during many flights into depressions over the 
State of Washington, during the winters of 1952-53 
and 1953-54, by aircraft of the Weather Bureau’s 
Artificial Cloud Nucleation Project. During these 
flights the aircraft would remain nearly over one spot 
while the clouds p d by and the flight meteorol- 
ogist kept a detailed log and took photographs. 
Also, cloud particle samples were taken, and air 
temperature, air speed, pressure altitude, and icing 
rate were automatically recorded. 

A situation often observed was one of multi-layered 
clouds, with an upper layer primarily composed of 
supercooled droplets in which ice crystals were 
produced. These crystals fell down to liquid cloud 
layers at lower levels in which they appeared to 
grow rapidly, finally producing rain-size drops. The 
crystals were visible as a haze just below the generat- 
ing layer, but farther down were visible as light 

- streaks against the aircraft structure. ‘The water 
cloud often appeared to develop upwards into the 
ice-crystal generating layer. On one occasion when 
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an ice generating layer did not completely cover u 
lower cloud layer the effects of natural seeding could 
be seen directly. In the seeded part the top of the 
lower layer was fuzzy but in the untouched part the 
average level of the top was higher, and cumulus 
domes were sharply defined. ‘The difference is clearly 
shown in two photographs. On another occasion 
isolated showers of natural ice-crystals from above 
could be seen to be producing holes in a lower layer 
beneath them. This report is believed to be the 
first actual observation of natural seeding by ice 
crystals from a higher layer. 

The samples frequently revealed a mixture of 
droplets favourable for coalescence with large droplets 
between 100 and 200 microns in diameter and small 
ones between 20 and 40 microns, thus providing the 
high values—up to 75/1—of terminal velocity ratios 
very favourable to coalescence of droplets. On one 
flight, when the pilot was endeavouring to climb out 
of a heavily ice-forming cloud, a mixture of velocity 
ratio of 100/1 was found. A mixture of droplets and 
ice-crystals was also encountered with velocity ratios 
up to 150/1 between crystal and droplet and hence 
very favourable to accretion of the droplets on the 
crystals. A photograph is reproduced of two droplets 
attached to a crystal. It is to be hoped that if future 
flights are made it will be possible to examine the 
upper ice-generating layer more fully and observe 
the generation of the crystals. 


A NEW METHOD OF OBSERVING MAGNETIC TRANSFORMATIONS 


By Dr. M. BLACKMAN, G. HAIGH and N. D. LISGARTEN 
Physics Department, Imperial College of Science and Technology, London 


N experiments described below it has been possible 

to demonstrate magnetic transformations visually 
on the fluorescent screen of an electron diffraction 
camera, and to photograph the various stages in the 
transformation. The electron diffraction camera was 
used in conjunction with a cold unit designed for other 
work!, as most of the transformations of interest 
occurred below room temperature. Two methods of 
observing the magnetic effects were employed. In 
the first the electron beam was focused above the 
specimen to be examined; in addition, a small 
movement of the focus was provided by the magnetic 
field of a pair of coils carrying alternating current. 
(This movement of the focus produces in addition 
the doubling effect observable in all the magnetic 
shadow patterns.) A shadow pattern of the specimen 
was thereby produced which, for hmmatite («Fe,O,), 
showed a cycloid-like character associated with the 
field of magnetic domains*, In the second method, 
used mainly when the specimen consisted of com- 
pressed powder, the electron beam was focused on 
the fluorescent screen ; the field of the coils was used 
for forming a line trace on which the magnetic field of 
the specimen produced a characteristic change. ‘The 
results obtained with these methods will be described 
briefly below. 

Crystals 


(i) Hematite. It has been shown by Morin’, Néel 
and Pauthenet*‘ and others, that hamatite undergoes 
a magnetic transformation in the neighbourhood of 


260° K. Hematite is an essentially antiferromagnetic 
substance, rhombohedral as regards its crystal 
structure, and possesses in addition a parasitic ferro- 
magnetism ; this consists of two parts, one of which 
disappears below 260° K. This part is stated by 
Néel’ to be anisotropic and dependent on the direction 
in the basal plane. The other part is considered to 
be isotropic at all temperatures. The origin of the 
ferromagnetism is not yet clear, though several 
explanations have been put forward by Néel. 

The shadow pattern produced by a crystal of 
hematite at room temperature is shown in Fig. la. 


296° K. 


296° K. 





Fig. 1. Shadow patterns of a hæmatite crystal showing the mag- 
netic transformation in the neighbourhood of 260° K. 
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As the crystal was cooled through the transformation 
point, this typical pattern faded (Fig. 1), leaving a 
shadow pattern of the crystal surface (the central 
part of Fig. lc). As the temperature was raised, the 
characteristic magnetic pattern reappeared (Figs. 1d 
and e). One of the surprising features of the patterns 
is the remarkable ‘memory’ displayed by hematite 
(compare Figs. le and a). 

Crystals of hematite from both Elba and Etna 
have been examined. These showed the same trans- 
formation and the same general features. The 
crystals have well-developed faces and give diffraction 
patterns characteristic of single crystals. 

(ii) Magnetite. A magnetic transformation is known 
to occur in magnetite between about 110° and 120° 
K., the transformation being extremely sharp (a few 
degrees at most). The magnetic properties of the 
crystal are found to be much more strongly dependent 
on direction in the crystal below the transformation 
temperature than above it*. 

A crystal having well-developed octahedral faces 
(source: Binnenthal, Valais, Switzerland) was exam- 
ined. This showed no appreciable magnetic effects 
above the transformation temperature (Fig. 2a). A 
marked change was observed at about 120° K., the 
main effects developing within 2 deg. (Figs. 2b and c). 
The transformation point was found to be reversible 
(within experimental error); the magnetic pattern 
did not, however, show the accurate ‘memory’ found 
in the hematite crystals. 


121° K. 


119° K. 





123° K. 


Fig. 2. Shadow patterns of magnetite showing the sł 
netic transformation in the neighbourhood of 120° K. 


mag- 


(iii) Pyrrhotite. The change in the magnetic 
properties of a crystal of pyrrhotite with temperature 
have been described by Néel’. This crystal showed 
no ferromagnetic properties above 250° K.; below 
this temperature the saturation magnetization in- 
creased. ‘The crystal structure was found to be 
orthorhombic and the magnetization anisotropic. 
Along the c-axis the magnetization passed through 
a maximum at 50° K. Néel explains the ferro- 
magnetic properties as due to the gradual ordering 
of vacancies in the non-stoichiometric iron sulphide. 
This explanation, though plausible, is admittedly 
tentative and does not account for all the properties 
observed. 

In the present experiments, two crystals were 
examined, the source of the first being San Juan del 
Rey Mine, Minas Cerais, Brazil, that of the second 
Sudbury, Ontario. The first showed features which 
had some similarity to those described by Néel. The 


298° K. 


148° K. 





Fig. 3. Shadow patterns of pyrrhotite (Brazil) showing magnetic 
effects at two temperatures 
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Fig. 4. 


Shadow patterns of pyrrhotite showing little magnetic 
change on cooling 


crystal showed, however, magnetic effects at room 
temperature (Fig. 3a); there was a marked increase 
in the size of the magnetic features at about 170° K., 
followed by a slower increase as the temperature was 
further lowered (Fig. 30). , 

The second crystal showed a completely different 
behaviour. It was markedly magnetic at room 
temperature (Fig. 4a) and the pattern remained sub- 
stantially unchanged at lower temperatures (Fig. 4b). 

These two examples show that the features de- 
scribed by Néel are by no means typical. While no 
doubt the vacancy mechanism postulated by Néel 
will play a part in the magnetic properties, pyr- 
rhotites are known to contain appreciable quantities 
of nickel in the form ef pentlandite (nickel sulphide) 
and the effect of this may have to be taken into. 
account. (We are indebted to Dr. A. P. Millman, of 
the Department of Mining Geology, Imperial College 
of Science and Technology, for information on this 
point.) 


Powder Specimens 


A number of interesting magnetic substances are 
obtainable only in powder form, which can be 
investigated once these powders are compressed into 
a flat disk and magnetized. The direction of mag- 
netization was arranged to be in the plane of the 
disk. The magnetic field of the disk has the effect of 
changing the electron line trace into a cycloidal 
curve, the detailed character depending on the 
strength of the field and the orientation of the disk. 
This method was used for examining maghæmite 
(yFe,O0,;), magnetite and hematite. The results for 
hematite were much as expected from direct 
measurements of Haigh? on powder specimens ; this 
served as a check on the method. The magnetite 


123° K, 


113° K. 





Fig. 5. Electron line trace patterns showing the changes in mag- 
netic effects during the cooling of a magnetized disk of compressed 
magnetite powder 


298° K. 


109° K. 





Fig. 6. Shadow pattern of a specimen of maghwmite (Transvaal) 
showing no appreciable magnetic change on cooling 


disk showed the transformation at about 115° K., 

_ but the transformation occurs over a temperature- 
range wider than that found for the crystal (see 
paragraph ii above and Fig. 5). 

Two specimens of maghwmite (one being from Bon 
Accord, Transvaal, and the other, a synthesized 
sample) were examined; these showed no appreci- 
able change between room temperature and the tem- 
perature of liquid air (Fig. 6). This difference allows 
one to distinguish easily between maghemite and 
magnetite, a distinction which is by no means simple 
to make on other grounds. Both are highly magnetic 
cubic crystals of similar symmetry and with only 
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slightly different lattice spacings. ‘There is also a 
tendency for these oxides to be non-stoichiometric and 
to contain impurities in their natural state. There 
appears to be reason for believing that many lode- 
stones are in fact composed of maghwmite rather 
than magnetite'. The technique described above 
forms a rapid and certain method of deciding between 
the alternatives. 

Specimens of ferrites have also been examined by 
this technique. The reversing spinel (Lig.gCry-2sF ¢ 1-250) 
described by Gorter’ has been investigated and shows 
the curvature of the electron trace reversing at a 
temperature of 310° K. For this purpose the ‘cold 
unit’ could still be used. For higher temperatures 
the specimen can be attached to a small hot plate 
with which a temperature of 700° K. can be reached 
without difficulty. 

Thanks are due to Dr. G. F. Claringbull, keeper of 
mineralogy at the British Museum (Natural History), 
South Kensington, London, for the loan of specimens 
of natural crystals. 
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COMBINATION OF PHOTORECEPTOR RESPONSES IN THE 
PHOTOPIC LUMINOSITY CHARACTERISTIC 


By C. E. M. HANSEL 
Department of Psychology, University of Manchester 


HOTOMETRIC comparisons in which adjust- 
ments are made until two halves of a test-field 
appear identical involve measurement of the relative 
amounts of the two stimuli necessary to bring about 
this equivalence. It is assumed that the identical 
appearance of the two halves of the test-field results 
from similar nses in those areas of the retina 
and higher centres which correspond to the two 
halves of the test-field. At low illumination-levels, 
when scotopic vision is in use, discrimination of hue 
is lacking and it is possible to match lights of different 
wave-lengths so that they appear identical. At high 
illumination-levels, however, when photopic vision is 
operative, such matches are impossible as differences 
of hue are present. 

The scotopic luminosity characteristic can be 
determined in two ways, first as absolute threshold 
measurements, made at different wave-lengths, and 
secondly, at values above the absolute threshold, as 
the relative luminosities of lights of different wave- 
lengths which give equal appearance of brightness. 
As there is brightness discrimination but not hue 
discrimination, it may be argued that two stimuli 
W, and W, applied in amounts S, and S, are reported 
as appearing identical, and that therefore the physio- 
logical responses induced by these two stimuli are 
similar quantitatively and qualitatively. Thence, if A, 
and A, be the fractions of the stimulus light absorbed 
in the retina and initiating photochemical action : 


A,S, = AS: (1) 

Thus values of S as determined at different wave- 
lengths may be expected to vary inversely with the 
fraction of light absorbed in the retina. ‘This argu- 
ment is supported by the fact that the scotopic 
luminosity characteristic, at threshold values, agrees 
closely with the wave-length absorption character- 
istics of visual purple. 

The photopic luminosity characteristic shows the 
luminosities of lights of different wave-lengths which 
appear, to an observer, to be of equal brightness 
when a difference of hue, although present, is dis- 
regarded. It is sometimes represented by plotting 
the reciprocals of the luminosities, thus giving values 
which increase with the brightness of the part of the 
spectrum being viewed. It does not represent the 
variation of brightness with wave-length since, under 
conditions in which the measurements are made, 
brightness is constant and we know that the relation- 
ship between luminosity and brightness is not 
necessarily linear. Thus in measuring the photopic 
luminosity characteristic, adjustments are made to 
two halves of a test-field until there is equivalence 
of brightness, and differences of hue are disregarded. 
The argument as to similarity of action on the retina 
and higher centres does not then apply, since there 
must be a difference in the nature of the physiological 
response for colour discrimination to occur. 
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There are two types of theory as to the part 
¿played by colour receptors in determining ‘bright- 
= ness’ or intensitive experience: (l) that there is a 
_ Separate ‘brightness perceiving’ mechanism, the 
colour receptors acting as modulators for hue; 
: (2) that. the contributions of the separate colour 
receptors, in respect of brightness, sum to give the 
photopic luminosity characteristic. : 
~ In the case of (1), measurement of the photopic 
_ luminosity characteristic’ may be considered as a 
_ Measurement of the quantities of light at. different 
_ wave-lengths required to give equivalence of activity 

in the mechanism of brightness perception. 

In the case of (2), however, it is doubtful whether 
. this type of reasoning is valid, since in this.case there 
cannot be identity of physiolo.ical action. On the 
basis of the ‘trichromatic ‘theory, three types of 
_ receptor are being stimulated atone wave-length so 
__ that the experience of brightness resulting from that 
_ stimulation is similar. to that which would result 
_ from their stimulation to different relative extents 
- by other wave-lengths. » The photopic luminosity 
` could -only be considered. as varying directly with 
the arithmetical sum of the amounts of stimulation 
if the relationship. between amount of stimulus and 
amount of experience (or sensation) were linear, but 
. this does not appear to be the case. Thus if a non- 
_. linear relationship, as implied by Weber’s law, gives 
a better approximation to empirical findings than a 
_ linear relationship, the conditions will be as follows. 
. Adjustments are made until stimuli W,, W, appear 
“of equal brightness, the amount of stimuli W,, W, 
< required being Z, I,. Let. the sensitivities of the 
colour receptors be B,, Gu Ry at wave-length W,; 
Ba, Gy, Ry, at wave-length W,; and let the resulting 
experience of brightness (or sensation) expressed. 
quantitatively be represented by Sb,, Sg,, Sr, and 
Bb, Sos and Sry. 

Then: from Weber’s law: 


















(2) 
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total brightness Sw, = Sb, + Sg, + Sr, and 
Swi = log (1,81) + log (ZG) + log (1,8,) (3) 
For wave-length W, : 
; Sw, = log (Ba, + log (Ga) + log (Ra) (4) 

Hence : 

I? (B,G,F,) = 1,5 (BGR) (5) 
If comparisons are made relative to I, (so that 
I, = 1), Bı, G, and R, have fixed’values, and hence: 


K ; 
"= YEGR. a 

Thus the relationship between the photopic lumin- 

osity and -the sensisivities. or light. absorption 

characteristics of the solour receptors would be of 

the form: SERIES 

3 log P = log B + log G + log R (7) 


It will be seen (7) that, if the absolute 
threshold of any receotor is not exceeded at any 
wave-length, the value log 0 will be involved which 
will reduce P to an imfinitely large negative value. 
Alternative equations to express the relation between 
sensation and stimulus have been suggested which 
take into account deviations from Weber's law at the 
extreme values'-*.. If these are substituted in the 





“above argument this difficulty doés not. arise. 


In some theories of colour vision, ‘attempts have 
been made to determins the sensitivity characteristics 
of photoreceptors which will both account for colori- 
metric data and also give by summation the photopic 
luminosity characteristic. Attempts have also been 
made to account for the photopic luminosity charac- 


teristics encountered in various forms of colour defect _ 


in terms of the absence of particular types of photo- 
receptor. These calealations have involved: arith- < 
metical summation and they might be reconsidered. 

in terms of other types of summation as described 
above. 

1 Helmholtz, H. von. “Physiological Optics”, 2 (1911). 

* Houston, R. A. “Discussion on Vision” (The Physical Society, 1932). 


* Others include Delboeuf, J.. Broca, A., Zinner, E., Holway, A. H., 
and’ Crozier, W. T. pi 


A NEW DETECTION OF FATIGUE DAMAGE IN METALS 


By Dr. A. J. KENNEDY* 
‚British iron and Steel. Research Association, London, S.W 11 


En r is now evident, from a variety of experiments, 
4 that under cyclic stresses metals may re-soften, if 
- internal stresses already exist, or alternatively they 
= = may develop a process of hardening, if initially 
< annealed. The softening resulting from cyclic stresses 
has been detected, for example, by compression and 
. -hardness'*, by creep? and by strain-cycling* measure- 
ments, the subsequent hardening being noted in 
creep? and also in hardness tests. In some cases both 

_ stages are observed in sequence. 
oe The action of the fatigue stress is, then, two-fold. 
It first re-distributes and relieves internal stresses by 
z: the generation and movement of dislocations, and 
then builds up Within the metal a state equivalent to 
one of reduced mobility of dislocations. The reason 


* Present. address : College of Aeronautics, Cranfield. 


for this second effect is still largely conjectural, and 
several. possibilities exist : for example, one promising 
line of thought couples it with the. generation and 
aggregation of vacancies. Whatever the true physical 
mechanism may be, it is natural to assume that the 
hardening is related in some way to the development 
of a state of fatigue and as such its. detection and 
measurement are of both theoretical and practical 
importance. i 

Unfortunately, from the more practical point of 
view, the character of this hardening process has so 
far shown no very useful features. A prediction of 
failure from such observations has not therefore been 
possible, even though microscopic cracks and mark- 
ings may be observed very early on in the test. It 
is true that in the later stages, when these cracks are 
well developed, a chenge in the gross mechanical 
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properties may be detected, but 2-0 
fatigue failure is then fairly im- 
minent. The practical problem, 
then, is whether a potentially 
dangerous state of fatigue may 
be detected earlier in the life 
before the metal is heavily dam- 
aged. The experiments reported 

in this present communication are 
directly concerned with this ques- 
tion. 

Experiments have been con- 
ducted on lead wires maintained at 
constant temperature in an appar- 
“atus which can apply a longitudinal 
fatigue stress (by an electromag- 
netic vibrator) or a torsional creep 


r 
a 


1-0 


Amplitude of creep cycle 
(fraction of initial amplitude) 
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stress (by a galvanometer coil 








assembly) or both simultaneously. 
For convenience in the discussion, 
I shall designate the process of tor- 
sional creep when the fatigue stress 
js superimposed. as ‘fatigue-creep’, 
-and the similar process when the fatigue stress is 
absent ‘as ‘simple creep’. 

- ‘Phe tests have beon confined to. very small ranges 


of strain, the maximum creep strains achieved being 


about 10-*, Thé process is therefore referred to as 
one of microcreep, even though the strain is not fully 
recoverable at the test temperatures. If the tem- 
perature is low enough, say less than 150° C. for 
lead, then fatigue-creep may be fully recoverable 
when the creep stross is removed. Thus fatigue-creep 
can show one distinct difference from the simple 
creep behaviour in that it fully recovers on removal 
of the creep stress, whereas simple creep does not. 
‘Both forms of creep exhibit the usual type of transient 
creep curve, though fatigue-creep is far less regular. 
The superposition of the fatigue stress markedly 
increases the microcreep rate, of course, a property 
‘observed previously in the case of the more usual 
macrocreep. 

Examination of the dependence of the creep- -rate 
on temperature yields an activation energy for the 
microcreep process of about 19 kilocal./mole, which 
is the same as that derived for the macrocreep of 
lead*, by a similar mathematical method. The 
dependence of the rate of fatigue-creep on tem- 
perature and frequency is, however, not simple, and 
peak effects are exhibited for certain - conditions, 
similar in-charactor to those obtained from measure- 
ments of damping capacity. It is important, there- 
fore, to emphasize that a full description and analysis 
of the behaviour of the metal over ranges of frequency 
and temperature cannot be attempted in a short 
account such as this, and will be dealt with elsewhere 
when the work is published in full. The purpose of 
this present communication is simply to report those 
observations which have an immediate and direct 











Table 1. DETAILS OF THE TESTS SHOWN IN FIG. 1 
H Fatigue 
ji Temp. | Fatigue stress eles to © test 
Carve; (CL) arg {approx.) ‘allure tions 
(./8.) (kgm. em.~*)) (millions) 
A 150 285 10-6 8-55 Without 
B B85 285 10° 13-6 fatigue 
c 125 285 126 282 superim: 
i aip creep) 
D 125 285 12°5 275 
E 110 285 50 44-8 su supe 
fatigue-creep) 














100. 
(failure) 


Fatigue duration (percentage of fatigue life) 
Fig. 1 


bearing on the problem of detection of early fatigue’ 
damage. 

The basic creep test adopted was one in which the 
test piece was subjected to cyeles of forward and 
reverse torsional creep, with a total cycle period of 
40 min. The amplitude of this cycle may, for present 


“purposes, be taken as a useful practical index of the 


overall creep behaviour. Obviously such cycles may 
be carried out under conditions. of either simple creep 
or those of fatigue-creep at different stages in the 5 
fatigue life of a test-piece. Š 

The results of five such tests are plotted in Fig. 1; 
the details bemg given in Table 1. The distinction 
between the simple creep and the fatigue-creep cases 
is interesting. For simple creep (cases A, B and 0O} 
the amplitude of the cycle falls at first to about 0-9 
of its initial value (corresponding to a slight hardening) 
and then remains fairly constant until failure is 
imminent. On the other hand, fatigue-creep (repre- 
sented by D and #) is much more sensitive to the 
development of the fatigue process. First, the 
amplitude of fatigue-creep falls very much moré 
during the early stages of fatigue to a value of about 
0-5 of the initial amplitude, and then, at about 0-7 
of the fatigue life, it shows a rapid and distinctive 
re-softening. It has been checked that when fatigue- 
creep re-softening occurs in these test- “pieces, the 
simple creep properties are similar to those given by 
curves A, B and C.. The creep of the metal in this 
stage is, then, sensitive to combined creep and fatigue 
stresses, but not to creep stresses alone... This fact 
should provide an important pointer to the theories, 
particularly those concerned with the development: 
and propagation of micro-cracks. Both curves D 
and Æ exhibit minima at about 9 million eycles 
before failure, so that in these cases an adequate 
warning of the onset of fatigue failure may be 
obtained. 

A more general point of interest arising from these 
results is that other mechanical properties, for 
example, those of hardness, may offer similar criteria 
of damage if the tests are conducted with the fatigue 
stresses superimposed. 


* Polakowski, N. H., and Palchoudhuri, A., Proc, Amer, Soc. Test. 
Mat. , 64, 701 Eran * 

? Coffin, jun., L. F., Frans. Amér. Soe. Mech. Eng., 96, 921 (1954). 

* Kennedy, A. J., Nature, 178, 810 (1956). 

t Kennedy, A. J., Proc. Phys. Soe., B, 68, 257 (1955). 
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Moiré Patterns in Transmission Electron 
Micrographs of Sub-Boundaries 
of Aluminium 


Morr patterns are interference fringes observed 
through two superposed, slightly misoriented dif- 
fraction gratings, or through two parallel gratings of 
slightly different spacing. When the misorientation 
between the gratings is very small the spacing of the 
moiré fringes may be much greater than the grating 
spacing. Mitsuishi, Nagasaki and Uyeda! observed 
that the lattice in thin sheets of crystal may act 
as gratings to produce moiré patterns in the electron 
microscope. More recently, Hashimoto and Uyeda? 
have shown that dislocations in these crystals are 
revealed as dislocations in the moiré patterns, and 
Pashley, Menter and Bassett? have recorded moiré 
patterns in specimens consisting of one metal 
epitaxially evaporated on to a single crystal film of 
another metal. 

Hirsch* has shown that it is possible to observe 
individual dislocations directly in thin metal films 
by transmission electron microscopy. ‘This technique 
is being used in this Laboratory’ for studymg 
specimens which include aluminium films beaten to a 
thickness of 2-5y, annealed in vacuo at 350°C. and 
etched down to less than 1000 A. in 1 per cent hydro- 
fluorie acid in water. These thin films are examined 
in transmission in an experimental prototype 
Metropolitan-Vickers Z.M.6 operating at 70 kV. and 
at a magnification of 30,000. 

In some of these films quite extensive areas of 
sub-boundaries may be seen and, as the misorienta- 
tion is small at such boundaries, the conditions should 
be suitable for the formation of moiré fringes» 





Fig. 1. Moiré fringes on a sub-boundary in aluminium, (x 150,000) 
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Such interference petterns have now been observed 
and an example is shewn in Fig. 1. There is a much 
coarser extinction contour pattern in the same area. 
Individual dislocations are visible quite close to the 
boundary. 

No dislocations have been found in the moiré 
patterns, though the dislocations which constitute 
the sub-boundaries ara sometimes seen together with 
the moiré pattern. Is appears, therefore, that the 
dislocations which form the sub-boundaries do not 
give rise to dislocations in the moiré pattern. 

It is important to be able to assess the contribution 
of moiré patterns to electron micrographs of thin 
metal films studied in transmission. lt also seems 
that useful information about the nature of sub- 
boundaries may be cbtained by a study of moiré 
patterns, and further work is in progress on this 
aspect of the study of thin metal films. 

Thanks are due to Mr. G. Rickards for his assistance 
with the electron microscopy and to Dr. T. E. 
Allibone for permissien to publish this communica- 
tion. A 


G. A. GEACH 
R. PHILLIPS 
Associated Electrical Industries, Ltd., 
Research Laboratory, 
Aldermaston Court, 


Aldermaston, Berkshire. 
1 Mitsuishi, T., Nagasaki, HE, and Uyeda, R., Proc. Jap. Acad., 27, 
86 (1951). 
* Hashimoto, H., and Uyeda, R., Acta Cryst., 10, 143 (1957). 
a an A W., Menter, J. W., and Bassett, G. A., Nature, 179, 752 
‘ Hirsch, P. B., Horne, R. W., and Whelan, M. J., Phil, Mag., 1, 677 


* Bradley, D. E., and Phillips, R., Proc. Phys. Soc., B, 70, 533 (1957). 


Oxide Films on Siver at High Temperatures 


Ir is usually assumed that no oxide film can exist 
on the surface of metallic silver heated in air above 
200° C., since bulk si ver oxide, when heated in air, 
decemposes completely into silver 
and oxygen at this temperature’. 
Recent work in this laboratory 
has shown that this is not the 
case. 

I+ is well known that mercury 
readily wets clean film-free solid 
metals but does not wet non- 
metallic surfaces—a fact demon- 
strated by Hoar and Farthing* 
durng the electro-polishing of «- 
brass. This experiment has now 
been repeated for silver heated at 
varous temperatures up to 800° C. 

‘Two specimens, each 5 cm. X 
1-8 em. X 0-2 mm., of oxygen-free 
99-99 per cent silver with a mirror 
finish were heated in vacuo to 
450° C., and at this temperature 
hycrogen was introduced into the 
system for two periods of ten 
mirutes, with an intervening evacu- 
ati. This was done in order to 
remove any initial film on the sur- 
face of the specimen. After the 
secend hydrogen treatment, the sys- 
ter. was again evacuated and the 
temperature raised to 800°C. Pure 
oxygen was then introduced at a 
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Fig.1. Potential-time curves for (4) silver specimen oxidized at 
800° ©. for 1 hr., (B) oxidized, spaces reduced in hydrogen at 
5 


aA 


pressure of 72 cm. mercury and the silver specimens 
were kept in this atmosphere for 1 hr., after which 
the furnace was removed and the specimens were 


allowed a few minutes to cool to room temper- 
ature. 


One of the specimens was taken out and a drop of 
mercury placed on it. It did not spread and its 


-. spherical shape was retained even after a period of 
-otwo hours. The second specimen, which had been 
— given identical treatment, was then heated-to 450° C. 


m a vacuum, and at. this temperature hydrogen 


Was again introduced as previously described. ‘The 
- specimen was then cooled to room temperature and 


withdrawn from the apparatus. A drop cf mercury 
was. placed on the surface and there was instant 


spreading. The spreading became more pronounced 


with time, and in a few hours the whole surface was 
covered. The drop on the first specimen also spread 
with time, but at a much slower rate than that on 


“the sécond, 


These simple experiments show that an oxide film 
can exist on the surface of metallic silver heated in 
oxygen at 800°C., although no indication is given 
of the thickness of the film. 

The electrometric method? was found suitable for 
measuring the film thickness, the apparatus being 
similar to that used by Mills and Evanst for copper. 
The oxidized specimen was suspended from a plat- 
inum hook and formed the cathode of the cell, with 
a silver ~ silver chloride anode. The electrolyte was 
æ phosphate buffer (containing KH,PO, and 
Na,HPO,.12H,0) of pH 7-1, made up with. twice- 
distilled water. A small amount of potassium chloride 
was added to the buffer so that a silver- silver 
chloride reference electrode could be used. The 
solution was de-aerated by alternately boiling under 
reduced pressure and then passing purified hydrogen 
into the apparatus. After four cycles, the electrolyte 
was forced by hydrogen pressure into the cell con- 
taining the specimen. The oxide film was then 
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reduced by cathodic polarization with a current of- 
ll pamp. During the reduction, the potential of the 


‘specimen was measured against. the silver — silver 


chloride electrode every 18 sec. 

The potential-time curves for the two specimens 
are shown in Fig. 1. Curve A, obtained for the- 
specimen oxidized at 800°C. for 1 br., shows a well: 
defined plateau corresponding tó the reduction of. 
the oxide film, before the hydrogen-evolution poten- 
tial is reached. The quantity of electricity consumed | 
in the reduction of the silver oxide shows that the — 
film is of the order of 5 A. in thickness, calculated on 
the apparent surface area and taking the density of 
the film as 7-14, the same as that of bulk silver oxide; 
Curve B is a typical curve for a specimen oxidized 
under the same conditions but afterwards reduced 
in hydrogen at 450°C. In this case there is no ~ 
plateau and the hydrogen-evolution potential is. 
reached almost immediately. Ey 

The electrometrie method thus confirms the 
observation made with the mercury drops and is — 
suitable for the determination of the thickness of _ 


. the oxide film on silver. 


D. Evror Davies | 
Department of Metallurgy, es 
University College, 

Singleton Park, 
Swansea. 
March 15. 


*Ellingham, H. J. K., J. Soe. Chem. Indust., 68, 125 (1944). $ 
* Hoar, T. P., and Farthing, T, W., Nature, 189, 324 (1952). “Pro: a 
porties of Metallic Suri aces”, Discussion 349 (Institute of. Metals, ga 


* Evans, U. R., “Metallic Corrosion, Passivity and Protection”, 
(Arnold, London, 1946). Davies’ D. E.. Eyans, UR, and Aga: 
N., Proc. Roy. Soc., A, 225, 443 (1964), a 
‘ Mills, T., and Evans, U. R., J. Chem. Soe., 2182 (1956). 





Radioactive Method for the Determination of _ 
Slag Mass during the Basic Open-Hearth 
i Steel-making Process 


Ix. open-hearth steel-making, chemical reactions. ` 
take place between the metal bath and a supernatant 
slag layer, and any material balance on the process _ 
demands an accurate knowledge of the masses 
involved. Metal mass varies only slightly throughout: 
a heat and can be assessed with acceptable accuracy 
from the amount of steel produced. Slag mass, 
however, varies considerably throughout a heat, 
and there is a great need for a mathod of estimating 
it which has greater accuracy than the present 
methods based on a lime/magnesia or a phosphorus/ -: 
manganese balance. 

We have determined the slag mass at any chosen 
time by a radioactive method using the principle of 
adding a known activity to the slag and measuring 
the dilution in slag samples afterwards taken from 
the furnace. 

Barium-140 in equilibrium with its daughter 
product lanthanum-140 was found to be the only 
radioactive tracer to satisfy the following necessary 
requirements : 

(1) Its chemical form is such that it is distributed 
uniformly in the liquid slag without loss by partition 
to the metal or furnace walls, or by volatilization, 
Both parent and daughter isotopes (as oxides op 
carbonates) fulfil this condition. 

(2) The emitted radiation is easily measurable, the 
characteristics being : 
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Isotope Half-life Mode of decay 
Barium-140 12-8 days Beta emission to lanthanum-140 with 
emission of gamma photons up tos 
0-54 MeV. 
Lanthanum-140 © 40-2 hr. Beta emission to cerium-140 with 


emission of gamma photons up to 

2-57 MeV. 
~: In practice, for reasons relating to counting tech- 
< niques, only the high-energy radiation of lanthanum- 

140 is measured. 

(3). No health hazards are introduced by the isotope 
being used in too great a quantity or having a long 
radioactive and bioldgical half-life. On the other 
hand, the radioactive half-life is sufficient to permit 
measurements to be taken. 

` (4) It is readily available free from other radioactive 
contamination. 3 

>O Lanthanum-140 alone could be used instead of the 

“combination; but the short half-life and difficulties 

in preparation: for this purpose make it much less 

- “practicable. The adoption of parium-140 effectively 

== provides the best characteristics of both radio- 

elements, namely, the higher energy of the lanthanum- 

140 radiation together with the more useful half-life 

_. of the barium-140. 

- < Careful procedures have been established for adding 
the isotope to the furnace, taking and preparing the 
lag samples, and for diluting in the laboratory a 
tandard sample from the same batch of barium-140. 
Measurements: to date have been carried out in 
furnaces of steel capacity ranging from about 80 to 
_ 350 tons and carrying from about 8 to 40 tons of slag. 

: The barium-140 additions have ranged from about 



















“a slag activity of the order of 0-1 ye./lb. This level 
"does not give rise to radiation or ingestion hazards— 
“it would be necessary to eat several pounds of slag 
to obtain an undesirable level of activity inside the 






















of an accurate alternative method makes it 
to check the radioactive technique; but, 
eration of the melting shop staff of 
m Steel Co., elaborate arrange- 








ments we 
-350-ton tilting furnace. ‘This included careful crush- 
ing of the whole of the slag for magnetic removal of 
entrapped steel prior to actual physical weighing. 
` Considering the practical difficulties of these opera- 
tions, the comparative figures obtained were remark- 
ably close : Dae, Aer 
MBS p aE hoa S16: tons 
Successful measurements have now been made on 
some 150 different casts and the consistency of results 
indicates an overall accuracy of about + 1 per cent. 
"This work has been carried out by the Research 
and Development Department of the United Steel 
- Companies, Ltd., in co-operation with the steel-making 
branches. Grateful acknowledgment is made to 
Mr. F, H. Saniter, director of research, for permission 
to publish. ‘this communication. It is intended to 
` publish later full details. of the principles and the 
_ practical techniques involved. 

















G. R. CHURCH 
W. C. HESELWOOD 
G. A. NICHOLSON 
The United Steel Companies, Ltd., 
_ Research and Development Department, 
-Swinden Laboratories, 
Moorgate, 

`- Rotherham. —. 

April 29000 - 
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Griineisen’s Rule and the Thermal Expansion 
cf Metals 

GRÜNEISEN! arrived at an empirical rule connecting 
the volume expansion of solids due to rise in tem- 
perature with the atomic heat of the solid and its 
compressibility at absolute zero. This rule has been 
stated in various forms, and Hume-Rothery’, after a 
comparative study of the various forms, has recom- 
mended the form due to Simon and Vohsen*, namely : 

Tr- Vs Er 
Vo Q — KEr 

where Vz and V, are the volumes of the solid at 
T° K. and 0° K. respectively, Er is the total heat 
content of the solid ai 7° K. and Q and K are con- 
stants. Thus > 


Vo Gees, 

ee s BO 1 

Va — Fe Er * ( ) 

Vass may be substituted by 3 ar ~ 9 | where 
y ò Go 


ar and a, are lattice parameters of a cubic crystal at 
T° K. and 0° K., respectively. Similarly, we may 
write for Ep the Debye expression 9 RTD (0/7). 
Substituting these values in equation 1, it becomes 


evide 2 ourv Go i ya et wi 
vident that the curve of PREE P i TDO. will 
become a straight line. Fischmeistert has drawn 
these curves for ionic crystals such. as sodium 
and potassium chlorides, potassium and cæsium 
bromides, potassium and cæsium iodides and lithium 
fluoride, and in each of these cases has obtained a 
straight-line curve. The present work was under- » 
taken to find out if the same linear relation is obeyed 





for pure metals, For this purpose, the cell edges of. we 
“pure copper, aluminium, silver and platinum ab 
-various temperatures were studied by the X-ray ` 


diffraction method. Measurements were carried out 
— 0-70 
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with the help of a 19-cm. camera and filtered X-rays 
were used. The cell edges were determined by the 
extrapolation technique due to Sinclair and Taylor’. 
Extrapolation to absolute zero was carried out by 
the technique described by Fischmeister*. The 
resultant curves are shown in Fig. 1. Unlike the 
eurves for ionic crystals obtained by Fischmeister* 
for metallic crystals, these are non-linear. Further 
work is being carried out to find the nature of these 
curves for other metals and alloys. 

Thanks are due to Prof. K. Banerjee and Prof. 8. 
Gupta for their interest in the work. 

G. B. Mirra 
S. K. Mirra 
Department of Physics, > 
Indian Institute of Téchnology, 
Kharagpur, India. 
March 8. 
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pega Ba ann rine. prora, 89, 279 (1912); “Handbuch 
* Hume-Rothery, W., Proc. Phys. Soc., 57, 209 (1945), 
* Simon, E., and Vohsen, E., Z. phys. Chem., 188, 165 (1928). 
4Fischmeister, H. F., Acta Cryst., 9, 416 (1958). 
‘Sinclair, H., and Taylor, A., Proc. Phys. Soc., 57, 126, 108 (1045). 


Interaction Energy of Electric Charges in a 
Very Thin Tube 


In classical electrostatics, we have the problem 
of the mutual interaction of two electric charges in 
a one-dimensional linear space, or—a similar problem 
the self-energy of a one-dimensional continuous 
distribution of charge, Treatment. of these problems 
thus far has given the well-known result that the 
energy of both these interactions is infinite. 

It has been assumed a priori that the potential 
due to the interaction for two points and corre- 
sponding to the above distribution is of the type 
PETHI where z, and z, are the co-ordinates of 

1 e 
points on the line. Integrating along-both variables 
we obtain a quantity tending logarithmically to 
infinity. 

We may, however, approach this problem in another 
way, which seems to have a stronger physical justifi- 
cation : we calculate the interaction energy of charges 

in a eylinder of finite cross-section, and then we pass 
< over to the limit. for the cylinder radius tending to 
zero... This gives us a finite value for the interaction 
energy of two. electrons in an ideally thin tube 


(filament) of length L, namely, PE the self-energy 


of a one-dimensional charge distribution with a 
constant density p along the length L is 4p°Z.. This is 
possible beeause of the non-uniform convergence of 
the interaction integral. 

The caleulations were conducted in the following 
non-trivial manner: we represent the interaction 
potential by a Green function of the three-dimensional 
Laplace—Poisson equation, where the function satisfies 
the relation! 

WG = — d(r—r’) 
here y? and ô are in cylindrical co-ordinates, and the 
components § were expanded into Fourier and Bessel 
integrals. 

With such a potential, we next calculate the inter- 
action integrals in a form corresponding to the Cou- 
lomb and.exchange integrals constructed from 
eigenfunctions which are solutions of the Schrödinger 
equation for particles moving freely in a cylindrical 
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box of length L and radius R. In this way we obtain, 
gin the limit, an integral for those parameters of the 
“eigenfunctions which correspond to the interaction 
energy of the classical problem; finally, we obtain 
the value of this integral for R tending to zero. 

The above problem was studied beeause of its 
relation to the interaction of electrons in the free- 
electron model of conjugated organic molecules, this 
interaction being of basic importance when that 
model is used for explaining the structure of the 
absorption spectra of these compounds. - 

S. OLSZEWSKI 
Institute of Physical Chemistry, 
Polish Academy of Sciences, 
Warsaw. March 19. 


1 Ivanenko, D., and Sokolov, A., “Classical Theory of Fields” (Moscow, 
1951) (in Russian). 


Irreversible Processes in Physical Theory 


Ix two recent communications!, Prof. K. R. Popper: 
has emphasized the existence of physical processes 
the irreversibility of which is attributable to the 
physical impossibility of the initial conditions requisite 
to the occurrence of their inverses, apart from any 
relationship to thermodynamic theory. Popper refers 
to an earlier argument of the same type by Einstein?. 
We believe that his point is a sound one and deserves 
formulation as a general principle. 

We distinguish two types of systems which we call 
‘elosed’ and ‘open’. In classical mechanics the closed 

“systems have quasi-periodic orbits, whereas the open , 
systems have at least some aperiodic orbits which 
extend to infinity. 
closed systems have totally discrete energy spectra, 
whereas the open systems have continuous spectra’. 
It is sufficient for present purposes to think of a © 
closed system as one confined in a region of finite 
volume by an outer wall, whereas an open system 
has no such outer boundary. The theoretical reversi- 
bility of elementary processes in both closed and open 
systems is guaranteed formally in both classical and 
quantum mechanics by the equations of motion 
themselves, provided that the maximum information 
permitted by the theory is supplied. 

But there exists a fundamental distinction between 
the two kinds of system in the following sense. 
In open systems there always exists a class of allowed 
elementary processes the inverses of which are un- 
acceptable on physical grounds by requiring a deus ex 
machina for their production. For example, in an 
open universe, matter or radiation can: travel away 
indefinitely from the ‘finite’ region of space, and so 
be permanently lost. The inverse process would 
require matter or radiant energy coming from 
‘infinity’, and so would involve -a process which is 
not realizable by physical sources. Einstein's example 
of an outgoing light wave and Poppers analogous 
case of a water wave are special finite illustrations 
of this principle. 

Einstein argues further that on the emission theory 
of electromagnetism, as opposed to the wave theory, 
the energy imparted to a photon on emission is. not 
scattered over infinite space but. remains available 
for elementary processes of absorption and scattering, 
and he seems to imply by this that the photon theory 
allows a type of reversibility which is denied to the 
wave theory. There is no reason, however, for favour- 
ing either form of radiation theory on the grounds of 
reversibility alone, since both forms of emission pro- 


In quantum mechanics the « 
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cess would be irreversible under the conditions of 
our principle. PA 

The theory sketched above, which depends on the 
topological character of the state space of a physical 
system, is logically independent of the statistical 
assumptions on which the concept of entropy is 
based. Although the latter concept is pertinent to a 
partial characterization of the empirical and psycho- 
logical basis of time’s arrow in our ordinary physical 
environment‘, it has no intrinsic relevance, in our 
view, to physical irreversibility as such. The non- 
entropic irreversibility of open ;systems not only 
contributes to time’s arrow on the cosmic scale, but 
can also be seen to play a part in the anisotropy of 
the time of our ordinary environment. If a finite 
system A is chosen, but is allowed to interact with 
‘the rest of the universe’, the behaviour of A will be 
that ofan open system for ordinary intervals of time. 
Thus the irreversibility formulated in the principle 
we have stated as a generalization of Einstein’s and 
Popper's examples enters ‘locally’ into time’s arrow, 
unlike the irreversibility of a purely cosmological 
process such as the speculative monotone increase 
of the radius of spherical space. 

One of us (A. G.) is indebted to the National 

Science Foundation for the support of research. 
rey ae se E. L. Hur 
; pee A. Grinpaum* 
School of Physics, 
; : and 

Minnesota Center for.Philosophy of Science, 
: University of Minnesota, 

Minneapolis, Minn. 

5 Present addres : Lehigh University, Bethlehem, Pennsylvania, 
t Popper, K: R., Nature, 177, 588-(1956); 178, 382 (1956). 
* Kinstein, A. irys, Z.,10, 821 (1909). See also Zilsel, E., Naturwiss., 
MB, 283 (1927). 
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THE support given by Profs. Hill and Grimbaum 
‘in their interesting communication is very encourag- 
ing. The problem before us—before these two authors 
as. well as before ‘myself—is the. clarification of the 
notion of a ‘causally irreversible physical process’ ; 
or more precisely, of a process that is (a) ‘theoretically 


| reversible’, in the sense that physical theory allows 
: us to specify: conditions: which would reverse the 


process, and at the same time (b) ‘causally irreversible’, 


_. in the sénse that it is causally impossible to realize 


the required conditions. Everything depends here 
upoh making clear what we mean by saying that it is 
‘causally impossible to realize certain conditions’. 

_ In this connexion, I must express some doubt as 
to whether the principle proposed by. Profs. Hill 
and Grinbaum is adequate... In formulating their 
principle, they operate with two ideas: that of the 
‘openness’ of a system, and that of a deus ex machina. 
Both seem to me insufficient.. For a system consisting 


of a sun, and a comet coming from infinity and 


describing a hyperbolic path around the sun, seems 
to me to satisfy all the criteria stated by them. The 
system is open; and the reversion of the comet on 
its track would require a deus ex machina for its 
realization: it would “require matter .. . coming 
from ‘infinity’ ”. Nevertheless, this is an example 
of just that kind of process which, I take it, we all 
wish.to describe as completely reversible. 
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On the other hand, compare the following two 
closed systems : (i) A cavity, of the shape of an ellipse 
rotated around its major axis, with walls that are 
perfect mirrors, and two atoms in the two foci. Here 
the emission of light by one atom will lead to its 
absorption and re-emission by the other, and so on, 
ad infinitum. The process is, clearly, reversible. (ii) A 
closed room, with an electrice bulb in it, and straight 
walls but slightly rcugh and painted white. (We 
assume that the system is closed so that no heat 
escapes.) Now in the classical theory, this case is 
theoretically reversible: we have only to reverse the 
movement of all the oscillators in the surface of the 
walls, and the light will return to the bulb which 
will absorb it, thereby getting hot. At the same time, 
the process is ‘causally irreversible’. The reason is 
{as mentioned in my previous communications) the 
problem of coherence. We know that (distant) 
oscillators can be indaced to emit coherent light only 
by exciting them from a central source of light. 
Causally unconnected oscillators can never be made 
to cohere; and the attempt to relate them causally, 
and to obtain coherence, would bring us back to a 
case like (i). 3 

The impossibility here mentioned is clearly different 
from that of returning a hyperbolic comet in its 
path: for this we merely need a deus ex machina 
who is something like a gigantic tennis player-—the 
affair can be directed from one centre. 
essentially not the case if we try to make light waves 
return, or water waves; not éven in. the classical 
theory. 

Although I cannos quite subscribe to Profs. Hill 
and Griinbaum’s interpretation of Hinstein’s remarks, 
it is clear, I think, that my argument conforms to 


their suggestion that we should not favour either 


form of radiation theory. 


The point of my argument is merely this. Only _ : 
such conditions can be causally realized as can be 


organized from one centre. The feeling that this is 
so may have contributed to Newton’s doctrine that 
all forces are ‘central forces’, “Yet although this 
theory turned out to be too narrow, the theory of 
‘central causes’ seems to me correct in the sense that 


causes which are not centrally correlated are causally. 


unrelated, and can eo-operate only by accident (or 
by a miracle). The probability of such an acciden 
will be zero; and whatever exists of a theory 
coherence tells us that we can do nothin < 
this probability. However, I do not 








h to suggest 





that all causally irreversible processes are based upon. 


the impossibility of reversing coherence; and I am 
unable to offer a solution to the problem, raised by 


Profs. Hill and.Griinbaum, of giving a general 


characterization of these: processes. . 
oo Ke B. Porprer 
University of Loncon. ; 


Structure and Biological Function of 
Ribonucleic Acid from Tobacco Mosaic 
Virus ; 
Tne finding that isolated ribonucleic acid from 
tobacco mosaic virus is infective! has Jed to further 


' studies on its biological and physical properties. 
The whole ribonucleic acid. content of a single. 
.tobacco mosaic virus molecule corresponds to a 


molecular weight of 2-3 x 10%. The experiments 


to be described suggest that the biological activity. 


depends on the integrity of this core. 


But this is J 
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» 1. Sedimentation diagram of 0-24 per cent ribonucleic acid 

nt buffer, pH 7 at 5° ,000 rev./min, Peak 
t; B, slower 

tation constant 


component. The O A AA 
at this concentration 


Ribonucleic acid prepared by the phenol method? 
contains a component (A) which is homo us in 
the sedimentation diagram (Fig. 1). In addition, 
there are slower migrating, seemingly degraded com- 
ponents (B). The mean molecular weight? of the ribo- 
nucleic acid is around 10%, In order to obtain the 
molecular weight of com: t A, the sedimentation 
constant, the intrinsic viscosity, and the correspond- 
ing mean molecular weight have been studied with 
the ribonucleic acid in the original state and in 
various states of degradation. In this way, a relation 

molecular weight and sedimentation con- 
stant was found and led to a value of about 2-1 x 
10° for the homogeneous component A, corresponding 
zoan the limits of accuracy to the intact ribonucleic 

id core. 


ponent is the.same as that of component A within 

+ cent. : Pye arnal 

i gation ollowed testing specific 

y of the ribonucleic acid in the supernatant. 

cular weight of the infective component is 
cide. 






ble 1. Decrease of intrinsic viscosi » [9], mean molecular weight 
ee bare gle epee ogee A Twit time. The decrease was 

uced by 1-5 x 10 . ribonuclease at 22° C, in a solution 
of 0-16 per cent M 
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viscosity [yj], and L to the counts of lesions on 
a glutinosa. A typical example of the 

ured decrease in infectivity, viscosity and mean 
molecular weight is given in Table 1. The decrease in 
L is much faster than that in m. This indicates that 
the molecular weight of the infective component (M) 
is larger than m. A quantitative correlation can be 
derived to caleulate M : 


1 1 1 

ey ae 1” ata ae 

The values given in Table 1 lead to M = 2-2 x 104, 
whereas the mean value from all measurements of 
this type is 2-5 x 10%, : 

When the infective unit has received an average 
of one break of an internucleotide bond through the 
action of ribonuclease, the infectivity is expected tð 
be reduced by a factor e. The molecular weight can 
be calculated if the activity of the enzyme, given 
as the proportion of bonds split per unit of enzyme 
concentration and time, is measured under the 
conditions used for the infectivity test. This was 
done in two steps. First, it was estimated by titra- 
tion that a state of degradation corresponding to 
one break per molecular weight of 7,000 is indicated 
by an increase in the ultra-violet absorption at 
260 my by 15 per cent. Then it was found that this 
state is reached by 260 times the enzymatic action 
which reduces the infectivity by the factor e. There- 
fore, the molecular weight of the active unit is about 
260 x 7,000 = 1-8 x 106. 

Thus, within the limited accuracy of the determ- 
inations described, different approaches lead to the 
same size of 2 x 10° for the infective unit, correspond- 
ing approximately to the entire ribonucleic acid 
core of a tobacco mosaic virus molecule. Smaller 


for infection must 
therefore be distributed along a large part of the 
ribonucleic acid core. Sections without biological 
functions in between are not excluded. If small 
active sub-units exist, they might form strands 
wound l around each other to make up 
the ribonucleic acid core. A structure of this 
type, however, is not likely in view of the following 
evidence. ` 

With respect to the structure of the ribonucleic 
acid in solution, the following o ions are 


re t. ad 

(1) The intrinsic viscosity of the ribonucleic 
acid is found to be proportional to approximately 
the first power of its mean molecular weight, suggest- 
ing a structure intermediate between a random coil 
and a stiff rod. The whole core appears as a flexible, 
moderately coiled chain with dimensions of several 
thousand angstroms. 

(2) Ribonucleic acid of high molecular weight has 
a large optical rotation (« = 220° at 546 my) as 
compared with that of degraded ribonucleic acid 
(x < 30°), whereas the ultra-violet absorption at 
260 my is less for larger molecules than for smaller 
ones. The minimum molecular weight for high rota- 
tion and low absorption is about 7,000, eorrespond- 
ing to twenty nucleotides. This is evidence in favour 


~ of a superstructure of the larger molecules of ribo- 


nucleic acid in solution. e 

(3) Ribonuclease causes a breakdown af the ribo- 
nucleic acid that without a lag phase 
(Table 1), indicating that single splitting processes 
determine the rate. 


-.* Schuster, H. 
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(4) From the absolute activity of the ribonuclease 
and the induced reduction in the mhean molecular 
weight of ribonucleic acid, it is estimated that any, 
or nearly any, break of an internucleotide bond 
eauses a molecule to disintegrate. 

If the structure should consist of several strands 
(3) and (4) would imply that splits within different 
strands are not independent... This being. unlikely, 
the ribonucleic acid is more probably single-stranded. 
A simple model for a single-stranded superstructure 
would be a helix with hydrogen bonds between 
nucleotides: of adjacent turns. 

A detailed account of this work will be published 
elsewhere, I am much indebted to Prof. G. Schramm 
and Prof. H. YFriedrich-Freksa for support and 
advice and to Miss A. Kleih and Mr. W. Mönch for 
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a assistance. 


ALFRED GIERER 


> Max-Planek-Institut für Virusforschung, 


Tübingen, 
April 12. 


i Gierer,.A., and Schramm, G., Nature; 177, 702 1956); Z. J. Natur- 


forsch., 11b, 138 (1956). 
Schramm, & : oad Zillig, W., Z. J. Naturforsch., 11b, 
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_ Utilization of Carbohydrates by the 
Young Calf 


In recent years, increasing attention has been paid 
to early weaning and rearing of young calves and 
pigs away from their dams on diets other than whole 
milk. A ‘variety of such milk replacement diets is 
now available, though many of them contain a large 





From a practical point of view, the 


ge of aoe ‘starch-containing foods is very 


a : attractive, and reasonable results have been obtained 
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with 4-week old calves given combinations of skim 
milk and oat flour. 
We found here that calves up to three weeks of 
age did badly on a skim milk diet containing as 
the main source of energy oat flour or flaked maize 
predigested with preparations of œ? or §-amylase, 
alone or in conjunction}. 
Chromatographic examination of the products of 
such. digestion showéd that the main product was 
maltose, together with some dextrins and a little 
glucose. It seemed prebable, therefore, that the young 
calf was unable to utilize maltose or dextrins, and 
direct evidence was sought by following the changes 
in the concentration of reducing sugars in the blood 
after a test meal. 
Eight new-born calves reared for two days on 
colostrum and: thereafter on whole milk were used. 
They were muzzled to prevent access to roughage. 
At intervals of a few days the animals were fasted 
overnight and received then by mouth solutions in 
water of glucose, lactose, sucrose, maltose, dextrin 
or soluble starch at the rate of 2 gm. of carbohydrate 
per Ib. body- weight. The concentration of reducing 
sugars in the jugular blood determined by the 
method of Somogyi? was followed for the ensuing 
5 hr. 
The results show clearly that during the first four 
weeks of life the non-ruminant. calf utilized, of the 
carbohydrates tested, only glucose or lactose. How- 
ever, at nine weeks we found appreciable utilization 
of maltose which earlier workers showed to be well 
utilized at nine months’, Values for soluble starch 
and dextrin are not given in Fig. 1, but as ex- 
pected they were not used at all. 
Preliminary examination of the amylolytic activity 
of the pancreas anc of the maltase, lactase and 
sucrase activities of extracts of intestinal mucosa of 
young calves showed excellent correlation with the 
blood-sugar findings : lactase activity was high in 
the very young animal, but that of amylase or maltase 
was very low; the activity of amylase and maltase 
"increased w ith age while that of lactase 
decreased; no: sucrase activity was 
detected. 

It is clear, therefore; that of those 











ponents Of diets 
during the pre rt 
life, amd that. t 
raw, dextrinized o) ‘ 
. flaked maize), serve no useful pur-. 
pose as sources of energy until rumen 
function begins. .. Once the miero- 
bial flora.of the rumen becomes 
established bacterial enzymes break 
down starch to substances that can 
be utilized by the host. Further- 
more, it follows from our findings 


e 





that predigestion of cereal starches 
806. Nie Saige Maltose (4) 20-28 days r by amylase must be complemented 
oe : $ 

7090 —— 0 eng . sSucrose (7) 3-16 Ta mm by the action of maltase to carry the 
ee Cema oa ea 8 degradation to glucose. 

a Se eee eS 8 Earby reports, based on digestibility 

col a a ee Oa aa studies, that the young calf can utilize 

| i m : SE ;  starch* are clearly misleading as they 

1 2 8 4 5 ignore the contribution of the baet- 

` Time (hr.) erial flora of the large gut to the 


Fig, 1. Concentrations of reducini 


g Sugars (mgm. -J100 mi.}in the blood of calves 
given by mouth various carbohydrates at the rate of 2- gm.jib. body weight. 
Mean values for stated numbers (in parentheses) at gi given ages 


degradation of carbohydrate—a pro- 
cess that does: not necessarily contri- 
bute te the nutrition of the host. 
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We hope to report elsewhere these findings and 
those of similar studies with the young pig and chick 
now in progress. 

A. M. DOLLAR 
J. W. G. PORTER 


National Institute for Research in Dairying, 
University of Reading. 
March 12. 
1 Dollar, A. M., Porter, J. W. G., Roy, J. H. B., and Shillam, K. G. 
(unpublished results). 
* Somogyi, M., J. Biol. Chem., 160, 69 (1945). 


* Larsen, H. J., Stoddard, C. E., Jacobson, N, L., and Allen, R. S., 
J. Anim. Sci., 16, 473 (1956). 


* Shaw, R. H., Woodward, T, E., and Norton, R. P., J. Agric. Res., 


12, 675 (1918). 


Artificial Activation of the E 
in a Gynogenetic Spider Beetle 


IN a recent communication in Nature by Moore, 
Woodroffe and Sanderson!, it was shown that the 
spider beetle Ptinus latro Fab. exists only as females 
and that these require to be inseminated by males 
of the allied Ptinus hirtellus S in order to produce 
viable eggs. Insemination by ili males was 
ineffective. The details of the cytological phenomena 
involved were communicated at the Tenth Inter- 
national Congress of Entomology, 1956". Since no 
conclusions could be reached as to whether the sperm 
enters the yolk of the P. latro egg, it is proposed to 


carry out experiments using labelled sperm and- 


autoradi hy. Meanwhile, the following is a report 
on results of experiments on artificial activation of 
the virgin egg. ‘The methods employed involved 
cold and heat treatments, exposure to ether vapour, 
and puncturing with a fine glass needle, but the best 
results were obtained with the needle puncture 
method or traumatization. It was found that the 
maturation division proceeded as far as telophase 
(Fig. 1) in 50-60 per cent of the 200 eggs treated. 
Eggs were squashed in aceto-orcein from 10 to 
120 min. after puncture and it was observed that the 
maturation division is complete usually after 30 min. 


However, ng Sa of cleavage was seen up to 2 hr., 





eggs tend to dry up. In untreated 


Fig. 1. 


Telophase of maturation division In an activated egg 
Fig. 2. Arrested metaphase in an ‘unfertilized’ egg 
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eggs from virgin females, the development is usually 
blocked at the first metaphase (Fig. 2). The chromo- 
somes may remain in this stage up to a period of five 
days, and then degenerate. From the remarkably 
high percentage of eggs activated by traumatization, 
it seems reasonable to assume that the role of the 
sperm in initiating activation is mainly of a physical 
nature. Further work is in progress and will be 
reported elsewhere. 

The low percentage of viable eggs produced by 
mated P. latro calls for some comment. The fact 
that large numbers of sperms can be seen adhering 
to the chorion of eggs from inseminated females 
suggests an inability on the part of the female to 
regulate the flow of sperms, with consequent rapid 
depletion of the supply and non-activation of the 
later-laid eggs. The presence of the spermatheca 
and the necessity for activation by sperms suggest 
that parthenogenesis in this beetle is of recent origin. 

We are grateful to Mr. G. E. Woodroffe, of the 
Pest Infestation Laboratory, Slough, for the generous 
supply of specimens and relevant information regard- 
ing their culture. One of us (J. J.) is the holder of a 
Science Research Scholarship (Overseas) of the Royal 
Commission for the Exhibition of 1851. 


Ann R. SANDERSON 
J. JACOB 


Natural History Department, 
Queen’s College, 
University of St. Andrews, 
Dundee. 


March 15. 
1 Moore, B. P., Woodroffe, G. E., and Sanderson, Ann R., Nature, 
177, 847 (1956). x ; 
* Sanderson, Ann R., Proc. Tenth Int. Cong. Ent, (1956) (in the press). 


The Diapause Hormone of the 
Silkworm, Bombyx mori 


In 1924, Watanabe! postulated that silkworm egys 
overwinter as a result of receiving an ‘inhibitory’ 
substance from the mother moths, but the existence 
of the substance has not hitherto been substantiated 
experimentally. On the other hand, I have foundè 
that the subcsophageal ganglion of the silkworm is 
responsible for the hibernation of silkworm eggs ; 
but the organ that furnishes the active principle was 
not known. Evidently diapause of the silkworm is 
controlled by a hormone, similarly to the moulting 
or metamorphosis of insects. I attributed? the 
diapause of silkworm eggs solely to the function of 
the subcesop! ganglion, the brain having no 
effect, whereas Fukuda‘ ascribed the activity of the 
subwsophageal ganglion to brain regulation by way 
of the esophageal connectives. Thus in both hypo- 
theses the sub@sophageal ganglion is regarded as the 
actual source of the principle leading to the pro- 
duction of diapause eggs. It was not known whether 
the substance secreted from the subcesophageal 
ganglion—the diapause hormone—is identical with 
the inhibitory substance suggested by Watanabe or 
not. 

Many attempts have been made to extract diapause 
hormone from blood or ovaries of pup# with various- 
organic solvents. The ganglion begins to release the 
diapause hormone into the blood immediately after 
pupation’, and the ovaries of silkworm pup@ grow 
most rapidly at the middle pupal stage. Furthermore, 
it was considered that the subesophageal ganglion 
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would not accumulate the hormone, but would liberate 
the hormone into the blood continuously, thus passing 
it to the ovaries in the pupæ ; in other words, blood 
or ovaries were regarded as materials suitable for 
extraction of the hormone. It is now seen that one 
of the chief reasons for the lack of success was because 
blood or ovaries were used as starting materials. 
When silkworm pups were injected with a con- 
centrated extract from blood or ovaries, they failed 
to develop, whereas the pupæ injected with a diluted 
extract transformed into moths without any change 
:in their own eggs and laid normal non-hibernating 
eggs. So the possibility- of the extraction of the 
hormone remained uncertain. Among the many 
moths thus tested during the past three years, only 
an occasional individual laid hibernating eggs as if 
an extract had exerted its effect, that is, the moths 
laid both hibernating eggs and non-hibernating ones. 
‘Thus the appearance of hibemating eggs seemed to 
depend on some disturbed metabolism of the pups» 
caused by injection of the extract itself. The blood 
or ovaries of pups presumably do not contain the 
hormone in sufficient quantity for extraction. 
Recent work, however, has demonstrated the 
possibility of extracting the diapause hormone in the 
subeesophageal ganglion of pupz. In 1956, the first 
“isolation of this hormone was. achieved by treating 
` the brain-subeesophageal ganglion complex of about 
15,000 pupæ with methanol, ether and finally chloro- 
form as outlined in the accompanying scheme. After 
evaporation of chloroform, the residue showed high 
potency of diapause hormone as tested by the in- 
jection method, the solution to be injected being 
made by adding the extract to 1-6 c.c. of distilled 
water. Injection of 0:02-0:04 c.c. of the solution 
into a pupa to produce non-hibernating eggs dupli- 
cated. the results obtained by the implantation of 
active subcesophageal ganglion; that is, the eggs 
laid by the resultant moths began to form pigment 
in. their serosa cells, following which the pigmentation 
"proceeded. to completion of the proper colour of 
hibernating eggs of the race. The extract exerted 
- its effect upon pure polyvoltine races, and made their 
non-hibernating eggs hibernate as well. 


a 







PROCEDURE WEED TO SEPARATE THE DIAPAUSE HORMONE FROM 
GANGLION TISSUES 





Brain-subaso phageal ion complex 
B Homogenized in 80 per cent methanol 
2. Centrifuged 
ae Precipitate Supernatant 
i (suspended hh 80 per 1. Freed from methanol by vacuum evap- 
methanol and re- oration 
fractionated in same | 2. Washed with ether 
manner) 
Ether Aqueous 
(discarded) 
Extracted with chloroform 
Aqueous Chloroform 
(discarded) ; 


‘Karlson® used the heads of female silkworm moths 
as well as those of male pups as materials for ex- 
traction of the corpus allaturm hormone. He obtained 
an ether extract which inhibited the development of 
post-diapause pups of Saturniidae and suggested 
that this extract may contain the diapause hormone 
of the subcesophageal ganglion. In the addendum 
of his paper, however, he admitted that the observa- 
tion was probably an experimental mistake. The 
ether extract does not contain the diapause hormone, 
because the hormone isolated by me from the brain- 
subesophageal ganglion complex of pupæ resists 
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extraction with pure ether, and the ether extract 
from the complex has no power to make non-hiber- 
nating eggs hibernate. Karlson’s extract may be a 
substance similar to the corpus allatum hormone, as 
the latter can be extracted with ether’. 

From further studies on this subject by employing 
heads of silkworm moths as the source of diapause 
hormone, I have also separated the active part 
showing the same solubility in various solvents and 
the same stability to certain temperatures as the 
hormone extract of the brain—subcesophageal ganglion 
complex of pupz ; these will be discussed elsewhere. 

With the collaboration of Profs. Y. Hirata and 
K. Nakanisi (Department of Chemistry, Faculty of 
Science, Nagoya University) the purification of the 
diapause hormone is now being attempted. 


KINSAKU HASEGAWA 
Sericultural Laboratory, 
Faculty of Agriculture, 
Nagoya University, 
Anzyo, Aiti-ken, Japan. 


t Watanabe, K., Bull, Seric. Exp. Stat., 6, 9 (1924) (in Japanese). 


* Hasegawa, K., Gizyutu-sirgo, Depart. Agrie. For., 29 (1950) (in 
Japanese), 


’ Hasegawa, K., J. Fae. Agric. Tottori Univ, 1, 2 (1952). 

1 Fukuda, S., Proc. Jap, Acad., 27, 9 (1951). 

* Hasegawa, X., Bull. Seric. Bap. Stat., 11, 8 (1948) {in Japanese). 
* Karlson, P., Vehr. deutsch, Zool. Ges. (1954). 

7 Williams, C, M., Nature, 178, 212 (1956). ` 


Effect of Temperature and. Hydrogen-lon 
Concentration on the Germination 
of Spores of Bacillus cereus 


Or the factors influencing spore germination, the 
effects of temperature and of hydrogen-ion con- 
centration were studied by Powell’s methodi, which 
registers the first apparent. changes of germination, 
namely, the loss of refractivity, by measuring the 
turbidity of fairly dense spore suspensions. 

The germination medium was prepared by two- 
fold dilution of a stoek solution. consisting of 4 gm. 
meat extract, 200 ml. sweet whey, 100 ml. of a (1 + 10) 
yeast decoction, 10 gm. glucose, 5 gm. peptone, 
8 gm. potassium dihodrogen phorpiilte and 700: xml. 








ments on the effeet of pH, the diluti 
tained the necessary amount of aei 
pH-level required (usaally the fi 
4-00, 4-25, 4-75, 5-00 and. 6-00). 
control, not containing added acid, was 7-0. 
Turbidity of the suspensions in test-tubes was 
measured in a Lange-type photoelectric colorimeter 
using a specially designed tube adapter. Suspensions 
containing about 4 x 10%/ml. spores of a strain of 
Bacillus cereus were ordinarily prepared, using five 
parallel tubes for each treatment. The test-tubes - 
were immersed in am electrically heated water-bath 
regulated to about + 0-25°C. Turbidity readings 
were recorded (as a percentage of light absorption) 
every 3 or 6 min. in the first hour, and every 15 or 
30 min. in the next three hours. From those observa- 
tions turbidity reduction curves: were drawn for 
every test-tube and the velocity of the process, called 
‘germination velocity’, as well as the ‘extent of 
germination’ eraai aa As a measure 
of germination velocity, the & value was calculated 
from the time 7 (in min.) necessary to reduce turbidity 


to 20 per cent (by extrapolation) of its original value, =; 


k being equal to 100%. The extent of germination, — 
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G, was computed from M, expressing absorption at 
the lowest portion of the turbidity curve as per- 
centage of the original absorption. The formula for 
G was: 100 (100-M,)/(100-M,), Me indicating the 
mean of the five parallel test-tubes in question and 
Me that of the controls. Results for M o at 30°C. 
served as controls in the experiments on temperature, 
and those obtained at pH 7-0 served as controls 
for the experiments on pH. ; 

Varying the temperature of incubation between 15° 
and 45° C. at two different pH-levels gave the results 
shown in Table 1. 











Table 1 
Germination velocit 
Temperature | {$} (means of 5 par: 
Ce.) tubes) 
pH = 5-1 | pH = 7-0 
15 O84 1-26 
20 2-70 4-03 
25 2-90 6-26 
30 i 3-61 12-36 
35 458 | 19-58 
40 0-88 89°77 
45 (i 15°88 











As may be seen.from Table 1, the effect of changes 
in temperature differs markedly at the two pH-levels 
employed. Whereas at pH 7-0 germination velocity 
shows big changes with temperature, at pH 5-1 it is 
apparently uninfluenced by the latter. As regards 
extent. of germination, however, no substantial 
changes occur at pH 7-0, but there is a strong de- 
pendence on temperature at pH 5-1. Application of 
_ the usual Arrhenius plot to k values, determined at 

pH 7-0 and temperatures between 20° and 40° Gi, 
resulted in a temperature. characteristic (œ) of 21,000, 
and a temperature coefficient (Q 10) Of 3-1. The opti- 
mum was found to be around 40° C, 

The pH of the germination medium was varied, 
at 20° C., between 4 and 6 by the addition of different 
inorganic and organic acids. As may be seen from 


Figs. 1 and 2, germination velocity and extent of. 


. germination. mainly depended upon hydrogen-ion 
concentration and were independent of the nature of 
the acid, at least in the case of hydrochloric, phos- 
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phoric, tartaric, citrie and lactic acids. ‘With acetic 
acid, however, a special. inhibitory effect was observed, - 
Virtually complete. inhibition took ‘place at pH 4-5, 
with acetic acid, but only at pH 4-0 with the other 
acids tested, 

Tt is interesting to note that, by changing the pH 
value, changes in k and G do not run parallel. Goin, 
downwards from pH 6, the extent of germination 
remains essentially unaltered down to about pH 5 and 
drops rather suddenly between pH 5 and 4: Germina- ° 
tion velocity, on the, other hand, suffers. strong | 
reduction by changing the pH from 6 to 5 and this. 
reduction continues to pH 4. Pages 

A detailed account of this ‘work has been sub- 
mitted to Acta Microbiologica Acad. Sci. Hung. n 


K. Vas 
A. Prosar 





Institute for Research in Canning, 
Meat Packing and Refrigeration, 
II, Herman O.-ut 15, 

, Budapest. 


* Powell, J. F., J. Gen. Microbiol., 4, 330 (1950). * 


A Non-Extractive Method for the 
Quantitative Estimation of Chlorophyll 
in Algal Cultures 


Tue standard method for the quantitative estima- ` 
tion of chlorophyll usually involves the extraction 


of this fat-soluble pigment in either ether, acetone, | x 


or alcohol. When quantities of chlorophyll are large, 
as is frequently found in culture experiments, large 
errors may result from incomplete extraction. ; 
Goldberg et al.* introduced a cell-counting method, 
utilizing the millipore filter, which was rendered 
transparent by the addition of cedar oil. In the 
same manner a.portion of algal culture may be con- 


eentrated on a millipore filter, quickly dried, cleared... 
with cedar oil, and pressed between two cover 


glasses. The slide may then be examined in a spectro- 
photometer and the concentration’ of chlorophyll 
determined from the optical density.of the principal: 
absorption peak. z 
A measured portion of an algal culture is concen- 
trated on a millipore-type ‘4A’ filter (47 mm. 
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Absorption of Phaeodactylum colls on a clear millipore 


Fig. 1. 
s filter, between wave-lengths 750 and 600 my 


diameter). The filter is quickly dried at 85° C. for 













10 min. Preliminary .¢ ination. has shown that 
xposure to 
The dried filter is placed on a No. 2 


50 mm. cover glass to which several drops 


„ and the two glasses with the filter between 
are firml ‘pressed together. The residual filter is 
-carefully cut away and the excess cedar oil is wiped 
“from both glasses. ` 
-> The ‘wafered’ filter is placed in one half of the 
standard Beckman D.U. 5:0-em. cell carriage. A 
‘packing block of brass ensures. the centring of the 
filter directly behind the opening in the cell carrier. 
Air is used as the blank standard. Monochrometer 
slit-widths range between 0-02 and 0:06. mm. 
The spectrum of Phacodactylum cells on a cleared 
-- nillipore filter is shown in Fig. 1. The principal peak 
js at 670 my, whieh agrees with other workers’ findings 
- for chlorophyll absorption within the cell. Acetone, 
ether. and alcohol solvents shift this peak to 655- 
665 my. Optical density readings at 670 my are the 
sum of absorption and scattering. The scattering, 
however, arises from particles much larger than the 
wave-lengths of light encountered ; hence all visible 
“wave-lengths in the red spectrum are scattered 
equally, not selectively, as is the case when the particle 
size approaches the dimensions of the wave-length. 
Therefore, scattering may be detected at 750 my 
where pigment absorption is negligible. Table 1 
shows optical density measurements at 670 mp and 
750 mp using air as one reference and the cleared 
filter ag the other. About 50 c.c. of Phaeodactylum 


culture had been filtered. Using air as- the reference, 


the optical derfsity at 670 my. is- the sum. of chloro- 
_ phyll 
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‘are added, A second cover glass is placed ` 


absorption and scattering resulting from the- 
cedar oil complex and the cellular material on the < 
filter. True chlorophyll absorption is the difference 
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Table 1. COMPARISON OF SCATTERING CORRECTIONS 

















Wave-length | Optical density | Optical density 
i (maz) (Ref.: air) (Ref.: cleared filter) 
| 670 l 0-120 0-069 
750 | 0-064 0-013 
| Corrected l ae cae i 
| O.D. 670 0-658 0-056 








between optical density readings at 670 and 750 mp. 
When a cleared filter is used as the reference, the 
optical density at 750 my is representative of par- 
ticulate material on the filter. In the example shown 
in Table L, about 80 per cent of the scattering resulted 
from the cedar oil filter complex, thus indicating that 
the refractive indices of cedar oil and cell material 
are about the same. 

To calibrate this method, comparisons with acetone 
extracts were made. The methods for concentrating, 
extracting and determination have been outlined by 
Richards with Thompson? and Creitz and Richards’. 
Table 2 shows the ratios for seven species between 
the corrected optical density at 670 my. and milligrams 
of chlorophyll a in the acetone extract. For most 
of the cultures listed only two determinations were 
made at different concentrations ; however, Dunaliella 
and Phaeodactylum cultures were calibrated from six 
comparisons each, covering a wide range of concentra- 
tions. Chlorophyll in milligrams per litre of filtered 
culture may be calculated by using these ratios in 
the following formula : 4 


“lor (O.D.) (K) 
F z I memesinin ainnean mane 
Chlorophyll æ (mgm. flitre) uie flkerel in litres 
where O.D. = Dero — Dao It should be noted 
that, in the calibration procedure, the optical density 
at 670 my has been compared directly with values 
obtained for chlorophyll a. Some interference by 
other chlorophylls cen be expected at this wave- 
length; however, this probably does not exceed 
5 per cent of chlorophylla, =; £ 
As only a small portion of the entire filter is: 
examined in the spectrophotometer, large errors could 
result from the accumulation of cells in particular 
sections of the disk. By rotating the filter so that the 
light-path passes through three different a1 s, the 
maximum deviation recorded was 15 per ce 
The non-extractive method is mue! 
than direct estimates of pigme) ; cell suspen- 
sions. It is comparable in sensitivity to ‘optical 
density measurements on chlorophyll-acetone solu- 












tions using a 5-0-em. light-path. The common use —— 
of the millipore filter makes the non-extractive | 


Table 2. RATIO (K) BETWEEN CHLOROPHYLL @ (mgm..) IN ACETONE 
EXTRACT (A) AND THE CORRECTED OPTICAL “DENSITY VALUES AT 
670 mu (B) FOR EQUIVALENT VOLUMES OP FILTERED CULTURES 




















At B ai 
k= 

Skeletonema costatum I| 4-00 x10 | 0-039 9-102 
IL 750x10 | 0-071 | 0105 

Chaetoceras sp. Eo p11 x10 | 0022 | 0-131 

: 11 2-50 x10 | 0-049 | 0-180 

| Lauderia sp. E D24 x10 | 0-030 | 9105 
th | 220 x10" | 0052 | 9-104 

| Phaeodactylum tricornutws 1) 1-84 x10% | 0-033 0-110 
HE 700x i07 0162 | 0-108 

Dunaliella euchlora LL20 <10] 005 | CH4 
11 4-05 10 | 0092| 011 

` Nannochloris 3p. ` I Gie 107% 0-026 0:103 
IE | 8:86 x 10 | 00st 0104 
Olisthodiseus sp. Ei 1-66 91078) 0032 738. 
TE | $00 x 10" | 0-077 | SAL 





cepet 90 per cent acetone extract 











ore sensitive 
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method highly desirable in studies involving carbon-14 
uptake and chlorophyll analysis. 

This work has been supported by a grant from the 
National Science Foundation. 


CHARLES S. YENTSCH 


Woods Hole Oceanographic Institution, 
Massachusetts. 
March 26. 


3 Goes E. D., Baker, M., and Fox, D. L., J. Mar. Res., 11 (2), 194 
* Richards r. A., with Thompson, T. G., J. Mar. Res., 11 (2), 156 


(1952). 
* Creitz, G. I., and Richards, F. A., J. Mar. Res., 11 (2), 156 (1955). 


Conversion of Phytoplankton to 
Zooplankton 


Oxe of the major problems in the efficient pro- 
duction of food by mass cultivation of unicellular 
algae is harvesting the crop. Centrifugation, the 
accepted method in the harvest of algal suspensions, 
is an expensive operation. Other procedures which 
have been used are gravitational settling of the 
heavy cells? and flocculation by addition of special 
agents*, 

The conversion of phytoplankton to zooplankton 
by feeding algae to appropriate animals, and harvest- 
ing these ani , is another possibility.. The feasi- 
bility of this procedure will depend on the efficiency 
of the conversion. Estimates based on the rate of 

“growth and respiration of some zooplankton organ- 
isms indicated high efficiency for this conversion ; 
up to 70 per cent of the metabolized plant material 
was converted to animal matter’, 

Conversion efficiency so estimated refers to the 
percentage of the plant material which was ingested, 
digested, absorbed and metabolized, and does not 
indicate the efficiency in terms of total plant material 


ination. A varying number of 
newly hatched Artemia nauplii 
were counted into several 

vessels containing 200 ml. of sea 
water. The vessels were kept in 
the dark, and equal quantities of 
algal suspensions were added daily. 
The packed volume of the algae 
in the added suspensions was 
determined at the same time. 
After nine days the animals were 
harvested, blotted and weighed. 
Dry weight was determined after 
drying overnight at 105°C. The 
total packed volume of algae fed 
during the experiment was 0-290 
ml. per vessel. The wet and dry 
weights of 1,000 hatched Artemia 
nauplii before feeding were 14 
and 2 mgm. respectively. The 
packed volume of the solids left 
in the water, including fecal 
pellets and uneaten algae, was 
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Table 1. CONVERSION OF PLANT TO ANIMAL MATERIAL 


No. of | Initial wet | Final wet | Initial dry | Final 
alsi i weight rel ino df of fecal 
(mgm.,) | pellets (ml.) 


animals} weight weight 


(mgm. ) 





In each series the total packed volume of algae fed was 0-200 ml. 


also determined. The results of this experiment are 
given in Table 1. 

It is apparent that the conversion efficiency based 
on the wet weights of the animals and algae (assuming 
the specific gravity of the algae to be 1) could be 
as high as 53 per cent. The efficiency, as expected, 
is much lower when the amount of the available algal 
material per animal is in excess of the amount it is 
able to assimilate. The fecal pellets in this instance 
are dark green and are composed of partially digested 
algal cells. 

An optimal concentration of algae per animal 
exists which will yield a maximum conversion 
efficiency. This concentration will vary with the 
age of the animals and should be determined 
experimentally. 

AHRON GIBOR 

Hopkins Marine Station of 

Stanford University, 
Pacific Grove, California. 
1 Smith, J. H. C., Carnegie Inst. Washington Pub. 600, 143 (1963). 
* Gotaas, H. B., Oswald, W, J., and Ludwig, H. F., Sci. Monthly, 
79, 368 (1954). 
* Harvey, H. W., J. Mar. Biol. Assoc., 29, 97 (1950). 
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A Cytoplasmic Polyhedral Disease of the 
Srey Moth (Lymantria dispar L.) 


Dure 1954 and 1955 we investigated an out- 
break of the gypsy moth in middle Slovakia and 
collected material from infested oak forests. In some 
of the caterpillars reared from these samples the 
feces were abnormally white. Examination of these 
under the optical microscope revealed the presence 
of great quantities of polyhedra-like bodies. This was 
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Figs. 1 and 2. Longitudinal sections of the gut epitholium of the larva of the gypsy moti 
fpr dispar, infected witi ¢ . 


th a cytoplasmic polyhedrosis 
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Fig. 3. A gut cell filled with hedra ; note that the nucleus 
we s Lg beet oo 


contains no 


unexpected, since only one type of polyhedral disease 
has so been described from the gypsy moth, a 
nuclear polyhedrosis affecting many organs of the 
caterpillar but not the gut. Infected larvæ pro- 
gressively lost their appetite and finally died, reveal- 
ing in dissected specimens a milky white gut. - 
Although Xeros' and Smith and n À have 
recorded successfül infection of gypsy m larvæ 
with a a vii from the gut of Arctia 
villica, this is the first recorded occurrence of a` 
natural infection in this species with a cytoplasmic 
virus. 

For a histological study of the disease, larvæ were 
fixed in Bouin-Dubosque-Brazil fluid and sections 
Su thick were cut and stained with Ehrlich’s and 
Heidenhain’s hematoxylin. The polyhedra were 
found only in the cells of the gut and in no other 
o of the infected larvæ; they occurred in the 
cytoplasm and not in the nuclei. No cases of double 
infection with both cytoplasmic and nuclear poly- 
hedroses were observed. 

After artificial infection in the laboratory, larvæ 
of the fifth instar died in about two weeks, infectivity 
being nearly 100 per cent. ’ 

There seems little doubt that the natural means 
of of the virus is by way of contaminated 
food. Whether there are other methods of infection, 
either natural or artificial, is a matter for further 
investigation. 

= In cross-inoculation studies it has been established 
that the polyhedra are infectious and cause similar 
diseases in other lepidopterous larvæ such as those of 
the silkworm (Bombyx mori) and the brown-tail moth 
(Euproctis chrysorrhoea). 

In most cases the polyhedra are hexagonal in shape 
and range in size from 0-5 to 4p in diameter with» 
an average of l-2u. They are dissolved by N/20 
sodium hydroxide but not by N hydrochloric acid. 
After previous treatment with the latter, dry smears 
of polyhedra stain well with Giemsa’s solution. There 
is no uniformity in the production of polyhedra in 
the different cells of the gut, and while there is great 
variation in the size of the polyhedra in different 
cells, they are usually of the same size in individual 
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cells. This is probably governed by the number of 
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polyhedra in each cell. A more detailed study of — 


this new disease is in course of preparation. 
J. VEBER 
Institute of Biology, 
Czechoslovak Academy of Sciences, 
Prague 6, Na cvičišti 2, 
Czechoslovakia. 
1 Xeros, N., Nature, 170, 1(73 (1952). 


* Smith, Kenneth M., and Xeros, N., Rend. Ist. Sup. Sanita, Roma, 
16, 81 (1953). 


Spatial Facilitation in the ‘Direct’ 
Inhibitory Pathway i 


Or the various inhibitory actions converging on to 
spinal motoneurones the ‘direct’ inhibition is the one 
that has been the most extensively investigated’-*, 
It is provoked by impulses in large muscle afferents 
from annulo-spinal endings (Ia fibres)?-*. Mono- 
synaptic excitatory action to motoneurones is also 
supplied by Ia fibres, and, with any particular group 
of motoneurones, the inhibitory action is caused by 
Ia fibres originating from the muscles antagonistic 
to those supplying excitatory action. ‘The ‘direct’ 
inhibitory action is caused by a brief hyperpolariza- 
tion of the motoneuronal membrane, the inhibitory 
post-synaptic potential’®, The inhibitory post- 
synaptic potentials have a minimal latency of about 
1-2-1-4 msec. relative to the time when the Ie volley 
reaches the spinal cord or approximately 0-8 msec. 
longer than for the monosynaptic excitatory post- 
synaptic potential. Is has been postulated that this 

«longer latency is due to the existence of an inter- 
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Fig. 1. Intracellular recording from a posteri 
tendinosus motoncurone {A-E)'and from a q iceps moto- 
neurone (F-I). The two sets of records show the 
‘direct’ inhibitory post-synaptic potential and the monosynaptic 
excitatory post-synaptic potential relative to the size of Ia quadri- 
ceps volleys, Record Æ shows that the quadriceps volley with 

t to conduction ve.ocity displayed the separation into Ia 


and Ib componen. Records D and Z were obtained with maximal 
Ia volley with inclusion ofonly a small fraction of the I) component 


msec 


` 
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Fig. 2. Intracellular recordi ? 
The quadriceps nerve was divided into five branches, 


neurone in the ‘direct’ inhibitory pathway, and 
experimental evidence has been presented suggesting 
that these interneurones are located in the inter- 
yYonediate nucleus", 

According to this hypothesis, the establishment of 
the inhibitory post-synaptic potential depends on 
synaptic excitation of the inhibitory interneurones 
by the primary afferent volley. Generally, synaptic 
«exeitation of cells in the central nervous system is 
known to require spatial summation, that is, activity 
‘in several presynaptic fibres. The question may 
therefore be raised if some summation would not be 
needed for excitation of the inhibitory interneurones 
by the- Ia impulses. If so, the direct inhibitory post- 


“synaptic potential in the motoneurones would not 


be expected to have the same simple relationship to’ 
the afferent volley as the monosynaptic excitatory 
post-synaptic potential, where the synaptic action 
produced, by each Ia fibre converging on to a neurone 
contributes directly to the excitatory post-synaptic 
potential. ` 

A comparison has therefore been made»of the 
establishment of the ‘direct’ inhibitory post-synaptic 
_ potential “and the monosynaptic excitatory post- 
synaptic potential in relation to the size of the 
afferent Ia volley that gives rise to these potentials. 

Fig. 1,4 to Æ shows intracellular records from a 
motoneurone of the biceps posterior-semitendinosus 
nucleus and demonstrate the establishment of the 
‘direct’ inhibitory post-synaptic potential in relation 
to the size of a Ia volley from the quadriceps nerve. 
For comparison, records F to I show the monco- 
synaptic excitatory post-synaptic potential provoked 
in a quadriceps motoneurone by similar quadriceps 
volleys. It is apparent that the monosynaptic 
excitatory post-synaptic potential arises with a barely 
visible Ie volley whereas quite a considerable Ia 
volley is required to evoke the threshold inhibitory 
post-synaptic potential in C. A difference im 
‘threshold’ for these two synaptic actions has been 
consistently found and can be readily explained with 
the assumption that some summation is needed for 
excitation of the inhibitory interneurones. 





This finding may appear as contradictory to the = 


report that the conditioning effects on a mono- 
synaptic test reflex by a ‘direct’ inhibitory volley as 
well as by a volley giving monosynaptic facilitation 
are provoked by the lowest threshold group I fibres. 
However, ‘this observation was made on unan- 
wzsthetized spinal cats, whereas the present experi- 
ments were carried out on cats under nembutal 
anesthesia. It is possible that little summation 
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from a posterior: biceps-semitendinosus mo toneurone. 


nerve Records I-V show that maximal 

group I volleys in either of these branches failed to evoke any ‘direct’ inhibitory post- 

synaptic potential, whersas synchronous volleys in all five branches (I + II + ITI + 
IV + V) evoked a large inhibitory post-synaptic potential 
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vould be needed for excitation of 
inhibitory interneurones in a state 
high excitability and that the. 
pressed excitability caused by 
‘the anesthetic is favourable for. 
: the demonstration of this phe: 
omenon. § 
“It is possible to prove that Ie ` 
“fibres activated by a stimulus sub- 
threshold for evoking this ‘direct?’ 
inhibitory post-synaptic potential 
are a link in the inhibitory path- 
way to the neurone from which re- 
= cording is made. Fig. 2 illustrates. 
= an experiment with intracellular 
“recording from a biceps posterior- 
semitendinosus motoneurone. The 
quadriceps nerve was subdivided 
into five branches, and a supra. 
maximal group I volley in any particular branch 
(L, IE, IH, IV or V) failed to evoke a ‘direst’ inhibitory. 
post-synaptic potential, whereas synchronous volleys’ 
in all of them (I, II, III, IV, V) provoked the usual 
large inhibitory post-synaptic potential. This finding | 
would be extremely difficult to explain, unless it.-be ` 
assumed that there is an interneurone in the in- 
hibitory pathway. Presumably each of the quadriceps 
branches failed to have any discharge zone of 
inhibitory interneurones, but supplied. subliminal 
excitation as evidenced by the spatial facilitation. 
The general importance of this finding should be 
seen in relation to the hypothesis that synaptic 
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/ actions are exerted: by liberation of chemical trans- 
-mitters and that the primary afferent n 





urone manu- , 
facturing an excitatory transmitter substance is 
followed by a neurone specialized to produce the © 
inhibitory transmitter". ee SE er e TE 

R. M. Eocres 
A. LUNDBERG 








Department of Physiology, 
The Australian National University, 
Canberra, Australia. 

March 4. 
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Effect of Actinomycin M upon Mitosis 
Actinomycin M is an antibiotic produced by a 
species of Streptomyces resembling, but not identical 
with, S. antibioticus. This organism and the physical, 
chemical and biological. characters of the antibiotic 
have already been described’. We now wish to 
record its effects upon mitosis of different types of 
cell. l 
The following tissues were examined: (a) chick* 
embryo basophilic erythroblasts, in vfve ; (b) Allium 
cepa root meristem; (c) chick embryo fibroblasts in 
tissue culture ; (d) lymph glands, testes, tonsils, spleen 
and intestinal glands of rabbits. 
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__.The methods employed for a, b and c have been 
described, In the case of d, three groups each of 
six animals were taken; two received 100 and 
400 mmpm.j/kgm., respectively, by intraperitoneal 
injection; the third group was the control. The 
animals were killed at intervals for égamination. 

. The main results may be s 

(1) Progressive fall in mito 

> Was observed even with very low concentrations 

>: {5 mmgm./kgm.) in the chick embryo tissues, but 
-. the onion root was less sensitive. 

‘the “effect was most marked in 












the lymph. gl 






‘proportions. of prophases’ compared with anaphases 
and telophases. This occurred. in all types of cell with 
relatively high dosages. 
< o> (8) Cytoplasmic and nuclear vacuolation, nuclear 
hypertrophy, pyenosis, earyorexis and caryolysis in 
aetively proliferating cells, but little effect in non- 
. proliferating cells. The germinative tissue of the 
> rabbit testis was exceptional in that it was also 
unaffected. 
(4) Chromosome lesions, adhesions, 
and. bridges with eccentric fragments. 
(8) Absence of effects upon the spindle, in contra- 
distinction’ to actinomycin C. 
: -These effects suggest that actinomycin M is a 
itotic poison acting mainly on the chromosomes in 
“preprophase. It may be classified as ‘radiomimetic’ 
since it simulates the action of X-rays. 
co Ry CRAVERI. 
tic Research Laboratory... 
oo. U.. VERONESI 
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., Veronesi, U., and Craveri, R., Boll. Soc. Ital. Emal., 
L954). Monesi, V., and Veronesi, U., Biol. Lat., 8, 290 


An Antibiotic with Fungicidal and 
Insecticidal Activity produced by 
Streptomyces : 


In the course of our investigations of antibiotic- 
producing Streptomyces a substance was isolated, from 
a strain of the S. tanaschiénsis type, that could not 
be identified with any previously recorded antibiotic, 
and which was active against fungi and also against 
insects. We have named it ‘flavensomycin’. 

~The organism was cultured in a medium of 2 per 
ent maltose, 0-5 per cent peptone and 0-25 per cent 

corn steep liquor in tap water at laboratory tempera- 
ture, in a shaking device. Maximum production was 
achieved in about five days. The medium was 
extracted with benzene and dried in vacuo until 
precipitation occurred; the crude precipitate was 
washed in petroleum ether and extracted in acetone, 
the insoluble portion being discarded. Addition of 
petroleum ether (4:1) gave an amorphous orange- 
yellow precipitate, the crude flavensomycin. 

= «Further purification was carried out in an alumina 
column. The antibiotic was first applied in the form 
of a solution in benzene, the column washed 
thoroughly with benzene followed by ethyl acetate 
and finally by a mixture of ethyl acetate and ethanol. 
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These solvents removed coloured, inactive fractions, 
The pure antibiotic was eluted with methanol, and 
recovered by concentration in vacuo at laboratory 
temperature, . ee, 

Purified flavensomycin consists of pale yellow, 
odourless tabular crystals, with melting point 
152° + 2°C., soluble in water, lower alcohols and 
acetates, benzene, pyridine, acetone, dioxane and 
propylene glycol; insoluble in ether, petroleum ether, 
hexane, carbon tetrachloride and-carbon disulphide. 
It contains nitrogen but no sulphur or halogens, and 
gives some reactions associated with earbohydrate 
but not with protein components. Ehrlich’s reaction 
is positive. The ultra-violet absorption spectrum 
(20 mmgm./ml.-in methanol) has one maximum at 
251 mp, the infra-réd has a series of maxima from 
3 to 13g. 

Flavensomycin is stable is the dry form and in 
solution in organic solvents. Aqueous solutions: keep 
best below 18°C., at pH 6-7-5. ae 

The lethal dosage in the mouse is 1 mgm./kgm. 
intraperitoneally, 2 mgm./kgm. subeutancously and 
25 mgm./kgm. orally. 

Dilutions in the region of 0-05 mmgm./ml. are 
active against Saccharomyces among the yeasts and” 
Penicillium among the filamentous fungi ; and higher 
concentrations (5-50 mmgm.j/ml.) against a wider 
range. Bacteria are resistant to concentrations i 
than 100 mmgm./ml. ig 

Flavensomycin is also active “against insects, 
including Musca domestica and Locusta migratoria. 
Using the standard screening techniques, on’ the 
former, it has an activity ten timés greater than 
DDT. n 
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The Generic Name of the E tinct New 
Zealand Gallinule 


During the course of the preparation of a review 
of the extinct birds of New Zealand and the Chatham 
Islands, it was discovered that a discrepancy of 
spelling occurred in the generic name assigned’to the 
extinct New Zealand gallinule found in Pleistocene 
to Recent sites in New Zealand. | Since reference has 
already been made by me in papers now in the 
press to this bird from deposits previously described?-3, 
i now consider myself the “First Subsequent User” 
of the name, and it seems desirable-that the situation 
regarding the proper use of this name should be 
made clear. Eog 

In 1955 Scarlett‘ described, without figures or 
comparative measurements, a small rail from 
Quaternary deposits in the Pyramid Valley swamp, 
North Canterbury, New Zealand, under the name of 
Rallus hodgeni. Oliver’, in the revised edition of his 
book on New Zealand birds, living and extinct, has 
compared the type pelvis with Gallinula, Tribonyx, 
Porphyrio and Notornis, and concluded that it be- 
longed to a gallinule ‘‘closely allied to Tribonyz’’. 
On p. 595 of his bock, he listed this extinct bird as 
belonging to a new genus, “Pyramida N.Gen.” (Family 
Gallinulidae), while further on (p. 596) he gave the 
type species as ‘‘Pyranidia hodgeni” from the Pyramid 
Valley swamp founded on the type pelvis described 
by Scarlett earlier in the year. a 
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This situation, arising where a name is published 
with more than one spelling, was dealt with by the 
Fourteenth International Congress of Zoology “in 
Copenhagen, 1953, which decided, as later published 
. in Decision 71 (1) (a) (ii), that “Where there was 

mere than one Original Spelling and in the case of 
none of these spellings was there clear evidence that 
it was the result of an inadvertent error, the Valid 
Original Spelling is that one of the Original Spellings 
used by the First Subsequent User of the name’. 

Although on p. 596 of his book Oliver again used 
the spelling “Pyramida” when he stated : “Appar- 
ently Pyramida is closely related to Tritonyx”, and 
although in the index on p. 657 is listed the entry 
“Pyramida, 595°’, there is little “clear evidence” as 
to whether he intended to use the spelling “Pyramida” 
or “Pyramidia”. The first mention of this bird in 
the book is in the preface.on p. 16 where it is listed 
cas “Pyramida hodgeri” [sic]. This is only one of the 
“yuimerous errors, typographical or otherwise, which 

occur in this book. “However, it does seem likely 
that “Pyramida” was intended, and, although I have 
“searched the relevant literature, including reviews 
and abstracts, I can find no other user of this name 
since 1955 apart from my own reference in the press 
as “First Subsequent User”. 1 feel, in view of the 
confusion that would otherwise’ inevitably result, 
hat it is advisable to place on record the reason 
ny “Pyramida” must be used as the correct spelling 
for the’ genéric name of the extinct New Zealand 
gallinule. = 

<. d'am indebted to Mr. Francis Hemming for his 











names of the extinct birds of New Zealand, and I 
must also thank Dr. C.F. A. Pantin for his interest. 
I should also like to pay tribute to the late Dr. 
W. R. B. Oliver, to whom I am indebted for my 
initial interest in this field, 

E E. W. Dawson 





Trinity College, 
Cambridge. 
March HHL. 
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Use of the Electronic Flash to record 
the Activity of Small Animals 


Duarte field-observations of mosquitoes (Aedes 
caspius Pall.) in Abu Ghraib, Iraq, it was found that 
the insects were not disturbed when being photo- 
graphed by means of an electronic flash; in this 
they resemble birds, small mammals and diurnal 
insects, The firing of ordinary flash bulbs will always 
cause resting mosquitoes to fy away ; and swarming 
males will disperse for a period of several minutes 
after a flash-bulb exposure. The firing of an electronic 
flash, even from as close as 30 cm., did not appear 
in any way to disturb resting or feeding mosquitoes, 
and not the slightest change in pitch of male swarms 
was discernible when they were photographed by the 
same device. It is not known if the insects react 
differently to the two light sources because of differ- 
ences in the duration of light, or whether the disturb- 
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Fig. 1. Activity of ten female Aedes taeniorhynchus caused by 
the change from Hght to darkness 
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ance produced by the ordinary fläsh bulb results from 
the considerable emission of radiant heat. But what- 
ever the reason, it seemed that this indifference to. 
the electronic flash could be used for recording photo- 
graphically the activity of small and light insects, 
It is well known that the activity of many animals, 
especially nocturnal ones, shows a periodicity directly: 
or indirectly dependent on the daily variation in light. 
between day and night, and many methods of record- 
ing the activity of animals have been described. Most 
of these operate on the principle that displacement 
of the weight of the animal causes a mechanical 
displacement which is in some way recorded', This 
method, however, is not easy to use with animals 
weighing only a few milligrams. It would be much 
more convenient to take pictures of tha animals at 
suitable intervals ; but this has so far met with the 
difficulty of getting pictures during the dark periods, 


‘If the animals do not react to the electronic flash 






as light, however, it should. be. 
photographically the activity sb ans. of a syn- 
chronized electronice flash ‘independeritly © of the © 
changing illumination used to produce ‘the activity 
periods. This has been found to be possible, 

The animals (mosquitoes) are enclosed in a chamber 
45 mm. x 35 mm. and 15 mm, deep. ‘The front wall 
is a glass plate through which the animals are exposed 
to light simulating day and night periods, and through 
which they are photographed every minute by means 
of a recording camera. The camera is synchronized 
with the electronic flash, which illuminates the animal 
chamber from behind through two plates of opal: 
glass, one of which is the back wall of the chamber, 
A detailed description of the apparatus will be pub- 
lished later. 

Byvusing the displacement of one individual be- 
tween two successive piebures as a unit of activity, 
it is possible to get a detailed quantitative expression 
for activity. It is possible also to record the movement 
of several individuals simultaneously under identical 
conditions. The possibility of seeing what the animals 
actually are doing, thus facilitating the analysis o 
special types of behaviour, is perhaps the greates 
value of the method. OG 

That at least some insects are indifferent to the 
electronic flash has certainly facilitated the study of 
activity; it may be useful also in other areas of 
study. 

Erm TETENS NIELSEN 

Entomological Research Center, 

Florida State Board of Health, 

Vero Beach, Florida. 
Feb. 22. $ 
$ Hemmingsen, Axel M., and Krarup, Niels B., Biol. Medd. Kgl. Danske 
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= „A Species of the Genus Venturia, the 
Ascigerous Stage of Fusicladium carpophilum 
(Thum.) Oudem 


In 1877, under the name Cladosporium carpophilum 
Thim., the type-specimen of the species Pusicladium 
carpophilum (Thiim.) Qudem. was described on peach 
fruits, grown in Austria. Since that time, the species 

has been recorded from most parts of the 
world on apricots, plums and almonds, as well as 
peaches. é ; 

Although ‘freckle’, the disease -caused by F. 
carpophilum, is of world-wide. distribution and of 

--gonsiderable economic importance, the perfect stage 
~ jn the life-history of the pathogen has until recently 
remained obscure. 

At the close of winter, August, 1955, fallen leaves 
were collected from a ‘freckle’-infected apricot 

<corechard at Inverleigh, Victoria, where foliage 
“gymptoms had been observed the previous season!. 
A number of bicellular, ‘olive buff’? spores were 
ejected from these leaves and collected on. microscope 
slides according to the method described by Leroy 
Childs’. The germination of these spores on potato- 
dextrose agar gave rise to an olivaceous mycelium 
bearing conidia of the Fusicladium type. The 
pathogenicity of these fungal cultures was afterwards 
„proved when, in October 1955, branches of healthy 
pricot trees growing in a ‘freckle’-free area at 
Burnley, Victoria, were atomized with a water 
_ suspension of Fusicladium conidia. Typical ‘freckle’ 
` Jesions developed on the fruits five weeks after inocula- 
tion; leaf em appeared later, and were not 
~ observed until eight weeks’ after inoculation. 
Concurréntly with this eultural investigation, a 
histological examination of the overwintered apricot 
leaves revealed spherical to sub-spherical “perithecia 
immersed in the leaf-tissue, each perithecium, opening 
aeans of a well-defined ostiole, on to either upper 
ce of the leaf. The perithecia, which 
1 60 to 160p in diameter, may be 






















spores measured 12-16y in length x 3-5y in width, 
each spore being divided by a median septum 
into two cells of equal length. ‘Usually, the cell 
-directed towards the apex of the aseus was. con- 
 gpicuously broader than the lower one, being some- 
"times almost spherical and quite distinct from the 
“tapering lower cell of the ascospore. Bs 
On the basis- f these observations the ‘apricot 
freckle’ fungus is identified as a species of the genus 
Venturia. . Pees ee 
A closé’affinity might be expected with the species 
ded on overwintering, ‘scab’-infected cherry 
leaves which was named V. cerasi by Aderholdt. 
o However, V. cerasi, as described by Aderhold, differs 
from the apricot fungus now described in that the 
~~ upper cell of the ascospore is characteristically 
pointed and longer than the lower cell. 
Furthermore, Bensaude and Keittë demonstrated 
that the cherry scab fungus differed from the 
Cladosporium pathogens of other stone fruits first 
Cip cultural characters and secondly in. path- 























_ ogenicity, which, was found to be specific to the: 


eherry. oo ste : 
The validity of these distinctive features is being 
: investigated and a detailed account of this study, 
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including the specific Hlentificdtion of the apricot 
fungus, will be published: at a later date. 





Biology Branch, 
Victorian Department o2 Agriculture, 
g Melbourne, 
Australia. < 
March 1. 
3 Fisher, E. E., and Jenkins, P. £ J. I 
1 Ridgway, B., “Color Standaris and 
ington, D.C., 1912). 
2 Childs, Leroy, Oregon Agric. Exp. Sta. Bull. 14 
+ Aderhold, R., Landw. Jahr., 29, 641 (1900), 
s Bensaude, M., and Keitt, G. W., ‘Phytopath., 18, 313 (1928). 











Preparation of Large Histological Sections 
of Mummified Tissues 

I mave described elsewhere a method for'the : 
preparation. of satisfacsory histological sections of 
Egyptian mummy tissuəs and outlined some of the 
results obtained by curvent staining methods’, This 
method was designed for small portions of tissue only 3 
and comprised a double-embedding method by hand 
transference after rehydration of the 
tissues. By adapting th:s technique to the automatic 
processing method of Russell’, it has now proved. 
possible to prepare large blocks of mummy tissue for 


the microtome, using a ‘Histokinette-Histokine’ 


‘The material is processec in perforated metal cassettes 
of the requisite size (supplied by Hendrey’s, ‘Ltd.). 
The process employed utilizes a 5-day ‘eyele, and the 
quality of block. produced is such that sections are 
readily obtained, without subsequent softening, on. 
a standard, Cambridge rocking microtome. 7 
The method is particalarly useful in the prepara- 
tion of large sections of bone after decalcification by 


: a 





Section of cervical vertebra of male Pag 
x : 


Fig. 1. 
Heidenhain’s iron haematoxylin. 





desiccated 











> 
1310 nist 
e ad 

bs 

4 ternal toid 
go yf n ot ti EP ape lente A iF 

. 

= the ion-exchange method using ‘Zeo-Karb 225/M’ 

(Light and Co., Colnbrook). Satisfactory sections 


_ have also been obtained after decalcification with 
De Castro’s fluid. In this way sections have been 
made of the larger tarsal bones, for example, calcaneus 


Pond talus, of entire cervical vertebre (Fig. 1), of the 


mandible with teeth in situ and of the temporal bone 
(Fig. 2). The quality of sagticll produced depends, 
of, course, on the state of preservation of the bone in 
question, Some indication of this may be obtained 
by preliminary radiography of the material. 

It may, also be used for the sectioning of large 
Ss soft tissues and has given excellent 
ions of the entire external ear, the orbital con- 
ts? and of the vascular bun of the lower limb. 

© staining methods which may wi rofit be 
employed and the results to be antici are dis- 
cussed in my previous paper’. 

The method should bë af valtie in investigating 
osseous lesions in Œ, i other mummies and 
indeed in any desioated h skeletal material, 
especially if associated with skilled radio; y. It 
should also be the method of choice for general 
palxo-histological work. 

A. T. SANDISON 


Department of Pathology of the 
University and Western Infirmary, 
Glasgow. 


*Sandison, A. T., Stain Tech., 30, 277 (1955). 
* Russell, N. L., J. Med. Lab. ga. 13, 484 (1956). 
* Sandison, A. T., Med. Hist. (in the press). 
X ~ 
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Shape Discrimination in the Octopus 
IN a recent communication?, P, C. Dodwell raises 


some doubts about adeq of a theory of 
visual drata A i Apik which I out- 
lined in Nature?. four points : 


& row’ of neurons: such a mechanism is necessary 
“on my theory to explain the discrimination of certain 


aintai the theory 
ae: 


NATURE 


< June 22, 1957 Vou. 179 


for postulating the array of tells [in the optic het 
becomes obscure, the analyser . . . shoul 
enable it to deal directly with information from the 
retina’. (4) He’maifitains that a theory of shape 
discrimination which he is putting forward overcomes 
the difficulties inherent in my own theory by trans- 
forming a spatial pattern into a temporal pattern. 

Since Dodwell’® points involve some misunder- 
standing of my own position, I would like to reply 
briefly to these points seriatim. 

(1) (a) It is known that the nervous system can 
respond to differences in rates of firing over a row of 
cells. In discriminating a bright light to the left of 
a dim light from a dim light to the left of a 
bright light, the nervous system is performing just 
that analysis. (6) The analysing mechanism that 
must be postulated on my theory to account for 
discrimination squares and circles is more 
complex than that which operates to analyse the 
difference between a vertical and a horizontal rect- 
angle: it is precisely this difference in complexity 
which explains why the former pair of figures are 
found to be more,difficult for an octopus to dis- 
criminate than the latter pair. (c) It is not difficult 
to design plausible neural analysing isms 
which will classify separately the outputs given on 
my theory by squares from those given by circles. 
For example, a nervous mechanism which analyses 
changes in the rate of firing at points along a row 
of cells excited can readily be envisaged, and the 
difference between the outputs from such figures can 
be specified in» these terms. What is 


i to 
decide (on the mt evidence) is which Mine 
many different ible analysing rch that 
might be incorporated is the on ting. 

(2) A mechanism redonas ; in the 
accounting 


rate of firing would go some way tow. 
for generalization both to figures projected onsdiffer- 
ent parts of the retina and to figures of different sizes. 
There is no reason, however, why, on my own theory, 
temporal coding should not be introd at this 
stage. Although temporal coding has often been 
suggested by psychologists as a way of mediating 
generalization to figures projected on different parts 
of the retina, it seems to lack plausibility on neuro- 
physiological ds and for this reason I’ would 
prefer to avoid 

(3) I do not “postulate” an array of cells in the 
optic lobes of octopus on to which the retina is 
projected : they are there. There are many functions 
such a projection might have—for example, to 
ensure that only one shape is analysed at a time. 

(4) Dodwell’s claim to have devised a theory of 
shape recognition which overcomes the difficulties 
in my own cannot be evaluated until he publishes 
his theory. My theory does not attempt to be a 
completely comprehensive explanation of sha 
recognition : it is intended primarily to explain my 
own experimental results. The detailed specification 
of further analysing mechanisms must wait until the 
theory has been thoroughly tested at its present 
stage of development, and until further evidence 
accumulates which makes it possible to choose 
between all the theoretically possible further analysing 
mechanisms, ae 


N. S. SUTHERLAND 


Institute of Experimental Psychology, 
University of Oxford. $ 
+ 


* Dodwell, P. C., Nature, 179, 1088 (1957). 
* Sutherland, N. 5., Nature, 179, 11 (1957). 
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FORTHCOMING ‘EVENTS. 


Wednesday, June 26 


GEOLOGICAL SocreTy OF LONDON (at Burlington House, Piecadilly, 
London, W.1), at 5 p.m.—Dr. J. Shirley: “The Carboniferous Lime- 
stone of the Monyash-Wirksworth Area, Derbyshire’; Dr. ©. 8. 
Exley : ‘ ‘“Magmatic Differentiation and Alteration in the St. Austell 

rante”, SAn 


SOCIETY OF CHEMICAL INDUSTRY, Foon GROUP (at 14 Belgrave 
Square, London, S W.1), at 6.80 p.m.—Dr. W. R. Smithies: “New 
Developments in the Freeze Drying of Meat”. 


BRITISH PSYCHOLOGICAL SOCIETY, MEDICAL SECTION (at the Medical 
Sonlety of London, 11 Chandos Street, Cavendish Square, London, 


1), at 8.30 p.m.—Dr. Edward Glover: “Future of Dynamic 
Psychology”. 


Thursday, June 27 


ROYAL SOCIETY OF ARTS (at Jobn Adam Street, Adelphi, London, 
W.C.2), at 9 30 a.m.—Conference on “Capital for Scientific Develop- 
ment: the Problems of its Supply for Industry”, 


s . ‘ 


APPOINTMENTS: VACANT 


NATURE Da 


APPLICATIONS are invited for the following appointments on or ' 


before the dates mentioned : 

HEAD (with an honours degree, and preferably with industrial 
research and teaching experience) OF THE CHEMISTRY DEPARTMENT— 
The Rezlstrar, The Technical College, Sunderland, Co. Durham 

‘une 29). 

SENIOR LEOTURER (with some knowledge .of experimental gero- 
dynamics) IN THEORETIOAL AERODYNAMIOS—The Recorder, The 
College of Aeronautics, Cranfield, Bletchley, Bucks (June 80). 

LECTURER (graduate im metallurgy or chemistry, with special 
qualifications ın the theory of extraction metallurgy) IN METALLURGY 
—The Registrar, The University, Manchester 18 (July 1). 

LECTURER IN BIOCHEMISTRY IN THE RHEUMATISM RESEARCH 
CENTRE—The. Registrar, The University, Manchester (July 1). 


ASSISTANT LECTURER IN ORGANIO CHEMISTRY—The Secretary, 
Queen Euzabeth Coego (University of London), Campden Hill Road, 
uly 5). 


ndon, W.8 
ASSISTANT LEOTURER IN PHYSICAL CHEMISTRY—Prof. R. M. Barrer, 
F.R.S., Imperial College, London, 8.W.7 (July 5). 

LECTURER IN PsyoHoLoay—The Secretary, The University, 
Aberdeen (July 5). 

DEMONSTRATOR or ASSISTANT LECTURER (with a good honours 
degree in physiology, biochemistry or chemistry with subsidiary 
physiology) IN CHEMICAL PHYSIOLC@y—The Registrar, The Univer- 
sity, Manchester 13 (July 6). 

LECTURERS (2) IN THE DEPARTMENT OF PHYSIOS; a LECTURER 
IN THE DEPARTMENT OF CIVIL AND MEOHANIOAL ENGINRERING; an 
ASSISTANT ORGANIG OT, INORGANIC) IN THE DEPARTMENT OF CHBM- 
ISTRY; and an ASSISTANT IN THE DEPARTMENT OF MATHEMATICS, 
Queen’s College, Dundee—Joint Clerk to the University Court, The 
University, St. Andrews (July 6) 

ASSISTANT (with a degree ın horticulture or botany or equivalent 
experience) IN THE POMOLOGY SEOTION, for work on plant anatomy 
and field experiments—The Secretary, East Malling Research Station, 
near Maidstone, Kent (July 8). 

LECTURER IN Som SOIENOE ın the Department of Geography— 
The Secretary, Durham Colleges in the University of Durham, 38 
North Bailey, Durham (July 10). 

LECTURER IN ORGANIC CHEMISTRY ; and a LEOTURER IN INORGANIO 
CHEMISTRY-—The Secretary, The University, Aberdeen (July 11). 

LECTURER or ASSISTANT IN PsycHoLoay—tThe Secretary of Univer- 
sity Court, The University, Glasgow (July 12). 

UNIVERSITY LEOTURER IN THE PHILOSOPHY OF SOIBNOX—AMr. J. D. 
Irwin, The Old Schools, The University, Cambridge (July 18). 

ASSISTANT LECTURER (man or woman) IN ZOOLOGY—The Principal, 
Royal Holloway College (University of London), Englefield Green, 
Surrey (July 15). 3 

LABORATORY TECHNICIAN IN THE DEPARTMENT OF ANATOMY, 
Makerere College (University College of East Africa)—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (July 15). 

PLANT BREEDER (with a good honours degree in botany or related 
subject and preferably porsctadunte training in gonotiea), to study 
the utilization of hybrid vigour and general genetics of the tomato; 
and a PLANT PHYSIOLOGIST (with a good honours degree and post- 
graduate training in physiology or biochemistry) to study tree fruits— 
The Secretary, John Innes Horticultural Institution, Bayfordbury, 
Hertford (July 17) . $ z 

RESEARCH FELLOW (with an honours degree in chemistry, physics, 
or agricultural chemistry and expenence in work in soils) IN Som 
Sorenow at the University College of Ghana—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 

- London, W.C.1 (July 18). 5 

CHAIR OF GEOGRAPHY in the University College of Ghana—The 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W.C.1 (July. 19). 

CHAIR OF EDUCATION in the University of the Witwatersrand, 
Johannesburg, South Africa—The Secretary, Association of Univer- 
sities of the British Commonwealth, 86 Gordon Square, London, 
W.C.1 (South Africa, July 20). 
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RESEARCH DEMONSTRATOR IN. ZOOLOGY—The Registrar, . The 
University, Reading (July £0). 

SENIOR DEMONSTRATOR IJ ORGANIC CHEMISTRY—The Registrar, 
ay a) of Melbourne. Carlton, N.8, Victoria, Australia 

y 20). 
SENIOR LECTURER or LEITURER IN AGRICULTURAL CHEMISTRY ; 
and a LECTURER IN ANIMAL TUSBANDRY at Makerere College (Univer- 
sity College of East Africa)——The Secretary, Inter-University Council 
for pee Education Oversas, 29 Woburn Square, London, W.C.1 
y 20). 

NUCLEAR SOMENTIST or LNGINBER with the Australian Atomic 
Energy Commission for eccnomic and technical studies of nuclear 
power developments in Auscralia—Australian Atomic Energy Com- 
mission Liaison Officer, Avstralia -House, Strand, London, W.C.2 
(Australia, July 22). í 

LECTURER IN BOTANY at she University of Otago, Dunedin, New 
Zealand—The Secretary, Association of Universities of the British 
Commoamealth, 36 Gordon Square, London, W.C.1 (New Zealand, 

uly - g 

SENIOR LECTURER or LECTURER IN PHYSIOLOGY in the Faculty of 
Rural Science—The Acting Registrar, University of New England, 
Armidale, N.S.W., Australie (July 31). 

e Secretary, The Queen’s 


CHAIR OF ORGANIC CHEMISTRY—' 
University, Belfast (August 1). 

ASSISTANT EXPERIMBENTAS ' OFFICERS (with H.S.C. (Science) or 
equivalent qualification), to work on general health physics problems, 
including radiation monitoring on reactors, design af radioactive build- 
ings from the radiation savety aspect, and the evaluation of new” 
techniques for the estimat-on of radioactive materials for’a site 
monitori programme—Tke Senior Recruitment Officer, Atomic 
Tenja earch Establisament, Aldermaston, Berkshire, quoting 

ASSISTANT PROFESSOR IN ELECTRICAL ENGINEERING—The Univer- 
sity of New Brunswick, Fredericton, N.B., Canada, 

GEORGE MARTIN LEES EESEAROH FELLOW (with the degree of 
Ph.D. or other postgraduate research experience) IN SEDIMENTOLOGY 
—tThe Registrar (Room 9 O.R.B.), The University, Reading. 

HEAD (with high academic qualifications and good teaching ex- 
perience) OF THE PHYSICS DEPARTMENT—The Clerk to the Govern- 
ing Body, Battersea Polytechnic, London, 8.W.11. 

InstRUOTOR or ASSISTANT PROFESSOR IN VERTEBRATE PHYSIOLOGY 
—Prof. I. McT. Cowan, Department of Zoology, University of British 
Columbia, Vancouver 8, B.C, Canada. 7 

JUNIOR BACTERIOLOGIST (with a degree or equivalent qualification), 
for research ın the field o` fruit and vegetable preservation—The 
Director, Research Station, Fruit and Vegetable Canning and Quick 
Freezing Research Association, Chipping Campden, Glos. 

LECTURER IN THE DEPAR“MENT OF MATHEMATIOS—The Secretary, 
Sir John Cass College, Jewry Street, London, B.C.3. $ 

LECTURER or ASSISTANT LEOTURER (with a gaod honours degree 
or equivalent, and experience in a branch of thm cereal or baking 
industry) IN THE DEPARTXENT OF FOOD S0OIENOE-—The Secretary, 
Royal College of Science and Technology, as obi 

EOTURER (with a degree or Corporate Member of a professional 
body) TO TEACH ELECTRONICS to Higher National Certificate Diploma 
and Degree students—The Legistrar, Hatfleld Technical College, Roe 
Green, Hatfield, Herts 

LECTURER (with a degree: or equivalent professional qualifications, 
together with some teaching and industrial experience) IN ELECTRICAL 
ENGINEERING at the Norwih City College and Art School, Ipswich 
Road, Norwich—The Director of Education, City Hall, Norwich. 

LECTURER (with a good physics degree, or Corporate Member of 
the Institute of Physics, and preferably teaching experience) IN 
Puysios—The Principal, North Staffordshire Technical College, 
Stoke-on-Trent, Staffs. $ 

LECTURER (with an honours degree and preferably some experience 
in microbiology or physiolegy) IN BOTANY; a LECTURER (with an 
honours degree and preferébly some experience in microbiology or 
physiology) IN ZOOLOGY ; end a LECTURER (with an honours degree 
and preferably a knowledge-of nuclear physics or geology) IN PHYSICS 
—The Principal, Paisley echnical College (Central Institution), 
George Street, Paisley, Renfrewshire. 

MATHEMATICS MASTER (geod honours graduate)—The Headmaster, 
King Edward VI School, Retford. 

PosT-DOCTORAL RESEARCK FELLOW IN UPPER ATMOSPHERIO PHYSICS 
—Dr. A. Vallance Jones, Department of Physics, University of Bas- _ 
katchewan, Saskatoon, Saskatchewan, Canada. 

PROFESSOR OF- ANATOMY OF DOMESTIOATED ANIMALS, HISTOLOGY 
AND EMBRYOLOGY; and & PROFESSOR OF GENERAL BACTERIOLOGY, 
GENERAL PATHOLOGY AN» GENERAL’ PARASITOLOGY—-The Dean, 
poke of Veterinary Medicine, Ministry of Agriculture, Baghdad, 

rag. 

QUALIFIND TECHNICIAN “male or female) FOR PHARMACOLOGY— 
The Secretary, St. Mary’s Hospital Medical School, Paddington, 
London, W.2. 7 s 

RESEARCH ASSISTANT (graduate in medicine or physiology) IN THE 
DEPARTMENT OF EXPERIMEMTAL PATHOLOGY, to join a team investigat- 
ing | pee ay ee factors anã their {nhibitors occurring ın mammalian 
spec es—The Director, Lister Institute of Preventive Medicine, Chelsea 

ridge Road, London, 8.V.1.~- . 

RESEAROH ASSISTANT (wich,a qualification in some branch of chem- 
istry, and preferably ezisnce in analytical or physical methods) 
IN CHEMISTRY, for research «n serum lipo-proteins—Dr. W. G. Danger- 
er Pathology Department, North Middlesex Hospital, London, 


RESEARCH ASSISTANTS (Konours graduates or students entering for 
final honours (special) degree examinations in June) IN (a2) CHEMISTRY 
and (b) Paysics—The Clerk to the Governors, Woolwich Polytechnic, 
London, 8.E.18. ‘ 

SENIOR LEOTURER IN ZOOLOGY; and an ASSISTANT LECTURER 
(Grado B) IN ZooLoey—The Secretary, Sir John Cass College, Jewry 

treat, London, E.C.3. $ : eg 

SENIOR TECHNOLOGIST with wide histological experience, and 
preferably photographic experience), to take charge of ‘a histology 

epartment—The Secretar>, Central Laboratories, Imperial Cancer 
Research Fund, Burtonhol« Lane, London, N.W.7. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Colonial Development Corporation. Annual Report and State of 
Accounts for year to 31.12.56. Pp.v+57. (London: H.M. Stationery 
ORoyal Lustiinic of Chemistry. Register of Fellows and Asel 

ya. ufo o: e a r of Fello = 
ya eas Pp. xx+657. (London: Royal Institute of Chomisiy, 


The Year Book of the International Council of Selentife Unions, 
1957. Pp. il-+72. (London: International Council of Scientific 
Unions, 1957.) f (135 

Department of Scientifo and Indbstrial Research, Chemistry 
Résearch 1956: The Report of the Chemistry Research Board with the 
Report of the Director of the Chemical Research Laboratory. Pp. 
vi+86. (London: H.M. Statlonery Office, 1957.) 4s. net. [135 
Books for Young People. group ILL: Fourteen to Seventeen— 
Annotated and Classified. Compiled by the London and Home 
Counties Branch of the Library Association, under the Editorship of 
L. M. Harrod, and revised by a Sub-committee of the Youth Libraries 
Section, under the Editorship of Joan Butler. . 86. (London: The 
Library Association, 1957.) 63.; (4s. to L.A. Members.) {185 
The North Staffordshire Field Club. ` Transactions and Annual 
Report, 1955-56. Vol. 90, Edited by H. V. Thompson. Pp. 85. (Stoke- 
on-Trent: North Staffordshire Field Club, 1957.) 15s. _ [135 

Ministry of Agriculture, Fisheries and Food, Fishery Tnvestigstions 
Series 2, Vol. 21, No. 2 : The 1951 Oyster Stock in the Rivers Crouch 
and Roach, Essex, and the Influence of Water Currents and Scour on 
its Distribution, with an account of Comparative Dredging Experi- 
ments. By J. E. Shelbourne.- Pp. 1i+26+2 plates. (London: H,M. 
Stationery Office, 1957.) 8s. 6d. net. ` 13 

1957-58 Civil Estimates and Estimates for Revenue Departments 
for the year ending Slst March, 1958. Pp. 43. (London: H.M. 
Stationery Office, 1957.) 2s. 6d. [135 

Institution of Gas Engineers. Publication No. 500: 94th Annual 
Foport and Accounts of the Council of the Institution of Gas Engineers 
to be presented at the 04th Annual General Meeting to be held in 
London on 14th to 17th May, 1957. Pp. 50. (London: Institution of 

as neers, 1957. {135 

‘The International Committee for Bird Preservation: British Section 
Annual Report for 1956. Pp. 46+2 plates. (London: International 
Committee for Bird Preservation, British Section, c/o British Museum 
(Natural History), 1957.) 2s. 6d. 5 135 

Suggestions to Authors; Chemical Nomenclatures; and Abbre- 
viations, Symbols, Usages and Conventions. Pp. 16.. (From The 
B ical Journal, Vol. 66, No..1.) (London: The Biochemical 
Journal, Lister Institute of Preventive Medicine, 1957.) 1 

Opportunities for Girls and Women in Science and Technology. 
Pp. 60. (London: British Federation of University Women, 1957 
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By D. G. MacInnes. 
from Africa No. 13: 


) š 
Collected Reprints, 1956. 
Marine 
[135 


B: Biological Sciences. No. 674, Vol. 240 (May, 1957): The Filter- 
-Feeding and Food of Flamingoes T hoenicopteri). By Penelope M. 
Jenkin. Pp. 401-493 +plates 14-17. 35s. 6d. No. 675, Vol. 240 (9 May, 


yps. By G. A. Horridge. Pp. 495-629. 12s. (London: Royal 
Society, 1957.) ` [135 


Other Countries 


Forest Soils of Japan. Report No, 8. Pp.ii+148. (Meguro, Tokyo: 
Government Forest eriment Station, 1957. 204 
Proceedings of the International Wool Textile Research Conference 
Australia, 1955. Vol. E, Part 2: Wool Technology. Pp: 815-620+14 
plates. (Melbourne : Commonwealth Scientific and Industrial Research 
Organization, 1957.) i 29 
roteins: Seventeenth Annual Bidlogy Colloquium, Friday and 
Saturday, Apri] 6-7, 1956. Pp. vi+88. (Cornwallis, Oregon: Oregon 
State College, 1956.) 2.50 dollars. > 294 
International Nickel Company of Canada, Ltd. Address to Share- 
holders, Annual Meeting, April, 24, 1957+ By Dr. John F. Thompson. 
Pp. 20. (Copper Cliff, Ontario: International Nickel Company of 
Canada, Ltd., 1957.) $ [294 
Publications de l'Institut National pour PÉtude Agronomique du 
Congo , Belge. Bureau © tologique. Communication No. 14: 
Distribution Conjointe de la Température et de Humidité de l’Air 
au Congo Belge. Par Dr. Franz Bultot. Pp. 31. (Bruxelles: Institut 
National pour Étude A onomiguo du Congo Belge, 1957.) [135 
Museum of Comparative Zoology at Harvard College. Annual 
Report of the Director, 1055-1956- Bp. 30. Breviora. No. 71 (March 
29, 1957): Taxonomic Notes on the New World Forms of Troglodytes. 
By Raymond A. Paynter, Jr. Pp. 15. No. 72 (March 29, 1957): Is the 
Ant Genus Tetramorium Native in North America ? By W. L. Brown, Jr. 
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. 8. No. 78 (March 29, 1957}: Additions to the Mammalian Fauna 
of Peru and Notes on-some other Peruvian Mammals. By Oliver P. 
Pearson. . 7. Bulletin of the Museum of Comparative Zoology at 
Harvard College. Vol. 116, No.1: Revision of the Chinese Mecoptera. 
By Fung Ying Cheng. Pp. i+121+23 plates. (Cambridge, Mass. : 
Museum of Comparative Zoology at Harvard College, 1957.) 
Board of Grain Commissioners for Canada. Grain Research Labora- 
tory 1956—Report. Pp. vi+80. (Ottawa: Queen’s Printer, 1957.) [135 
Kungl. Skogshdgskolans Skrifter. Nr. 26: Anet Skogsuppskattnin: 
med Skogsindelning. (Forest Mensuration and Forest Manugement. 
Av Sven Petrini. Pp. 11. 1 Kr. Nr. 27: Världens Framtida Vir- 
kesförsőrining. (World Timber Trends and Prospects.) Av Th, 
Streyffert. Pp. 258. 8 Kr. (Stockholm: Kungi. Skogshégskolan 
1956 and 1957.) : : 138 
American Philosophical Society. Year Book, 1956. Pp. 542. 
(Philadelphia : American Philosophical Soctety, 1957. (185 
A Problem of People. ‘(Reprint of Chapter 1 of the Hong Kong 
Report, 1956.) Pp. 11+30+7 plates. (Hong Kong: Government 
Printer, 1957.) 1 Hong Kong dollar. [135 
Federation of Malaya. Annual Report of the Institute for Medical 
Research for 1955. Pp. v+117. (Kuala Lumpur: Government 
~ Printer, 1957.) 2.50 Malayan dollars; 53. 10d. (135 
Indian Forest Records (New Series). Timber Mechanics, Vol. 1, 
No. 43- Welghts and Specifte Gravitles of Indian Woods. By V. D. 
Tima 3) ang $ R. Sen. Pp.ii+75. (Delhi: Manager of Publications, 
: . 3; 5s. ` 3 
Indian Council of Agricultural Research. Miscellaneous Bulletin 
No. 75: Breeds of Sheep in the Indian Union. By H. K. Lall. Pp. 
m TEO: (Delhi: Manager of Publications, 1956.) Rs. mies 
3. Od. 
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FUNCTIONS OF THE PRESS 


HE debate on the state of the Press m Britain, 

which was initiated by Mr.-J. A. Kershaw m 
the House of Commons on May 17, was concerned 
primarily with the maintenance of high standards in 
a free and independent Press. It der:ved its wide 
interest, however, less from certain lapses in standards 
of reporting which have aroused strong protest than 
from the reports that several weekly or daily period- 
icals would be unable to continue publication, in 
spite of sustained or expanding circulations. To the 
concern as to the whole future of the Press under 
modern conditions aroused by such tendencies was 
added that arising from the pressure which télevision 
is likewise exercising on sound broadcasting. Funde- 
mentally, the debate was on the means to be used in 
the future for the education of public opinion. It 
was not so much the public influence of broadcasting 
and the Press, which Sir William Haley discussed in 
his Clayton Memorial Lecture in 1954, as the influence 
of television and other factors on’ broadcasting and 
the Press, and the means on which we must rely in 
future for the communication to the public of ideas 
and news and the stimulation of thought. 

Mr. Kershaw, in opening the debate, made a 
passing reference to the decline of the provincial 
Press and tlie tendency towards monopoly encouraged 
by the<rise in costs and growth of ‘mechanization. 
He was, however, mainly concerned to advance two 
suggestions to maintain or raise professional standards 
and avoid some of the recent incidents which have 
beer? the cause of protest. First, he suggested that 
professional standards should be judged, not by the 
Press Council, which included managerial repre- 
sentatives as well as journalists, but by a sub- 
committee consisting solely of professional journalists, 
and secondly, that this body appointed to deal with 
professional ethics should be enabled to impose sanc- 
tions, including the power of suspension or expulsion 
from the profession. 

Neither of these suggestions found much support 
in the debate. The Joint Under-Secretary of State 
for the Home Department, Mr. J. E. S. Simon, who 
spoke for the Government, emphasized, however, 
that the subject was one for the House as a whole, 
and pointed out that to give the Press Council, or a 
sub-committee of that body, the power to impose 
sanctions would make a grave inroad on the freedom 
of the Press. Mr. Simon correctly interpreted the 
general run of opinion expressed in the debate as 
favouring limitation of the powers of the Press 
Council to admonition for that reason, though it 
might still prove that admonition is more effective 
in ethical matters if it came froma body of purely 
professional men as Mr. Kershaw; suggested. The 
maintenance of professional standards anywhere is 
ultimately a matter for the mex and women who 
constitute that profession. 3 

Nevertheless, Mr. Simon game: ‘a little too com- 
placent about the Press Council. “Quite rightly, he 
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pointed out that it has only been in existence a short - 
time, and ıb is reasonable, as he suggested, to regard 

it at the moment as experimental, That need not, 

however, mean ignormg’ the fact that, as was 

emphasized in the debate, the Council has not 

attempted to deal with some serious matters affecting 

the future of the Press, or prevent the question being 

asked whether the Council is really the appropriate 

body to deal with these problems. Mr. Simon recog- 

nized that many of tae ‘arguments advanced had 

been put forward m the debate which led to the 

establishment of the Royal Commission on the’ 
Press, and he reminded the House that the Royal 

Commission reached tke conclusion: “The present 

degree of concentration, of ownership in the news- 

paper Press as a whole or in any important class of 

it is pot so great as to prejudice the free expression 

of opinion or the accurste presentation of news as to 

be contrary to the best interests of the public”. 

Nevertheless, the debatexwas provoked partly by 
uneasiness at attempts +o repress news or even books, 
and Mr. Simon weakered his balanced defence of a 
free society’s need for a =ree Press, with, as a corollary, 
the possibility that thet freedom might be abused, 
by largely ignoring the fears expressed as to such 
practices and as to the effect of commercial television ` 
on newspapers and- periodicals. Ib is the loss of 
advertising revenue to television that endangers the 
future of so many newspapers and periodicals: Since 
it would seem that teevision is to a large extent 
meeting the needs which were formerly met by such 
publications, it is still important that all the im- 
plications of the situation should be faced; a real 
attempt should be made both to see where all this 
leads and also whether there may not be some real 
needs which these newapapers and periodicals form- 
erly met but which television is unable to meet. 

In the debate, Mr. W. F. Deedes emphasized that 
the Press has its owm part to play, along with 
television and radio, m finding new keys to the 
human mind, and that the Press has to match itself 
to its share in the task; he paid tribute also to the 
good work that the Press Council has done in 
publicizing bad practices. „Few speakers, however, 
really showed the vision displayed by Mr. Deedes, 
though most were awaze that the decision. as to the 
margin between liberty and licence is largely one for 
journalists themselves 3o determine. By and large, 
however, for all the passing “recognition that the 
developments in the ‘Biitish Broadcasting Cor- 
poration’s programmes “which have taken place since 
independent television was-inaugurated are an aspect 
of this ultimate problem of the communication of 
ideas, no one penetrated as deeply as Sir William 
Haley in his Clayton Memorial Lecture. 

Perhaps the gravest.dangers in this field of mass 


- communication to-day “Arise from the failure’ to con- 


sider the diverse media in relation to the. task for 
which they are used—their.limitations as well as 
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their advantages. In the three years since Sir William 
gave this lecture, it has become evident beyond 
question that television is a major sociological 
influence of our time, and its presentation_of political 
affairs and politicians and current events is a 
factor of which not merely sound broadcasting but 
algo the Press must take account. Indeed, current 
discussion as to the use of television in the schools 
confirms his observation that the educational purpose 
of broadcasting is at stake. 

If the effect of television on politics and news is 
likely to be so profound as Sir William Haley pre- 
dicted, it is still important to remember that, 
as he points out, much significant and important 
news has no visual quality. The nature of the medium 
can, in fact be continually at war with the real values 
of the news, and this position is the more dangerous 
in view of the evidence which National Service, for 
example, has produced of the extent of illiteracy. 
Moreover, if, as Sir William Haley points cut, tele- 
vision, broadcasting and the printed word are not 
mutually exclusive or inimical to each other but 
complementary, it is desirable that care should be 
taken to ascertain the best ways in which any new 
medium can be used for our purposes. It may well 
yet be held that the decision to permit, at this early 
stage, commercial television with its concomitant 
advertising was a great’ public’ disservice, a blunder 
for which the viewer himself as well as the public in 
goneral is paying a high pricé. ~ ~, 

However, it is important that not only should the 
Press, as well as broadcasting and television, have 
clear ideas to the exact nature of the contribution it 
can make to the growth of an informed public 
opinion, but equally that the dangers inherent in 
each of these media should be clearly understood. 
Much was said in the debate on May 17 about the 
dangers of the Press. Little was heard then about 
the limitations of broadcasting and especially of 
television, the implications if television does indeed 
become, for large sections of the population, the 
whole of broadcasting, and the entertainment and 
advertising determine both the content and standards 
of programmes. Moreover, all that Sir William said 
about the comparative inaccessibility of broad- 
casting—its limitation in time and place as against 
its ubiquity—applies’ with equal if not greater force 
to television. so 

These, .However, are the considerations which 
should ‘be ‘determining. not simply the content and 
scope of sound broadcasting and its relations to 
television but also the use made of television and 
the content of its programmes. The lead must come 
from those who are aware of the nature of the 
medium with which they are working, its possibilities 
and limitations. In.television, as in sound broad- 
casting, the first condition for wise use of this great 
new power over men’s minds, as Lord Reith recog- 
nized from the start, is a sense of public responsibility. 
Without that we are unlikely to avoid abuse. 


That is no less true of the Press, and a real reason . 


for concern at the present pressure on the Press and 
the way in which rising costs and the loss of adver- 
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tising revenue are threatening the existence of 
periodicals as well as newspapers, national and pro- 
vincial, is the contribution which these papers have 
made towards the formation of an informed public 
opinion. Their existence has not merely ensured the 
possibility of independent comment and facilitated 
the ventilation of novel, unpopular and even, in their 
origin, possibly dangerous ideas. Many of them have 
indeed. concentrated on exactly those things which 
broadcasting could not do, or only with great diffi- 

culty. They provided the background, the explana- 
tion, exegesis and illustration which are even more 
essential with television. Some of them sought to 
maintain a sense of values such as is more than evér 
needed to-day. 

Much of this work, and especially that which 
promotes public discussion, will not be done if 
television takes over, though this is not to say that 
it could not be done by other organs of the Press or 
by new means. It is at this point that there is room 
for new and independent inquiry as to the means of 
communication of ideas, and especially in the mass, 
though the problem is really a more general aspect 
of one which the Nuffield Foundation has’ been 
assisting the learned societies to face and which could 
well force a radical change in the means used to-day 
for the dissemination of ideas, of news, and of opinion. 
The whole subject ‘calls for fresh creative thinking ; 
and the debate gave a hmt too that, perilous as 
Government action in this field would be, there may 
well also be need to find some way of dealing firmly 
but effectively with ‘whatever sectional interests seek 
to_hold‘the public interest to ransom. a 

Nor can this problem be dismissed as unrelated 
to that of raising the standard of public education, 
and especially technical education, in Britain. The 
value for the technician and technologist and also for 
the university graduate of a wide general education 
is being increasingly recognized. In that education the 
weekly and daily Press-and the serious reviews— 
which have almost disappéared during the past decade 
or so—have an essential-part to play ; and whatever 
vigour and open-mindedness broadcasting and tele- 
vision bring to the discussion of values and of public 
affairs, they.cannot entirely replace the written word. 
The state of public education in any sphere depends 
on the Press, as well as on broadcasting and television, 
and on the standards and sense of responsibility that 
the Press brings to its task and the ends it seeks to 
serve. If, in adapting itself to meet the new strin- 
gencies of rising costs by new materials and new 
techniques, the Press sees clearly its own peculiar 
opportunities and adapts rtself effectively to that 
task—regarding no limitations imposed from outside, 
respecting no sectional interest, and accepting no 
shibboleth as final—it may yet give the public the 
leadership that is needed and serve the present day 
and generation as worthily and as potently as ever 
in the past. 

All’this is not solely a matter for the Press, and 
Mr. Simon dismissed the Government’s responsibility 
too lightly. Wisely he was critical of the suggestions 
made by Mr. Victor Collins, that the larger local 
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authorities might run municipal newspapers on com- 
mercial lines, or that the Government should take a 
larger share of responsibility for filling gaps in public 
knowledge, even to the extent of taking space to 
disseminate important information which would not 
otherwise be reported adequately. Mr. Simon recog- 
nized the danger to the mdependence of the Press 
inherent in such methods ; but he failed to recognize 
that the threat is there already in the abuse of 
advertising, and that it is mherent in Government 
information services which are now an inescapable 
responsibility of the Government. This 1s manifestly 
one problem which should be under consideration by 
the Prime Minister’s study group to which it is 
understood that Dr. Charles Hill’s reporton Govern- 
ment information services has been presented. 

Neither for the Government nor for any of the 
various media-—Press, broadcasting or television— 
will it be easy to draw a line between responsibility 
and licence, between freedom and sponsorship, 
between entertainment ‘and information; and if 
certain. sections of the Press or television or broad- 
casting authorities avoid ther public duty, it is, as 
Sir William Haley said, for informed public opinion 
to speak out with vision, courage and understanding. 
In that task the scientist has a vital part to play, 
partly because of his own knowledge and use of the 
new methods and techniques of communication and 
because of his responsibility for their creation, partly 
because the advance of science itself and the right 
use of the immense new powers depend so largely 
upon public understanding and the state of the 
public mind, and partly because he of all men should 
understand the importance of informed discussion in 
reaching sound conclusions or decisions. If the 
possibilities of the new media are to be fully 
explored and the contribution which some of the 
threatened journals have made to informed debate 
and the formation of public opinion are to be fully 
appreciated and alternatives are to be tested ade- 
quately, it must be by those whose own experience 
and training have taught them how much is at stake 
and who will seek to meet the\needs of to-day with 
open and uninhibited minds. 


THE ETIOLOGY OF COMMAND 


Work and Authority in Industry 

Ideologies of Management in the Course of Industrial- 
ization. By Prof. Reinhard Bendix. Pp. xxv+466. 
(New York: John Wiley and Sons, Inc.; London : 
Chapman and Hall, Ltd., 1956.) 60s. net. 


O characterize this study in succinct form is not 

easy, for it 1s neither history nor philosophy per se, 
and yet an admirable combmation of the two. Un- 
usual in content and treatment, it offers a discursive 
analysis of aspects of the growth of industry in the 
three major units of Britain, the U.S.S.R. and the 
United States (with a supplementary glimpse of East 
Germany) in an endeavour to attain a rational explan- 
ation of the basic conception of ‘authority’ as ıt 
underlies the manager~worker relationship in the 
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modern structure of 2ach country; “Ideologies of 
Management in the Coarse of Industriahzation” is the 
author’s sub-title, anl a contributed introduction 
echoes the thesis in th» thought that all the countries 
concerned have the same major problem inherent 
m their industrial system—‘‘the establishment and 
preservation of that discipline without which the 
industrial order degenzrates into anarchy”. Or put 
into terms of human motivation: “How can the 
manager make sure trat the worker will follow the 
rules and regulations? That the worker will exercise 
good judgment and a sense of responsibility beyond 
what commands can efect and supervision can control, 
beyond what incentives can induce or penalties 
prevent ?” The relevance of this thought to the 
circumstances of Great Britain in particular is 
compelling. 

Society in Western civilization has to a large extent 
been content to accept the existence of a continuing 
problem of ‘human relations in industry’ as more or 
less inevitable, a kird of inescapable concomitant: 
of the subordination o? man to the machine, and as in 
part the price that bas to be paid for the benefits 
totted up in a rising Material standard of hving. On 
the legal plane, society has sought remedies in ‘laws 
of master and servant’; on the psychological plane, 
it has been content vith palliatives of ‘consultation 
broadening into communication’, Nowhere has 
society tried to delve into causes or attempted to 
question the facile assumptions on which successive 
generations of ‘managars’ have built up them claim to 
authority. Managers. Prof. Bendix feels, have been 
mvested with qualities that they have not really 
possessed inorder to give logic to the demand that 
they should be obeyed; and it is, perhaps, to the 
disillusionment of diszovery that we must trace the 
virulence of feeling when master and servant quarrel. 

Analysis of history chows a deeper bedrock of causes 
below the accepted pattern of authority—a complex 
closely correlated wita the development of the social 
fabric of the community and with the evolution of the 
class-system. Thus in Britain, quite early in the pro- 
cess of commercial and industrial development, a 
firmly established ‘middle class’ had become the 
backbone of social livmg, of government, of wealth, 
of technical advancement, and of leadership. Their 
goals became those o7 the nation—more rightly than 
he knew could Napolson classify the populace as one 
of shopkeepers. Behind the commercial thrust lay 
also the vigour of po-itical determination directed to 
liberalism’, a striving for democracy as a force rather 
than for the personal liberty of the individual. 
Through all social grades rights of freedom were sought 
and fought for, and classes lost their separation to 
pursue a common case, even if under labels spelling 
variously ‘reform bil’ or ‘chartism’. Authority had 
thus a fluid framework, for its middle-class protagon- 
ists and its artisan sibjects were always gaining and 
losing above and below themselves. To the artisan 
the goal of ambition was to become the self-boss, the 
capitalist ; to the lended aristocrat advancement m 
trade was an enviabls mode, even if it meant clothing 
oneself in a sordid usiform—the climax in our times 
has glamorized the drab, and decorated the boards 
of directors in the process. 

Personal goals had even greater force in the 
United States, emphasized by the more rapid and 
concentrated growth of mdustry in generations instead 
of centuries. “The employer’s authority as well as 
his earnings and pr-vileges are the rewards of past 
and present exertiors; for the people at large, such 
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rewards are promises held out for the future. Most 
attempts to increase the present satisfactions of work 
consist of promises of future reward.” Among 
those rewards, the attainment of authority over 
others has always ranked high—carrying with it an 
acclaim of attainment, an accession to the ranks of 
the nation’s heroes; a kind of universal acceptance 
of a survival of the mentally fittest, arguing that if 
by your own efforts you got there you must obviously 
have what it takes. ‘The apotheosis of individual 
effort was seen as the key to all problems of the age.” 

The U.S.S.R. shows a markedly different pattern 
from both the others, but the origins of the con- 
temporary tight control over labour lie back equally 
in the annals of social history for more than a century. 
Industrial development in Russia during the past 
century was, of course, on a much smaller scale, 
but the pattern was as distinct then, on that smaller 
scale, as ıb is to-day in the vastness of the five-year 
plans and the commissariets. Central initiative from 
the Czar and the few major nobles gave a framework 
of industrial authority that was autocratic in the 
extreme. Whether in agriculture or in trade, or in the 
primitive forms of industry, the peasant and the 
worker were serfs, little better in personal standing 
than the slaves of ancient Rome—in a serfdom given 
a formal sanction in law and persisting unbroken in 
spirit until the first revolutions on the threshold of 
our own times. Against this long conditioning no 
personal development could withstand, and thus the 
regime of New Economic Policy m the 1920’s or 
Five Year Plans in the 1930’s changed only the form 
of the master, not his spirit. The Russian people 
were ripe for commissariats and all the close regimen 
of the Soviet pattern; by Western standards they 
are hard done by, but in terms of their own social 
history they enjoy a rigidity of authority in keeping 
with what they have always known. 

Another of the author’s fascinating themes is the 
analysis of the significance of the change from the 
personal management of the owner-boss to bureau- 
cratic administration m the large organization 
pattern, with a consequent major increase in the 
ratio of the ‘specialists’ to commanders. Here, 
though, there could be room for argument with the 
author’s conclusions. 


A most interesting book indeed, but one for the 


student rather than for the everyday manager. It 
has a lot to contribute to the study of industrial 
human relations, but the contribution may well be 
found more valuable when distilled through the 
medium of a course. ` E. F. L. Breox 


STRUCTURE OF THE EYE 


Comparative Anatomy of the Eye 

By Prof. Jack H. Prince. Pp. ix+418. (Springfield, 
Il.: Charles C. Thomas; Oxford: Blackwell 
Scientific Publications, Ltd., 1956.) 63s. 


HIS book on the structure of the eye should 

satisfy the wants of most students of com- 
parative anatomy and physiology, since it achieves 
a nice balance between the bare accounts in the 
general texts and the lavish detail of the specialist 
works. It contains a score or more chapters in which 
the various structures of the globe, the orbit and 
accessory organs and the visual centres are described 
and each of these includes a discussion of the chief 
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differences in the various classes of vertebrates with 
emphasis upon the adaptations necessary to different 
ways of life. Additional chapters are devoted to the 
invertebrate eye and to technical methods, while a 
final table summarizes the salient features that 
characterize the different groups. . 

The subject is covered adequately and is presented 
well, although occasionally general principles are 
obscured by digressions on specific peculiarities of 
doubtful significance. One sees little, however, to 
account for the suggestion that the special needs of 
veterinary students have been particularly con- 
sidered, and the material selected shows no bias 
toward any group of animals. The style is lucid, but 
the appearance of the text is marred by an’ indis- 
criminate and irritating use of italics. The illus- 
trations are numerous; many, however, are poor 
and could be omitted with small loss. Despite these ` 
criticisms, this book can be recommended as a useful 
introduction to the complexities of the vertebrate eye. 

Unfortunately the author has not been content 
with this success, but has attempted, by the inclusion 
of additional material, to provide references for the 
specialist also. Much of this information is of doubtful 
value and its inclusion is regretted, since it must have 
contributed to a price which appears unreasonably 
high. K. M. Dyox 


THERMODYNAMICS 
IN METALLURGY 


Metallurgical Thermochemistry 

By Dr. O. Kubaschewski and E. Ll, Evans. Second 
edition, completely revised and reset. (Metal Physics 
and Physical Metallurgy: an International Series 
of Monographs, Vol. 1.) Pp. xiv+410. (London and 
New York: Pergamon Press, Lid.,; 1956.) 55s. net. 


Thermochemical Data of Alloys g 
By Dr. O. Kubaschewski and Dr. J. A. Catterall. 
(Pergamon Science Series: Metal Physics and 
Physical Metallurgy—an International Series of 
Monographs, Vol. 3.) Pp.1v+200. (London and New 
York: Pergamon Press, Ltd., 1956.) 45s. net. 


HE first edition of ‘Metallurgical Thermo- 

chemistry”, published m 1951, already enjoys a 
considerable reputation and this second revised 
edition meets the need for including new thermo- 
dynamic values in the éxtensive collection of data 
which forms a large and useful part of the book. 
The concise theoretical introduction now has two new 
sections dealing with non-regular solutions and slag- 
metal reactions. The other major part of the book 1s 
concerned with the experimental methods of metal- 
lurgical thermodynamics (for example, calorimetry, 
electromotive force and gas-metal equilibria), which 
are discussed in detail with numerous diagrams. 

The tabulated data relating to metals, metal com- 
pounds and alloys constitute a most comprehensive 
collection ; among the properties listed are heats of 
formation, entropies and heat capacities which make 
it possible to estimate free energy data for a wide 
variety of systems. A selected number of free energy 
equations are given, as well as partial molar quan- 
tities for many alloys. In such & compilation errors 
are inevitable; the following have come to the re- 
viewer's attention : on p. 334 the free energy equation 
for ammonia should be AG® = —12,050 + 26-7 7; 
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on pp. .354-55 the data for oxygen in-tin appear 
quite wrong. and based on a misinterpretation of- 
the original work. Among the copious references, 
Coughlin’s recent publication (U.S. Bureau of Mines 
Bulletin, No. 542 ;. 1954), which includes complete 
free energy and other data for a‘large number of 
oxides, appears to have escaped the authors’ critical 
net. Pe, ; ` 

Other, minor sections of the book, particularly that 
dealing with the estimation of. thermochemical, data, 
enhance its value. [t can be confidently recom- 
mended: to all research workers concerned with the 
high-temperature reactions of metals and their com- 
pounds as well as to senior students interested in 
chemical metallurgy. . s : 

- “Thermochemical Data of “Alloys”, -by : Drs. 
Kubaschewski and Catterall, forms a natural, if 
rather expensive, appendix to “Metallurgical Thermo- 
chemistry”. The authors present a critical assessment , 
(with more than five hundred references) of the avail- 
able data relating to more than two hundred systems. 

“The tabulated values of heats, entropies, free energies 
and volume changes are ‘mainly confined to intér- 
metallic systems but there is a short collection dealing - 
with the transitional metals alloyed with oxygen, 
sulphur, carbon, nitrogen and phosphorus. 

This survey brings out clearly the dearth of 
thermodynamic data on alloys in general, and one is 
impressed by the very few systems for which there 
exist complete partial molar heats and entropies 
over the entire composition range in the solid and 
liquid state. : a 

Many of the data in this book are concisely 
presented ir“ Metallurgical ‘l hermochemistry”’. While 
the more detailed and expanded treatment has real 
value, this separate volume does not fully -justify 
itself at this price when compared with the first 
volume of the series. J.-W. Evans ` 


“THEORY AND PRACTICE OF` 
HUMIDITY MEASUREMENT 


Hygrometry i 

By Dr. H. Spenser-Gregory and E. Rourke. Pp. 
xv+254. (London: Crosby Lockwood and Son, 
Ltd., 1957.) 36s. net. ` ' -7 ` 


OME processes in chemical engineering require 

that measurements of low relative humidity 
should be made with a precision that can be met 
only by methods of the utmost refinement. On the 
other hand, it is a peculiarity of hygrometry that 
some of the earliest and crudest ‘methods are still 
used because they are convenient: and sufficiently - 
aceurate for the purpose: the description of a 
method attributed by the authors to Leonardo da 
Vinci could well be that of an ingtrument recently 
introduced in the textile industry. It is appropriate, 
therefore, that the authors of this book (the first of 
whom died within a few days of its publication) should 
.have devoted the first quarter to a short historical 
preface’ and an introductory chapter which briefly 
deseribes the principles‘of the available methods of 
hygrometry. This section will be particularly useful 
both to students and others who are making their first 
serious acquaintance with hygrometry. 
. The chapter on the vapour pressure of water and 
ice leads to the frost point hygrometer and its 
application to low-temperature hygrometry, and 
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another on the-vapour pressure of solutions examines 
critically the published-values of vapour pressure for 
the sulphuric acid—water mixtures frequently used in 
studying the -performance of hygrometers. The 
theory. of the moisture content of highly compressed 
permanent gases receives a chapter to itself. 
Svennson’s theory or the wet and dry bulb hygro- 


_Meter is the basis of a chapter on psychrometric 


theory, with particular reference to Assman’s psy: 
chrometer. The autkors extend this theory and 
apply it to the Gregory balanced temperature psy- 
chrometer, pointing cut the advantages of this 
method that arise from_its simplified theory. Further 
chapters deal similarly with the theory and charac- 
teristics of dew point, Lair, diffusion, gravimetric and 
electrolytic hygrometers. : . . 
The authors have justified the all-embracing title 
chosen for the book, and readers will find theory, 
practice and experimertal results on most aspects of 
the subject. Perhaps the least satisfied will be the 
reader who has to deciGe which of the many available 
methods he should employ for a particular purpose. 
Much of what he reques can be found or deduced, 
but the value of a further edition would be enhanced 
by a summary of the conditions for which each of 
the methods is most suitable, the present status of 
the methods with respact to accuracy and stability, 
‘and their commercial availability. This comment 
should not be allowed to deter anyone with any kind _ 
of interest in hygrometry. So far as the reviewer is | 
aware, this is the moss comprehensivé book on the 
subject, and the clarity with which the materiál has. 
been presented will ensure that those who seek 
information on any aspect’ of hygrometry will -be 
quickly rewarded. D. W. ‘Hint 


CHEMICAL REFINING OF | 
PETROLEUM '- f 


Petroleum Refining with Chemicals 

By Vladimir A, Kalickevsky and Prof. Kenneth A. 
Kobe. Pp. xi+780. (Amsterdam: Elsevier Pub- `’ 
lishing Company; Lendon: Cleaver-Hume Press, 
Ltd., 1956.) 95s. ` 


N informative treatisé on the subject of the 

chemical and physco-chemical refining of petrol- 
eum fractions. A sciertific survey of refinery opera- 
tions is always a difficult task owing to the variation 
and complexity of crude oils. It will be surprising 
to many to know that as many as 2,300 products are 
marketed by refineries. The origin of crude petroleum 
is not known; however, the optical activity of some | 
fractions point, at least-in part, to bacterial action on 
organic remains. The chemist is always conscious 
that crude petroleum constitutes a vast source of 
chernical raw material and should thus be used to the 
best advantage. Lower fractions and refinery by- 
products are now vueed extensively. in chemical 
industries. A great deal is known to-day of the pro- 
perties of the lower hydrocarbons but little is known 
of the structure of the hydrocarbon. constituents of the 


higher fractions of petroleum. 

The recognized processes of chemical refining of 
distillates are fully recorded and’ the limitations and 
advantages in acid refiming and refining with alkalis 
are diséussed. Adsorbants are used effectively with 
distillates either in the vapour or liquid state according 
to circumstances. Syrthetic adsorbents tend to be 
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costly. Sulphur removal and sweetening of disilistee 
are always umportant. Catalytic cracking can be a 
desulphurizing process. The problem of corrosion 
in refinery equipment is a subject that receives 
attention. - 

Information on solvent extraction of petroleum 
fractions presents features of wide interest. -Distilla- 
tion processes can alter the more complex constituents. 
Selective extraction of oil fractions appears to offer 
one way .of partial resolution of the groups of com- 
-ponents. In this way fractions in the lubricating 
oil range, for example, can be resolved. into wax, 
pseudo-waxes, good grade oil, indefinite oul, poor grade 
oil, resins and asphalts. The principles of extraction 
‘processes have been ifivestigated to -some ‘extent 
mathematically. The book is intended for the begin- 
ner and advanced student, the plant operator and 
supervisor and research worker. The approach to 
each section justifies the first claim and the 8,000 
literature and patent references (mainly American) 
-justify the claim with regard to advanced students 
and research workers. The plant operator and super- 
visor could obtam more indications of the relative 
economics of the many refinery processes from the 
original literature quoted. . 

Like other industries, the petroleum indadtery intro- 
duces new terms for some of its processes, for example, 
‘platforming’: the catslytie reforming of- distillates 
m the presence of platinum. ‘Cycloversion’ is not 
explained but its function is apparent. Fuels, includ- 
ing jet engine fuels, are described and their character- 
istics and rating. The empirical, nature of most 
“marketed petroleum products is inevitable and so is 
their improvement by means of additive agents 
functioning as oxidation inhibitors, anti-detonants, 
pour point depressants, viscosity-index improvers, 
oiliness carriers, rust preventives, anti-foam agents “ 
and fluorescence improvers. 

The literature quoted is extensive and up to date, 
and it is good to notice that it includes the work of 

` such pioneers as B. Redwood, L. Edeleanu, A. E. 
Dunstan, G. Egloff, J. O. .Morrell, G. A, Burrell, 
B. T. Brooks, L. Gurwitsch and H. I. Waterman. 

i A. R. Bown 


CHEMICAL. ANALYSIS 


Advanced Analytical Chemistry 

By Prof. Walter Wagner, Prof. Clarence J. Hull and 
Prof. Gerald E, Markle. Pp.. .v+282. (New York: 
Reinhold Publishing Corporation; London: Chap- 
man and Hall, Ltd., 1958.) 48s. net. 
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involved. In the settions on, colorimetry and spectro- 
photometry, and polarography and amperometric 
titrations, a large proportion of space is taken’ up 
with photographs of the cases of commercial instru- 
ments with dials and knobs: ıt would have been 


:much more instructive t to give, as is done for thermo- 


‘gravimetric analysis, a line diagram to explain the 


~ Periodic Table. 


essential features. 

Part 2 (158 pages) deals with sixty-nine elernents 
grouped, for some’ unexplained reason, as m the 
For each element the following data 
are given : ‘atomic number, atomic weight, specific 
gravity, melting point, and boiling point. Then 
follow tests (in some cases) and brief mention of 
various possible and sometimes interesting volumetric 
and gravimetric methods of determination, one of the 
latter being given in some detail; these methods are 
often such as I would not choose, but that is a 
personal matter., , 

Each section in Part 1 concludes with a biblio- 
graphy, and each element in Part 2 ıs similarly . 


` dócumented. ‘These bibliographies give a few refer- 


ences to early work and a-small but representative 
selection relating to more recent work. The book is 
well produced and there are few misprints. In their 
preface the authors forestall certain criticisms, but 
nevertheless the book leaves an impression of extreme 
superficiality.  « A. D. MITCHELL 


` 


MACHINES THAT HANDLE: 
INFORMATION 


Computers: 

, Their “Operation and for ere By Edmund 
_Callis. Berkeley and Dr. Lawrence Wainwright.‘ Pp. ' 
x+366. (New York: Reinhold Publishing Cor- 
poration ; London: Chapman and Hall, Ltd, "1956.) 
648, net. . 


HIS book may be regarded as a sequel to E. C. 
Berkeley’s “Giant Brains’ published in 1949, 
and attempts to summarize some of the developments 
which have taken place since then. In such a rapidly 
expanding field, however, it has become impossible 


‘for any single author to become familar with, or 
- even to have heard of, every development, so that 


the picture ıb gives is necessarily incomplete and 
superficial. Nevertheless, the book 1s useful to any- 
one not working directly in the field himself who 
wants to- obtain an overall picture of automatic . 
computing machmery and its applications. ‘Lhe 


* contents are as follows. 


‘HIS book is compiled with a view to part of the « 


requirements of certain American universities 
(particularly that of Detroit) for a master of science 
degree in which analytical chemistry is offered 
as a major subject. It does not appear to be 
suitable for any course now current in. British 
universities. > 
Part: 1. (104 pagés) is devoted: to analytical tech- 
niques, covering organic - reagents, gas analysis, 
colorimétry and spectrophotometry, polarography 
and amperometric titrations, chromatography and 
ion exchange techniques, thermogravimetric analysis, 
radiochemistry,’ and statistics. It will be obvious 
that each aspect can receive only a very cursory 
treatment, but the eighteen pages given to statistics 
are clearly written and give a fair idea of the problems 


' kinds. 


-United States. 


Section T 1s an mtroduction and gives æ lst of 
automatic computers in operation in Europe and the 
Section 2 is-an account of the logical 
structure of an automatic digital computer, deseribing 
the principles of storage, number representation and 
arithmetical operations, programming and the control 
unit, input and output, reliability and maintenance. 
This section concludes with a check-list of the charac- 
teristics of a computer which is intended to serve as 
a guide to the suitability of-amy computer for a 
particular job. 

Section 3 (written by Wainwright) is a general 
account of analogue computers, and covers mech- 
anical hnkages, differential analysers (mechanical and 
electronic), harmonic analysers and models of all 
Section 4 lists various kinds of. digital 
information processing systems, ranging from traffic- 


` 
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light controllers to race-course totalisators, in order 


to show the importance and versatility of auto-` 


matic machines for handling information. The’ 
component parts of such machines are simply the 
storage mechanisms. -and arithmetical units, etc., 
already described m Section 2, but: connected in ‘a 
particular way bo. suit æ particular purpose. . 

Section 5 is mainly an account of a very simple 
machine (SIMON) which the author (E. C. Berkeley) 
built to illustrate the principles on which full-scale 
-machines operate. The machine employs electro- 


mechanical relays and is almost small enough to be | 


regarded as an educational toy to be built from a 
‘home-construction kit’. Section 6 describes some of 
the machines which have now become commercially 
available in the United States (and in Britain, too, 
if people ‘can afford- them). These- include tlie 


‘ UNIVAC, I.B.M. types 701, 702, 704, 705, and the 


ERA 1103. 

Section 7 discusses’ possible applications of com- 
puters and is probably the most fascinating part of 
the book. The authors start by listing the occupations 
in which péople earn their living chiefly or partly by 


(routine) mental work, and considering to what. 


_extent they can be replaced by machines. All kinds 
of business applications are suggested, including pay- 
roll computation, sales analysis, production scheduling 
and stock control.’ It will be clear from this that 
their use in computation laboratories, which is to & 
large extent the maim location of such, machines in 


Britain, will account for only.a small fraction of their’ 


total employment. Moreover, if digital calculators 
‘are linked up’ to other kinds: of machinery, for 
example, machine tools, then it is possible to envisage 
a very wide field indeéd (automation). 

Seétion 8, the last part of the book, contains a ‘list 


of references to books, periodicals and other sources , 


of information about automatic digital comptting 
machinery, æ list of organizations (mamly in the 
United States) making computers, and finally a 
glossary of terms and expressions used in the 
literature. R. as BROOKER 


1 


ECONOMIC ASPECTS OF | 
“FORESTRY ty 


Economics of- Plantations 


By W. E. Hiley. Pp. 216. (London: Faber and 
“Faber, Ltd., 1956.) 25s. net. 

Profitable Forestry . ' Coa 

By Lord Bolton. Pp., 126 +9 pinis. (London : 
Faber and Faber, Ltd., 1956.) 15s. net. : 


NLY a few years ago it would have been true 
to'say that there was 4 serious dearth of English 


~ books on forestry.- Schlich’s famous “Manual of 


Forestry”, published in five volumes between 1889: 
and 1896, with later—not very basically—amended 
editions of the two more popular volumes on “‘Silvi- 
culture” and “Management”, was until the ’twenties 
the only comprehensive account. During the thirties. 
the one important addition was Hiley’s “Economics 
of Forestry” ‘(1930), though a series of American 
monographs on the major aspects began to ‘appear 
from the McGraw-Hill Publishing Company. Of 
books suitable for the interested layman, we had enly 
. Ackers’s “Practical British Forestry” (Oxford Univ. 
Press, 1938). Of recent years, however, there has 
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books aiming at presenting the major issues of forestry 
to thé.important class of owner-menagers and land- 
agents. Now within a year we have from the same 


publisher two books by very well-known authors, one , 


writing chiefly for the professional and the other for 
the amateur, describing and discussing the financial 


and economic aspects of forestry with special refer- 


ence to conditions as we have them in the United 
Kingdom. 

Hiley’s new book is 4 natural development of part 
of the earlier one referred to above and his “Woodland 
Management”, making a most thorough examination 
of the relative returns to be expected from plantations 
under. the wide range of conditions encountered. in 
practice, and- the range of species and ‘treatments 
that appear to be suitable for a given site. As 
indicated on the dust jacket, the author concludes that 
“we might halve the cost of growing trees of sawmill 
size”, as compared with current practice, in both 
State forests and private woodlands. The means ‘for 
doing this are three-fold, namely, more appropriate 
choice of species to be grown, much heavier thinning 
procediire, and-shorter rotations. The implied crite 
cism of State forest policy, or at least practice, is 
severe, though it is admitted that there are complica- 
tions and practical difficulties such as quality of land 
available, amenity considerations and the prescribed 
requirement for holding a large stantling stock of 
timber-against a natural emergency. In Hiley’s view, 
his recommendations could usually be applied without 


- significant infringement of these requirements, and 


despite the limitations involved. Foresters are very 
well aware that they can obtain far better plantations 
and get much better returns on good land than on 
poor land, and that from the economic point of view a 
considerably higher price for the former—higher than 
tends to be viewed as the present acceptable limit— 
is justifiable. The rejoinder that it is not the national 
policy to compete with agriculture for the better 
land must be accepted, but Hiley is justified in 


insisting that on much of the poorer land a profit 


should be possible under his methods where at present 
there seems little or no chance of any. The case is 
certainly made out for systematic research to determ- 
ine how far these procedures will give satisfactory 


- results under the „poorer conditions, the doubt chiefiy 


concerning the tree’s power of rapid response to more 
growing-space. 

` Lörd Bolton, with his long experience as a isading 
owner-manager, is in full agreement with Hiley on 
the question of the need for heavier thinning. There 


are also good grounds for his view that there is an. - 
urgent need for improvement in methods of marketing , 


timber and other forest produce, which have been 
even more neglected by the owners than has thinning ; ; 
indidequacies in this direction have been a major 
factor in the widespread belief that forestry does not 
pay. Individual markets should be sought and 
middlemen avoided, and the opinion is expressed that 
sale by private treaty has points over sale by tender, 
because goodwill is so important:in times of low 
prices and poor markets. In view of the fact that 82 
per cent of British woodlands are in private ownership, 
Lord Bolton’s book should be of considerable impor- 
tance not only in giving an interesting and easily read 
general account for the interested layman, but also 
for the stress put on the practical aspects of the work. 
It should be encouraging to the hesitant that he is 
able to illustrate many important points from his 
own confessed mistakes. H. G. CHAMPION 


+ 
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Spot Tests in Organic Analysis 
By Dr. Fritz-Feigl Translated by Dr. Ralph E. 
Oesper. Fifth, enlarged and revised English ‘edition. 


Pp. xx+616. (Amsterdam: Elsevier Publishing 
Company; London: Cleaver-Hume Press, Ltd., 
1906) 55s. 


N the earlier editions of Prof. Feigl’s texts on spot 

tests, organic reactions were treated as, supple- 
mentary to inorganic reactions; later his studies in 
‘the ‘organic field led to the appearance in 1964 of 
Vol. 2 of “Spot Tests”, dealing with reactions for 
qualitative organic analysis. The present edition, the 
_ fifth, now appears as a book in its own right and 
contains much new material. 

Prof. Feigl rightly points out that information 


regarding interferences that may suppress or confuse . 


a test for an organic compound or group is often 
lacking, and that the degree of reliability- is 
less than in inorganic analysis. He appeals for a 
scientific approach, rather than an unintelligent use 
of a ‘collection of recipes’. More than one-quarter of 


. the contents of the present volume is occupied by 
the chapter on the detection of functional groups. , 


Some classical tests are included, and the nitro- 
-_prusside test for ketones provides a good example 
‘of the critical treatment evident throughout the 
book: the nitroprusside réaction is now stazed to be 
‘due to the isonitrosation of CH,— groups and not 
characteristic of methyl ketones. Subsequent chap- 
ters deal at greater length than in the earlier edition 


with the identification of individual organic com-- 


pounds and the application of spot tests for technical 
purposes, including. the identification of medicinals 
and antibiotics. - C. O. Hanvzy 


Progress’ in Radiobiology 


, Proceedings of the Fourth International Conference 


on Radiobiology held in Cambridge during 14-17 
„August, 1955. Edited by Joseph 8. Mitchell, Barbara 
"E. Holmes and Cyril L. Smith. Pp. xii+-557. (Edin- 
burgh and London : Oliver and Boyd, Ltd., 1956.) 
638. net. 


HE chapters of this book give evidence of the 

wide range of disciplines which are.successfully 
applied in radiobiological research. After a lucid 
introduction to radiochemical thinking, showing how 
free radicals formed very closely together can be 
intercepted by organic molecules, the Conference dis- 
cussed our knowledge of physical and chemical events 
following the absorption of ionizing radiations of 
different linear’ energy transfer. In general, the 
chemical efficiency of radiation decreases, while its 
biological efficiency increases, with increasing linear 


ion density. A series of papers dealt with the effects. 
-of small doses on substances of biological interest 


and on the metabolism of single cells or whole 
organisms, The problem of chemical protection 
appears to become more of a physiological question, 
involving changes in the oxygen supply to tissues. 
The ‘oxygen effect’, the effects on bone and radiation 
carcinogenesis still offer a wide range of fundamental 
questions, but have already proved of practical 
importance in radiotherapy. Human data were 


‘ analysed both statistically and in detail for individual 


observations of radium-poisoning. They should be 
read as a warning against the indiscriminate use 
of X-ray sets and “of radioactive material. Genetic 
studies are slowly elucidating the topical problem of 
radiation effects on large breeding populations of 
bacteria and insects as well as those of plants and 
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mice. The chapter on studies of spleen, bone marrow 
and blood is of very special interest since we witness 
the last stages of the controversial question: Which 
of the elements of the ,hemopoietic tissue are the 
responsible agents for protection against total body 
irradiation? The book is well produced, and it is to 
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- the editors’ credit that’muth of the spontaneity of 


the recorded discussion has been preserved. 
í ; M. EBERT 


Aberrations of Thin Lenses 


An Elementary ‘Treatment for Technicians and ` 


Students. By H. H. Emsley. Pp. xvi+352. (Lon- 


don : ;Constable and Co., Ltd., 1956.) 50s. net. 
NUMBER of the older English works on aber 
ration theory were restricted to a treatment 

using only elementary mathematics ; this tradition 


-is continued here, following in general Conrady’s~ 


methods. Some knowledge of elementary optics is 
assumed, and the book is mainly concerned with the 
primary aberrations of thin lenses, leading up to the 
design of an. objective and simple eyepiece for a 
prism binocular, and a thorough discussion of 
spectacle lenses. The presentation is clear, worked 
examples being given at each stage. The use of only 
elementary algebra, geometry and, trigonometry 
involves loss of brevity and greatly restricts the’ ‘scope 
of the work; thus the forroule for the primary 
aberrations of oblique imagery are quoted but not 
derived, and though there is a short chapter op- 
aspheric surfaces, the primary aberrations of these 
are not treated. The extent to which a technician 
with very lmited mathematical knowledge is likely 
to be concerned with lens designing is perhaps 
debatable ; .certainly for a university student one 
of the rather more advanced text- books would bè 
preferable. 

The book -contains a number -of mistakes: for 
example, the coma diagram (p. 165) is wrong ;- the 
statement on pp. 71 and 203 that no shape of, thin ` 
lens reduces the primary spherical aberration to zero 
is incorrect for a range of virtual-object or image 
positions ; normal eyepieces, including that designed 


‘in the text, do not have over-corrected primary field 


curvature, as suggested on p. 214. It is surely mis- 
leading to quote Maxwell’s definition of a perfect 
optical instrument (p. 145) without adding that he 
proved it could not exist except in the case of a 
telescope of unit magnification. C. G. WYNNE. 
Physics 
By S. G. Starling and Prof. A. J. Woodall. Second 
edition. Pp. xvi+1328+11 plates. (London and- 
New York: Longmans, Green and Co., Ltd., 1957. ) 
55s. neb. 7 
OME rewriting, a certain amount of new Sn 
‘a list of suggestions for further reading, and 


` 


numerous additional examples for solution are the~ 


excellent and well-established text-book. While small 
in themselves, these changes should add considerably 
to the book’s usefulness as a sheet-anchor for students 


-taking the less-specialized kind of degree course in 


physics, and lend some weight to the suggestion that 
Pave might profitably , use it for scholarship work at 
school: There is some sound advice both in the 
preface and in the reading list, and the student who 
masters the contents of the book and acquires 
its outlook will ‘be well equipped indeed. 7 
Q. R. Noarzs ` 


‘chief alterations made for the second edition of this . 


June 29, 1957 


No, 4574 


Inorganic Microanalysis—Qualitative and Quanti- 
tative ` 

A Short Elementary Course. By Dr. Ronald Belcher 

and Dr. Cecil L. Wilson’ Second edition. Pp. 

1x +153. (London and New York: Longmans, 

Green and Co., Ltd., 1957.) 21s. net. 


Jis book is a revised and enlarged edition of 
that appearing under a more restricted title in 
- 1946 (see Nature, 158, 79; 1946). The main new 
feature is the introduction of quantitative work, 
and although, as the authors state, this aspect of 
micro-methods is not yet so well developed as the 
qualitative aspect, they are to be congratulated on 
their pioneer efforts to put this before students. 
Owing to the economy of material in all such methods, 
the authors suggest that really rare metals (as opposed 
to so-called ‘rare’ metals) could well be included in 
courses of instruction, for even ‘the six metals of the 
platinum group could be covered at relatively ‘small 


expense. -1tis to be hoped that they will include these f 


in ‘a later edition. 

The sixty-nine pages devoted to qualitative analysis 
start with twenty-two pages describing apparatus 
and technique, which are well illustrated with numer- 
ous clear diagrams. The remaining forty-seven pages 
cover the usual tests for cations and anions, about, 


sixteen pages dealing with methods avoiding the use ‘ 


of hydrogen sulphide, sodium thiosulphate being 
substituted and the necessary precautions in its use 
being emphasized. 
“analysis starts with some thirty pages on the balance 
and apparatus, which again are clearly described. 
Then follow details of sixteen typical determinations. 
Titrimetric analysis is introduced by fourteen pages 
on apparatus and its calibration, and hine typical. 
titrations follow. Electrochemical deposition i is then 
dealt with in ten pages. 

As there is so little for adverse, criticism in this 
- excellent book, perhaps I may be forgiven for pointing 
out that the spelling ‘radicle’ ıs not favoured by 
standard dictionaries and was abandoned by the 
Chemical Society about fifty years ago. F 

A. D. MITCHELL 


Fundamental Concepts of. Algebra 

By Claude Chevalley. (Pure and Applied Mathe- 
matics: a Series of Monographs and Textbooks, 
Vol. 7.) Pp. viii+241. 
Press, Inc. ; London: Academic Books, Ltd., 1956.) 
6.80 dollars. 


HOSE who believe that mathematics is essen- 
tially a language will immediately appreciate 
Chevalley’s view, that algebra is not so much an end 
in itself as the language of mathematics, by which 
mathematical’ facts and logical patterns can be 
expressed in a standard form. Algebra must there- 
fore be sensitive and responsive to developments in 
other mathematical domains ; it must also be general 
and therefore highly abstract. From the basic notion 
of a set of elements to which a binary composition 
law applies, associating with any ordered pair of 
elements of the set some single element, it is possible, 
by laying restrictions on the naturé of the com- 
- position, and by introducing a second binary com- 
position, to ¡build up gradually from monoids to 
groups, to rings, and to modules, and thus arrive not 
only at a plurality of algebras but. at a precise 
definition of what we mean by an ‘algebra’. This is 
Chevalley’s main theme, illustrated in the final 
chapter by some instances of associative algebras. 
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Thé argument is careful’ and necessarily precise, but 
its abstract nature demands intense concentration 
from the reader; it is therefore surprising to learn 
that the book represents an algebra course of only 
one year. After graduation the young student may 
progress more rapidly than those familiar with the 
algebra of. yester-year. The new sea of abstraction 
facilitates progress,“ but in submerging the old 
obstacles it has also submerged the old landmarks. 
The old-fashioned mathematician who is resolute to 
acquire the new discipline must begin by forgetting 
Chrystal, Weber and Bécher; some of the beauties 
of sail-must be sacrificed to the austerities of modern 
power. - T. A. A. BROAŬBENT 


The Electrolytic and Chemical Polishing of Metals 
in Research and Industry 

By W. J. McG. Tegart. Pp. x+129. 

Pergamon Press, Lid., 1956.) 30s..net. 


GREAT number of research scientists’ have 

_ good cause to bless the name of Jacquet, to 
whom, more than anyone else, the invaluable tech- 
nique of electrolytic polishing owes its development. 
However, in practice, knowledge of the existence of 
such a technique’and the successful application of 
that technique to a particular problemi can often be 
separated by a.deep gloomy chasm. The present 
book should do much to eliminate such frustration, 


(London : 


. as it describes in simple terms methods of applying 
The section on gravimetric . 


the technique of electrolytic polishing to a great 
However, the author ~ 
has not neglected to discuss the underlying mech- 
anism and to outline general principles which should 
help in the development of new electrolytic polishing 
methods where needed. There is a cautionary chapter 
on the' hazards associsted with the use of perchloric 
acid, a common constituent of laboratory electro- 
lytes. While the emphasis of the bqok is primarily 
on the research side, three chapters déal specifically 
with the already numerous industrial applications of 
electrolytic and chemical polishing methods. , These 
can be recommended to industrial metallurgists who 
may be seeking ways of replacing costly and tedious 
finishing methods using abrasives. 
R. W. K. HONEYCOMBE 


Demògraphy and Addendum to Demography 

By Peter R. Cox. Second edition. Pp. xii+314+ 
viii+64. (Cambridge: At “the University Press, 
1957. Published for the Institute of Actuaries and 
the Faculty of Actuaries.) 25s. net. 


MHIS is. a re-issue of the text-book which 5 was 

first published in 1949, bound together with, the 
“Addendum”, previously issued separately, which 
carries the story forward to 1954. It is written 
primarily for ‘actuarial students preparing for their 
professional examinations and therefore tends to 
treat the subject from a fairly formal point of view, © 
touching only briefly on, the sociological and economic ` 
aspects of demography. Moreover, the exigencies of 
the actuarial syllabus decree that the theory and con- 
struction of life-tables are to be treated in a different 


text-book, and demography without life-tables is © 


rather like Hamlet without, the prince. However, 
given these limitations, the book remains one of the 
very few texts on the subject in the English language, 
and represents a, competent and workmanlike 
approach to the study of human populations which 
others, besides budding actuaries, will find useful and 
VYaluäble: , f 
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INITIATION OF BACTERIAL TRANSFORMATION - 


By Dr. MAURICE S. FOX and Dr. ROLLIN; D. HOTCHKISS 
Rockefeller Institute for Medical Research, New York City 2! 


ws 


RANSFORMATION occurs when a population 


of pneumococci is treated with deoxyribonucleic 
acid from a genetically different strain and is:mani- 
fested by the appearance in the population -of cells 
carrying the different genetic characteristic. Since 
the property of receptivity to treatment with deoxy- 
ribonucleic acid is a transient one in a growing 
population of bacteria'*, kinetic analysis of the 


interaction between the bacteria and the nucleic acid , 


has heretofore been difficult. . 

A technique has been developed in this laboratory 
which permits the preservation of receptive cells for 
‘ long periods of time.- The preservation is accom- 
plished by permitting a population of pneumococci 
to grow to the appropriate physiological state (at 


& density of about 10’ bacteriajml.) and- freezing ` 
The cells.thus ' 


aliquots in 10 per cent glycerol. 
prepared are maintained in a, freézing-cabinet at 
about — 20° C. Such éells remain viable for at least 
eighteen months, and retain i toceptivity for as long as 
three months. 


Log rate of inttiation of transformants 
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Fig. 1. Effect of temperature on the rate of initiation of tanis 
formation ; potka as the logarithm of the rate versus the 
reciprocal ” of the absolute temperature. Bacterial density 
4 x 10*/ml., deoxyribonucleic acid concentration 0:3 The 
. different symbols represent separate experiments 
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Fig. 2. Effect of deoxyribonucleic acid concentration on the rate 
of f aitlation of transformation at 80° C. Bacterial density- 
4 x 10%ml. The different symbols represent separate experiments 


Dilution of @ freshly thawed culture into growth 
medium followed by the addition of an appropriate 


` nucleic acid preparation yields a: suspension in which, 


after a short induction period, the number of trans- 
formants increases linearly with time of exposure to 
deoxyribonucleic acid. This linear increase- persists 
for more than one hour, during which time the cells 
have not yet begun to divide. 

In addition, it has been found that under the 
conditions described the rate of increase of trans- 
formants with time is sensitive to temperature and 
the commonly used 37° C. is not. optimal. Fig. 1 is 
a plot of the logarithm of the rate of initiation of 
transformants versus the reciprocal of the absolute 
temperature. The slope of the line on the low-tem- 
perature side of ithe maximum corresponds to an 
activation energy of about 20 keal./mole for the 
overall reaction resulting in bacteria irreversibly 
initiated on the~ pathway toward transformation. 
The decline of the logarithm of the rate with in- 
creasing temperature, above 34° C., indicates that 
some reaction or reactions unfavourable to the 
mitiation of transformation begin to predominate. 

. The experiments arè carried out by adding nucleic 
acid to the bacteria at the chosen temperature, 
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Fig. 8. Effect of bacterial density on the rate of initiation of 
transformation at 30° C. Deoxyribonucleic acid concentration 
10-7 y/ml. The different symbols represent separate experiments 


removing aliquots at various times, terminating the 
interaction with deoxyribonuclease, and incubating 
at 37° C. for 2 hr. to permit expression of the new 
property, in this case streptomycin resistance. 

Smee it 1s near the optimum, 30° C. has been 
chosen as the temperature at which further kinetic 
experiments were carried out. Fig. 2 describes the 
rate of initiation of transformants as a function of 
concentration of deoxyribonucleic acid. At low con- 
centrations of deoxyribonucleic acid the rate is 
directly proportional to concentration and at high 
concentrations saturation of this rate occurs. A 
similar lnear increase and saturation of rate occur 
when the density of bacteria is varied at a constant 
low concentration of deoxyribonucleic acid ag seen 
in Fig. 3. 

Such saturation curves for rates of initiation of 
transformation can be interpreted in terms of a 
rapid reversible adsorption of the nucleic acid to the 
bacteria, followed by a slow irreversible incorpora- 
tion. Assuming such a model, 


ky 


è ; i 
+ DNA 1+ B(s) DNA complex -~» B(tr) 


ka 
where B(s) represents the concentration of bacterial 
adsorption sites, which are assumed to be propor- 
tional to the number of bacteria, DNA represents the 
concentration of deoxyribonucleic acid molecules, 
and B(ir) represents the concentration of cells in 
which transformation has been irreversibly initiated. 
The &’s represent reaction rate constants for the 
respective reactions and K is defined as (k, + k5)/k,. 

Such a reaction sequence can be treated as a con- 
ventional enzyme-substrate reaction. Setting up 
this relationship, it can be demonstrated that it is 
symmetrical with respect to both concentration of 
deoxyribonucleic acid and concentration of bacterial 
adsorption sites. 

Applying a Lineweaver—Burk® treatment, a plot of 
the reciprocal rate of initiation of transformation 
versus the reerprocal concentration of déoxyribo- 
nucleic acid for concentrations sufficiently high that 
they are not changed appreciably durmg the reaction 
yields a Vmax, and a K for the reaction. The Vmax. 
18 equal to k, [B(s)]; and K for the complex between 
the bacterial sites and the nucleic acid m units of 
y deoxyribonucleic acid/ml. is equal to 4x 10~ y/ral. 
Fig. 4). 
A PAA treatment of the reciprocal rate of the 
mutiation of transformation versus the reciprocal of 


B(s) 
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Fig. 4, Determination of K and Vmax. of the reaction between 

bacteria and deoxyribonucleic acid at high acid concentrations, 

4jx 10° bacteria/ml., at 30° C. The different symbols represent 
separate experiments 


the bacterial density et high bacterial density (deoxy- 
ribonucleic acid concentration limiting) yields a 
Vmax. Which is equal to k, [DNA]; and a K in units 
of bacteriaj/ml. of 1-2 x 108 (Fig. 5). Since these 
K’s are for the same reaction, their ratio yields the 
maximum amount of deoxyribonucleic acid that can 
be adsorbed per bacterium. The ratio ıs equal to 
3:3 x 10y DNA/bacterium. Assummg a mole- 
cular weight of deoxyribonucleic acid of 6 x 105, 
thirty-three such molecules would be adsorbed to 
each bacterium. Another independent way of cal- 
culating this number is by relating the two Vmax. 
values. The Vmax. for 4 x 10° bacteria/ml. at high 
concentrations of deoxyribonucleic acid is equal to 
103/min. At a concentration of deoxyribonucleic 
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Fig. 5. Determination of K and Vmax. of the reaction between 

bacteria and deoxyribonucleic acid at high bacterial densities, 

107° y/ml. deoxyribonucleic acid, at 30° C. ‘The different symbols 
represent separate experiments 
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acid of 10 y/ml. and high bacterial densities the 
Vmax, is equal to 3-2 x 10%/min. Taking the ratio 
of these two Vmax.’s and solving for B(s) yields a 
value of 3 x 10-*y DNAjml., the amount of deoxy- 
ribonucleic acid bound by the low density culture 
which had 4 x 10° bacteria/ml. From this it can be 
calculated that 7-5 x 10-%y DNA are ‘bound per 
bacterium.’ Again, assuming 6 xX 10° as the molecular 
weight of the deoxyribonucleic acid, this would 
correspond to 75 molecules adsorbed per bacterium 
at saturation. This, of course, assumes that all 
adsorption sites ‘are sites that can result in trans- 
formation. In other words, that in the saturation 
regions with excess bacteria where all the deoxyribo- 
nucleic acid in solution is adsorbed, it is adsorbed at 
effective sites. Additional adsorption sites that either 
cannot result in transformation‘ or that yield trans- 
formation at a reduced rate could account for the 
difference between the two calculated values of the 
number of sites per bacterium, although it is as yet 
doubtful whether this difference is significant. 

If the quantity of deoxyribonucleic acid adsorbed 
per cell transformed were known, it would be possible 
to calculate ka. From experiments with transforming 
deoxyribonucleic acid labelled with phosphorus-32 it 
is known that a minimum? of 2-1 x 10-*y of deoxy- 
ribonucleic acid is irreversibly incorporated by the 
treated cell population per cell transformed. Assuming 
this value for the deoxyribonucleic acid preparation 
used in these experiments, k, is about 6 x 10-3 min.-?. 

Still within the framework of the model, the 
evaluation of k, and k, can as yet only be made very 
crudely. If it is assumed that the induction period 
prior to the linear rise of initiation of transformants 
with time is the time required for the equilibrium to 
be established, a treatment introduced by Guifreund® 
may be applied to evaluate k,. Following this treat- 
ment, extrapolation of the linear rate to zero 
transforments yields a time which is equal to 
1/k (K + DNA). Solving for k, gives a value of 
about 6 min.-! y-t ml. This constant is defined in 
the same way as Thomas’s? k, and is in good agree- 
ment with his value of 6-6 min. y> ml. 

Assuming the above values of k, and ks, ka can be 
calculated and is equal to about 0-2 min.-!. Com- 

aring k, and k, the two rate constants concerned 
with the fate of the complex once it is formed, k, is 
about thirty times greater than k,, therefore dis- 
sociation is about thirty times more likely than 
irreversible incorporation. 

It must be emphasized that these observations 
refer to a single frozen preparation of bacteria. 
Although the date are consistent with the model, 
and for this model the constants are general, the 
number of sites of adsorption per bacterium are a 
property of the particular bacterial culture and will 
vary with the state of the bacteria at the time of 
freezing. On the other hand, preliminary experi- 
mental attempts at direct measurement of the 
amount of deoxyribonucleic acid bound in the form 
of the complex, by permittmg adsorption to occur at 
0° C., have given quantities in agreement with those 
caleulated above. It is suggested that the phen- 
omenon of competence may be associated with the 
appearance and disappearance of such sites in a 
growing population of bacteria. 

Followmg another approach, investigation has 
been made into the biochemical nature of the process 
by which deoxyribonucleic acid becomes adsorbed to 
cells, Using the transformable property. sulphon- 
amide resistance, it becomes convenient to measure 
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the genetically effective fixation of deoxyribonucleic 
acid which occurs when the cells are exposed to 
deoxyribonucleic acid in limiting conditions, such as 
in saline or buffer suspensions. This is possible 
because every transformed cell can afterwards 
develop and express its sulphonamide resistance 
within the selective drug medium, during the 
residual growth which even sensitive cells undergo in 
the presence’ of a sulphonamide. Streptomycin, by 
contrast, kills those cells which are not already 
resistant, so that with a doubly marked deoxyribo- 
nucleic acid, sulphonamide-resistant transformants 
reveal the extent of deoxyribonucleic acid fixation, 
and streptomycin-resistants demonstrate the degree 
of expression which has followed the fixation. The 
low yield of doubly resistant transformants obtained 
under the conditions we are using indicates that the 
once transformed cell has a no greater than average 
probability of becoming transformed to a second 
property. 

Pneumococci growing in an adequate medium 
are not optimally responsive to deoxyribonucleic acid 
unless two additional factors are supplied. Trans- 
formation of this species seems to fail without the 
addition of a serum factor best supplied in the form 
of various purified serum albumins®, and calcium ions 
(10--10-4 M) appear to be almost equally decisive. 
When these components are optimal, physiological 
factors, such as the stage of culture growth’ or stage 
of cell division attained, also play a part in determ- 
ining responsiveness. Cells brought into a state of 
high transformability through ‘phasing’ at lowered 
temperatures rapidly lose this state when growing at 
37° C. and then regain ıt with a cyclical periodicity 
believed to be related to cell division cycles!. When 
such cells grown in media containing albumin are 
incubated in growth medium deficient m serum 
albumin, they also lose this property within a few 
minutes, but they do not regain it when the incuba- 
tion is continued in the absence of albumin. This 
behaviour suggests that the cells in becoming 
transformable combine with or in some other way 
make a recurrent and temporary use of the serum 
albumin. 

Cultures frozen as described above will later reflect 
the degree of transformability which they had 
attained just before freezing, so that cultures frozen 
in a phased state are highly transformable, and on 
the basis of the model presented above may be 
assumed to have more adsorption sites than unphased 
ones. During about ten days at — 20° C., susceptible 
cells gradually cease to be immediately reactive 
with deoxyribonucleic acid added just after the 
frozen culture is melted. On incubation at 37° C. 
such once transformable cells regain a receptive 
state in about 20 min., but will lose ıt again in a 
further 20-30 min. This behaviour is reminiscent of 
phased growing cultures, but the frozen cultures 
provide the additional advantage that the cells can 
be exposed to deoxyribonucleic acid under environ- 
mental conditions widely different from those under 
which they grew into a receptive state. Not only 
can the interaction be measured as already described, 
at temperatures below those optimal for growth, but 
also the frozen cultures may be diluted into simple 
saline solutions altogether madequate for growth. 

In brief, the cells can fix deoxyribqnucleie acid (m 
the sense of being irreversibly started on a process 
which can lead to subsequent genetic expression) 
even when they are not able to grow, but expression 
has so far only been observed under conditions 
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suitable for growth. The fixation process itself is 
dependent upon just those two components of the 
complete system, calcrum and albumin, which are 
not necessary for growth. Although cells which had 
grown in the presence of calcium and:bovine serum 
albumin, when freshly diluted from a frozen culture, 
still reacted with deoxyribonucleic acid, they yielded 
about a five- to ten-fold larger proportion of trans- 
formants when the diluent contained these com- 
ponents. 

When the culture has lost most of its immediate 
reactivity toward deoxyribonucleic acid through 
storage ab — 20° C., re-creation of adsorption sites 
becomes critically dependent upon calcium and 
albumin, and in addition, upon what appears to be 
a protem synthesis. The formation of sites binding 
genetically effective deoxyribonucleic acid in a form 
resistant to nuclease: (a) requires presence of a 
mixture of amino-acids ; (b) requires, or is facilitated 
by, glucose as an energy source; (c) is independent 
of growth; and (d) is completely inhibited by about 
1 yugm./ml. of chloromycetin, a relatively specific 
inhibitor’ of protein synthesis. The conditions there- 
fore resemble those developed in this laboratory to 
reveal protein synthesis in resting staphylococci’. 
Irreversible fixation of deoxyribonucleic acid via sites 
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already synthesized can occur in an albumin-caleium—- 
glucose—potassium phosphate (pH 7-5)-saline mix- 
ture. In this mixture cells remain viable without 
detectable growth, or any expression of strepto- 
mycin resistance, for more than 5 hr. at 30° or 37° C. 
Evidence is. presented in support of a model 
describing the reaction between transforming deoxy- 
ribonucleic acid and bacteria. The results suggest 
reversible binding of deoxyribonucleic acid to the 
cells. This reversible binding is followed by a slow 
irreversible step resulting in incorporation of the 
nucleic acid, which then yields transformed cells. 
Increases in the number of adsorption sites pər 
bacterium can be observed under conditions which 
suggest that the formation or repair of such sites 
depends upon a process of protein synthesis that can 
be carried out by the bacteria in the resting state. 


1 Hotchkiss, R, D., Prc. U.S. Nat. Acad. Sci., 49, 49 (1954). 
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MENTAL ABILITY* 


By Sir CYRIL BURT, F.B.A. 


Professor Emeritus of Psychology in the University of London 


URING the First and Second World Wars, .Dr. 
Walter Bmgham played a leading part in 
devising, and in putting into effect, the ingenious 
scheme for classifying personnel in the American 
Fighting Services by the aid of psychological pro- 
cedures. The original ‘Army Mental Tests’, compiled 
under his supervision, have provided one of the most 
popular models for the intelligence tests used in 
Britain for selecting pupils at the age of eleven for 
entrance to secondary grammar schools. In the 
course of his work for the United States War Depart- 
ment, Bingham became more and more convinced 
that, under ordinary peace-time conditions, there 
was a vast and unsuspected waste of human ability 
as a result of the imperfect methods of educational 
selection and vocational guidance’; and, by the 
terms of his will, he left funds from his own estate 
in order to encourage, by the mstitution of lecture- 
ships and other means, the study of this problem. 
in Britain, as a result of the new arrangements 
introduced by the Education Act of 1944, the problem 
has come once again to the fore. Fifty years ago 
the traditional method of discovering bright and 
promismg pupils was still based on scholarship 
examinations in the ordinary school subjects. Most 
British psychologists had by then accepted the 
attractive theory originally formulated by Francis 
Galton?: namely, that, durmg childhood at any 
rate, mtellectual efficiency in all directions is 
determined mainly, though not entirely, by a single 
general factor called ‘general ability’, and that 
differences ın this ability are largely the effect of the 


* Substance of the Walter Bingham Lecture, delivered at University 
College, London, on May 21. 


individual’s genetic constitution. This has several 
practical implications. Up to the prepubertal period, 
it seemed reasonable to place each elementary pupil 
in the same class for all his subjects; the mentally 
defective were certified and sent to special schools 
on the ground that they suffered from a general 
deficiency in mtelligence ; and similarly, scholarship 
children were presumed to be clever all round. A 
few special disabilities, such as word blindness, were 
occasionally recognized; and Galton himself cited 
evidence for special aptitudes—for mathematics, 
music, literary or artistic achievement, and the like. 
But for the most part these were assumed not to 
mature until the onset of adolescence. 

During the past twenty years, however, owing to 
the remarkable success of recent experimental 
research on the training of animals, the attention of 
psychologists has been directed more and more to 
the possibility of ımproved methods of teaching and 
learning. Influenced largely by “the school of 
behaviourism, which under the lead of J. B. Watson? 
dominated American psychology between the Wars, 
many have even denied the very possibility of mental 
inheritance ; while others, ınfluenced by the statist- 
ical work of Thurstone’, have rejected the notion of 
general ability and have substituted a miscellaneous 
set of relatively specialized ‘primary’ or ‘umtary’ 
abilities. 1t was indeed this revival of the old faculty 
doctrine that was in part responsible for the belief 
that children at eleven plus should be classified, not 
so much according to the degree of general ability, 
but rather accofding to the kind of special aptitude 
that each appeared to show: thus the ‘abstract 
type’, whether of a literary or mathematical bent, 
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was said to be suited for a grammar school; the 
‘techni¢al’ type for the technical school; and the 
‘concrete’ or ‘practical’ type for the secondary 
modern school. , 3 

But quite recently, psychological research, often 


on entirely novel lines, hag been tending to rehabilitate, 


much of the old beliefs, with the added recognition’ 
that both the psychological and the genetic problems 
involved are far more complicated than psychologists 
of 1910 were inclined to suppose. The doctrine of 
distinct and independent abilities has hitherto drawn 
much of its support from the early experiments on 
cerebral localization,- which seemed to indicate that 
sensory, motor and linguistic functions could be 
assigned, to definite centres within the brain. These 
findings appeared to be further corroborated by 
maps of cortical cell structure published later by 
histologists, such as Campbell, Brodmann and von 
Economo. ‘Their conclusions, however, have since 
been severely criticized by such Continental workers 
as Bok and Lorente de Nó, and by Sholl-in Britain. 
The latest studies of the microscopic structure of the 
human brain have directed attention to the wide 
differences in cell-architecture between one individual 
brain and another, and have shown that many of the 
alleged local differences are more or less accidental 
consequences of variations in growth, in blood 
supply, and in the surface curvature of the cortex. 
It would thus appear that, in the same individual; 
nerve tissue, like every other tissue—hair, bone, 


muscle and skin—tends to be of much the same_ 


general quality throughout, with only minor local 
variations. Even if we cannot unreservedly accept 
Lashley’s theory of the ‘mass action’ of the brain, 
nevertheless the facts that he reports are much more 
in keeping with Galton’s hypothesis of general 
ability and minor special abilities than with 
Thurstone’s doctrine of major ‘special abilities’ and 
no general factor. Dr. Sholl himself concludes that 
‘intelligence’, like retentivity, is a ‘‘general attribute 
of all cortical tissue”. Finally, this interpretation is 
independently confirmed by wide-scale statistical 
investigations, based on applications of the procedure 
known as ‘factor analysis’ to actual assess- 


ments obtained for various types of intellectual - 


proficiency®. 

If, therefore, differences in this general capacity 
are the result of differences in bram structure, we 
should expect that, like other physical differences, 
they would largely depend on hereditary trans- 
maission, and that the mode of transmission would be 


. that which obtains in the case of almost all physical . 


characteristics, namely, the method described by 
Mendel’s laws. The most conclusive evidence is that 
furnished by investigations among children of school 
age, for whom the requisite data are most readily 
procured. Where two alternative factors such as 
heredity and environment are likely to be involved, 
the obvious procedure is to keep first one and then 
the other as constant as possible, and observe the 
results. In orphanages and other institutions, it is 
possible to find children brought up under much the 
same environmental conditions almost from birth. 
Contrary to expectation, it is found that the individual 
differences, so far from being diminished, vary over 
an even wider range. In the. majority of cases they 
seem to be associated with differences in the inbel- 
ligence of the parents. Many of the brightest, for 
example, prove to be illegitimate children whose 
father, often a casual stranger, was himself of a high 
intellectual ability. In.such a case it is out of the 
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question to attribute the child’s intelligence to special 
opportunities provided by his home or family. 

To secure cases in which children’s genetic endow- 
ment is the same, the psychologist turns to assess- 
ments obtained from monozygotic or identical twins. 
In Britam nearly thirty pairs have been investigated 
where the twins have been brought up in separate 
homes almost from birth. The correlations are, for 
educational attainments, 0-68; for group tests o 
intelligence, 0°77; for adjusted assessments of intel- 
ligence, 0-88—almost as high as the correlation 
between two successive assessments for the same 
child. 

Hitherto those psychologists who have admitted 
the possibility that mental abilities may be inherited 
have almost invariably assumed that their trans- 
mission would follow the principles of blended 
inheritance. They repeat the old definition of 
heredity as ‘the tendency of like to beget like’; and 
consequently suppose that the arguments for mental 
inheritance consist solely m demonstrating resem- 
blances between the parent and his children by 
means of correlations ; when the two parents differ, 
then the child is still expected to consist of an inter- 
mediate blend of both. 

The approach of the modern geneticist is the 
reverse of all this. As he views it, the real problem 
is rather to explain why in so many instances ‘like 
begets unlike’. Both for the environmentalist and 
for the believer in blended inheritance, one of the 
most puzzling phenomena is the appearance, not 
only of extremely dull children in the families of the 
well-to-do professional classes, but also of extremely 
bright children in families where the personal, cul- 
tural and economic conditions of the parents: would, 
one might imagine, condemn, every child to failure 
on either count. On the Mendelian hypothesis that 
is just what we should expect. After all, Mendel 
himself suggested the possibility that the inheritance 
of graded characteristics might be interpreted in 
terms of a multifactorial hypothesis; and during 
recent years a vast and valuable amount of work 
among plants and animals has been done by the 
biometric school, in which that hypothesis has not 
only been fully confirmed but also has issued in 
results of the greatest practical value. 

In point of fact several investigations recently 
published yield fairly clear indications that in the 
case of intelligence individual variations are influenced 
by both unifactor and multifactor inheritance; in 
other words, they result from Mendelien factors of 
two kinds: (1) major genes responsible for com- 
paratively large deviations, usually of an abnormal 
kind ; and (2) multiple genes the effects of which are 
small, similar and cumulative. The biometric tech- 
niques have been elaborated by R. A. Fisher and 
others ; and on applying their procedures it 1s found 
that, with the ordinary tests of intelligence, about 
three-quarters of the total variance is due to genetic 
factors, that is, to what is loosely called heredity. 
If the results of the tests are corrected and adjusted 
in the light of all available information, then the 
accuracy of the predictions is greatly improved. In 
practice, such intensive studies of individual cases 
would be far too costly for education authorities to 
carry out, except perhaps in borderline cases®, 

Investigations made just before the War showed 
that during the ten preceding years about 40 per 
cent of those who had sufficient abihty to enter a 
university had apparently failed to do so”. It is too 
early to inquire what improvement has been effected 
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by improved economie conditions or by the new 
arrangements made under the Education Act of 
1944. A series of studies recently published by Dr. 
Floud® and her colleagues shows that the grosser 
material handicaps appear to have been lessened and 
in many areas eluminated, but that the problem of 
social wastage 1s as yet by no means overcome. 

The whole issue is of such far-reaching social im- 
portance that there is a most urgent need for more 
research. Since school investigations undertaken by 
outsiders are bound to be mcomplete, 1b is to be hoped 
that once again the more progressive local education 
authorities will allow their official psychologists time 
and full facilities for such inquiries. But the under- 
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lying processes are so complex and obscure that the 
psychogenetics of man is not likely to make much 
headway without carefully controlled experiments on 
the nature and transmission of intelligence in lower 
animals. 


1 Bingham W., “Aptitudes and Aptitude Testing” (Houghton Mifflin 
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COLONIAL RESEARCH 
1955-56 


NDER the title “Colonial Research 1955-56"* 
are collected the annual report of the Colonial 
Research Council, the eleventh annual reports of the 
Committee for Colonial Agricultural, Ammal Health 
and Forestry Research and the Colonial Medical 
Research Committee, the ninth annual reports of the 
Colonial Economic Research Committee and the 
Colonial Committee for Pesticides Research (formerly 
the Colonial Insecticides, Fungicides and Herbicides 
Committee), the third annual report of the Colonial 
Products Council, the twelfth annual report of the 
Colonial Social Science Research Council, the first 
annual report of the Colonial Road Research Com- 
mittee, the annual report of the Colonial Fisheries 
Advisory Committee on Fisheries Research, 1955-56, 
and the reports for 1955-56 of the Tsetse Fly 
Trypanosomiasis Committee and of the Director of 
the Anti-Locust Research Centre. There is also a 
section on research matters not covered by the 
reports of the specialist advisory bodies, which deals 
with building and housing research, the Falkland 
Islands Dependencies Survey, geodetic and topo- 
graphic surveys, geological surveys (for which a 
further allocation of £1,250,000 has been made avail- 
able to March 31, 1960, under the Colonial Develop- 
ment and Welfare Act, 1955, and whose staff of 
205 geologists, geophysicists and chemists in twenty- 
one territories receives valuable assistance from the 
universities of the United Kingdom and other 
members of the Commonwealth), the East African 
Industrial Research Board, meteorology and water 
pollution research. A 
The annual report of the Colonial Research Counet, 
to which is appended a list of schemes approved for 
research grants under the Colonial Development and 


Welfare Acts, April 1, 1955, “to “March 31, 1956, - 


deals with matters not covered by the reports of the 
speciahst committees. It notes that the expenditure 
on research schemes for the year ended March 31, 
1956, was £1,364,320, compared with £1,173,381 the 
previous year and the average of £1,600,000 called 
for by the provision for 1955-60, and that 39 new 
appointments were made to the Research Branch 
during the year; but it does not supply the con- 
spectus of the whole field that now seems desirable. 


* Colonial Office. Colonial Research 1955-1956. Pp. 312. (Cmnd. 
52.) (London: H.M. Stationery Office, 1957.) 10s. net. 


Besides lists of publications during the year, the 
various reports are now provided with a full list of 
contents. i 


The Committee for Colonial Agricultural, Animal 
Health and Forestry Research, which recommended 
grants for research totallmg £819,495 during the year, 
is much exercised by the difficulty of finding and 
retaining good research scientists in overseas posts. 
Serious losses of young scientists with two to six 
years overseas experience continue. In September 
1955 the three research schemes at the Imperial 
College of Tropical Agriculture, Trmidad, for work 
on cocoa, bananas and soils were combined and a 
Regional Research Centre was created under the 
Principal of the College as director of research. This 


. Centre will m future embrace all appropriate fields 


of research. The West African Standing Advisory 
Committee for Agricultural Research has been estab- 
lished and met for the first time. Cocoa research, 
carried out chiefly at the West African Cacao Research 
Institute and the Imperial College of Tropical Agrı- 
culture, confirmed the close dependence of mmeral 
nutrient uptake on the degree of shade, and demon- 
strated the connexion between the nitrogen status of 
a plant and its liability to attack by thrips. In West 
Africa, rmportant information was gained on the 
tolerance of certain Iquitos strains of cacao to swollen 
shoot viruses, and preliminary tests indicated that 
BHC has a, higher toxicity for capsids than DDT. 
The South American maize rust disease which has 
caused much concern in the hot, humid parts of 
Africa continued to spread eastwards, being reported 
from Malaya, North Borneo, Siam and intervenmng- 
islands in the Indian Ocean. Resistant varieties ‘are 
being issued to growers m West Africa, where research 
ıs now directed to breeding for resistance to other 
pests and diseases. In the early stages of investi- 
gations m Kenya on coffee berry disease, the mer- 
curial fungicide ‘Verdasan’ showed promise as a 
possible means of control. A pool of research workers 
on stored products has been established, based at the 
Pest Infestation Laboratory of the Department of 
Scientific and Industrial Research, and the Stored 
Products Research Sub-Committee was specially 
concerned. with co-ordmating the work of the West 
African Stored Products Research Unit, the code of 
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practice in the use of BHC and DDT, with the control 
of insect pests of groundnuts in the Gambia—where 
infestation of unshelled groundnuts by Caryedon 
fuscus can be reduced to a negligible level by appli- 
cation of 5 per cent of DDT or 1 per cent of ‘Lindane’ 
within the presembed health limitations—and the use 
of insecticides on stored cocoa in West Africa. Veter- 
; inary investigations relate largely to the testmg of 
biological preparations and other drugs and to the 
detailed study of well-known diseases in relation to 
local conditions and breeds of cattle. In East Africa 
outstanding findings relate to the considerable 
resistance to East Coast fever which exists in zebu 
animals from immune stock ; this resistance decreases 
. with age, and colostral immunity plays little or no 
part in it. It 1s established that a solid immunity for 
at least a year follows recovery from an attack of 
East Coast fever, and that the fever may be sup- 
pressed by continuous oral administration of ‘Auro- 
fac’, a by-product of the manufacture of aureomycin. 
It has also been observed that calves born of dams 
immune to rmderpest are susceptible before suck- 
ling but develop immunity one to two days after 
sucklng ; however, this colostral immunity declines 
fairly rapidly, disappearing in about six months. 
Use of ‘Antrycide’ has permitted large numbers of 
cattle to be held m areas of Kenya infested with tsetse 
fly, with low rates of infection by sleeping sickness. 

At the Malayan Forest Research Institute excellent 
hardboards have been produced from mixtures of 
common Malayan woods and high-quality paper from 
pedi straw. Trials with tropical pines in the Caribbean 
have demonstrated the importance of small doses of 
phosphatic fertilizers in the early stages of growth, 
the response of the trees being remarkable in some 
cases. Much help was given to the Committee by 
research institutions in the United Kingdom, par- 
ticularly the Agncultural Research Council and the 
Experimental Stations under its control. The 
Rothamsted Experimental Station, for example, 
completed a final comprehensive report on “The 
Responses of Sugar Cane to Fertilizers”. 


The Colonial Economic Research Commititee’s 
report is the briefest of the twelve. It records the 
completion of Prof. Gilbert Walker’s monograph, 
“Nigerian Transport ın 1950”, and of Mr. G. A. 
Petch’s report on the agricultural economy of Sierra 
Leone with special reference to the oil palm industry. 
Dr. A. R. Prest’s fiscal survey of the British Caribbean 
is being prepared for publication in the Colonial 
Research Studies series, in which Mr. F. H. H. King’s 
“Money in British East Africa” will also appear. 
Mr. D. T. Edwards, attached to the Institute of 
Social and Economic Research in the University 
College of the West Indies, 1s now completing the 
analysis of the economics of small farms in Jamaica, 

` carried out in close association with the Jamaican 
Department of Agriculture; and work has been 
started on the national income inquiry in Tanganyika. 
The Royal: University of Malta and the Durham 
Colleges are making a joint investigation into the 
agricultural economy of Malta. A grant of more than 


£16,500 was made to Makerere College to enable the , 


East African Institute of Social Research to continue 
its work on industrial and labour economics in East 
Africa and to expand along lines suggested by the 
East Afric Royal Commission. The Economic 
Research Unit of the University. College of the Gold 
Coast undertook an investigation into the problems 
of food supplies to the Sekondi~Takoradi area and 
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neighbouring urban districts, to facilitate formulation 
of a feeder-road policy. The Scientific Council for 
Africa, South of the Sahara is convening a meeting of 
economists in Nairobi to discuss the preparation and 
regular issue of a register of economic research in 
tropical Africa. 


The annual report on fisheries research for 1955-56 
comprises the reports of the individual Colomal 
fisheries research stations. The work of the Inter- 
Territorial Fisheries Research Station at Jinja on 
Lake Victoria shows how the study of fisheries and 
‘of fish draws in as essential corollaries studies of the 
water they mhabit, of the bacteria and plants present 
in the water, of the soil and its chemical constituents 
and bacteria, and of the invertebrates, especially 
insects, which are probably the most important food 
of the fish m the Lake. While the content of bio- 
logically valuable electrolytes in the lakes of Hast 
Africa is much lower than might at first appear, 
plant nutrients occur ın vast quantities in the deposits 
of organic matter on the lake bottom, and dried 
samples of this mud appear to offer potential supple- 
ments to the food of cattle, pigs and chickens, and 
the fertility of the lake would be mereased if ways 
could be found ti accelerate the decomposition of 
these deposits in situ. The research station now has 
a wide entomological programme. The East African 
Marine Fisheries Organization continues to study 
the big pelagic fishes of the western Indian Ocean, 
the principal bottom fishes (snappers and groupers), 
the oceanic circulation and variations in the layering 
of the waters with the changes of the monsoon. A 
study of the plankton has been undertaken, with a 
view of throwing light on the movement of the big 
pelagic fishes. 

The Joint Northern Rhodesia—Nyasaland Fresh- 
water Research Station started work ab its new 
permanent headquarters at Samfya on Lake Bang- 
weolo, but most of the year was devoted to a general 
survey of Lake Nyasa from an ecological point of view, 
with a more detailed study along the same ines of 
the lake littoral, and also of the Utaka, a group, of 
species of cichhd fishes, which are one of the most 
important economic groups of the deep and rocky 
Northern Lake. At the West African Fisheries 
Research Institute important work has been done on 
the invertebrate bottom-fauna, the first results of 
which indicate that the biomass of the Sierra, Leone 
benthos ıs considerably lower than that of com- 
parable communities in European waters. The 
routine plankton survey of the Sierra Leone: River 
estuary 1s nearing completion. At the Singapore 
Regional Fisheries Research Station the work on 
prawns, begun in the Singapore prawn ponds, has 
been extended into offshore waters and includes 
determination of the variety and distribution of 
species of Malayan Penacid prawns, identification of 
the more important- economic species in the Singa- 
pore prawn ponds and in the fisheries of the Federa- 
tion of Malaya, a study of the biological and other 
factors influencing them, and an analysis of factors 
with a view of improving fishing techniques. Plankton 
research and hydrological investigations contmued. in 
the Singapore Straits. Construction of the Fish 
Culture Research Station, Batu Berendam, Malacca, is 
well advanced, and the Fisheries Research Unit in the 
University of Hong Kong continued routine hydro- 
graphic observations in waters around Hong Kong 
and obtained some promising results in research on 
the oyster fishery in Deep Bay. 
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Research Committee pays tribute to the services of 
Prof. P, A. Buxton, whose death was a grievous loss 
to the Committee. The digression into the field of 
the sickle-cell trait and sickle-cell anzmia noted last 
year has been continued, and the research on tuber- 
culosis has now been extended to West Africa. Plans 
have matured for a research unit in West Africa on 
onchocerciasis under the scientific supervision of the 
West African Council, and two young zoologists are 
being recruited for comprehensive basic training in 
the malacological aspects of schistosomiasis before 
embarking on field investigations. A Leprosy Sub- 
Committee has been appointed which has appointed 
a Laboratory Panel, both bodies comprising scientists 
whose investigations can contribute to the elucidation 
of problems confronting leprologists in chemotherapy, 
epidemiology, tissue culture, morbid histology, electron 
microscopy, immunology, bacterial resistance, etc., 
and five grants were made for leprosy research to aid 
- investigators, both abroad and m British universities. 


A substantial grant was contributed towards a con-' 


certed research project to be initiated in Jordan, 
where a Trachoma Research Institute will be built 
and associated with a new ophthalmic hospital 
serving the large number of ‘displaced persons’ in that 
region among whom the disease is rife, The unit will 
be closely associated with ‘virologists at the Institute 
of Ophthalmology, London, and the Lister Institute. 

Laboratory studies on the effect of insecticides on 
Chrysops larve kept in trays full of mud indicate 
that both dieldrin granules and 5 per cent DDT 
emulsions will kill the larve, but at very high con- 
centrations. A pilot scheme for the eradication of 
Bancroftian filariasis with diethylearbamazine was 
initiated on Ukara Island in Lake Victoria; in 
Malaya administration of about six weekly or 
monthly doses each of 5 mgm./kgm. of diethylearb- 
amazine citrate has been found to give promising 
results m the mass treatment of populations affected 
with Wuchereria malayi. Investigations on guinea- 
worm at University College, Ibadan, were largely 
concerned with the location of the, parasite within 
the body during the first two months after being fed 
to puppies. A comprehensive examination has been 
made of the anophelines in the Pare lowlands, East 
Africa, to establish a base-lme from which the effect 
of residual house-spraying can be measured, and the 
degree of malarial infection in man over the whole 
area has been measured. The Malaria Control Pilot 
Project in Western Sokoto, Northern Nigeria, found 
a median lethal concentration for dieldrin of at least 
2 per cent, in contrast with 0:25 per cent for A. 
gambiae from a Lagos colony or from unsprayed 
areas in Western Sokoto. Whereas malaria declined 
in the first half of the year, the decline was not 
maintained, especially toward the end of the rainy 
season. Epidemiological studies on yellow fever 
and the antigenically related but relatively innocuous 
virus, Uganda S, Zika and West Nile, have revealed 
problems of great complexity, while at the East 
African Virus Research Institute at Entebbe, Uganda, 
systematic studies on cycles of Rift Valley fever 
virus multiplication in the mouse and the pathogenic 
effects of the virus on the host were concluded. 

The research project for the study of viruses in 
man, animals and arthropods in the Caribbean region 
had another most successful year, and a further 
extensive investigation is in progress at the Univer- 
sity of Malaya to establish the position of polio- 
myelitis in Malaya: A comprehensive study of the 
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feeding habits of tsetse flies indicated no significant 
variations in the feeding habits of G. morsitans and 
G. swynnertoni in ten different areas.from which tho 
blood-meals were obtained. In Tanganyika a unit 
detached from the Research Institute at Mwanza 
made a six months diet survey in the Taveta—Pare 
area as a contribution to the physiological assessment 
of the effects on the population of the attempted 
mitigation of malaria by residual house-spraying with’ 
dieldrin. At the Hot Climate Physiological Research 
Unit in Nigeria, studies of the effect of wind on 
reaction to heat-and on sweat-gland fatigue con- 
tinued, and the effect of climate on the performance 
of minor skilled tasks and the use of groundnut flour 
in human nutrition were also examined. The Tropical 
Metabolism Research Unit, Jamaica, continued its 
work on the gross composition of the tissues in mal- 
nutrition, and new evidence was obtained at the 
University College of the West Indies on why a fall 
in liver glycogen, now considered responsible for the 
‘vomiting sickness’ of Jamaica, follows the admin- 
istration of hypoglycin. . The three main lines of 
research pursued on sickle-cell trait and sickle-cell 
anzmia were the chemistry of sickling ; the conditions _ 
under which susceptible cells become sickled ; and the 
genetics of hemoglobin types. Therapeutic studies on 
leprosy in Nigeria have shown ‘Avlosulfon Soluble’ 
to be a ‘suitable and convenient preparation for 
administration by injection, and diphenylthiourea has 
also given promising results in treating leprosy. 


The ninth annual report of the Colonial Pesticides 
Research Committee refers to:the disbanding of the 
Herbicides and Arboricides Sub-Committee and the 
formation of a new sub-committee on methods of 
application which will include in its terms of reference 
the application of liquid sprays, dusts, dispersible 
powders, aerosols, mists and fogs from the ground 


.and from the air, incorporating the work formerly -~ 


undertaken. by the Aircraft Trials Sub-Committee. 
Arusha is being made the main centre for overseas 
Colonial Pesticides Research activity, by amal- 
gamation of the Umt lately at Ilanga and by the 
later inclusion of other detached units. Work at 
Arusha, has continued in an effort to establish the 
optimum conditions under which tsetse fly and 
mosquitoes may be killed, the Physics Section has 
devised a suitable installation for disseminating 
granular insecticides containing dieldrin by aircraft, 
and ground spraying experiments with arboricides 
and herbicides continued. The Biting Fly survey 
work in Uganda, the survey of fileriasis vectors in 
Fiji and the Western Sokoto Malaria Control Pilot 
project also continued. The persistence of DDT, 
dieldrin and BHC water-dispersible powders on mud 
walls is found to be characterized’ by a rapid loss 
from the surface half-millimetre during the first two 
weeks after spraying. This loss of DDT and dieldrin 
is due primarily to diffusion into the wall and con- 
sequent inactivation biologically. Research into the 
control of Pseudotheraptus wayi, the chief cause of 
fall of coconuts in Zanzibar, contimued. 

At the Colonial Insecticide Research Unit, Porton, 
work on the sorption of insecticides by soils indicated 
that the rate of disappearance of insecticides from 
the sprayed surface of mud blocks is inversely pro- 
portional to the humidity; but once absorbed, the 
rate of diffusion of insecticide away from the surface 
is directly proportional to . humidity, increased 
humidity enhancing the mobility of adsorbed 
insecticide. Work on residual deposits on vegetables 
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proceeded, while that on the crystallization of 
insecticides from urea-formaldehyde resin films was 
completed. Studies of the cumulative effect of sub- 
lethal doses of insecticides suggest that house-flies 


. can eliminate, metabolize or store in a harmless 


condition, depending on the insecticide, a proportion 
of that absorbed, providing the dosage is sufficiently 
low. Studies on olfactory stimulation of tsetse flies, 


<on the pick-up of insecticides from surface deposits, 


and on the penetration of the insect integument by 


- insecticides at the Imperial College Field Station, 


Silwood Park, continued, as well’ as the work at 
Rothamsted Experimental Station on the toxicity of 
DDT emulsion films and the persistence of DDT on 
foliage, and on the evaluation of new chemicals for 
controlling undesirable vegetation at the Agricultural 
Research Unit of Experimental Agronomy, Oxford. 
Attention is also directed to research being done in 
the Colonies without the assistance of the Committee. 


The third annual report of the Colonial Products 
Council covers both the work of the Colonial Products 
Laboratory and research and development elsewhere 


- carried out under the direction or with the assistance 


of the Council. Under an expanded programme of 
research on pyrethrum, to be co-ordinated by the 
newly-formed Pyrethrum Research Committee 
(United Kingdom) in close liaison with è corre- 
sponding committee in East Africa, fundamental 
chemical investigations are to be made by the 
Colonial-Products Laboratory and concomitant bio- 
logical studies by the Rothamsted Experimental 
Station. The Laboratory handled 810 inquiries 
during the year, covering such’products as essential 
oils, spices, copra, maize, sorghum, cassava starch, 
pineapples, citrus fruits, ‘coir, hemp, paper-making 
materials, hides and wattle. The eighty investigations 
completed included examinations of sawdust and 
sawmill waste of slash pine from British Honduras ; 
Cyprus sage oil; 
ylang-ylang oil from Zanzibar; cedarwood sawdust 
and oil from Kenya; Aleurites montana oil from 
Nyasaland; shea nut butter from West Africa ; 
arrowroot starch from Antigua and Montserrat ; 
kenaf fibre as a jute substitute, and grasses and 
reeds from Northern Rhodesia as paper-making 
materials. 


Experiments on controlled curing of cacao beans- 


in ‘micro-fermentaries’ continued at the Colonial 
Microbiological Research Institute, Trinidad, where 
the action of polyphenol oxidase on catechol is also 
being examined and several high-yielding strains of 
Aspergillus terreus have been found for production of 
itaconic acid from molasses. The Sugar Technological 
Laboratory, Trinidad, continued investigations into 


‘the effect of drought on the properties of sugar cane 


juice. At the Forest Products Research Laboratory, 
Princes Risborough. satisfactory water resistance in 
boards from dense hardwoods, such as morabukea 
from British Guiana, was achieved without loss of 
strength by applying drying oils to the boards after 
pressing, followed by heat treatment, or by adding 
wax emulsion and synthetic resin to the pulp. At 
the University College of the West Indies conditions 
for growing the organisms producing monamycin in 
deep culture have been defined, studies on non- 
specific acetylcholine antagonism at the Department 
of Pharmacology, University of Birmingham, were 
extended, and the structure of the two ketones 
obtamed from cork has been elucidated at the Royal 
College of Science and Technology, Glasgow. 
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The first annual report of the Committee on 
Colonial Road Research notes that the Committee 
at its first meeting in June 1955 agreed on pro- 
grammes of research concerned with pavement 
design ; drainage, erosion and moisture movement ; 
bituminous surfacings; and machinery and labour 
problems. The Committee stresses the import- 
ance of an adequate number of materials engineers 
if the full benefits of research are to be obtained. 
Data collected by the Air Ministry on the move- 
ment and distribution of moisture in soils under 
airfields in tropical and sub-tropical areas are being 
analysed at the Road Research Laboratory, where a 
method developed for forecasting moisture conditions 
under pavements in Great Britain is the starting- 
point of an investigation to provide a corresponding 
method applicable in other climates. 


To the twelfth annual report of the Colonial Social 
Science Research Council are appended reporis for 


,1955-56 from the East African Institute of Social 


Research, the West African Institute of Social and 
Economic Research now being wound up (to be 
replaced in Ghana by the recently formed Economic 
Research Unit), the Institute of Social and Economie 
Research, University College of the West Indies, the 
Rhodes—Livingstone Institute, the Educational Re- 
search Institute for Fiji and Western Pacific Terri- 
tories and the Social Research Unit, University of 
Malaya. The most important new grants during the 
year were to Makerere College for the continuation 
of the East African Institute of Social Research 
(£82,329) ; the Government of Northern Rhodesia 
for the central office and headquarters expenditure 
of the Rhodes—Livingstone Institute (£32,770) ; Univ- 
ersity College, Ibadan, for the Department of His- 
tory’s Benim project (£20,000) ; for the maintenance 
for a further year of the West African Institute of 
Social and Economic Research (£7,483) ; a contribu- 
tion towards a study of family attitudes in Jamaica 
undertaken by the Conservation Foundation (£7,000) ; 
and to the Swaziland Government for a study of land 
tenure and land use (£6,875). A third volume, on 
“The Non-Bantu Languages of North-east Africa”, 
in the Handbook of African Languages of the Inter- 
national African Institute -is in the press, and the 
Linguistic Survey of the Northern Bantu borderland, 
in which the Governments of Belgium, France, 
Nigeria and the Anglo- Egyptian Sudan also co- 
operated, is being published in four volumes, of 
which Volume 1 has already appeared and Volumes 2 
and 4 are in the press. 


` The report of the Tsetse Fly and Trypanosomiasis 
Committee for the year ended March 31, 1956, 
stresses the prospect of advances in the control of 
trypanosomiasis in domestic animals offered by the 
advent of a number of new trypanocidal drugs, trials 


‘of which in Africa were arranged. The Committee 


concluded that an important new phase had been 
reached in the control of bovine trypanosomiasis and 
recommended a conference of veterinarians from 
African administrations to stimulate progress and 
concerted effort. Present policy in tsetse research in 
East Africa gives priority to research on behaviour 
and physiology of Glessina, with an emphasis on 
laboratory studies; while at the West African 
Institute for Trypanosomiasis Research studies have 
been made on the mechanism of acquired drug 
resistance, using four syringe-passaged strains of T. 
rhodesiense, three of which had been made resistant to 
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“Melarsen’, ‘Stilbamidine’ and ‘Butarsen’, respectively. 
Experiments were, also started on the possibility of 
forming suramin complexes with veterinary trypano- 
cidal drugs, and basic research continued into the 
optimal conditions for rearing G. palpalis in the 
laboratory. In Northern Rhodesia studies were made 
of cross-resistance to drugs in trypanosomes occurring 
ın cases treated with ‘Dimidium’, ‘Ethidium’ and 
‘Antrycide’, and of .the control of tsetses with 
insecticidal sprays, while in Uganda the Tsetse 
Control Department has obtained promising results 
`m preliminary trials of ‘Arkotine’ for control of 
G. palpalis. 


The report for 1955-56 on locust research and 
control of the Director of the Anti-Locust Research 
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Centre, which received 1,171 reports from 42 terri- 

tories in 1955, records further progress in the 

analysis of the seasonal development of desert locust 

plagues, and in the re-examination, in the light of — 
recent information on swarm movements and 

behaviour, of the historical data on the ter-plague 

periods. The results suggest the possibility that 

some swarming populations occurring within the 

desert locust distribution area during the inter- 
plague periods may sometimes play an important 

part in the recrudescence of the plagues. In the locust 

laboratory the main emphasis has been on breeding 

Schistocerca. The Desert Locust Survey continued 

intensive investigations on the assessment and 

improvement of control methods, particularly air- 

craft spraying. - 


: = OBITUARIES . 


Dr. G. B. Jeffery, F.R.S. 


GEOBGE BARKER JEFFERY, director of the Institute 
of Education, University of London, who died on 
April 27, was born on May 9, 1891. He was educated 
at Wilson’s Grammar School and went from there in 
1909 to University College, London, where he rapidly 
made his reputation as a mathematician. He was 
appointed reader in mathematics in 1921 and Astor 
professor of mathematics in 1924; he was elected a 
Fellow of University College in 1916 and a Fellow of 
the Royal Society ın 1926. _ ` 

As this record implies, Jeffery’s original work in 
mathematics began early (his first paper was read 
before the Royal Society in the month following his 
twenty-first birthday) and was distinguished. He 
covered a wide field ın which the main subjects were 
the theory of relativity and (over a longer period) 


hydrodynamics and elasticity together with the, 


theory of the relevant differential equations. His 
sustained interest in pure mathematics was evident, 
but the usual classification would assign most of his 
published work to applied mathematics. Much of his 
work was, however, concerned with exact solutions, 
and so was of particular value in fields where such 
solutions are rare and some form of approximation 
must often be accepted. 

An inspiring teacher himself, Jeffery was interested 
in teaching in schools as well as in universities, in 
teaching overseas as well as at home ; this determined 
his choice of subject in various publie addresses. In 
his presidential address to the London Mathematical 
Society (1937) his subject was the study of mathe- 
matics in modern universities. He said then that, if 
asked to say why he thought his own subject im- 
portant, he might reply that “pure mathematics is a 
good subject because I like it”, and suggested that 
all the implications of this answer should be fully 
thought out. In his presidential address in 1948 to 
the Mathematical Association on “Mathematics as an 
Educational Experience”, he was concerned to defend 
mathematics as a school subject from “attack by the 
anti-intellectual forces that are rampant in our 
national educational thought”. The imperfections in 
examinations ‘were admitted, but “it would be idle 
to deny the stern discipline they effect by dis- 
criminating between sound knowledge and verbiage 
and between conscientious preparation and slacking”. 


It is perhaps natural that Jeffery, whose interests 
in mathematics were so wide, should have had wide 
interests outside, but it is astonishing that he should 
have found so much time and energy to devote to 
them. He was a skilled cabinet-maker, and excellent 
examples of his craft adorn University College, and 
no doubt other institutions with which he was con- 
cerned, and in later years he became a proficient 
silversmith. Since 1952 he had been dean of the 
College of Handicraft, and tribute has. been paid to 
his enthusiasm by the master of the College, Mr. 
R. A. Butler. i : 

In 1939 Jeffery acted as pro-provost for the section 
of University College that went to Bangor. He was 
oceupied there with the difficult administrative 
problems of the war years as they affected the 
College and the University—and took part when 


_oceasion. required in the rescue of parties of students 


in difficulties on Snowdon. He was appointed 
director of the Institute of Education shortly after 
the return in December 1944 of University College 
to London. ©- W. R. DEAN 


Dz. G. B. JEFFERY first came into contact with the 
study of education and with the training of teachers 
when he was himself a student in 1911-12 at the old 
London Day Training College. It was there that he 
met his future wife; and it was there that he came 
under the influence of that great educator, Sir Percy 
Nunn. From the latter he acquired not only a deep 
interest in the philosophy of science and in the theory 
of education, but also an abiding faith in education 
as an instrument for social advance. 

During the "thirties, Prof. Jeffery was examiner in 
mathematics for several of the training colleges already 
associated with the University of London through 
the old Training Colleges Delegacy. Inevitably, his 
wisdom and his administrative gifts brought him into 
close contact with the running of that Delegacy: his 
counsel and advice were sought continually. Thus, 
when it became necessary, in 1945, to work out the 
institutional mechanism needed to implement the 
McNair Report, it was to Jeffery that everyone 
turned. It was he who, more than anyone else, was_ 
responsible for drawing up a constitution and a set 
of regulations which are the charter of the London 
Area, Training Organization. 
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When Sir Fred Clarke retired, it seemed proper and 
natural that Dr. Jeffery should be offered the director- 
ship of the enlarged Institute which he had himself 
done so much to create. The duties of the double 
post, which he discharged with admirable unselfish- 
ness for more than ten years, were in fact heavier 
than any one man should be asked to tackle. , He 
was the administrative and academic head of an 
Institute which grew to more than 1,200 students. 
When he began, the Institute had two chairs and two 
readerships. Now it has five chairs and four reader- 
ships. But, in fact, these numerical data give only 
an abstract and empty notion of the complexity and 
importance of the work done under his guidance and 
inspiration. In addition to this, Dr. Jeffery was also 

_Kead of a federation of thirty-eight colleges and 
departments spread over the whole of the south-east 
England and responsible in the aggregate. for the 
training of nearly one-third of the teachers of England. 
At the cost of heavy and unremitting work he 
managed to inject vigour, vitality and purpose into 
the complex organization of committees, panels and 
examinations boards through which the federation 
operates. Not content with this, he found the time 
and energy needed to set going an ambitious and 
quickly growing organization serving the teachers of 
London through the provision of part-time and even- 
ing courses, conferences, and so on. Nor should one 
forget that it was he who was chiefly instrumental in 
providing’ for the Institute five hostels in which 
students of all nationalities and races live and study 
together. f 

The Institute of Education in London is the largest 
institution of its kind in the British Commonwealth. 
It has a high and well-deserved international roputa- 
tion, not only as an institution for the training of 
teachers, but also as a centre of research which draws 
students from the whole world. That it should 
flourish so vigorously is a monument to G. B. Jeffery 
—and the, best, perhaps the only one, that he would 
have wished for. He has earned the respect and 
gratitude of all who care for the improvement of 
educational thought and practice as well as the 
admiration and affection of his colleagues. 

: : J. A. LAUWERYS 


` 


Dr. A. J. G. Barnett 


ADAM JOEN GULBERT BARNETT, who died sud- 
denly in St. Andrews on June 6, was educated in the 
University of Edinburgh, where he took the degree 
of B.Sc. in 1980. After working with Dr. H. G. Rule 
on the activity-of halogen atoms in substituted 
naphthoie acids, he obtained his Ph.D. in 1932. In 
the same year he was appointed to the Colonial 
Educational Service as a lecturer in the Higher 

, College, Yaba, Lagos, and for the following decade 

. -was occupied with teaching and research. At the 
beginning of the Second World War he volunteered 
for service in the Royal West African Frontier Force. 
In 1942 he was appointed Deputy-Controller of 
Transport for Nigeria. 


The strain to which his war service subjected him 


precipitated a serious illness and resulted in his pre- 
mature retirement from the Colonial Service. He 
had developed an interest in the application of 
chemistry to agriculture and, after recuperation over 
a couple of years in the quietude of Glen Livet, he 
was appointed to a post in the North of Scotland 
College of Agriculture. In 1949 he joined the staff of 
the University of Aberdeen, in charge of agricultural 
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biochemistry within the recently established Depart- 
ment of Biological Chemistry. During the next few 
years, Dr. Barnett rapidly established himself as an 
authority on the chemistry and biochemistry of 
silage production. He and his students produced 
numerous papers on various aspects of this important 
agricultural process, and in 1954 he published a book 
on silage fermentation which has obtained wide 
recognition as a valuable and original contribution to 
the literature of the subject. More recently, he has 
studied certain problems of ruminant digestion and 
has published a number of papers embodying his” 
results. 

Dr. Barnett was a man of many interests outside 
the narrower field of scientific endeavour. This wider 
and humane outlook undoubtedly contributed to his 
success as a teacher. He had a kindly interest in his 
fellow-men, but especially in his students, both’ 
undergraduate and postgraduate. At the same time, 
he had a high standard of efficiency which he applied 
both to himself and to those associated with him, 
and he was not disposed to suffer fools gladly. He 
participated actively in the affairs of the British 
Legion (Scotland) and when he died he was actually 
at the annual conference in his capacity as president 
of the Aberdeen Branch. Dr. Barnett, who was 
forty-eight years of age, is survived by his widow 
and two sons. W. O. Kermack 
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Mr. G. H. S. Wood 


Mr. G. H. S. Woop, who lost his life on May 5 as 
æ result of burns sustained in an accident when 
camping in Brunei, was one of the small number of 
men with a good training in botany who have after- 
wards turned their attention to forestry. After 
graduating at Oxford in 1948, he was appointed to 
the Colonial Forest Service and posted to Uganda,- 
but later transferred to the Colonial Research Service 
as forest’ botanist. He was then posted to North 
Borneo, where at the time of his death he was engaged 


, in systematic collection of herbarium material and in 


ecological studies, especially on the Dipterocarpaceae 
which form so important a part of the flora of the 
region. His material has been distributed to several 
of the leading herbaria, and is of particular value 
‘through being linked with timber samples used for 
anatomical study and for laboratory testing of 
physical properties ; it was further supplemented by 
many photographic records. He also made valuable 
collections of Bryophyta in both East Africa and 
North Borneo. : 

Wood was a man of wide interests and great 
activity, being equally at home on a mountain 
(Ruwenzori, Elgon, Kilimanjaro, Kimbalu, etc.), on 
the water, and in the air, and he never missed an 
opportunity of travel. The tragic accident of his 
death has terminated a most promising career which 
had already reached the productive phase. 

H. G. CHAMPION 


, Mr. L. C. E. Bushby 


LEONARD CHARTES Epwin Bussy died suddenly 
at Rye on May 2 as a result of an accident. He was 
sixty-one years of age. 

` After leaving school, he started work at a bank, 
but was old enough to join the Army for the last 
year of the First World War. On demobilization, he 
followed his natural inclination and took a course in 
entomology at the Imperial College of Science and 


` 
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Technology, London. Soon after the completion of 
this he followed Miss E. Cheeseman as curator of 
insects at the London Zoo. He worked there until 
his retirement in 1955 at the age of sixty. He acquired 
a bungalow at Challdck Lees, near Ashford, Kent, in 
the centre of much interesting and varied country. 

The first year of his retirement was clouded by the 
illness and death of his great friend, Jack Lester, 
who was curator of reptiles at the Zoo. 

Leonard Bushby was an enthusiastic field natural- 
ist. A great lover of wild hfe in the country, his 
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knowledge was wide rather than deep and specialized. 
Insects were his principal study. The Coleoptera, of 
which he amassed a good collection, came first— 
but he was also greatly interested in Lepidoptera, 
Neuroptera and Homoptera and other orders. He 
was an active member of the newly formed Kent 
Field Club and acted as honorary secretary to the 
Entomological Section of the Folkestone Natural 
History Society. 

A lovable personality, he is greatly missed by many 
friends. He was never married, E. Scorr 


NEWS and VIEWS 


Research in Physical Metallurgy at Birmingham : 
Prof. A. D. McQuillan 


Pror. A. D. McQuillan, recently elected to the 
research chair in the Department of Physical 
Metallurgy at the University of Birmingham, was 
formerly a scholar of the University of Durham, 
where he obtained first-class honours in physics. 
During 1942-45 he was a member of staff of the 
Royal Aircraft Establishment, Farnborough, first 
in the Radio Department, but latterly in the 
Metallurgy Department. His work there on the de- 
velopment of high-temperature materials for applica- 
tion to jet aircraft engines stimulated his interest 
in the physical nature of transition metals. After 
two post-war years with the Research Laboratories 
of the Mond Nickel Company, Dr. McQuillan 
went to the Baillieu Laboratory of the University of 
Melbourne as a senior member of a research group 
established for the study of the physical metallurgy 
of titanium, with particular reference to its electronic 
structure. On his return to: Britain in 1951, Dr. 
McQuillan continued his work on titanium as the 
leader of a research group established in the Physical 

` Metallurgy Department at Birmingham under the 
general direction of Prof. G. V. Raynor, and is the 
author of numerous papers describing the results of 


this work. With his wife, Mrs. M. K. McQuillan, he ` 


is the author of a book on titanium, and has lectured 
in America and Europe. Dr. McQuillan’s appoint- 
ment marks the stage at which the scope of the 
work at Birmingham is to be widened to include 
studies of the theory of alloying for other early 
transition metals, which are of importance in nuclear 
engineering. 


Economics at the University of Sheffield : 
Prof, J. C. Gilbert 


Mr. J. C. GILBERT, at present reader in economics 
in the University of Sheffield, has been appointed to 
the chair of economics at that University in suc- 
cession to Prof. G. P. Jones, who retires at the end 
of Septeraber. Mr. Gilbert has also been appointed 
head of the Department of Economics. Mr. Gilbert 
was' a student of the London School of Economics 
when he graduated in 1929. In 1927 he was awarded 
a Sir Ernest Cassel Travelling Scholarship, which he 
held at the Handels-Hochschule, Berlin. In 1929 he 
was appointed an assistant on the teaching staff of 
the London School of Economics and in 1931 to a 
lectureship in economics at the School of Economics, 
Dundee. During the War, Mr. Gilbert worked in the 


, 


Home Timber Production Department of the Ministry 
of Supply. In 1945 he was appointed Jecturer in 
economics in the University of Manchester, going to 
Sheffield in 1948, since when he has been successively 
senior lecturer and reader. In 1956 Mr. Gilbert 
visited Germany to give a series of lectures on behalf 
of the Foreign Office. He has published many articles 
on economic theory and is a member of the editorial 
board of the Yorkshire Bulletin of Economics and 
Social Research. 


Prof. D. C. Hague 


Mr. D. C. HAGUE, at present reader in political 
economy in University College, London, has been 
appointed to the newly created Newton Chambers 
chair of economics at the University of Sheffield. 
Mr. Hague graduated at the University of Birming- 
ham in 1946, and in 1947 became assistant lecturer 
in political economy at University College, London, 
since when he has been appointed lecturer and 
recently reader in political economy, Mr. Hague has 
published a number of articles on economic subjects 
and is joint author of two books. His book, “The 
Economics of Man-made Fibres”, has recently been 
published. Since 1953 Mr. Hague has been rapporteur 
to the International Economic Association. 


First World Meteorological Interval 


Tue ten-day period June 20-29, which includes 
the summer solstice, was designated a World 
Meteorological Interval, and will be followed during 
the International Geophysical Year (which begins on 
July 1, 1957, and will continue until December 31, 
1958) by six similar Intervals, three months apart, 
each including the time of an equinox or of a solstice. 
During the first World Meteorological Interval, and 
in the following ones, an intensified effort is called 
for at the permanent aerological stations of the world, 
and those which have been specially established for 
the International Geophysical Year, to make com- 
bined temperature, humidity and wind soundings 
four times daily (at 0, 6, 12, 18 a.m.t.); and, by 
using lerger balloons, to achieve measurements to 
greater heights than are normally attained, namely, 
to at least 20 miles whenever practicable. This 
extended programme will be undertaken at three of 
the Meteorological Office upper-air stations in the 
United Kingdom and by British Ocean Weather 
Ships in the North Atlantic; and, slightly less com- 
pletely, at aerological stations operated by fhe 
United Kingdom at seven bases on the Mediter- 
ranean and in the Middle East. 
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Science in the Durham Colleges - 

THe Durham Colleges division of the University of 
Durham is launching an appeal for £250,000 towards 
its development programme, the primary object of 
which is to raise the numbers of its undergraduate 
and postgraduate students in science from 400 to 
1,000, within the framework of an expansion of the 
total student body to 2,000. The erection of a new 
building to house the departments of chemistry and 
geology is to commence in 1958; this will permit 
additional space to be-allocated to physics, botany 
and zoology. In 1959 it is proposed to-begin work 
on a school of applied physics, the first subject within 
the Faculty of Applied Science to be taught in, the 
division. It is hoped that the building will form the 
first unit of a much larger physics department. To 
accommodate the students, 700 extra residential 
places are required, and during 1957 a new men’s 
college, the eleventh of Durham’s colleges an 
societies, is to be founded. - 

Particular emphasis is placed upon the research 
needs of the pure science departments, and funds are 
to be allocated for the further development of nuclear 
research, both physical and radiochemical, and for 
the completion of laboratories for geophysics and 
geochemistry. A generous donation of £50,000 has 
alréady been received from the Sir James Knott 
Trustees towards research in physics. In the quiet 
atmosphere of a small university and cathedral city, 
-Durham:-has ample space in which to expand its 
facilities .for both teaching and residence. But it 
cannot achieve its full objects without private support 
as well as government backing. 


British Museum (Natural History) 


A DEVICE to show some aspects of natural history 
by means of coloured stereoscopic photographs has 
recently been completed in the central hall of the 
British Museum (Natural History). Stereo-pairs of 
photographs are projected on a 3-ft. screen to be 
viewed through five polarizing windows. A sequence 
of twelve scenes is shown automatically, but for 


special demonstrations a lecturer can exercise . 


~ independent manual control and a larger audience 


using polarizing spectacles can be accommodated.. 


Coloured stereo-photographs of some of the sea birds 
now nesting- on Anglesey and on the uninhabited 
island of Priestholm (north-east of Anglesey) have 
been taken by the Museum photographic staff, and 
the first set is now on view. The photographs will be 
changed at fairly frequent intervals, and other aspects 
of natural history will be illustrated later. It is hoped 
‘that the apparatus will supplement the specimens on 
> view in the galleries by providing vivid impressions 
of habitats, breeding cycles and other activities of 
many “different groups of animals. 

Among the more important recent acquisitions of 


~- the British Museum (Natural History) is the collection 


of the late Mr. A. G. Davis, who died in March, con- 
sisting of more than 200,000 fossil specimens, mainly 
invertebrates from the Lower Tertiary and Quaternary 
deposits of southern England, all collected with pre- 
cision and very fully documented. Among them are 
numerous choice specimens, and many are from 
localities (including temporary sections) hitherto 
unrepresented in the Museum ‘collections. 


` Plastics Industry Education Fund 


A FURTHER series of grants has recently been made 
to a number of technical colleges by the Plastics 
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Industry Education Fund. A second scholarship-—in 
addition to that founded last year—worth £300 per 
annum, tenable for three years for a full-time course 
leading to the associateship of the Plastics Institute, 
has been established at theNational College of 
Rubber Technology, London. £1,000 has been 
allotted to the Borough Polytechnic, London, for the 
academic year 1957—58, to continue the payment of 
a number of existing bursaries to students entering 
the second year of the course for the diploma of the 
Plastics Institute ; and a further £1,000 is provided 
to enable four scholarships to be awarded to students 
taking the four-year sandwich course in apphed 
chemistry and chemical technology (group A, 
plastics), which is to start in September at the 
Borough Polytechnic, leading to the new diploma in ‘ 
technology. The Fund has agreed to set aside £650 
per annum for five scholarships for students taking 
the four-year sandwich course, which will start next 
year at the Birmingtiam College of Technology, 
together with £1,000 for three scholarships for the 
one-year postgraduate diploma course in high polymer 
technology. Two awards, each of £100 annually, are 
to be made to Acton Technical College for four years 
for students taking the sandwich course in applied 
chemistry with plastics chemistry as their special 
subject. 


National Museums, Ceylon 

Tue Administration Report of the Director of the 
National Museums, Ceylon, for 1955 (pp. 32; 
Colombo: Government Publications Bureau, 1957) 
states that steps have been_ taken to initiate the 
building of the long-delayed northern extension. 
Judging by the large number of museums which have 
taken or are taking similar steps, it is certain that 
the 1950’s will be remembered as a périod of museum 
building on a wide scale. More than 180,000 visitors 
for the year are recorded, of which more than 25,000 
were school children. Active archeological excava- 
tions were undertaken at Colombo, and a cave with a 
subterranean lake was investigated.- Other depart- 
ments undertook field expeditions, the results of- 
which were examined by a scientific staff under the 
directorship of Mr. P. E. P. Deraniyagala. The 
report also includes a record of the work carried 
out at the Kandy, Ratapura and Jaffna National 
Museums. è 


Lunda and Zambezi Masks 


We have become accustomed to a very high 
standard of scholarship and production in the pub- 
lications of the Dundo Museum under its late curator, 
M. J. Janmart. It is delightful to find that both 
these standards are being maintained in a new 
volume by M. Redinha, who is now in charge of the 
Museum: The present excellent work (Companhia de 
Diamantes de Angola, Servicos Culturais. Pub- 
licacoes Culturais No. 31: Máscaras de Madeira da 
Lunda e Alto Zambeze. Por José Redinha. Pp. 70+ 
28 plates. Lisboa: Companhia de Diamantes de 
Angola, 1956) consists largely of twenty-eight full- 
page illustrations in calour of various masks found 
in the Lunda and upper Zambezi areas, together with 
a brief description of each. These masks are mostly 
made of wood, and are at present exhibited in the ' 
Museum. In a short introduction—-written in Portu- 
guese, French and English—an accotnt of these 
masks and their use is given. A favourite mask is 
the feminine Mwana-pwo, and when it is worn by a 
man while dancing he has to imitate female expres-- 
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sions and poise. It is actually said that the women 
“learn graceful manners from the face and gestures 
of the mukishi Mwana-pwo [the dancer]”’. Of course, 
a mask of this sort has its origin in the social and 
political organization of a matriarchal type. The 
volume is a magnificent production and a lovely 
picture book full of interest for the anthropologist and 
indeed for the artist as well. 


Early White Influence upon Plains Indian Painting 


During the years 1832-34 the artists George 
Catlin and Carl Bodmer drew and painted the 
American. Indians of the Upper Missouri, and before 
the days of photography it was their work which 
illustrated for the world the-appearance and life of 
these aboriginal peoples. But they in their turn 
influenced the Indian artists, and it is this influence 
which forms the subject of a recent monograph by 
J. O. Ewers (Smithsonian Miscellaneous Collections. 
Vol. 134, No. 7: Early White Influence upon Plains 
Indian Painting. Pp. ii+11+12 plates. Washington, 
D.C. : Smithsonian Institution, 1957). The origin of 
the Mandan Indian painting is lost in antiquity, but 
early examples are known and can be studied. Data 
are now available to show the influence of the 
European artistic tradition of realism upon the 
painting style of the primitive American Indian 
artists of a century and more ago. It is not only in 
America that European art has influenced native 
traditional art. Angola is another cage in point. 
There the natives every year decorate the outside of 


their houses, and more and more the influence of the ~ 


white man’s art can be observed. Again, though it 
has been stated that the painting tradition of the 
native boys at Cyrene in Southern Rhodesia is purely 
native, it would seem evident that, perhaps uncon- 
sciously, western European art traditions have also 
played their parts. 


Nitrogen Metabolism in Tulips 
OBSERVATIONS on the, changes in the soluble 
_hitrogen compounds of the tulip, especially in 
relation to flower formation, are reported by R. M. 
,Zacharius, H. M. Cathey and F. C. Steward (Annals 
of Botany, N.S., 21, 193; 1957). They have found 
that the principal free amino-acid of the vegetative 
tulip bulb is arginine, the alcohol-insoluble nitrogen 
fraction containing combined arginine amounting to 
47 per cent of the nitrogen. On the other hand, free 
arginine is virtually absent from the green leaf, but 
glutemine and asparagine, which occur there, are 
inconspicuous in the vegetative bulb. The changes 
in the soluble nitrogen compounds have also been 
ascertained during the inception and development of 
the flower to the stage when it emerges from the 
bulb. The latter process is attended by æ notable 
change in the composition of the soluble nitrogen: 
the predominance of arginine declines and there 
is a relative increase in glutamine and asparagine. 
-Methyleneglutamine and y-methyleneglutamic acid, 
which are prominent in the tulip, seem not to be 
greatly affected by the treatments that cause floral 
` initiation and development. Their metabolism seems 
superimposed upon the nitrogen metabolism based 
on arginine in the bulb and amides in the leaf which 


is responsive to the treatments involved in flower 


formation. 


Photoperiodic Responses in Tree Seedlings 
Ir is now known that the growth of many tree 
seedlings is promoted by exposure to long photo- 
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periods, whereas very short photoperiods induce 
abnormally early dormancy. Information on -this 
interesting phenomenon has been taken a stage 
further by O. Vaariaja (Canad. J. Bot., 35, 133; 
1957) in an investigation of the photoperiodic 
responses of the seedlings of a number of northern 
tree species. Seedlings of ten tree species were tested 
under two widely differing photoperiodic conditions 
in environment otherwise near optimum. ‘The 
amount of light given to the plants was the same 
under both conditions. Under conditions simulating 
long photoperiods, the seedlings of all the species 
grew well and continued their growth during the 
eight-month experimental period. Under the 
short photoperiod, the following species remained 
nearly or fully dormant for several months beginning 
soon after germination: „Laris laricina, Ulmus 
americana, and two provenances of Picea” glauca. 
The following species either remained nearly dormant 
or grew significantly slower than under the long day 
conditions: Betula lutea, B. verrucosa and Pinus 
banksiana ; P. resinosa was considered sensitive to 
photoperiods, but its responses in appearance and 
growth were small; Caragana arborescens, Thuja 
plicata and Acer negundo showed_no significant 
response. 


The Word ‘isotope’ 

ARRANGEMENTS are being made by the Glasgow 
and West of Scotland Section of the Royal Institute 
of Chemistry to affix a commemorative plaque to the 
house at 11 University Gardens, Glasgow, in which 
(probably in the winter of 1912-13) Dr. Margaret 
Todd (also known as the novelist ‘Graham Travers’) 
suggested the word ‘isotope’ to fit the concept 
developed by the late Prof. Frederick Soddy in the 
course of his radiochemical work as lecturer in the 
Chemistry Department of the University of Glasgow. 
The house (now University property) was then the 
home of Sir George Beilby, the metallurgist, who was 
Soddy’s father-in-law. It was during a social evening 
at this house that Soddy expressed his need for a 
word to denote elements of different atomic weight 
occupying the same place in the Periodic Table ; 
Dr. Todd immediately suggested ‘isotope’, and Soddy 
adopted the suggestion. The word had been used in 
a context of organic chemistry a few years earlier, 
but there is no reason to suppose that anyone then 
present was aware of the fact. The plaque will bear, 
in plain lettering, the names of Soddy and Margaret 
Todd, and a brief statement of the invention of the 
word in its radiochemical connexion. No public 
appeal for funds is being made. 


Fading of Dyed Fabrics 

An interesting article by Mr. Garry Thomson, 
research chemist at the National Gallery, which 
Fagg in the issue of the Museums Journal of 

y, contains some further studies on the effects of 
visible and ultra-violet radiation on museum objects, 
where the balance between the optimum conditions 
for display and conservation is always a problem. In 
the course of this work, four- dyes on cotton sub- 
strates were examined after exposure to three chosen 
regions .of substantially monochromatic radiation, 
namely, near-ultra-violet (3650 A. wave-length), blue- 
violet light (4047 and 4358 A.) and green-yellow light 
(5461 and 5780A.). ‘The distances of the samples 
from the light-source for each colour of radiation 
were carefully adjusted, so that all specimens received 
the same amount of light energy, and after fifteen 
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months exposure the amount and kind of colour- 
change m the sample were recorded by a Lovibond- 
Schofield tentometer. The results can be summarized 
by stating that for the dyes used, the ultra-violet 
component of sunlight through glass, or of fluorescent 
light, is of negligible importance in causing any kind 
of degradation. The author also states that m the 

” matter of choice of illuminant the situation remains 
much as before except that intensity of illumination 
becomes even more important than type of illuminant 
(daylight, fluorescent or tungsten). 


Radio Observations of a Lunar Occultation of the 
Crab Nebula 


A PAPER by C. H. Costain, B. Elsmore and G.-R. 
Whitfield (Mon. Not. Roy. Astro. Soc., 116, 4; 1956) 
describes the results of radio observations of a lunar 
occultation of the Crab Nebula on January 24, 1956. 
Observations of the previous occultation of the same 
nebula on November 30, 1955, which occurrad low 
in the sky, were seriously affected by man-made 
interference and only the 1956 occultation is dis- 
cussed. A short description is given of the aerial 
system, which was designed to discriminate between 
the radiation from the source and that from the 
general galactic structure, and also to allow con- 
tinuous observation of the source for several minutes 
on either side of the calculated times of immersion 
and emersion. The record of the occultation at a 
wave-length of 3:7m. and also a mean curve 
determined from records obtained on days before 
and after the occultation are given; in addition to 
the deflexion produced by the Crab Nebula, the 
records show minor contributions from other sources, 
especially from nebulosity IO 443 in Gemini. The 
radiation from the area occulted by the Moon at any 
time was easily determined from the differences of 
the curves, this difference being expressed as a 
fraction of the total intensity. 

An important feature revealed by the study is the 
difference in apparent size of the radio-source as 
observed by radiation of two different wave-lengths. 
The radiation at 3-7 m. is confined to a region slightly 
larger than the visible nebula, but a considerable 
portion of the radiation at 7-9 m. comes from behind 
this region—e result which suggests that the object 
extends to a considerably greater radial distance 
than is revealed in photographs. An explanazion of 
this in terms of the acceleration of fast electrons in 
weak magnetic fields is given at the end of the paper 
(cf. Oort, J. H., and Walraven, Th., Bull. Astro. Ned , 
12, 285; 1956). Among other matters discussed in 
the paper may be noted the deductions regarding the 
lunar atmosphere, based on the difference between 

“the calculated and observed times of obscuration of 
the source. An electron density of 104 cm.-® was 
derived, a figure which corresponds to a surface 
density of the lunar atmosphere of about 10-23 of the 
density of the Earth’s atmosphere. 


Royal Commission for the Exhibition of 1851 : 
Awards for 1957 


Tas Royal Commission for the Exhibition of 1851 
has awarded the following senior studentships for 
1957 for research at the universities indicated: J. C. 
Coulson (Durham), for research in zoology; A. C. 
Das Chaklader (Leeds), for research in ceramics ; 
G. J. C. Frohnsdorff (Imperial College of Science and 
Technology, London), for research in physical 
chemistry ; J. A. Schofield (Cambridge), for research 
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in organic chemistry. The Commission has also 
awarded the followmg overseas scholarships for 1957 : 
Austrahea: L. M. Birt (Melbourne), for research m 
biochemistry at Oxford ; Miss E. J. Pitman (Sydney), 
for research m mathematics at Cambridge; M. 
Moyle (Sydney), for research in organic chemistry at 
Oxford; E. A. Magnusson (New South Wales 
University of Technology), for research m theoretical 
chemistry at University College, London. New Zea- 
land: J. E. Titheridge (University of New Zealand), 
for research in physics at Cambridge. South Africa : 
C. B. Cottrell (Rhodes), for research in entomology 
at Cambridge. Repubhe of Ireland: M. F. Lynch 
(National University of Ireland). for research in 
organic chemistry at the Technische Hochschule, 
Zurich. India: M. L. Dhar (Delhi), for research in 
organic chemistry at Oxford. Pakistan: S. N. Nabi 
(Dacca), for research in physical chemistry at 
Cambridge. 


Perkin Centenary Awards 


Mr. J. E. BLOOR, of Manchester, has been awarded 
the Perkin Centenary Fellowship for study m the 
Department of Chemistry, Manchester College of 
Science and Technology, on the structure and proper- 
ties of merocyanine dyes and related compounds. Per- 
kin Centenary Scholarships have been awarded to Mr. 
James McCartney, of Newtownards, Northern Ireland, 
tenable at The Queen’s University, Belfast ; to Mr. 
Clive Milne, of East Ardsley, near Wakefield, York- 
shire, tenable at Bradford Technical College ; and to 

-Miss Gabrielle Griffin, of Withington, Manchester, 
tenable at the University of Manchester. 


Lady Tata Memorial Trust Awards 


Tse following awards for research on leuksmia 
and allied diseases during the academic year 1967-58 
have been made by the Lady Tata Memorial Trust. 
Grants for Research Expenses : Dr. G. Klein (Karolin- 
ska Institute, Stockholm); Dr. M. Bessis (Centre 
National de Transfusion Sanguine, Paris). Scholarship 
and Grant for Research Hxpenses: Dr. G. V. Seaman 
(Department of Colloid Sciénee, Cambridge). Various 
awards made to the following in previous years (see 
Nature, 177, 1208; 1956) have been renewed for a 
further year: Dr. J. Kieler (Fibiger Laboratory, 
Copenhagen); Dr. M. Seligmann (Institut Pasteur, 
Paris) ;| Dr. M. Simonsen (Fibiger Laboratory, 
Copenhagen); Dr. B. Thorell (Karolinska Institute, 
Stockholm) ; Dr. G. Marmone (University (of Pavia) ; 
Dr. A. J. Therkelsen (Institute of General Pathology, 
University of Aarhus). 


Special Courses in Higher Techology 

Part II of the Bulletin of Special Courses in 
Higher Technology, including management studies 
and commerce, issued by the London and Home 
Counties Regional Advisory Council for Higher 
Technological Education (pp. 61. Is. 6d.), gives 
details of courses held in the spring and summer 
terms. The purpose of the Bulletin 1s to give pub- 
licity to special advanced courses held in the region 
which do not regularly appear in college calendars or 
prospectuses as part of a grouped course or as subjects 
offered for endorsement on Higher National Cer- 
tificates. The courses are usually part-time evening 
courses, but the Bulletin also includes special full- 
time courses of not more than three months duration. 
Sessional evening postgraduate courses leading to 
higher degrees in science and engineering are not 
ineluded, but colleges offering such courses and 


we.as7a June 29, 1957 


having facilities for research are listed. Thore is an 
alphabetical index of courses as well as of colleges. 


The Night Sky in July. 

Fort moon occurs on July lld. 22h. 50m. U.T., 
and new moon on July 27d. 04h. 28m. The following 
conjunctions with the Moon take place: July 3d. 
10h., Jupiter 6° N.; July 8d. 17b., Saturn 0:0° N. ; 
July 29d. 08h., Venus 7° N. ; July 31d. 00h., Jupiter 
5° N. In addition to these conjunctions with the 
Moon, Venus is.in conjunction with Mars on July 11d. 
19h., Venus being 0-4° N., Satirn with Antares on 
July 18d. 03h., Saturn being 6-4° N., Mercury with 
Mars on July 28d. 22h., Mercury being 0-1° N., 
Venus with Regulus on July 25d. 04h., Venus being 
1-2° N., and Mercury with Regulus on July 29d. 
13h., Mercury being 0-2° N. Mercury is too close to 
the Sun for observation during the month. Venus 
sets about an hour after the Sun, and will be visible 
low in the west just after sunset. Mars is too close 
to the Sun for convenient observation. Jupiter sets 
at 23h. 20m. at the beginning of the month; it is 
near B Virginis. The stellar magnitude of Jupiter is 
— 1-4 and its distance from the Earth in the middle 
of the month is 540 million miles. Later in the month 
observation will be difficult. Saturn sets at 2h. 05m., 
Ih. 00m. and Oh. 00m. on July 1, 15 and 31, respec- 
tively ; it is in Ophiuchus, north of Antares. It has 
a stellar magnitude + 0-5, and it 1s at a distance of 
860 million‘miles from the Earth on July 15. There 
is one occultation of a star brighter than magnitude 
6, observation being made at Greenwich: July 16d. 
2h. 01-4m., x Agr. (R); E refers to reappearance. 
The Earth is in aphelion on July 3, its distance from 
the Sun being 94:5 million miles. 


Announcements 


Sim CHRISTOPHER Hinton, managing director of 
the Industrial Group’of the Atomic Energy Authority, 
has been awarded the Albert Medal for 1957 of the 
Royal Society of Arts “for outstanding leadership in 
nuclear power development”. The Albert Medal is 
awarded annually for distinguished merit in pro- 
moting arts, manufactures or commerce. 


Mr. W. E. Drog, formerly editor of Discovery, 
has been appointed editor of Chemistry and Indusiry, 
the weekly journal of the Society of Chemical 
_ Industry, in succession to Mrs. Bush, who retires at 
the end of June.: 


Mr. H. Camron, director of the Central Statistical 
Office, has recently been elected president of the 
Royal Statistical Society, in succession to Prof. Egon 
Pearson, who has retired after two years of office. 


Sm EDWARD APPLETON will open the Mullard 
Radio Astronomy Laboratory of ‘the. University of 
Cambridge on July 25. 


Dr. Gronrem W. CORNER, of the Rockefeller 
Institute for Medical Research, New York, will 
deliver a lecture on “The Rockefeller Institute for 
Medieal Research: its Founders and its Achieve- 
ments’, under the auspices of the Medical Research 
Council, -at the National Institute for Medical 
Research, Mill Hill, London, N.W.7, on July 5, at 
5 p.m. 

Tar National Vegetable Research Station at 
Wellesbourne, Warwick, is holding an open day this 
year on September 17, so that visitors will be able to 
see vegetables which were not ready at the time of 
last year’s open day held in June. ` 
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Tue National College for Heating, Ventilating, 
Refrigeration and Fan Engineering, at the Borough 
Polytechnic, London, is holding an open day on 
July 1, to demonstrate the teaching and research 
work of the Refrigeration Department ; the Depart- 
ment will be open during 10 a.m.—-5 p.m. 


Tue following have been elected to office in the 
Geological Society of London: President, Prof. L. 
Hawkes; Vice-Presidents, Prof. S. E. Hollingworth, 
Dr. F. Coles Phillips, Dr. W. Campbell Smith, Dr. 
E. I. White; Secretaries, Mr. A. J. Butler and Mr. 
J. M. Edmonds; Foreign Secretary, Prof. O. T. 
Jones; Treasurer, Mr. P. Evans. 


TŒ 364th meeting of the Biochemical Society will 
be held in the Washington Singer Laboratories of the 
University of Exeter on July 19, starting at 11.15 a.m. 


Tue second World Metallurgical Congress, spon- 
sored by the American Society for Metals, is to be 
held in Chicago, Ilhnois, during November 2-8, in 
conjunction with the annual U.S. National Metal 
Exposition and Congress. Some 650 scientists inter- 
ested in metallurgy, representing thirty-six countries, 
including Australie, Belgium, Ceylon, Egypt, 
France, Germany, Great Britain, India, Indonesia, 
Israel, Italy, Japan, Liechtenstein, Sweden, Switzer- 
land, Turkey and Yugoslavia, have accepted invita- 
tions to attend. Further information can be obtained 
from the Secretary-General of the Congress, W. H. 
Eisenman, 7301 Euclid Avenue, Cleveland 3, Ohio. 


THE ninth British Mathematical Colloquium is to 
be held at the University of Nottingham during 
September 11-13. The Colloquium, which will be 
divided into four sessions -on analysis and theory of 
numbers; algebra; geometry and topology; and 
analysis, is open to members of the academic staffs 
of universities, to Civil servants in scientific depart- 
ments and, subject to limitations of accommodation, 
to research students. Accommodation will be avail- 
able in the University halls of residence at a charge, 
including meals, of £4 15s. There is an additional 
Colloquium membership fee of 10s. Inquiries should 
be addressed to Dr. M. E. Noble, Department of 
Mathematics, University of Nottingham. 


A symposium on “Microchemistry’, under the 
auspices of the Society for Analytical Chemistry and 
organized by the Midlands Section and Micro- 
chemistry Group, will be held in the University of 
Birmingham during August 20-27. It will consist of 
original papers and recent advances in microchemical 
techniques, presented by a number of chemists of 
international repute under the presidency of Prof. 
M. Stacey. The subjects will include: inorganic and 
organic qualitative and quantitative analysis; ab- 
sorptiometry; chromatography; polarography ; 
emission spectrography ; radio chemistry ; chemical ; 
microscopy ; thermogravimetric analysis ; biochem- 
ical methods ; industrial applications ; and teaching. 
Registration forms and further information may be 
obtained from the Symposium Secretary: Mr. W. T. 
Elwell, Imperial Chemical Industries (Metals Division), 
Ltd., P.O. Box No. 216, Research Department, 
Kynock Works, Witton, Birmingham 6; envelopes 
should be marked “Symposium”. 


Erratum. In the communication entitled “Phos- 
phatases in the Central Nervous System” in Nature 
of June 15, p. 1247, col. 2, line 12 of text and in the 
legend of Fig. 1, for “axon” read “dendrite”. 
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‘CHALK LIME AND ALLIED INDUSTRIES RESEARCH ASSOCIATION . 


OPENING OF NEW LABORATORIES 


HE Chalk Lime and Allied Industries Research 

Association was formed in February 1955 follow- 
ing discussions between ẹ number of lime manu- 
facturers, sandlime brick manufacturers, and the 
Department of Scientific and Industnal Research. 
Its constitution follows the general pattern for 
Government-aided, research associations, and the 
scope of its membership extends to British firms 
producing or marketing lime or chalk, or products 
. made wholly or partly from these materials. There 
is also an associate grade of membership for firms 
having an indirect interest in the industries principally 
concerned, for example, machinery manufacturers, 
and for individuals interested in the work of the 
Association. 

The membership is now more than thirty, about 
equally divided between the lime and sandlime brick 
industries. The affairs of the Association are governed 
by a Council, consisting of elected ordinary members 
together with representatives of the Department of 
Scientific and Industrial Research. Mr. W. L. 
Clarke is chairman of the Council, and Mr. G. E. 
Bessey is director of research. Mr. Bessey had pre- 
viously held a similar appointment in the Research 
Council of the British Whiting Federation, and was 
earlier for many years on the staff of the Building 
Research Station. 

_The Association moved into ıts new .laboratories 
at Welwyn, Hertfordshire, in September 1956, and 
the building was officially opened on May 16 by Sir 
Albert E. Richardson. While the Association is 
potentially concerned with all aspects of chalk and 
lime, research is at present concentrated largely on 
the use of lime in building and road construction; 
and on sandlime (calcium silicate) bricks. Though 
lime has been burned since the time of Plutarch, 
there is much scope for fundamental research into 
the nature of this reaction and of the reactions in the 
subsequent hydration of quicklime. Several research 
projects of more immediate practical application are 
at present in progress, and a number of reports have 
already been issued to members. Present activities 
are principally in the, fields of the analytical and 


physical chemistry -of lime and materials produced 
from it, the rheology of mortars, and the structural 
and chemical features of soil in relation to its stabiliza- 
tion with lime for road and foundation construc- 
tion. 

Sandlime bricks have been known for less than a 
hundred years. The process of hardening a mixture 
of silica sand and lime by treatment with steam 
under pressure has been developed in a more scientific 
age than the evolution by tradition of the lime 
industry, but until the formation of the Association, 
research in this field has been sporadic and now the 
industry will have its own co-operative research 
organization. Research is in progress on the nature 
and properties of the calcium silicate hydrates which 
are the basis of sandlime bricks, and on a number of 
topics of immediate importance. 

The Association maintains close contact with the 
Building Research Station and with the Road 
Research Laboratory. Some of the -Association’s 
staff have been working at the Building Research 
Station as a temporary measure, and others are 
stationed at the Road Research Laboratory as part 
of a team engaged on joint research on soil stabilization 
using lime. 

The new laboratory accommodation at Welwyn 
allows facilities for analytical and physical chemistry, 
physics, heavy mechanical testing, photography 
and other ancillary services, and for experimental 
building work for observation of the behaviour of 
materials in practical use. The pleasant three-acre 
site allows room for future expansion. An informa- 
tion, library, and liaison service is provided for 
members and staff, the library itself being run: xm 
co-operation with the Research Council of the British 
Whiting Federation in neighbouring premises. Al- 
though the Association has been functioning for 
two years, the recent opening ceremony has provided 
an opportunity for the members and a large number 
of visitors to become more closely acquainted with 
the Association’s work.and to seé something of the 
research in progress and the apparatus and techniques ` 
which are in use. 


2 


THE KARL PEARSON. CENTENARY LECTURE 


N May 13, Prof. J. B. S. Haldane delivered at 
University College, London, a lecture in cele- 
bration of the centenary of Karl Pearson’s birth. 
The theatre was packed and a substantial overflow 
meeting had to be organized. Not the least tribute 
to Pearson’s gifts as a teacher was the large number 
of his former students, many of them distinguished 
in their own right in a great variety of fields, among 
. the audience. 

Haldane began by examining some criticisms, fair 
and unfair, of Pearson’s work. All power corrupts, 
and Pearson’s power as a head of an important 
department and the editor of an important journal 


led him to make mistekes. But 1t is easier to see this 
now than fifty years ago when the mistakes were 
made. It has even been claimed that by espousing & 
false theory of heredity he was a hindrance to pro- 
gress. Haldane believes, in fact, thai Pearson’s 
theory of heredity was incorrect. But so, he remarked, 
was Columbus’s theory of geography. In his search 
for a self-consistent theory of evolution, Pearson 
devised: methods which are not only indispensable 
in any discussion of evolution ; they are essential in 
every serious application of statistics. 

Pearson was a forceful personality with a bewil- 
dering range of interests and knowledge. At Cam- 
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bridge he was Third Wrangler in 1879; he spent a 
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‘ year in Germany attending lectures on philosophy, 


Roman law, physics and biology, was called to the 
Bar in 1881, took part in sundry radical activities in 
London, and in 1884, at the age of twenty-seven, was 
appointed to the chair of applied mathematics and 
mechanics at University College, London. His first 
original publication after appointment was a study 
in German of the Veronica portraits of Christ in the 
Middle Ages. His search for a religious system which 
his intellect would allow him to accept resulted in 
his “Ethic of Freethought” in 1888. 

But if, says Haldane, one had to pass judgment 
on Pearson ‘in 1890, it might have run as follows: 
“He is a first-rate teacher of applied mathematics 
and a scholarly compiler of the work of more original 
men. He has a knowledge of literature and art most 
unusual in a professor of mathematics. He is some- 
thing of a radical, but he is only thirty-three years 
old. . He will never produce work of great 
originahty, but the College need not be sorry to have 
appointed him”. In point of fact, Pearson was at 
the threshold of his life’s work. 

In 1890 there occurred two events which shaped 
his future life. He was appointed to the lectureship 
in geometry at Gresham College; and Weldon suc- 
ceeded Lankester in the chair of zoology at University 
College. The lectures Pearson gave at Gresham 
College developed into the “Grammar of Science”. 
His association with Weldon stimulated him to apply 
Sina and statistical method in a host of new 
fiel 

The ‘Grammar of Science” may not rank with the 
‘greatest works of philosophy, but in Haldane’s 
opinion it was freer from contradiction than other 
contemporary works such as Mach’s, and Pearson is 
to be: regarded as one of ‘the founders of logical 
positivism. Its effect on generations of young readers 
has been profound. Not the least tribute to its 
influence is the respect which it exacted from one of 
its strongest critics, Lenin. . 

The year 1890'saw the first of a long series of 
memoirs on mathematical contributions to the theory 
of evolution, and for another forty years paper after 
paper appeared with impressive regularity and an 
astonishing coverage. Some of Pearson’s theoretical 
work has become standard practice, notably his 
derivation of the so-called chi-squared test in 1900. 
Through Weldon he met Galton, and the three 
founded Biometrika in 1001, Pearson becoming editor 
and one of the, principal contributors. He was now 
in the full pride of his scientific strength, but apart 
from his own original contributions, found time to 
obtain outside financial help for his research (quite 
a feat in those days), to begin the systematic col- 
lection of data—the “Treasury of Human Inherit- 
ance” is still indispensable—to lecture on theoretical 
statistics and the history of scientific method, to 
produce some standard sets of statistical tables, and 
to take part in numerous ephemeral controversies. 

Not until 1920 was the Department of Applied 
Statistics founded at University College, and by then 
Pearson was sixty-three. But with unabated vigour 
he set about organizing the Department and laid 
foundations which are still firm. He relinquished his 
chair in 1933 and died three years later. At University 
College his work is now being carried on by three 
professors. 

Haldane concluded with some . references to the 
science of biometry and his own feeling that the 
Pearsonian impulse in this direction is now more 
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profitably at work overseas, especially in India. He 
may be right; but the momentum of Pearson’s 
prodigious energy and courage is still felt in Britain. 
He was a man who must be looked at in the round 
and, for all his faults, possessed the supreme gift of 
inspiring affection and scientific enthusiasm among a 
wide following of students. To him more’ than to 
any one man is due the fact that the United Kingdom 
took and has held the lead in the development of 
statistical methods. 


CROP PROTECTION 


INCE its inauguration in 1949, the International 
Symposium on Crop Protection has catered for, 
and continues to satisfy, the regional needs of Bel- 
gium and Holland and the interests of a few special- = 
ized institutes, societies and commercial groups in 
France, Western Germany and Great Britain. 
Throughout, the arrangement of the Symposium has 
been in the able hands of Prof. J. van den Brande, 
rector of the College of Agriculture at Ghent,.and the 
general organization has benefited from this continuity. 
The ninth Symposium, held at Ghent on May 7, 
had the great merit of being a small conference, 
lasting officially for only one day. The Symposium has 
shown. a tendency to expand and now, instead of the 
single day devoted to two plenary sessions formerly 
enjoyed vy all members, according to the subjects 
concerned, the ninth Symposium had five sections 
meeting simultaneously in the morning and only the 
afternoon. was devoted to a plenary session. 

Since pests, diseases and weeds are now included 
in the term crop protection, the opportunity is taken 
to keep under review the advances in methods and 
techniques, whether these apply to the laboratory 
or the field, to present new knowledge and ‘suggest 
its application, to describe and discuss new uses of 
established plant protectants, and to recognize 
limitations m plant chemotherapy,. disappointmg ` 
though this may be in particular cases. 

On this occasion these several aspects were dealt 
with in the sectional meetings, while at the plenary 
session two papers only were presented: a brilliant 
review of the possibilities for new approaches to 
insect control, by Dr. J. de Wilde (Netherlands), and 


‘@ comprehensive description by P. ©. LeFevre 


(Belgium) of the organization of the plant protection 
service in the Belgian: Congo. 

There is necessarily a slight difference in emphasis 
from year to year, and on this occasion two trends 
were noticeable—a more critical interest m plant 
parasitic eelworms and their control, and a readiness 
to recognize that biological details, whether in the 
zoological or botanical fields, are pertment to any 
discussion on crop protection. 

Progress in the investigations on the control of 
potato root eelworm (Heterodera rostochiensis) was 
reported by Prof. van den Brande and his col- 
laborators at the Ghent School of Agriculture. They 
showed that even an efficient nematicide like DD 
may give results that vary from place to place, 
depending upon the nature of the soil. Studies on 
different types of soil, both m the laboratory and the 
field, showed that the main factor was the water 
content, for upon this depended the rate of diffusion 
and the concentration of the nematicide. Messrs. 
Besemer and Oostenbrink reported from Wageningen 
that DD applied at the rate of 50-60 cm.*/m.? was still 
the most reliable nematicide for use against anguilluline 


1340 


eelworms in nursery stock, in flower crops and in 
carrots. Against root knot eelworm under glass, 
ethylene dibromide at twice the usual dosage of 
45-60 cm.?/m.? gave good results. Some of the newer 
` products, while showing approximate killing effici- 
“ ency,, bhad the disadvantage of remaining phytotoxic 
for six weeks or more after application—a serious 
handicap in horticultural soils where a quick suc- 
cession of cropping is essential. The use of sodium 
methyl dithiocarbamate, a good general soil sterilizer 
against eelworms and fungi, was described by Messrs. 
Linden and Schicke (Ingelheim), who showed that 
mixing-in or injection at the rate of 100 cm.*/m.? 
are both preferable to watering-in. They recognize 
the phytotoxicity risk, and recommend that soil 
heaps in the open air should be treated in summer 
as early as possible before use ; if left until November 
it is not safe to use the soil until March. Lettuce is 
very susceptible to injury by this sterilizer and is 
therefore a good indicator of the time for safe 
planting. Eelworm attack on carrots has been 
recognized as a puzzling problem; the species of 
eelworm concerned was described only as recently as 
1949 by Thorne as Hoplolaimua uniformis. Soil 
treatment with DD and with formalin gave a high 
kill of this eelworm, and was followed by markedly 
improved growth. Other studies by Kuiper and 
Drijfhout (Netherlands) showed that, in infested soil, 
crop rotation influenced yield; the yield of carrots 
following potatoes proved to be better than that 
following either sugar-beet or carrots. 

The beet eelworm survey in northern France was 
described by Dr. M. Christmann, of the Institut 
Technique de lẹ Betterave, Paris. He showed that 
the Institute can handle up to two thousand soil 
samples per year and use its accumulating knowledge 
of the rate of decrease in viable cysts, in particular 
regions and localities, as the basis for its advisory 
work. Another contribution from France was an 
interesting paper by Dr. F. Chaboussou, director of 
the Institute of Agricultural Zoology of the Gironde. 
He described investigations on the plum codlin moth, 
Laspeyresia funebrana—e most troublesome pest 
throughout western Europe, and one that is out- 
standingly difficult to control. Spraying of plums 

. with oleoparathion in early July when 75-80 per cent 
of the caterpillars were hatched, but before the 
fourth instar was reached, gave a total kill of more 
than 90 per cent with a single treatment. It was 
noted that the fourth and fifth instars are not easily 
reached as they are deep in the fruits. There is, in 
practice, a period of about eight days during which 
spraying can be very effective. 

Three speakers presented papers on the subject of 
spider mites. J. Meltzer showed that ovicides, such 

. ag CPBS and CPCBS, applied to the upper surface 
of bean leaves, are capable of killing red spider eggs 
laid afterwards on the lower surfaces, and eggs 
already laid there may also be killed as well as a 
Ingh proportion of the immature stages. With 
tedion, which penetrates the leaf more slowly, the 
toxic action lasts for as long as three weeks. R. 
Delhaye has been investigating the use of emulsions 
containing phosphoric ester, white oil and ammonium 
thioricinate and claimed good results against red, 
spider on vines and peaches under glass. M. van de 
Vrie’s observation on the strawberry tarsonemid 
mite greatly interested his audience. He emphasized 
the difficulty of controlling, in the field, mites the 
development of which takes place largely in the very 
young unfolded leaves in the crown. ‘Lhe esters of 
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phosphoric acid are not really satisfactory in this 
case, and endrin and kelthane, though active for a 


‘long period through ther toxic residues, are not 


desirable on fruiting beds because of their high 
mammalian toxicity. Mr. J. Bernard, of Gembloux, 
on the other hand, was concerned with trying to 
secure mammalian toxicity—in control of the field 
vole, Microtus arvalis. He found that while red 
squill is not satisfactory, coumaphene in baits with 
crushed oats or flour is more effective, but this species 
of vole is more resistant to this poison than the 
laboratory white rat. Š 

Other subjects that occupied the conference were 
soil disinfection, antibiotics for use on horticultural 
crops, fungus control in pine nurseries, seed dis- 
infection of flax, the aerial fungus flora, exobasidium 
of the azalea, a crop of great importance in Belgium 
particularly, and the bacterial canker of poplar, a 
crop tree of great economic value from the Nether- 
lands right down to Italy. Herbicides, too, received 
attention, and particularly those for use in straw- 
berry beds, in nurseries, and in flax crops. 9 

In the tropical section of the symposium, P. L. G. 
Benoit dealt with the distribution and behaviour of 
flies the larve of which cause myiasis in man and 
animals in the Belgian Congo. A. Gillard and Prof. 
J. van den Brande described the recent collection of 
new species of Heterodera-type eelworms in the Congo 
and directed attention to their economic importance, 
and Prof. P. A. van der Laan discussed the use of 
the insecticide toxaphene and emphasized its advan- 
tages under tropical conditions. The control of rice 
pests, and notably of the injurious molluses Pomacea 
lineata and P. glauca, was described by J. van’ 
Dinther, who obtained good results against these 
molluses with applications of either copper sulphate 
or BHC. 

The organizers of the symposium can be con- 
gratulated on its success, and the participants—and 
indeed the much wider public vitally concerned with 
the subjects covered—will look forward to the early 
publication of the papers in ful. H. W. Mmes 


SOME RECENT ADVANCES 
IN SPECTROSCOPY 


CONFERENCE on spectroscopy,: held in the 

Department of Chemistry in the University of 
Western Australia during February 20-21, was 
attended by about forty persons, including a number 
of visitors from the eastern States. The meetmg was 
opened by Dr. A. L. G. Rees (Division of Industrial 
Chemistry, Commonwealth Scientific and Industrial 
Research Organization), who surveyed recent develop- 
ments in the field of spectroscopy. The major 
theoretical advance in recent years has undoubtedly ` 
been the introduction by Bayliss of the free electron 
approximation in quantum mechanics and its sub- 
sequent development, mainly by American workers. 
New techniques of special importance are the mag- 
netic methods based on nuclear and electron spin 
resonance which can provide useful chemical informa- 
tion. Other notable advances in technique are echelle 
spectroscopy, due to Harrison, the high-intensity 
Raman source developed by Welsh at Toronto, and 
the development of multiple-pass spectroscopy and a 
method of analysis based on atomic absorption 
spectra, both due to Walsh and his colleagues. Also 
of importance are the developments by Watanabe 
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and Williams of direct-reading vacuum ultra-violet 
spectroscopy and of electron-impact spectroscopy by 
Morrison. Important new observations include the 
measurement of rotational Raman spectre, the dis- 
covery of intermolecular combination bands, and the 
discovery by Bayliss and Brackenridge of spurious 
bands in solution spectra near the edge of intense 
solvent absorption bands. Outstanding problems are 
associated with the general unsatisfactory state of 
quantum-mechanical calculations; new and improved 
methods are badly needed even for simple molecules. 
Moreover, the problems of the computing of intens- 
ities of infra-red and Raman spectra and the determ- 
ination of the causes of solvent shifts of absorption 
spectra are as yet unsolved. Many other important 
problems are associated with the Raman excitation, 
absorption and emission of solids and the investigation 
of unexplored regions in the very far infra-red. 

The remainder of the first session was devoted to 
research contributions. Dr. A. R. H. Cole (Depart- 
. ment of Chemistry, University of Western Australia) 
‘discussed the infra-red spectra and stereochemustry 
of cyclohexane derivatives. No simple method is 
available for determining the preferred conformations 
of di- and tri-substituted cyclohexanes in which there 
may be competition between substituents as to which 
will occupy the more stable equatorial position. Dr. 
Cole described the infra-red absorption due to free 
and hydrogen-bonded (intramolecular) hydroxyl 
groups in a series of cyciohexane-1,2-diols, each of 
which carries one or two other substituents of 
different sizes in the axial (a) and/or equatorial (e) 
position. A large group such as isopropyl can act as 
an anchor holding a cyclohexane ring in one con- 
formation ( (e)-isopropyl) and can prevent hydrogen- 
bonding between a trans-1,2-diol system by keeping 
the hydroxyl groups in the diaxial form. 1-Ethyl- 
cyclohexane-trans-1,2-diol exists as an équilibrium 
mixture of (e)-ethyl-(a)-diol and (a)-ethyl-(e)-diol, 
and intensity measurements of free and bonded 
hydroxyl absorption carried out by Miss G. T. A. 
Muller show the mixture to contain 35 per cent of 
the former. 1-Methylcyclohexane-irans-1,2-diol, on 
the other hand, exists completely in the (@)-methyl- 
(e)-diol conformation which allows relatively strong 
hydrogen-bonding. ‘The measurements were extended 
to a series of p-menthane diols, and it was shown that 
at room temperature trans-2-hydroxyneoisomenthol 
exists as an equilibrium mixture containing 68-5 per 
cent of the (a)-methyl-(a)-diol-(e)-sopropyl con- 
formation. From this it can be readily deduced that 
the conformation of neotsomenthol is («)-methyl-(a)- 
hydroxyl-(e)-isopropyl. Lowering of the hydroxyl 
stretching frequency due to hydrogen-bond formation 
can be related to the conformation and in suitable 
cases can be used to determine configurations of 
cyclohexane-1,2-diols. 

Mr. A. Walsh (Division of Industrial Chemistry, 
Commonwealth Scientific and Industrial Research 
Organization) described the development with Dr. 
N. 8. Ham of a new Raman source. Methods for 
obtaining the necessary mtensity for Raman spectra 
studies invariably make use of the mercury arc. The 
equipment is often very bulky, requiring the use of 
erther several mercury lamps—the hght being con- 
centrated by multiple reflexion—or of water-cooled 
ares drawing as much as 50 amp. (Toronto source). 
The design of the Melbourne source was also stimu- 
lated by the need for a source of longer.wave-length 
for the study of the vibration frequencies of the 
iodine molecule in solution. The new source, which 
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_ was demonstrated, is electrodeless and consists 
essentially of an annular jacket containing a rare gas 
and-an alkali metal or mercury. For excitation a high- 
frequency diathermy source (2,450 Mc./s.) provides 
extremely intense illumination. By using cesium as 
the alkali metal it is hoped to obtam a Raman source: 
of wave-length 8521 A. Very few molecules absorb 
appreciably in this region. cee A 

Prof. N. S. Bayliss (Department of Chemistry, 
University of Western Australia) followed with an 
account of studies on the effects of solvents on infra- 
red intensities carried out in collaboration with Dr. 
A. R. H. Cole and Mr. L. H. Little. In this work the 
intensities of the C=O stretching frequency in 
acetone and other ketones, of the C=N stretching 
frequency in a series of aliphatic and aromatic 
nitriles, and of the S—H stretching frequency in 
several mercaptans were all measured in a series of 
solvents with a. wide range of dielectric constants. 
All the spectra show changes of intensity with change 
of solvent, the change being particularly large for the 
C=N and the S—H bands. The nitrile intensities, for 
example, are more than twice as large in chloroform. 
as in isooctane, while the mercaptan intensities are 
eight times as large in pyridine as in zsooctane. The 
general trend observed was that intensities mcrease 
with the dielectric constant of the solvent, but there 
are marked individual exceptions to this rule. The 
Cz=N intensity for benzonitrile is in all cases about 
four times as large as for acetonitrile in the same 
solvent. A puzzling feature is that the C=N intensity 
for phthalonitrile, with two nitrile groups, is only 
about one-half the intensity for benzonitrile with 
one nitrile’group. No current theory is capable of 
explaining the experimental results. The classical 
theories of Chako and of Schuyer are far from repro- 
ducing the intensity changes, and while the quantum 
theory of Hirota is rather closer, it still does not 
account for the large intensity variations observed. 
There is also no adequate theoretical explanation of 
the fact that the half-width of the bands observed in 
solution is in all cases considerably less than the half- 
width of the same bands observed in the gas. Current 
quantum theory of infra-red intensities relates the 
intensity to the change of bond moment with inter- 
nuclear distance. The problem is to determine how 
this quantity is affected by the solvent environ- 
ment. ; 

The second session commenced with a paper by 
Dr. A. L. G. Rees on the theory of solvent effects. 
To account for solvent effects on spectra it is formally 
necessary to set up the wave equation of the whole 
assembly of particles, both solute and solvent, in the 
hquid. In view of the impossibility of solving such 
an equation, it is convenient to approximate by con- 
sidering a single solute molecule surrounded by a 
nearest-neighbour shell of z solvent molecules. There 
are experimental grounds for believing that the 
influence of more remote solvent molecules can be- 
neglected to this degree of approximation. In terms 
of the Franck—Condon principle, the molecular 
environment is static during an optical transition. . 
In general, the nearest-neighbour environment of a 
particular solute molecule is unsymmetrical. The 
perturbation due to the environment can be expressed 
in terms of three components, which are respectively 
independent, and even and odd functions, of the 
co-ordinates. ` The application of first-order per- 
turbation theory then makes it possible to set up & 
formal expression for the transition moment in 
solution. A significant result is that not only 
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transitions which are allowed in the free molecule will 
be altered in intensity, but also that transitions 
which are totally forbidden in the free molecule will 
acquire a first-order transition moment in solution 
owmg to the operation of the unsymmetrical part of 
the perturbation. This general theory can be applied 
to the intense ultra-violet band shown by halogens 
in aromatic hydrocarbon solutions. Although this 
band has been attributed by Mulliken to complexes, 
the present theory suggests that it ıs more hkely to 
be associated with a known totally forbidden tran- 
. sition in the free molecule. 

Mr. C. J. Brackenridge (Department of Chemistry, 
University of Western Australia) then described 
changes m the ultra-violet spectrum of s-trinitro- 
benzene with the composition of seven binary solvent 
mixtures all containmg aniline and covering the 
complete composition range. Aniline was chosen 
because of-its notable effect in enhancing the absorp- 
tion in the 4000 A. region. When the results were 
plotted in accordance with Scott’s rearrangement of 
the Ketelaar equation, which predicts a straight line 
for 1: 1 solute—solvent complex formation, and from 
which the equilibrium constant can be determined, 
an interesting effect was observed. Points of dis- 
continuity appeared in the vicinity. of 0-5 aniline 
mole fraction in all seven systems showing that, 
although linear plots could be drawn in several cases 
on both sides of the pomt, they are incompatible 
with the postulate of complex formation. In the two 
systems hexanol-aniline and ethylene glycol—aniline, 
the effect of temperature on the s-trmitrobenzene 
spectrum was studied. The heat-of formation was 
calculated on the highly improbable assumption that 
one of the plots on either side of the pomt represented 
solvation. In both systems the H values were low 
and their sign changed on either side of the point of 
discontinuity. It is suggested that the point vf 
discontinuity indicates a molecular rearrangement 
arising in the course of a physical perturbation. 

The session concluded with a deserrption by Mr. 
J. V. Sullivan (Division of Industrial Chemistry, 
Commonwealth Scientific and Industrial Research 
Organization) of his investigation of the causes of 
certain anomalies in the spectrum of iodine. These 
anomalies are lack of reproducibility of the molar 
extinction coefficients, ¢, high values of the co- 
efficients in the region from 4000 to 2200 A., and a 
sharp rise in the spectral curve from approximately 
c = 100 to e= 600 in the region 2100-2000 A. 
Furthermore, a shift of the order of 500 kaysers, 
generally towards longer wave-lengths, has been 
observed in the peak of the curve in the visible 
region. Extensive investigation now shows that the 
anomalies are very probably due to the formation of 
an adsorbed iodine layer on the end-windows of the 
cell. Experiments on cells made up with internal 
windows, which allow greater concentrations of the 
adsorbed layer, have shown the expected increase in 
the molar extinction coefficients. 

The final session of the Conference commenced 
with a paper by Mr. A. Walsh ‘describing the 
analytical advantages of absorption spectroscopy and 
the technique of measurmg atomic absorption 
spectra. Analyses by emission spectra lack sens- 
itivity since even at very high temperatures only a 
small proportion of atoms are excited to emission, 
while almost ail of the atoms are potential absorbers. 
Measurements of absorption spectra, which .are free 
from complications such as inter-element effects, 
self-absorption and self-reversal, therefore have many 


NATURE 


June 29, 1957 


VoL. 179 


advantages. Rather than use a continuous source, it 
is more feasible to measure the absorption coefficient 
at the centre of the line using a sharp-line source such 
as a hollow-cathode discharge tube. Modulation of 
the incident radiation is necessary to avoid recording 
radiation emitted by the vaporized sample. By using 
copper as standard, it has been possible to determime 
approximately the oscillator strengths of a number 
of elements. While the method has proved successful 
for the analysis of many elements, some, such as 
aluminium, are not atomized in a flame. Samples 
have been vaporized both from solutions sprayed into 
a flame, and from alloys by a sputtering discharge 
through a rare gas. In the latter case inter-element 
effects are present, but the method is hkely to prove 
useful both for analysis and for the study of sputtering 
behaviour. Several optical variants of the apparatus 
used were described. 

The Conference concluded with the presentation of 
two papers from the Department of Physics of the 
University of Western Australia. Mr. R. S. Crisp . 
described a grazing-incidence high-vacuum spectro-" 
meter which had been constructed specifically for the 
study of the soft X-ray barid emission spectra of 
metals in the range 50-1000 A. The spectrometer 
utilizes two interchangeable ruled aluminium gratings 
with 570 and 1,150 grooves/mm. ‘The diffracted, 
focused radiation is detected by an Allen-type, open, 
beryllium-copper photo-multiplier and attached 
analyser slit, which are mechanically driven around 
the Rowland circle. The output pulses from the 
multiplier are amplified and counted on a ‘counting 
rate meter ; a continuous record of detected mtensity 
is given by a recording potentiometer as the analyser 
slit traverses the spectrum. In such an instrument 
the resolution achieved depends not only on the 
optical resolution of the combination of grating and 
slits, but also on the statistical deviation and 
response-time ,of the counting rate meter and the 
speed of traverse of the spectrum. A certain minimum 
speed is fixed by considerations involving long- and 
short-term contamination of the specimen surface 
and consequent modification of the observed band 
shape. A study has been made of the variation of 
contamination of specimens with time by observing 
the fall in intensity at a particular wave-length as 
the contamination proceeds. Spectra were shown’ 
which had been obtained for the motals, magnesium, 
aluminium, lithium, ' sodium, potassium, beryllium 
and copper. The ‘roll-over’ on the high-energy side 
of the peak of the lithium—potassrum spectrum, which 
was observed by Skinner and queried by Schiff, and 
Jones and Schiff, has been indisputably observed. 
The ‘emission edges’ observed by Gyorgy and Harvey 
for the M-spectrum of copper, which were not 
observed by Skinner, Bullen and Johnson, also were 
not observed with the present instrument. Further 
investigations will be directed towards the determ- 
ination of the changes in band shapes and band 
widths and of edge widths and edge shifts m the 
spectra of the components of solid solutions. 

Mr. M. R. Meharry deseribed work on the lumin- 
escence of the alkali halides irradiated m the vacuum 
ultra-violet. The variation in fluorescence efficiency 
versus exciting wave-lengths for some KCl: Tl and 
KI: Tl phosphors was studied in the wave-length 
region 900-2300 A. At long wave-lengths, this was 
found to be correlated closely with the transmission 
spectrum of the pure crystal. This was considered 
evidence that only direct excitation of the TI+ centres 
occurred and that no exciton-induced. fluorescence 
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took place. A fluorescence growth under steady 
excitation and a phosphorescence decay in the dark 
were observed at wave-lengths less than those corres- 
ponding to the series limit for the respective crystals. 
This was interpreted in terms ofa series of trapping 
and excited energy-levels in .Tl?+ as proposed by 
Johnson and Williams. A series of experiments on 
photoconductivity gave negative, though not necess- 
arily conclusive, results at wave-lengths less than that 
generally accepted for the series limit. Also, an 
observed sharp rise in fluorescence of KI: Tl at 
1000 A. remained unexplained. It was proposed 
that, in order to explain the latter results, the ion- 
ization lmmits for KCl: Tl and KI:Tl must be 
situated at much shorter wave-lengths than the 
accepted wave-lengths of 1300A. and 1750A., 
respectively. G. A. Exxurore 


COLLOQUE A.M.P.E.R.E., 1957 


HE 1957 meeting of the Colloque A.M.P.E.R.E. 

(Atomes et Molécules par Etudes Radio-Elec- 
triques) was held at St. Malo during April 24-26. 
The conference, which is held annually, is primarily 
concerned with the study of the properties of materials 
with the use of radio-frequency electromagnetic 
waves. The subjects discussed were dielectrics, 
electron paramagnetic’ resonance, ferromagnetic 
resonance, microwave spectroscopy of gases, nuclear 
magnetic resonance, and quadrupole magnetic reson- 
ance. The meeting “was attended by. some two 
hundred scientists, the majority being from French 
laboratories, but with visitors from most European 
countries, including East Germany and Poland and 
some from as far as Venezuela and Australia. The 
organizers of the Conference take pride in the fact 
that the proceedings are conducted almost entirely 
in French without apparent effort on the part of 
the foreigners present. 

Some seventy papers were presented mainly in the 
form of ten-minute summaries, preprints being avail- 
able beforehand. This rather heavy programme, 
combined with splendid weather and French hos- 
pitality, made it rather difficult to follow the 
programme as closely as one might have wished. 
Prof. R. Freymann, who is the leading spirit of the 
Colloque A.M.P.E.R.E., was probably the only person 
both to attend every session and be at a banquet 
every evening. Such energy bodes well for French 
science. 

It is evidently impracticable to report each paper 
and I shall pick out those which I hope will be 
representative of the Conference. The papers are 
published in book-form by the Archives des Sciences, 
and are available from the Institut de Physique, 
Université de Genéve, price 25 Swiss francs. The 
discussion at the Conference is not recorded or 
published, as it is feared that this would tend to 
suppress a free and frank exchange of views. 

The session on dielectrics was opened by Prof. H. 
Frohlich (Liverpool), who discussed under what 
conditions trapped electrons at vacancies in ionic 
crystals would result in dielectric loss of the Debye 
type. He showed that this may occur, even for 
single stationary vacancies, when electron lattice 
interactions are included, whereas previously it has 
usually been supposed that moving vacancies which 
simulate a rotating dipole are necessary. S. Dryden 
(Sydney) reported recent work on Debye-type dielec- 
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tric absorption in ionic crystals, which they have 
now found in eleven simple ionic crystals and ten- 
tatively associate with diffusion of lattice vacancies. 
M. J. Meinnel and R. Clinet (Rennes) discussed the 
dielectric effects of the transitions in the ammonium 
halides, and demonstrated the absolute necessity of 
removing all traces of water. F. Lasbleis et al. 
(Rennes) presented results on dielectric absorption 
and phase changes ina series of titanates. J. Meinnel 
and F. Trigolet (Rennes) reported dielectric measure- 
ments on hexagonal selenium; they find a Debye 
absorption which is displaced by suitable.irradiation, 
the effect depending on its intensity and wave-length. 
Prof. R. Freymann (Rennes) reported on various 
projects, including dielectric measurements on 
thiourea, and on semi-conductors containing various 
impurities. 

Prof. R. H. Cole (Brown University) presented a 
survey of his dielectric measurements on liquid alkyl 
halides and mixtures of these with other organic 
liquids, in the supercooled state. For the mixtures 
one sometimes finds one dispersion region and 
sometimes the original two, for which no satisfactory 
explanation is at present available. J. Ph. Poley 
and A. J. van Eick (The Hague) presented further 
results on the two dispersion regions in liquid chloro- 


and bromo-benzenes. L. de Broukére and M. Mandel . 


(Brussels) suggested a method of explaining the 
spectrum of dielectric relaxation times in high 
polymers which is based on a consideration of freedom 
of motion of chain segments. F. C. de Ronde 
(Eindhoven) proposed a new method of measuring 
electric and magnetic constants of solids in the micro- 
wave region. ©. Brot and A. Soulard (Paris) de- 
scribed a special resonant cavity for the frequency 


- range 100-1,000 Mce./s. which appears to facilitate 


measurements in this difficult region. 

In the sessions on electron paramagnetic resonance 
there were several papers on free radicals. G. 
Berthet (Fontenay) has studied some stable free 
radicals, particularly with regard to the hyperfine 
structure. Some new radicals have been discovered. 
by Y. Fellion and J. Uebersfeld (Paris). F. W. 
Heineken and F. M. Schimmel (Amsterdam) find 
that some stable free radicals may be sensitive to 
oxygen, just like induced ones. M. Bruma (Paris) 
described a ferrite circulator which seems to have 
advantages over the ‘magic T’ and similar devices 
used in paramagnetic resonance equipment. D. J. B. 
Ingram and J. F. Gibson (Southampton) gave results. 
for radicals formed by ultra-violet irradiation of glass- 
forming substances at low temperatures. D. H. 
Whiffen et al. (Birmingham) have studied a number 
of polymers under gamma-irradiation and J. S. van. 
Wieringen (Eindhoven) has investigated glasses. 
subjected to several types of irradiation. At the 
moment the interpretation of these effects is rather 
uncertain. D. J. E. Ingram (Southampton) described. 
how structural data on large molecules may be 
obtained from electron resonance in favourable cases, 


for example, with hæmoglobin. J. Uebersfeld and- 


E. Erb (Paris) reported further work on paramagnetic 
centres in carbon. EH. E. Schneider (Newcastle). 
reported further results on alkali halides doped with 
manganese and on X-irradiated lithium fluoride. 
A. Gozzini et al. (Pisa) have measured magnetic 
birefringence effects using DPPH. 

The ferromagnetic resonance in a single crystal of 
iron has been studied by A. Strub (Grenoble). J. 
Munier and P. Sermet (Grenoble) have developed a. 
ferrite microwave attenuator with ‘electronic’ control. 
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The session on nuclear magnetic resonance was 
introduced by Prof. C. J. Gorter (Leyden), who 
reported on current work in this field in his laboratory. 
N. J. Poulis and G. E. G. Hardemann (Leyden) 
reported further measurements on & single crystal of 
cupric chloride. A. Lésche (Leipzig) reported on the 
use of nuclear resonance in studying the rate of slow 
polymerization by comparing the signal from protons 
in the solid (polymer) and liquid (monomer) phases. 
R. Extermann (Geneva) gave a review of the work 
of the Geneva group which has been particularly 
eoncerned with magnetic resonance at low fields. 
A. Abragam and W. Proctor (Saclay) discussed their 
work on ‘spin calorimetry’, one result of which is a 
trick for polarizing nuclei which have an inconveni- 
ently long spin-lattice relaxation time (weeks, say) 
in a matter of seconds. A. Abragam and I. Solomon 
(Saclay) have studied the spin echoes obtained when 
a nuclear absorption line is subject to quadrupole 
splitting. The results differ considerably from the 
usual ones, in that ‘echoes’ may be observed at 7/2 
and 3+/2 as well as + after the stimulation. Abragam’s 
group have also observed the Overhauser effect in 
liquids containing paramagnetic impurities which has 
the peculiar property that there is ‘at first a dim- 
inution in the nuclear signal (Underhauser effect). The 
increage in intensity obtainable could be invaluable in 
the study of weakly magnetic nuclei. J. G. Powles 
(London) discussed measurements on polyisobutylene 
solutions in organic liquids over a wide range of 
concentration which give information on chain 
motion in this polymer. J. Hue and J. Seiden 
(Paris) have produced a simplified theory of double 
resonance. 

A study of hyperconjugation in molecules by means 


of microwave spectroscopy was reported by J. Sheri- - 


dan et al. (Birmingham). Results by the same 
method on formic acid were given by R. Wertheimer 
(Paris). J. Bonanomi et al. (Neuchâtel) have con- 
structed an ammonia ‘maser’ and have studied 
particularly the reproducibility of such equipment. 
This communication provoked the usual argument 
about the meanmg of time. Prof. A. Kastler 
(Paris) gave a review of his work on magnetic 
resonance in optically excited systems of various 
types. 

The last session was concerned with nuclear 
quadrupole resonance. Prof. Kastler pointed out 
that Maupertuis, a native of St. Malo, was the first 
to measure the departure ofthe earth from sphericity 
and hence was one of the first to measure a quad- 
rupole moment. F. Lurcat (Paris) showed how one 
ean obtain macroscopic equations of motion for 
quadrupole resonance absorption corresponding to 
the Bloch equations for nuclear resonance. M. 
Buyle-Bodin (Grenoble) has studied the phase 
transformations in p-dichlorobenzene by means of 
quadrupole resonance. 

The Conference was organized by Prof. R. Frey- 
mann (Rennes) and Dr. J. Le Bot (St. Malo-Rennes), 
and was supported financially by French industry. 
The conference was made royally welcome by the 
Municipality of St. Malo. The publication of the 
report and preparation of preprints were undertaken 
again by Dr. G. J. Béné and the Geneva group. 

The Colloque A.M.P.E.R.E. 1958 will be held in 
Paris during June. Information concerning the 
Colloque A.M.P.E.R.E. can be obtained from Prof. 
R. Freymann, University of Rennes, or from Dr. J. G. 
Powles, Physics Department, Queen Mary College, 
London, E.1. J. G. POWLES 
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; THE THIRD LAW OF 


THERMODYNAMICS 


HE “Year Book of the Physical Society, 1956”, 

the second ın the series, contains the texts of the ° 
fortieth Guthrie Lecture and the eleventh Holweck 
Lecture; the addresses delivered by the recipients 
of the thirty-second Duddell Medal and the eleventh 
Charles Vernon Boys Prize; abstracts of the dis- 
courses given at the fortieth Physical Society exhibi- 
tion of scientific instruments and apparatus ; obituary 
notices of fourteen fellows including Irene Joliot- 
Curie, A. O. Rankine, H. R. Robinson, S. Whitehead 
and R. W. Wood; and the report of the Council 
of the Society for 1955. 

In his Guthrie Lecture which he delivered on March 
13, 1956, the late Sir Francis Simon gives a historical 
and critical survey of the third law of thermo- 
dynamics. In 1906, ın a paper entitled “On the 
Caleulation of Chemical Equilibria from Thermal 
Measurements’, W. Nernst enunciated his so-called 
Heat Theorem which has now become the third law, 
and although at first it was considered mainly as a 
means of predicting chemical equilibria and directly 
applicable only to condensed systems, its later formu- 
lation as the law of the unattainability of absolute 
zero, and its extension to gaseous systems, led to 
Nernst’s claim that it was a law of general validity. 
However, subsequent investigations disclosed a 
number of notable discrepancies, and the law was 
rejected by many physicists. In 1927, Simon gave 
a new formulation of the law, which states that the 
entropy of all factors within a system that are m 
internal thermodynamic equilibrium disappears at 
absolute zero, and in this form the law covers all 
cases without exception. Sir Francis mentions that 
he was first a pupil, then a research assistant and 
finally a colleague of Nernst, and was thus close 
enough to obtain a very clear picture of what Nernst 
had in mind, but yet not‘so close as to be completely 
domimated by Nernst. In fact, some of the strongest 
opposition to Simon’s new formulation of the third 
law came from Nernst himself. Turning to recent 
experimental developments, Sir Francis deals with 
spin systems, and indicates the various sub-systems 
which must exist within a substance, some of which 
are in internal equilibrium and lose their entropy 
at some low temperature, and others in which the 
disorder persists down to the lowest temperatures. 
Finally, he poses the question as to the present useful- 
ness of the third law, and maintains that it has 
outlived most of its usefulness in the field for which 
it was originally intended, namely, chemical gas 
reactions, since the correspondmg condensed phases 
may not be in internal thermodynamic equilibrium. 
Absolute zero of temperature is no longer a point of 
reference for the thermodynamic calculations in 
these cases, and we must take the quantum statistical 
expression for the entropy of the gas to find out 
whether the condensed phase at absolute zero is in 
perfect order or whether it has a frozen-in disorder. 
In low-temperature physics, however, the third law 
is a most important guide since most of the systems 
of interest to physicists are not liable to become 
frozen in. Moreover, those cases where apparent 
discrepancies with the third law have been discovered 
have led to a better understanding of many properties 
of the condensed. phase. 

The Holweck Lecture, entitled “The Diffusion of 
Visible Light by Cubic Crystals’, was delivered by 
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Prof. J.-P. Mathieu. He describes how the diffusion, 
which is anisotropic even in cubic crystals, enables 
one to find the modes to which every observed line 
of the vibration spectrum belongs, and outlines some 
applications of the method to the study of crystal 
structure and the nature of order-disorder trans- 
formations. ‘The early history of the travelling wave 
tube was the subject of the address given by R. 
Kompfner, the Duddell Medallist, and crystals of 
silver halides, by J. W. Mitchell, the Vernon Boys 
Prizeman. S. WErNTROUB 
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POLYESTER WAX 


A NEW RIBBONING EMBEDDING MEDIUM 
FOR HISTOLOGY 


By Dr, H. F. STEEDMAN 


Department of Zoology, University of Glasgow 


NVESTIGATION of synthetic waxes during the 

past ten years indicates that there are some which 
possess advantages over paraffin wax for histological 
purposes. Of more than fifty which were subjected to 
detailed examination 400 polyethylene glycol di- 
stearate (Anchor Chemical Co., Ltd., Manchester 11) 
proved. to be the most suitable. To this was added 
cotyl alcohol as an extending agent, and the mixture 
‘is referred to as polyester wax. The amounts used 
aré 400 polyethylene glycol distearate 99 gm., 
cetyl alcohol 1 gm. 

This mixture has the following features : 


1) Melting point 37° O. 
2) Insoluble in cold water. 
'3)-Soluble tn alcohols, ethers, esters, ketones, hydrocarbons, ete. 
8 Almost op: paque 
5) Oircular, n ched crystals. 
ib u Easy sectioning, rıbbonıng, and flattening of sections and 
r 
7) No electrification of ribbons during cutting. - 
3 Good water tolerance. 

Flattentng of sections or ribbons on solutions of stains such as 
methylene blue permits staining of sections through the wax, as with 
ester wax (ref. 1). 

(10) Sections of 2 microns and more may be cuf at a room tem- 
perature between 10° and 22° 0, 


The main advantage which this wax possesses over 
paraffin wax and ester wax)? is its low melting 
point. This reduces hardening and shrinkage of 
tissues, as well as other heat-induced artefacts. 

Associated with the use of low-temperature infiltra- 
tion waxes are the two major problems of complete 
removal of the clearing agent or wax solvent from 
the specimen during its infiltration with wax, and of 
adhesion of tissue sections to microscope slides. 

Infiltration. During infiltration it is essential that 
the wax solvent should be removed entirely from the 
specimen, and this usually takes place in two ways— 
by diffusion into the wax, and by evaporation. At 
52° C. when xylene is used, as with paraffin wax, 
both processes operate simultaneously. When a non- 
volatile wax' solvent is used, such as cedarwood oil, 
removal takes place by diffusion only. Such a process 
is slow and necessitates the use of several changes of 
wax. 

When the .melting point of the wax is as low as 
37° C. both processes are greatly reduced in speed, 
because the decreased temperature leads to increased 
viscosity of the wax solvent or clearing agent, and 
hence to slower diffusion from the specimen. Heavy, 
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non-volatile solvents such as cedarwood oil are there- 
fore not recommended for use with polyester wax, 
unless mechanical stirring is employed during 
infiltration. Alcohols, ethers, and esters are recom- 
mended, or hydrocarbons such as xylene or ligroin 
for thosé who prefer shem. A solution of 96 per cent 
ethyl alcohol and 4 per cent water is excellent. 

Adhesion of sections., Tissues infiltrated with wax 
at 37° C. are not heat-denatured to the same extent 
as those infiltrated at 52° C. or above. Tissue 
sections cut in this wax must also be dried at low 
temperatures—18-25° C.- As a consequence of this, 
sections cut in polyester wax, when taken down to 
water for stainmg, tend to wash off the microscope 
slide very easily, because the section proteins absorb 
water more readily, and because adhesives such as egg 
albumen have not been baked into a condition of 
relative hardness and insolubility, as-is thé-case when 
they are dried at 52° C. All the known adhesives for 
tissue sections failed to prevent the ‘loosening of ` 
polyester wax sections, and more than eighty new 
reagents for this purpose were investigated. Of these, 
amylo-pectin (Messrs. Brown and Polson, Ltd., Indus- 
trial Products Division, Trafford Park, Manchester 
17) proved to be the most successful. It will stick 
sections to glass more firmly than any other medium, 
but when dissolved in water it breaks down and loses 
its adhesive properties after eight days. A preserva- 
tive is therefore,employed. The solution is made up 
as follows: - 


ant o nie a awn of ‘distilled water and add to it while still boi 
5 gm. Nipa ester No. 82121 (Nipa Laboratories, Ltd., Trefores 
Estate, Pontypridd. Glam.). Stir until the ester is dissolved, 
(2) Cool 206 ml. this solution to room temperature and add 
gm. of amylopectin. This will not dissolve but will lie as a white 
powder, at the bottom of the beaker, 

(3) Raise t he 800 ml. to the boil and add slowly, with stirring, 
the 200 ml. containing the amylopectin, A bluish, opalescent sus- 
pension will be produced. Cool, and the 4 zene is ready for use, 
Always shake ıt before use, and do not filter. 


The complete method of using polyester wax ‘is as 
follows : 


(1) Bring fixed material to 96 Pi cent ethyl alcohol, 4 per cent 
water; or bring to absolute alcohol, ‘Cellosolve’, or xylene as desired, 

2) "Transfer the tissue either to a mixture of any of the above 
fluids and wax, or directiy to pure wax. The infiltration time is 
approximately equal to that when using Paraffin wax, plus one-third, 

(3) Make a block as with paraffin wax. Do not immerse the molten 
wax In water, but leave to cool without farther attention. It is not 
necessary to surround the block with cold water. 

(4) Cut sections at the speed of parafin wax sectioning—approx- 
imately 80-100 per min. Do not handle the block. 

(5) Float the sections or ribbons on-to ‘the amylopectin solution 
given above, either on a microscope slide or in a dish. 

(6) Flatten the sections by leaving them on the amylopectin. 
solution for 5-10 min. at 2 room temperature of 18° C., or speed this 
process up by placing the slide with the sections on it upon & warm 

plate at Bee C. for about 30 sec. 

(7) Drain the excess amylopectin solution off the slide and ay 
the sections overnight at room temperature or at about 25° C. 
excess amylopectin will show as fine black dota under the icco 
the slide must be well drained before 

{8} From then on treat as paraffin wax. sections. 


Polyester wax tends to become softer after it has 
been continuously heated in an oven at 37° O. for 
several weeks. 

It is considered that this wax could take the place 
of paraffin wax both for routine purposes and for 
research work. Its low -melting point permits its 
use without expensive infiltration ovens, and for this 
reason histological practice might be brought within 
the reach of schools and colleges where it had not been 
possible previously for financial reasons. 

It is hoped to publish a more detailed account 
elsewhere. 


'Steedman, H. F., Quart. J. Micro. Sci.. 88, 123 (1947). 


sae W., and Leach, E. H., Quart. J. Micro. Scè., 97, 593 
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AMINO-ACID SEQUENCE OF THE O-MELANOCYTE-STIMULATING 
HORMONE 


By Dr. J. IEUAN HARRIS* 


Department of Biochemistry, University of Cambridge 


AND 


Da. AARON B. LERNER 


Department of Medicine, Yale University School of Medicine, New Haven 


ERNER and Lee! have isolated two different 

highly active melanocyte-stimulating polypep- 
tides from the posterior lobes of pig pituitary glands. 
The major active component («-melanocyte-stimu- 
lating hormone) was shown to be a basic polypeptide 
with an isoelectric point at pH 10-5-11-0, while the 
other active component (§-melanocyte-stimulating 
hormone), a polypeptide with an acidic isoelectric 
point (pH 5-5), appears to be identical with the 
melanocyte-stimulating hormones isolated indepen- 
dently by Porath, Roos, Landgrebe and Mitchell?, 
by Benfey and Purvis*, and by Geschwind, Li and 
Barnafit, 

The complete chemical structure of the melanocyte- 
stimulating hormone? corresponding to the @-melano- 
cyte-stimulating hormone was elucidated by Harris 
and Roos’. It was shown to consist of eighteen 
amino-acid residues” in’ a single peptide chain, and 
to contain a sequence of seven amino-acids which 
had previously been shown to occur in the cortico- 
tropins,’. This revealed a chemical basis for the 
intrinsic melanocyte-stimulating activity% of the 
corticotropins. Geschwind, Li and Barnefi* have 
come to similar conclusions concerning the melano- 
cyte-stimulating hormone which they have isolated 
from the pig pituitary. 

Added in proof. Geschwind, Li and Barnafi have 
recently described (J. Amer. Chem. Soc., 79, 1003 ; 
1957) the isolation and structure of a 6-type melano- 
cyte-stimulating hormone from ox pituitaries, in 
which the glutamic acid residue in position 2 
(B-MSH (pig), Fig: 1) is replaced by serine. 


Structure of the a-melanocyte-stimulating hormone. 
The material used in the present investigation was 
prepared by Dr. Teh Lee accordmg to a procedure 
which has already been described®, 


Amino-acid composition, amino- and carboxyl- 
terminal groups. The amino-acid analysis of the 
o-form of melanocyte-stimulating hormone (we are 
indebted to Mr. M. W. Rees and Miss B..D. Worboys 
for this analysis) was determined by the procedure of 
Moore and Stein, and the following composition was 
deduced on the basis ‘of minimum whole number 
molar ratios of the principal constituent amino-acids : 
Arg, Glu, Gly, His, Lys, Met, Phe, Pro, Ser, Try, 
Tyr, Val). 

Smaller amounts (less than 0-2 mole) of aspartic 
acid, threonine, alanine and leucine were also found 
to be present in a 24-hr. acid hydrolysate of the 
preparation under investigation ; but we decided to 


* Scientific Staff, Medical Research Council. 


proceed on the assumption that these additional 
amino-acids were not integral constituents of 
«-melanocyte-stimulating hormone. This assumption 
was in fact verified when the amino-acid sequence 
had been determined, and it was then clear that the 
results of previous amino-acid analyses (quoted in 
ref. 1b) had led to erroneous conclusions concerning 
the amino-acid composition and molecular size of 
both the «- and 6-melanocyte-stimulating hormones. 

No N-terminal residue could be detected when the 
fluorodinitrobenzene? and modified’? phenylisothio- 
cyanate! methods were applied to «-melanocyte- 
stimulating hormone and no C-terminal residue could 
be revealed with carboxypeptidase”. ° 


Action of trypsin and chymotrypsin. «-Melanocyte- 
stimulating hormone (2 mgm) was digested with 
trypsin (0-02 mgm.) at pH 8-2 and 30° for 30 min. ; 
two 2-mgm. portions were also separately digested 
with chymotrypsin (0:02 mgm.) at pH 8-2 and 
30° for 30 min. and 16 hr. respectively. The three 
reaction mixtures were submitted to ionophoresis 
on paper in a pyridine-acetic acid buffer (pH 6:5) 
for 90 min. at 40 V./em. The resulting peptide 
fragments were located on, guide strips with nin- 
hydrin; peptides containing tryptophan, tyrosine 
and histidine residues were separately located by 
specific colour reactions, and after elution with 5 per 
cent acetic acid, each peptide component was 
hydrolysed (6 N hydrochloric acid, 18 hr., 105°) and 
analysed for its constituent amino-acids by chromato- 
graphy on paper. The amino-acid compositions of 
the peptide fragments derived from «-melanocyte- 
stimulating hormone are given in Table 1. 


Elucidation of amino-acid sequence. Peptide ©, did 
not react with ninhydrin but gave serine and tyrosine 
after hydrolysis with acid; tyrosine was shown to 
be C-terminal? and tho residual serine derivative, 
which did not react with ninhydrin, gave free serine 
after hydrolysis with acid. C, is thus an amino- 
substituted derivative of Ser.Tyr. The C-terminal 
residue of T, is arginine (in accordance with the 








Table 1 
Peptide Amino-acid composition 
Trypsin, T, Ser,, Tyr, Met, Glu, His, Phe, Arg) 
Chymotrypsin, ©, Ser, 
PA Cy (Ser, Met, Glu,His,Phe} 
” Cs (Arg, Try, Gly, Lys, Pro, Val) 
Trypsin, Ts ae Gly, Lys, Pro, Val) 
Arg, T; 


Chymotrypsin, as 


” 5 


Ty 
(Gly, Lys, Pro, Val) 
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specificity of trypsin) and phenyl- - - ilo : 
alanine was shown to be ©- CORTICOTROPIN ! 12 Eh ie e RIES ae 


terminal in O, by means of carb- 
oxypeptidase. From a com- 
parison of T,, C, and C,, it is 
seen that C, and C, are part of the 
T, sequence, which in turn must 
form the N-terminal sequenéé, 
Ser.Tyr.(Ser, Met, Glu, His).Phe. 
Arg, in the structure of «-melano- 
eyte-stimulating hormone. By 
means of the modified phenyliso-. 
thiocyanate method”, the phenyl- 
thichydantoin derivatives of serine, methionine and 
glutamic acid were successively released from Ca 
thereby establishing the N-terminal sequence in 
Q- -melanocyte- -stimulating hormone R- -Ser. Tyr.Ser.Met. 
Glu.His.Phe.Arg. 

By the prolonged action of chymotrypsin, C, gave 
equimolar amounts of C, and C,. Like T, both Os 
and ©, were found to be unusually basic as judged 
by their mobilities during ionophoresis at pH 6-5. 
It could be inferred that the COOH group of the 
C-terminal residue in all three peptides is not free, 
and {this idea received additional support when it was 
found. that (as in a-melanocyte-stimulating hormone) 
the three peptide fragments Ta, Cs and C, were not 
susceptible to the action of carboxypeptidase. 
Clearly Ta, C; and C, form the C-terminal sequence, 
Arg.Try.(Gly, Lys, Pro, Val), in «-melanacyte- 
stimulating hormone. The structure of C, was 
determined by partial acid hydrolysis (12 N hydro- 
chloric acid, 5 days, 37°). In this way the peptide 
fragments Gly.Lys, Gly.Lys.Pro, Lys. Pro, and Pro. 
Val were identified; one mole of ammonia was also 
obtained. This established the sequence in C, to be 
Gly.Lys.Pro.Val.NH;;: 

The complete amino-acid sequence of a-melano- 
cae hormone is therefore established as 

ollows : 


&-MSH(pIg} 


5 tO | OF, > | + -—-—— C5, 








| 0> | 1—0 


Fas 
2. 9 10 11 12 13 
Reser. Tyr. Sr. Mot. dutis. Phe- Arm Ty. Gly. Lys.Pro.Val.NH, 


| 


The «-melanocyte-stimulating hormone is shown to 
be an N-substituted tridecapeptide amide, and its 
amino-acid sequence is identical with the N-terminal 
tridecapeptide sequence of the corticotropins®.’.. How- 
ever, the amino group of the N-terminal serine of the 
hormone is substituted by an as yet unidentified 
group, while the C-terminal residue, valine, occurs as 
the amide. 

The structures of the two melanocyte-stimulating 
hormones (« and 8), together with the related 
N-terminal tridecapeptide sequence of corticotropin, 
are illustrated in Fig. 1. As shown, the heptapeptide 
Met.Glu.His.Phe.Arg.Try.Gly occurs in all three 
molecules. If in @-melanocyte-stimulating hormone 
the lysine in position 6 were interchanged with the 
serine in position 14, then the sequence of identity 
would extend to eleven amino-acids. 

The N-terminal positions in the three molecules 
are, however, significantly different. Thus, although 
the sequence Ser.Tyr.Ser is N-terminal in both 
corticotropin and the~«-melanocyte-stimulating hor- 


T, 














T, 





1] 2) 3 Baers loud essa 
E 


8 9 10 H 12 1314) 15/16 17 18 


S| 6} 7 
A-MSH([pltg) H—ASp. Gch. Pre Tyri Lys] Met.Glu.His,Phe Arq Try, Gly} Serj ProjPra Lys. Asp- OH 


Fig. 1. Amino-acid sequences of 'a- and 8-melanocyte orang hormonés and cortico- 


tropin from pig pituitary glands 


‘mone, the amino- (and possibly also the adjacent 
hydroxyl) group of the terminal serine is blocked in 
the latter. In (§-melanocyte-stimulating hormone, 
where this particular sequence does not occur, it must 
be assumed that the unrelated Asp.Glu.Gly.Pro 
structure fulfils the same function as the N-sub- 
stituted serine moiety in «-melanocyte-stimulating 
hormone. It is clear that a free N-terminal serine 
is not an essential constituent of a highly active 
melanocyte-stimulating peptide ; moreover, cortico- 
tropin, which does contain a free terminal serine, 
has relatively low activity (l per cent®8) as a 
melanocyte stimulator. This suggests that the free 
N-terminal serine, which has been shown! to be 
essential for adrenocorticotropic hormone activity, is 
at the same time responsible for the diminished 
melanocyte-stimulating activity of corticotropin. ` 

It is therefore highly significant that, when the 
terminal serine in corvicotropin is modified, as in the 
periodate-treated hormone", or removed, as in the 
alkali-treated hormone’, the loss of adrenocortico- 
tropic hormone activisy which occurs is in both cases 
accompanied by a significant increase in melanocyte- 
stimulating activity (ref. 6, and unpublished work 
by Dixon, H. B. F., and Lerner, A. B.). These results 
show that corticotropin can be changed into a pre- 
dominantly melanocyte-stimulating substance and 
suggest that the terminal serine residue plays an 
important part in determining which of the two 
biological properties shall predominate. Neverthe- 
less it seems probable that the essential minimum 
structural requirements for melanocyte-stimulating 
activity are to be found in the common sequence, 
Met.Glu.His.Phe.Arg.Try.Gly, since the positions 
adjacent to it (that is, 6 and 14 in $-melanocyte- 
stimulating hormone, 3 and 11 in a-melanocyte- 
stimulating hormone) can be occupied by either lysine 
or serine without effect on the biological potencies of 
the two substances. 


1(a) Lerner, A. B., and Lee, T. H., J. Amer. Chem. Soc., 2%, 1066 
Salag p Lee, T. H., and Lerner, A. B., J. Biol. Chem., 221, 


2 (a) Porath, J., Roos, P., Landgrebe, and Mitchel, G. A 
Biochim. Bu nophys. Ade, 17, 598 Oies. yA Roos, P., Acta Chem 
Scand., 10, 1061 (1956 

* Benfey, B. J., and Peria J. L., J. Amer. Chem. Soe., 77, 5167 

t Geschwind, I. I. , C. E, and Barnafi, L., J. Amer. Chem. Soc., 
78, 4494 doa "ho, a0 (1987). 

® Harris, J. I., and Roos, P., Nature, 178, 90 (1956). ‘ 

* Bell, P. H., J. Amer. Chem. Soc., 76, 5565 (1954); 78, 5051: (1958). 

? White, W. F., and Landmann, W. A, J: Amer, Chem. Soc., 77, 1711 

(1955). Harris, J. I., and Li, 0. H., J. Amer. Chem. Sot., 76, 3607 

1954). Ia, 0. H, Geschwind, I. I., Cole, R. D., Raacke, 1. D., 
Harris, J. i, and "Dixon, J. S, Nature, 176, 687 (1955). 

® Dixon, H. B. F., Biochim. "Biophys. Acta, 19, 392 (1956). 

* Sanger, F., Biochem. J., 39, 507 (1945). 

1° Fraenkel-Conrat, H., J. ' Amer, Chem. Soc., 78, 3606 (1954). Fraenkel- 
Conrat, H., and Harris, J: I., J. Amer. Chem. Soc., 76, 6058 (1954), 

11 Edman, P., ‘Acta Chem. Scand., 4, 283 (1950). 

44 Harris, J. i; pps mm on Peptide Chemistry, Chem. Soc. (London) 
Spec. Pub., 2, 71 (1955). 

3 Dixon, H. B. F., Biochem. J., 62, 25P (1956). 
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ION COMPRESSION AND THE COLOUR OF RUBY 


By Dr. L. E. ORGEL 
Department of Theoretical Chemistry, University of Cambridge 


HE spectra of many transition-metal compounds 

have been interpreted successfully by means of 
erystal-field (ligand-field) theory. The hydrates have 
received more attention than any other class of 
compound, and the band assignments for their spectra 
are fairly complete'. If the spectra of transition- 
motal ions dissolved in glasses or in other oxide 
materials* are compared with those of the hydrated 
ions, the correspondence between them is found to 
be very close, provided that the metal ion is octa- 
hedrally co-ordinated in the host lattice. For trivalent 
ions in glasses the only observed differences are small 
shifts of the absorption bands to longer wave- 
lengths, corresponding to a decrease of 5-15 per cent 
m A, the fundamental crystal-field splitting of the 
d-orbitals. In the case of the chromium ion (Cr+), 
the hydrate has band maxima at 17,400 em.-? and 
24,700 em.-1, corresponding to the tAgg —> Tag and 
tA:g > Tıg transitions, respectively’. In glasses 
these maxima are displaced to 15,400 cm.-+ and 
22,200 cm.-!. The green colour of hydrated chromic 
salts, chromic oxide and chromic ion in most 
oxide lattices is due to these two bands, par- 
ticularly to the one with its maximum near 
16,000 cm}. 
- The optical properties of the ruby, which consists 
of a small quantity of CrO, dissolved in an Al,O, 
matrix, have been regarded as anomalous. One 
would expect that solutions of chromium ions in the 
corundum lattice of AlO, would be green, and m 
fact solutions containing a large quantity of Cr,O, 
dissolved in «-Al,O, or any quantity of CrO, dis- 
solved in B-Al,O, are green in colour. But rubies are 
red. Furthermore, red solutions of CrO, become 
green on heating but revert to their original colour 
on cooling’. Explanations of these facts based on 
the presence of an oxidation state of chromium other 
than three have been excluded by magnetic and 
other studies. The suggestion that the change from 
red to green observed as the concentration of Cr,Os 
is increased is connected with the antiferromagnetic 
exchange coupling which undoubtedly occurs in 
Cr,0, is excluded by the reversion of green solutions 
to red on cooling. 

The simplest remaining possibilities are that the 
chromium ions are not octahedrally co-ordinated or 
that although they are octahedrally co-ordinated 
they are subjected to an anomalously large crystal 
field, We shall show that an interpretation based on 
the second of these hypotheses can be justified by 
intuitive arguments and is consistent with all the 
available experimental evidence. The first hypothesis 
is without any support, since the corundum structure 
which involves octahedral co-ordination of the 
metal ions ıs adopted both by «-Al,O,; and by 
Cr,05. 

The red colour of ruby is due to an absorption 
band the maximum‘ of which is at about 19,000 em.-?. 
Thus, accordmg to our interpretation, the crystal- 
field parameter A in ruby has increased by 20 per 
cent relative to that in other oxide materials. In the 


electrostatic theory, A ıs proportional to R-® where 
R is the metal-anion distance, so that a reduction of 
20 per cent in A corresponds to a.reduction of the 
metal-oxygen distance by 4 per cent. Taking the 
radius of the chromium ion as 0:65 A. and that of 
the oxygen ion as 1:40 A., we find a normal Cr-O 
distance of 2-05 A., so that a shortening of the Cr-O 
distance by 0- 08 A. would be sufficient to account 
for the observed difference in colour. While we do 
not *believe that the crystal-field theory can give 
accurate absolute values for A in terms of molecular 
dimensions, we nevertheless believe the above 
estimate to be of the right order of magnitude. 

Tho radius of the aluminium ion (Al*+) is 0-50 A., 
that is, substantially smaller than the radius of the 
chromium ion (Cr%+). It therefore seems certain 
that if aluminium ions were replaced by chromium 
ions m a solid lattice without changing the positions 
of the neighbouring anions an enormous repulsion 
energy would result. In practice, this would be 
decreased by the relaxation of the host lattice. The 
final position of the anions, however, would not 
correspond to the normal ionic radius of the impurity 
ion but to some intermediate radius between that of 
the host and the impurity. The above very rough 
calculation suggests that ın ruby shis radius is about 
0:57 A., which by chance is juss the mean of the 
ionic radii of aluminium and chromium. 

Thilo and co-workers? have shown that at room 
temperature Al,O,-Cr,0, solutions containing up to 
8 atom-per cent Cr,0, are red in colour, but that 
solutions containing a greater amount become pro- 
gressively more green. They also showed that there 
is little change in the lattice parameters of Al,O, 
until 8 atom-per cent of-Cr.0, has been added and 
that then the lattice parameters increase linearly 
until those for pure Cr,O, are reached. This strongly 
supports our interpretation in terms of ‘compression’ 
of the chromium ion. 

It was also noted that the temperature at which 
the transition from red to green occurred decreased 
with the concentration of chromium ions. This, 
presumably, is because the relaxation of the lattice 
takes place more easily when a larger amount of 
chromium ions is present. 

It has been reported? that certain Cr$+—Al?+ 
spinels are also red when the chromium ion concen- 
tration 1s sufficiently low, but green otherwise. The 
same mechanism is presumably at work in these 
cases as in ruby. It seems possible that the colour 
of chromium ions in oxide matrices may provide a 
general method for -determining the ‘pressure’ to 
which the ion is subjected. Certainly a red colour 
is obtained in the ‘hard’ corundum and spmel lattices 
and a green one in the ‘softer’ glasses. 

1 Jorgensen, C. K., Proceedings, Tenth Solvay Conference in Chemistry, 
Brussels (1966). Orgel, T B., J. Chem. Phys., 28, 1004 (1958). 

1 Weyl, W. A., ‘Coloured Glasses”, Society of Glass Technology Mono- 
graph (1951). 

§ Thilo, 
37, 3 

‘Henning, F., and Hense, W., Z, Physik., 20, 182 (1923). 


Bu ao en T., Seeman, H., and Sauer, R., Naturwissenschaften, 
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Formation of Erythrose-4-phosphate and 
Acetyl Phosphate by a Phosphorolytic 
Cleavage of Fructose-6-phosphate 


SYNTHESIS of cellulose from glucose by washed 
cells of Acetobacter xylinum 1s not inhibited by iodo- 
acetate’. It would therefore appear that the energy 
required for the formation of cellulose from glucose 
in A. aylinum may be generated via a pathway 
which does not involve the iodoacetate-sensitive 
glyceraldehydé-3-phosphate dehydrogenase of this 
organism. In an attempt to find such an energy- 
yielding reaction, crude extracts of a ‘celluloseless’ 
mutant? of A. xylinwm were employed. Although 
the enzyme-catalysed reaction described below was 
also demonstrable in the wild type A. xylinum, the 
mutant was used because of its relatively abundant 
growth in shake cultures. 

The micro-organisms were grown at 30° with 
continuous shaking for 20-24 hr. The cells were 
harvested by centrifugation and washed several 
times with distilled water. Extracts were prepared 
in 0:05 M histidine buffer pH 6-5 containing 0-5 per 
cent potassium chloride with the aid of a Nossal 
shaker’. On incubating a crude extract thus obtained 
with glucose-6-phosphate and inorganic orthophos- 
phate in the presence of iodoacetate, an uptake of 
inorganic orthophosphate was observed. The results 
presented m Table 1 indicated that inorganic ortho- 
phosphate was converted to an acid-labile acyl 
phosphate which could be linked to a hexose phos- 
phorylation system consisting of adenosine-5-phos- 
phate, mannose and hexokinase. To study the 
reaction responsible for the uptake of inorganic 
phosphate more extensively, the enzyme system was 
purified about 15-fold. Incubation of fructose-6- 
phosphate and inorganic orthophosphate with the 
purified protein fraction resulted in the formation 
of acetyl phosphate and erythrose-4-phosphate 
simultaneously with the uptake of inorganic ortho- 
phosphate. : 


Table 1, UPTAKE OF INORGANIC PHOSPHATE BY AN EXTRACT OF 
A. xylinum MUTANT IN THE PRESENOB OF GLUCOSE-6-PHOSPHATS. 
The complete system contained in a final volume of 1 2 ml. the follow- 
ing reagents : 7-5 umoles of. anorganic phosphate ; 15 moles of sodium 
fluoride; 7 moles glucose-6-phosphate; 3 „moles of lodoacetate ; 
5 wmoles magnesium chloride; 40 moles histidine buffer, pH 5-9; 
bacterial extract (3-5 mgm. protein); and a hexose hosphorylation 
system consisting of 10 zmoles of mannose; 2-5 oles of adenosine- 
§-phosphate; 0-25 umole of adenosine triphosphate; and 46 units 
of hexokinase (ref. 6). The mixture was :ncubated for 80 min. at 30° 



























Hydroxamic 
A Pil* | A PII acids 
{umoles) | (#moles) (#moles) 
Complete system —3 0 —2-9 
Glucose-6-phosphate omitted 0-0 — 


Hexose phosphorylation sys- 
tem omitted = 00 
Glucose-6-phosphate and 
hexose phosphorylation 
system omitted 


—2'1 


0-0 04 





* Pi I determined in presence of 0 5 N sulphuric acid according to 
Fiske and Subbarow (ref. 7). 
Pi If determined at pH 4 0, according to Lowry and Lopez (ref. 8). 
Hydroxylamine was added at the end of the incubation period 
tes corey acid formation determined according to Lipmann and 
utile (ref, > = 
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Table 2. FORMATION OF AORTYL PHOSPHATE AND HRYTHROSE-4- 
PHOSPHATE FROM FRUCTOSE-6-PHOSPHATE AND INORGANIO PHOSPHATE. 
The complete system contained in a final volume of 0-8 ml. the follow- 
ing reagents: 8 moles of fructose-6-phosphate ; 8 zmoles of inorganic 
phosphate; 56 wmoles of histidine buffer, pH 55; and 0:36 mgm. 
protein of purified enzyme preparation. The mixtures were Incubated 
for 40 min. at 30°, except for the zero time control. 
Fructose-6-phosphate was determined by measuring triphospho- 
pyridine nucleotide reduction with phosphohexoisomerase and glucose- 
6-phosphate dehydrogenase. Inorganic phosphate was measured 
according fo Lowry and Lopez (ref. 8). Measurement of acetate was 
carried out according to Rose and Ochoa (ref. 10) after hydrolysis of 
the acetyl phosphate, and determination of the hydroxamie acid 
was carried out according to Lipmann and Tuttle (ref. 9). Erythrose-4- 
phosphate was assayed enzymatically (ref. 11) (figures in column I) 
and by a colorimetric method for tetroses according to Dische 
(personal communication) (figures in column JI) 









Acetyl phosphate Erythrose-4- 
ashy- | | phosphate 
phos- APi as ` droxamic 


phate acid* I II 
System |(zmoles) |(“moles) | (zmoles) (#moles) | (zmoles) (zmoles) 








3:2 2-6 a7 
0-4 0-2 0-2 
0-0 Ol 00 








* The hydroxamic acid was identified as acethydroxamic acid by 
paper puromatogtaphy folowing the method of Stadtman and Barker 
(ref. 12). 


Studies on the stoichiometry of the reaction, as 
shown in an experiment in Table 2, suggest that the 
following reaction 1s catalysed by the enzyme 
preparation : 


Fructose-6-phosphate + inorganic phosphate -> 
acetyl phosphate + erythrose-4-phosphate 


With xylulose-5-phosphate and inorganic ortho- 
phosphate as substrates, glyceraldehyde-3-phosphate 
and acetyl phosphate (measured as hydroxamic acid) 
were formed in almost equivalent amounts. An 
enzyme which catalyses such a cleavage of xylulose- 
5-phosphate but does not react with fructose-6- 
phosphate has recently been obtained ‘from Lacto- 
bacillus pentosus grown on pentose’. With fructose-6- 
phosphate as substrate, the purified enzyme prepara- 
tion from A. xylinum has a specific activity of 
32 umoles hydroxamic acid formed/mgm. protein/hr. 
at 30°. No activity, or less than 10 per cent of that 
with fructose-6-phosphate, was detected with the 
following compounds tested as substrates: fructose, 
fructose diphosphate, sedoheptulose-7-phosphate, hy- 
droxypyruvate, pyruvate, dihydroxyacetone phos- 
phate, glucose-6-phosphate, ribose-5-phosphate and 
erythrose-4-phosphate. The enzyme activity was 
markedly dimmished by dialysis at an alkaline pH 
and partially restored by the addition of magnesium 
ions and thiamine pyrophosphate. 

Although formation of acetate from hexose via 
triose phosphate formed in the pentose phosphate 
cycle can be accomplished by A. aylinum®, the direct 
formation of acetyl phosphate from fructose-6- 
phosphate described in this communication might be 
visualized as a ‘short-circuit’ pathway to the two- 
carbon level. The substrate-level phosphorylation 
inherent in this reaction may serve to generate 
adenosine triphosphate with the aid of acetokinase 
which has been shown to be present in crude extracts. 
of the cells. As shown in the following equations, 
one molecule of fructose-6-phosphate may yield three 
molecules of acetyl phosphate by the action of the 
phosphorolytic cleavage enzyme in conjunction with 
enzymes of the pentose phosphate cycle : 
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Fructose-6-P + Pi— acetyl-P + erythrose-4-P 

Erythrose-4-P + fructose-6-P — sedoheptulose-7-P + glyceraldehyde- 
8-P — ribose-5-P + xylulose-5-P 

Ribose-5-P — xyiulose-5-P 

2 Xylulose-5-P + 2 Pi-» 2 acetyl-P + glyceraldehyde-3-P 

2 Givcoraldehyde-3-P —» fructose-1 : 6-di-P -> fructose-6-P + Pi 


Fruetose-6-P + 2 Pi — 3 acetyl-P 
3 Acetyl-P + 3. adenosine diphosphate — 3 adenosine tri- 
phosphate + 8 acetate 


Sum: 


Thus, with the aid of acetokinase, three molecules 
of adenosine triphosphate would be formed, represent- 
ing a net formation of two molecules of adenosine 
triphosphate from two of adenosine diphosphate per 
mole of glucose, an efficiency comparable to that of 
glycolysis. The acetyl phosphate may alternatively 
be metabolized via the citric acid cycle. 
This work was supported by a grant (RG 4290) from 
the National Institutes of Health, U.S. Public Health 
Service, Bethesda, Md.. 
M. SCHRAMM 
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` The Free Energy of Hydrolysis of Adenosine 
Triphosphoric Acid 


During the past decade, the value of the energy 
of adenosine triphosphate breakdown has several 
times been subject to revision. The more precise, 
though indirect, calculations? resulted in lower values 
* (1-9 keal./mol.) than the earlier results (11-13 
keal./mol.). 

We have tried to determine the free energy of 
hydrolysis of adenosine triphosphate by establishing 
tho equilibrium constant of the hexokinase reaction, 
using as a tracer the radioactive isotope of phosphorus : 


Glucose-6-phosphate* + ADP = glucose + ATP* 


The reaction mixturé consisted of adenosine 
diphosphate, glucose-6-phosphate, labelled with radio- 
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active phosphorus (specific activity 150-460 counts] 
min./pgm.), magnesium ions, yeast hexokinase and 
glycine buffer (pH 7-25). 

Hexokinase prepared according to the Meyerhof 
procedure contained no admixture of phospho- 
glucomutase or myokinase. The adenosine di- 
phosphate was free of any apparent traces of the 
triphosphate. The mixture was incubated in a water- 
bath at 37°C. for 3-6 hr. After mactivation of. the 
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enzyme by trichloracetic acid, the triphosphate ._ 


synthesized was determined by its radioactivity. 
A strictly measured amount of non-radioactive 
adenosine triphosphate was added to the mixture 
as a carrier. The usual procedures were employed 
for the isolation of adenosine triphosphate and for 
purifying it of any trace of radioactive glucose-6- 
phosphate. As a criterion of the purity of the 
adenosine triphosphate, control experiments were 
performed in exactly the same conditions, but with 
hexokinase previously inactivated by boiling. 

The amount of radioactive adenosine triphosphate 
was calculated from the quantity of triphosphate 
added as carrier and the specific activity of the portion 
ofitisolated. The concentration of the glucose in equil- 
ibrium was considered to be equal to the concentra- 
tion of adenosine triphosphate. The equilibrium 
constant of the hexokinase reaction (K) and the 
change of the free energy ` were calculated by the 
equation : 

[glucose- 6-phosphate] loa ; AP = L RThK 


aoe [glucose] [ATP] 


res 


`i 


The hydrolytic breakdown of adenosine triphos- 
phate can be represented as the sum of the hexo- 
kinase reaction and the hydrolysis of glucose-6- 
phosphate : 


glucose +-ATP =glucose-6-phosphate +ADP ; AF®, (1) 


glucose-6-phosphate + H,O = glucose + phosphate — 

(1+2) ATP + H,O = ADP + phosphate; Af,+;’ 

o AF°, (2) 

Then the energy of hydrolysis of adenosine tri- 

phosphate can be determined as the sum of AF, 
and AF% : 


AF’”i4a = AF, + AF’, where AF”, is — 2-45 keal. 


per mol. (ref. 2). 

The results of experiments are given in Table 1. 

The mean value of the free-energy change of the 
hexokinase reaction, according to the results in 
Table 1, is — 3-2 keal. per mole, and the mean free 
energy of hydrolysis of adenosine triphosphate is 
— 5-6 kcal. per mole. There are reasons for con- 
sidering the lower values of the equilibrium constant 
of hexokinase reaction as the most reliable. 


Table 1. EQUILIBRIUM CONSTANT DATA OF HEXOKINASE REACTION AND AF’ VALUES 











x 








Specific activity Amount of | Equilibrium AF? of 
ADP Glucose-6- of glucose-6- Duration of } Amount of | synthesized | constant of | hexokinase | AF* of ATP 
(m.moles) phosphate phosphate ımcubation | ATP carrier ATP hexokinase reaction hydrolysis 
(mmoles) Yeguntapmatnsjiagni (br.) _ (mgm.) (m.moles) | reaction (KX) | (keal./mole) | (kcal/mole) 
0-126 5-5 16-45 0-0040 —6-85 
0-124 3-0 16 63 0 0080 —5 -95 
0-185 5:5 12-71 0 0087 ~5-65 
0-124 50 16°63 0-0107 —5-65 
0-138 30 19-50 0 0120 —5°35 . 
0-118 25 11-80 © 0130 —5-36 
6 109 6-0 14°31 0 0135 —5 05 








June 29, 1957 


No, 4574 


The order of values obtained is m accordance with 
the new results? for the heat of hydrolysis of adenosine 
triphosphate, which is given as — 4-7 keal. per mole, 
instead of the previously accepted value of ~ 12 keal. 
per mole. It is nearly equal to the heat of hydrolysis 
of pyrophosphate and trimetaphosphate (— 5-8 and 
~— 6-2 keal. per mole of phosphate anhydride bond). 

Under physiological conditions, the phosphate 
bond-energy of adenosine triphosphate will change, 
depending on concentrations of adenosine tri- and 
di-phosphate and inorganic phosphate, and will be 
considerably higher. Thus, if we accept the con- 
centration of phosphoric acid as 0-01 M (which is 
usually the case in tissues) and that of adenosine 
triphosphate as the same as that of the diphosphate, 
it would be — 8-4 keal. 

Hence, in spite of the lower free-energy of adenosine 
triphosphate hydrolysis under standard conditions, 
this compound does not lose 1ts biological significance 
as a universal accumulator of chemical energy. 


G. E. VLADIMROV 
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A. Y. KOLOTILOYA 
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Blood Anticoagulant Activity of Sulphated 
Ovular Mucins of Amphibians 


THE mucin constituting the gelatinous layer which 
envelops the eggs of Bufo bufo, if digested with papain 
and then sulphated, shows a marked anticoagulant 
activity on the fibrinogen and the whole blood 
plasmat. A similar anticoagulant activity has now 
been shown by the ovular mucins of other species 
of amphibians, sulphated without any previous 
proteolysis. 

The ovular mucins of Discoglossus pictus, axolotl 
and Bufo bufo, removed from the eggs either by hand 
or by treatment with sodium -hioglycolate?, were 
lyophilized, desiccated ın vacuo over phosphorus 
‘pentoxide, and sulphated with chlorosulphonic acid 
(0-7 ml. per gm. of dry substance) for 12 hr. at 
— 16°C. The sulphated derivatives were neutralized, 
dialysed and filtered; no further purification was 
_ attempted.” 

The anticoagulant activity has been determined by 
the prolongation of the coagulation times of fibrinogen 
added to thrombin, and of oxalated bovine plasma 
after recalcification. The determinations were carried 
out as follows. 

(1) Fibrinogen. 0-1 ml. of sulphated mucin solution 
‘was mixed with 0:5 ml. of’a 0-5 per cent solution of 
fibrinogen (Bovine Plasma Fraction I, Armour Co.) 
in saline, and’ 0-1 ml. of a 0-1 per cent solution of 
Trombasi Roussel (a powder extracted from the 
blood plasma, and containing thrombin) was added. 
The coagulation times at 37° C. were determined, as 
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Table 1 


Coagulation times 
Fibrinogen 


4 min. 34 see. 
6 min. 18 sec. 
6 min. 20 sec. —_ 
—- 10 min. 28 sec, 
6 min. 10 sec. 


Concentration 
(ugm.jml.) 





7 min. 10 sec. 


Controls 
10 min. 85 sec. 


Heparin 1 


Duscoglossus a 5 
Axolotl 
Bufo bufo 


— 10 min. ! 36 sec. 
6 min. 20 sec. — 
— 10 min. 22 sec. 








well as those of the controls (0-1 ml. of distilled water 
instead of the mucin) and those given in the presence 
of a 0-0001 per cent solution of standard heparin 
(100 units per mgm.). 

(2) Whole plasma. 0-5 ml. of oxalated bovine plasma 
(9 parts of blood and 1 part of 0-1 MZ neutral pot- 
assium oxalate) was recalcified with 0-1 ml. of 2 per 
cent calcium chloride, and mrxed with 0-1 mil. of 
sulphated mucm solution, or distilled water, or 
0-0001 per cent standard heparin solution. The 
coagulation times were determined at room tempera- 
ture (about 18° C.). 

The results are summarized in Table 1, which only 
gives the results for concentrations of mucins showing 
approximately the same anticoagulant activity as 
0-0001 per cent heparm, that is, prolonging the - 
coagulation time of fibrmogen by about 40 per cent, 
and that of plasma by about 50 per cent. The results 
in Table 1 are the averages of sixteen determmations 
for fibrinogen, and of nine for the plasma. 

From these results, the anticoagulant activities of 
the sulphated mucins could be expressed in heparin 
units as in Table 2. 


Table 2. ANTIOOAGULANT ACTIVITY IN HEPARIN UNTTS 


Discoglossus 


Axolotl 
Bufo bufo 





The anticoagulant activity induced by sulphation 
is probably due to the sulphamic groups arising in 
the esterification with sulphuric acid of the hexos- 
amines present in the mucin substancet. The much 
lower activity for the whole plasma than that for 
fibrinogen, in respect to the heparin, may depend 
on the mability of the sulphated mucins to combine . 
with the plasma fractions which activate heparin. 

A. MINGANTI 
G. BELLIA 
Zoological Institute, 
University of Palermo. 


1 Minganti, A., and Azzolina, G., Ric Scient., 26, 3674 (1956). 
*Minganti, A., Ezp. Cell Research, Supp. 8, 248 (1955). i 


Antigenicity of Antibodies of the Same 
Species 

In previous papers! rare human sera were described 
which possess the ability to agglutmate human red 
cells sensitized with incomplete isoantibodies. The 
possible application of such sera in blood group 
laboratories was stressed. Based on the absorption 
experiments, the opmion was expressed that the 
agglutinating factor contained in these sera is an 
‘anti-antibody’, which reacts with human immune 
globulins denatured in serological reaction. 
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Table 1, ABSORPTION OF RABBIT ‘ANTI-ANTIBODIES’ PRODUCED ON 


ISOSTINULATION 


Titres of the two kinds of unabsorbed sera against sensitized sheep 
1ed-cells, 1: 256. 


`~ 

















































‘ 
Agglutination titre* of the 
sensitized sheep red-celis by 
the ‘anti-antibodies’ stimu- 
Serum absorbed by lated by 
Proteus Escherichia 
antibody antibody 
Unchanged 256 256 
_| Proteus N 
. bacillı Agglutinated by 
rabbit Proteus 8 256 
antibody 
Unchanged 256 256 
Escherichia 
bacilli Agglutinated by 
: rabbit Escherichia 256 1 
antibody 
Unchanged 256 256 
Sheep red cell 
stromata Sensitized by 
rabbit anti-sheep 16 


hemolysin 








* The agglutination titre given is the reciprocal of the last serum 
dilution which gave a marked agglutination. 


To obtain further evidence for this hypothesis it 
had to be shown that the immune globulins of the 


` individual’s own species become antigenic after 


denaturation in serological reaction. This proof was 
obtamed in animal experiments. 

LIsostimulation. Rabbits were injected intraven- 
ously with Escherichia and Proteus bacilli agglutinated 
by a corresponding rabbit immune serum. Ten to 
twelve intravenous injections were performed at 
weekly intervals. The sera of all animals stimulated 
in such a way agglutinated sheep cells sensitized with 
rabbit anti-sheep hemolysin. The most potent serum 
reacted up to the dilution of 1 : 612. 

The agglutination of the sensitized sheep cells 
could be eliminated or significantly diminished by 
absorption of the sera with sheep red-cell stromata 
sensitized with rabbit anti-sheep hemolysin. As is 
to be seen from Table 1, Escherichia bacilli agglutin- 
ated by -the Escherichia antibody only eliminate 
‘anti-antibody’ obtained by stimulation performed 


with Escherichia antibody, and do not absorb ‘anti- . 


antibody’ obtamed by stimulation performed with 
Proteus antibody. Similarly, only the homologous 
and not the heterologous ‘anti-antibody’ was absorbed 


` by the Proteus bacilli agglutinated by Proteus 


antibody. 
Autostimulation. Rabbits were injected at weekly 


intervals with leucocytes obtamed from a peritoneal ° 


effusion produced artificially in guinea pigs. During 
one month intravenous, and during four months 
intraperitoneal, injections were given. The immune 
serum, besides reaction with gunea pig leucocytes, 
agglutinated also sheep red-cells sensitized with 
rabbit hemolysin. The titre of this reaction was 
1: 512. 

The experiments on isostimulation have shown that 
immune globulins of an individual’s own species 
become antigenic when they ‘are denatured in sero- 
logical reaction. The ‘anti-antibody’ produced in 


this way can be easily detected by the agglutination - 


of red cells sensitized with antibody. It was rather 
surprising to us that ‘anti-antibody’ against Proteus 
antibody and that against Escherichia antibody are 
not cross-absorbed. Perhaps this indicates differences 
in antigenic structure of rabbit antibodies of different 
specificity. The rabbit hemolysin reacting with both 
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‘anti-antibodies’ must possess some antigenic pro- 
perties of both Proteus and Escherichia antibodies. 
Experiments on autostimulation showed that the - 
immune globulins of the mdividual’s own body 
may become antigenic. On the immunization with 
leucocytes, the first antibody to appear was leucocyte 
antibody. Further injections of leucocytes caused 
the in vivo reaction between these cells and the corre- 
sponding antibody. In this reaction the antibody 
was presumably denatured and stimulated the pro- 


“duction of an ‘anti-antibody’. 


In connexion with the experiments described, 
the paper by Coombs and Coombs? in which the 
antigenicity of the individual’s own complement was 
shown was of particular interest. 

F. MLGROM 
S. DUBISKI 


© 


Institute of Medical Microbiology, 
Silesian School of Medicine, ‘ 
Zabrze-Rokitnica, Poland. 
March 14. 
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(1956); Vox Sanguinis, 1, 172 (1956). 
2 Coombs, A. M., and Coombs, R, R. A., J. Hyg., 51, 609 (1953). 


Rh Antigens and Immunological 
Tolerance 


THE discovery of the phenomenon of immunological 
tolerance has raised the possibility that the nature 
of a mother’s Rh blood-type may affect the reactivity 
of her children towards Rh antigens'-*. The simplest 
possibility 18 that the Rh-negative women born of 
Rh-positrve (as opposed to Rh-negative) mothers 
should be relatively tolerant of Rh antigens as a 
result of an exposure to those antigens in foetal life ; 
and this tolerance might reveal itself by their being 
less readily immunized against the Rh antigens of 
an Rh-positive foetus, or by their bearmg fewer 
children afflicted by hemolytic disease. 

Two independent series of observations? have 
shown that the Rh type of the mothers of those 
Rh-negative women whose children develop hæmo- 
lytic disease does not depart significantly from 
normal expectation. On the other hand, the data 
of Owen eż al.* suggest that the Rh-negative daughters 
of Rh-positive women may have relative tolerance 
if the presence or absence of antibodies in sera is 
used. as the criterion of tolerance. We have recently 
been able to determine the Kh-status of the mothers 
of 173 Rh-negative women who developed Rh anti- 
bodies in their sera and who gave birth to children 
afflicted with hemolytic disease of various degrees 
of severity. Our findmgs are summarized in Table 1, 
in which the actual distribution of the Rh blood-types 
of the mothers—that is, of the grandmothers of the 
affected children—is compared with normal expecta- 
tion (calculated from the data given by Booth, Duns- 
ford, Grant and Murray’). The results show a relative 


Table 1. RH-STATUS OF MOTHERS OF IMMUNIZED RH-NEGATIVE WOMEN 


Rh—ve 


82 
47-4 


70 98 
41-02 


Bh+ye 





Observed (No.) 91 
52 6 
102 04 
58 98 


(per cent) 





Expected (No.) 
er cent) 





x? = 2-912 for 1 degree of freedom ; p Hes between 0-05 and 0-10. 
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Table 2, SEVERITY oF DISEASE IN First AFFECTED, CHILD 


No 4574 









Severe} Still- 














Rh group of Severe 
grandmother Mild | recovered | died | born | Total 
Rh+ve (No.) 24 
(per cent) 26 4 
Rh—ve (No.) 25 
(per cent) 30-5 
Unknown (No.) 76 
(per cent) 31-5 












Total (No.) 


(per cent) 


126 
30-2 





excess of Rh-negative mothers—-a departure in the 
direction which the hypothesis of tolerance suggests, 
but one which falls short of the accepted level of 
significance (0:05 < p < 0:10). 

We next investigated the possibility that tolerance 
might be reflected ın the severıty of the disease in the 
affected children, which might vary with the Rh 
blood-type of their grandmothers. The severity of 
hemolytic disease in the first affected child was 
classified under four headings: (1) mild disease, 
infant not transfused; (2) severe disease, infant 
transfused and recovered: (3) severe disease, infant 
transfused but died; and (4) infant stillborn. The 
results are shown in Table 2, from which it is clear 
that, in our sample, the severity of the disease in the 
affected children was not correlated with the Rh 
blood-group of the, grandmother. 

Lastly, we investigated the mean Rh antibody 
titres in women with Rh-positive and Rh-negative 
mothers respectively, and these are shown in Table 3. 
The mean antibody titre of women with Rh-positive 
mothers is actually somewhat higher than the mean 
antibody titre of women. with Rh-negative mothers, 
but this may be due to chance. ' 


Table 8. MEAN TITRES OF IMMUNIZED RH-NEGATIVE WOMEN 





Mean interval in months Mean titre of incomplete 





Rh group of since last exposure of | anti-D antibody at time 
grandmother j| mother to Rh (D) anti-{ of testing of mother 
gen 
80 8 355 
250 267 








These results support and extend previous investiga- 
tions’? showing that an infant’s likelihood of suffer- 
ing from hemolytic disease is not correlated with 
the Rh blood-type of its maternal grandmother. 
They also suggest, but do not prove, that the chances 
of Rh-negative women. being immunized by Rh anti- 
gens are similarly independent of embryonic exposure 
to the antigens. On the other hand, two problems— 
(1)' the kind of antibody, and (2) the number of 
pregnancies required to produce immunization in 
Rh-negative women born of Rh-positive or of Rh- 
negative mothers—need further investigation. Owen 
and his colleagues? have given evidence which 
suggests (a) that Rh-negative women who develop 
Rh antibody in a first, second or third pregnancy 
but whose babies do not develop clinically recognized 
hemolytic disease are, in. a disproportionate number 
of cases, the daughters of Rh-negative mothers ; and 
(b) that the Rh-negative women who do not develop 
an anti-Rh antibody in their first three Rh-positive 
pregnancies are, more often than chance would 
suggest, the daughters of Rh-positive women. The 
present study does not test the interpretation out- 
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lined under (a) and (6), suggested by Owen and his 
colleagues. 

It is possible that, in some instances, an Rh- 
negative woman born of an Rh-positive mother may 
have acquired some tolerance to the Rh antigens. 
However, the evidence on the whole is, in our opinion, 
against the establishment of any general tolerance to 
the Rh antigens under the natural conditions of 
human pregnancy. a 

H. K. WARD 
R. J. WALSH 
OLGA Kooprzorr 


New South Wales Red Cross 
Blood Transfusion Service, 


Sydney. 
April 29. 
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Production of Organ-Specific Antibodies 
following an Induction of Tolerance to 
Antigens of Heterologous Organs 


ONE of the limiting factors in the study of organ- 
specific antigens is the existence in tissue cells of 
antigenic components that are either common to all 
organs of the same organism, that is, determined by 
its genetic constitution, or shared with one or a few 
other organs. These constituents are usually more 
strongly antigenic than those which are strictly 
organ-specific'. Ordinary immunological methods of 
producing anti-organ sera by hetero-immunization 
with organ extracts are therefore not sensitive enough 
to elicit antibody response against the minor, but 
strictly organ-specific, antigens. “The recent develop- 
ment of methods for producing immunological toler- 
ance? seems to open up new possibilities of differentiat- 
ing between these two types of antigens. It has been 
shown that the introduction of certain antigens at the 
foetal® or neonatal? stages renders the animals tolerant 
to these antigens. We have attempted to adapt 
these methods of producing acquired tolerance to 
elicit a state of non-responsiveness in rabbits to those 
antigens which one organ of a mouse shares with 
another. It was expected that rabbits in which toler- 
ance had been produced to antigens of organ A, 
when later immunized by extracts of organ B of: 
the same genotype, would produce antibodies only 
against B-specific antigens, that is, would not 
respond to the antigens which organ B shares with 
organ A. : 

The organ antigens tested were saline extracts of 
heart and brain of C3H mice. Three control rabbits 
were immunized by intravenous injections of brain 
extracts of C3H mice (seven injections, 3 mgm. 
protein each). The antisera were tested for precipi- 
tins by the interfacial ring test. All three control 
rabbits were found to react almost to the same extent 
against heart and bram, giving a titre of 125. 
Attempting to eliminate the antibody response against 
antigens which brain shares with heart, a group of 
five rabbits was injected immediately after birth, 
then every two days for two months, with heart 
extract (1-5 mgm. protein per injection). Thirty 
days after‘the last inoculation of heart extract, no 
precipitins were found in these rabbits agamst heart 
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or against brain. The animals were then immunized 
against brain, as in the controls, and the antisera 
were then tested against both organs. The results 
confirmed the expected increase of specific anti-brain 
response. Three rabbits reacted only with brain 
(titre 125), and showed. no cross-reaction with heart 
extract. One rabbit reacted similarly with brain, 
but showed also traces of reaction against the hetero- 
logous organ (titre 1). One rabbit did not differ 
from the controls, reactmg to the same antigen 
dilution with both heart and brain. 

A similar but reversed set of experiments was 
carried out, aiming at increasing the specific reaction 
against heart antigens. Brain extracts were injected 
into newborn rabbits, starting with 2 mgm. protein 
per injection, and increasing gradually to 4 mgm., ina 
schedule similar to that used in the previous experi- 
ment. When these rabbits were then immunized 
with heart extracts, antisera were obtained which 
reacted specifically with the homologous organ, while 
with brain extracts, only traces of precipitins were 
found. Control anti-sera produced by injections of 
heart extracts into rabbits which had not been pre- 
treated with brain reacted to the same dilution with 
both organs, 

It seems, therefore, that the introduction into 
neonatal rabbits of heart or bram antigens inhibits 
the later development of the capacity to produce 
cross-reacting antibodies. This specific inhibition 
is apparently related to the phenomenon of actively 
acquired tolerance, and it may serve as a tool for 
eliciting specific antibody response against selected 
types of antigenic components within the complexes 
of numerous organ antigens. 

P MIOSAEL FELDMAN 
i Davip YAFFE 


Department of Experimental Biology, 
Weizmann Institute of Science, 
Rehovoth, Israel. ~ 
May 12. 
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Demonstration of Cortisol in Fish 
Blood 


Previous investigators! have shown the presence 
of glycogenic activity, presumably of adrenal steroidal 
origin, in the plasma of the salmon (Salmo salar). An 
appreciable part of the activity could be accounted 
for by steroids reacting as 17-hydroxycorticoids by 
the Nelson-Samuels analytical method?. Since this 
technique measures a variety of materials having a 
dihydroxyacetone side-chain on the 17 carbon; the 
specificity of the determmation 1s questionable in 
species of which the pattern of adrenal steroid secretion 
has not been established. Moreover, although cortisol 
(which is measured by the Nelson—Samuels method) 
18 the chief steroid in the plasma of some mammals, 
in others the chief steroid, corticosterone, is not 
‘detectable by this method. This is especially im- 
portant because Hatey found the concentration of 
glycogen-depositing activity to be much higher than 
could be accounted for by the 17-hydroxycortico- 
steroids!, The nature of the steroid responsible for 
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@ large part of the biological activity of salmon 
plasma remains uncertain. An attempt has therefore 
been made to determine the nature of the circulating 
steroids in fish blood by application of paper 
chromatography. 

Heparinized blood was obtained by severing the 
tail of several Connecticut River carp (Cyprinus carpio) 
caught. in October after the spawning season. After 
the sex of the fish had béen determined, blood from 
male and female fish was pooled separately and 
the plasma separated. (Although attempts were 
made to prevent blood clotting with heparin, some 
coagulation did occur. ‘Plasma’ therefore actually 
refers to a mixture of plasma and serum.) Appro- 
priate amounts of plasma were extracted with 
redistilled chloroform, and the extract applied to a 
line across the centre of a sheet of methanol-washed 
Whatman No. 1 paper. Standard spots of cortisol, 
corticosterone and progesterone were also applied. 
The sheet was then equilibrated in petroleum-ether/ 
methanol/water (50 :37-5:12-5) and a chromiato- 
gram developed for two hours. At the end of this 
time the paper was removed from the tank and dried. 
The chromatogram was cut off about 5 cm. in the 
direction of the solvent front fram the origin and 
examined by ultra-violet light and alkaline fluor- 
escence® for the presence of A‘,3-ketosteroids. In 
this system corticosteroids do not move from the 
origin, but progesterone is easily distinguished. 

The remainder of the paper, containing the origin, 
was placed in another chromatography tank with 
the steroid spots upward, and, after equilibration, 
was run for four hours in toluene/methanol/water 
(50:35:15). After development of the chromato- 
gram, it was dried and sprayed with blue tetrazolium. 
The strip was examined for the presence of substances 


- which absorb ultra-violet light, reduce blue tetra- 


zolium'and fluoresce with a characteristic colour in 
alkali. Cortisol and corticosterone can be separated 
in this system. 

No progesterone or corticosterone was found in 
either male or female carp. plasma. A considerable 
amount of a substance with the mobulity of cortisol 
was detected. The quantity of cortisol-like material 
present was determined by the method of quantitative 
paper chromatography* using cortisol-4-4“C as a 
tracer and applying a correction based on isotope 
dilution for losses during chemical manipulations. 
The pooled specimens of ‘carp plasma were found to 
contain 43-8 ugm./100 ml. of corvisol-like material 
in the female and 24-4 ugm./100 ml. m the male. 

The identification of the steroid of carp plasma 
as cortisol is not quite definite; however, the 
followmg results support this interpretation: the 
steroid has the same mobility as cortisol in ’the 
toluene/methanol/water system, which is suffi- 
ciently sensitive to separate cortisone from cortisol 
without difficulty. Simce it fluoresces in alkali, it 
contains a, A*,3-ketone®; since it reduces blue tetra- 
zolium, it has an a-ketol, presumably a 21-ol, 20-one. 
On mixed chromatogram the mobility of the steroid 
from fish plasma was indistinguishable from that of 
authentic cortisol-4-4C. 

Attempts were made to demonstrate steroids in 
the plasma of the black-backed flounder (Pseudo- 
pleuronectes americanus). Unfortunately, the quant- 
ities of plasma available were smaller ethan in the 
ease of the carp. In pooled plasma from 25 male 
and female flounders, some immature and some 
approaching spawning, approximately 16 p»gm./100 
ml. were found; however, since no radioactive 
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correction was applied for losses in processing, this 
figure is a minimum value. 

Thus a steroid, presumably cortisol, has been 
demonstrated in the plasma of a fresh-water fish 
(Cyprinus carpio) and a.salt-water fish (Pseudo- 
pleuronectes americanus). 

This study was supported, in part, by funds from 
the. Division of Arthritis and Metabolic Diseases, 
National Institutes of Health, United States Public 
Health Service, and a grant from the National 
Science Foundation (NSF G-941). The cortisol-4-4C 
was kindly supplied by the National Institutes of 
Health. 

Pamir K. Bonpy 
G. Virersia UPTON 
Grace E. PICKFORD 


Department of Medicine, 
and y 
Bingham Oceanographic Laboratory, 
Yale University, 
New Haven, Conn. . 
March 12. 
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Adaptive Formation of Nitrate Reductase in 
Rice Seedlings 


In the course of studies on rice respiration? we 
observed certain phenomena which point to the 
possibility of adaptive enzyme formation in higher 
plants. In order to establish conclusively the ability 
of a higher plant (rice seedling) to form adaptive 
enzymes, the present experiments were performed 
on the adaptive formation of nitrate reductase in rice 
seedlings. 

Tolbert and Burris (see ref. 2) first observed 
adaptive formation of glycolic dehydrogenase in 
higher plants, but Kolesnikov and Emenova® failed 
to confirm their findings. McElroy and Nason‘ made 
a general statement about adaptive formation of 
nitrate reductase in their review, but in the original 
account of Evans and Nason (see ref. 4), the results 
are conclusive only for Neurospora and not for bean 
seedlings. The recent note of App and Meiss® suggests 
adaptive formation of alcohol dehydrogenase in rice, 
and Cheniae and Evans (see ref. 5) do not consider 
nitrate reductase in root nodules as an adaptive 
enzyme. Rice, at its seedling stage, does not reduce 
nitrate? without special treatment; im older rice 
plants nitrate reductase was first reported by Mitsui’. 

Four- to six-day old rice seedlings (var. Yinfang) 
similar to those used in the respiration experiments 
were employed. Seeds were disinfected with 5 per 
cent formalin solution for 30 min., washed and placed 
in large Petri dishes to germinate .on filter paper. 
The basic media used for germination were Sörensen 
phosphate buffer (M/15) at the desired pH values. 
For the control experiments, seeds were left to 
germinate and grow in the buffer alone. For the 
experimental “lots, equimolecular mixtures of pot- 
assium and sodium nitrate:at different concentrations 
were added to the buffers for the induction of nitrate 
reductase formation in the seedlings. In another 
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control experiment, the nitrate’ was replaced by 
ammonium sulphate as the nitrogen source in the 
buffer solution. Tha pH .of the solutions ranged 
from 4-5 to 8, and the total nitrate concentrations 
from 1 mM to 96 mM. The Petri dishes-with the 
seeds were kept in ths dark, at 30°C. At the end of 
four to six days, when the seedlings were taken out 
for enzyme assay, the plants had already. attained 
a length of about 5 em. Equal portions (by weight) 
of the seedlings were washed with sterile water and 
triturated in iced porcelain mortars. The triturated 
tissues were placed -n test-tubes with 2 ml. M/15 
phosphate buffer, pH 7, 1 ml. of M/10 potassium 
nitrate, and covered -with a layer of toluené. As a 
further precaution, 2,000 units of penicillin and 
10y of streptomycin were added to some reaction 
mixtures. The reaction tubes were incubated at 
30° ©. for 1-2 hr., after which they were tested for 
the presence of nitrite by the colorimetric method 
of Snell and Snell; this is the customary method 
f6r the assay of nitrate reductase, and was used by 
one of us (Wu) in previous work on this enzyme?. 

For each series of sxperiments the following tests 
were carried out: (1) control; ground tissues of 
seedlings grown in baffer alone; (2) ammonia con- 
trol; that is, groumd tissues of plants grown in ` 
buffer solutions witk ammonium salts as nitrogen 
source ; (3) ‘adapfed* plants; that is, ground tissues 
of seedlings grown in buffer solutions containing 
nitrates ; (4) boiled tissues; the same as (3), but 
the tissues boiled for 15 min. in a water-bath to 
inactivate the enzyme; and (5) blank; only the 
analytical reagents ac used in (3). All reaction tubes 
contained the ground tissue, 2 ml. of buffer, 1 ml. of 
M/10 potassium nitrate, and 0-2 ml. toluene, and 
were incubated for 5 hr. at 30°C. The weight of 
tissue in each tube was approximately the same 
(about 0-4 gm. frosna weight). 

In a typical experiment, ‘adapted’ rice seedlings, 
germinated for five days at pH 5 in 6 mM nitrate 
ion, gave 0:028 micrmmole nitrite ion per gm: fresh 
weight of tissue per hr. All other treatments gave 
negative results. ` 

The fact that nitrate reductase activity is absent 
in tissues from seedlings grown in buffer alone (test 1) 
shows that this enzyme is not present in unadapted 
rice seedlings. It occurred only in seedlings which 
had been kept for five days with nitrate ion (fest 3). 


-That the reduction of nitrate to nitrite by this 


reaction mixture (test 3) is due to enzyme activity 
was shown by the loss of activity of the same prep- 
aration after boiling (zest 4). The fact that the enzyme 
is absent in ammonia-grown plants argues against 
the general role of nitrate as a mere source of nitrogen 
for enzyme activity. However, Morton® pointed out 
the interference of ammonia in the activity of this 
enzyme. Tests (1) and (2) also rule out the possibility 
of any nitrite which. might originally be present in 
the seedlings. The ‘possibility of nitrite being present 
in the reagents emp-oyed in the test was ruled out 
by the blank (test 5). Repeated tests and rigid 
precautions ruled out the possibility of any microbial 
interference during tests for the enzyme. 

Hence we believe we have demonstrated the 
adaptive formation of nitrate reductase in rice 
seedlings (var. Yin-fang), which is a clear instance 
of the formation of an adaptive enzyme in higher 
plants induced by substrate. 

Quantitative experiments show that with five-day 
old rice seedlings in (14/15) phosphate buffer, the best 
condition for the edaptive formation of nitrate 
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reductase in these. seedlings is 6-12 mM nitrate 
at pH 5. The maximum activity in five-day seedlings 
may reach 0- 196 uM nitrite formed per gm. fresh 
weight per hr. with incubation at 30°. Experiments 
with seedings grown in quartz sand and in the light 
fully confirm these findings and they gave even 
better results. Details of these experiments will be 
published elsewhere. i 

i Per-sune Tane 
Hsrane-yt Wu 
Peking Institute of, Plant Physiology, 

Academia Sinica, 
Laboratory of Plant Physiology, 
University, Peking. 
Dec. 15. 
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The Northern Octocoral, Paragorgia 
arborea (L.), in Sub-antarctic Waters 


Some very interesting information has come to 
light during examination of the Discovery collections 
of octocorals concerning the supposed amphi-boreal 
aleyonarian Paragorgia arborea (L.). This species was 
considered an Atlantic boreal species (see Broch?) 
until Kinoshita? and Hickson’ almost at the same 
time reported its presence on both sides of the 
northernmost Pacific. In the same period, Nutting* 
identified a Paragorgia nodosa Kor. and Dan. from 
Hawaiian waters in 423-438 fathoms, where the 
bottom temperature was 41-:0°F. (+ 5°C.). A re- 
examination of Nutting’s specimen by me has 


revealed that this species is identical with P. arborea. ' 


When discussmg the zoogeographical features of this 
species’, I characterized it as strictly boreal, but the 
record by Madsen‘ of a specimen off the Portuguese 


coast (without biological and hydrographic data) - 


raised doubts about this mterpretation of its zoo- 
. geography. 

It is therefore of very great interest that R.R.S. 
William Scoresby took Paragorgia arborea at some 
stations in sub-antarctic waters. The localities are 
given below: 

Stasion: WS 98. 49° 54’ 15” S:, 60° mA 30” W., April 18, 1927, 173- 
171 m. (temperature 5 3°C. atl m.). 

Station WS 99 49° 42’ 00” S , 59° ie 36" We April 19, 1927, 251- 
225 m. (te mosrature 5-94° C, at 220 m 

Station WS 231.. 50° 10’ 00” S., 58° 42” oo" W., July 4, 1928, 167-159 m. 

raie 5 81°C. at 160 m m.). 
60° 00° oo" V W., October 30, 1931, 
, December 5, 1931, 165- 


Sa 772. 45° 13” 00° S., 
167 m, (temperature 480° G, ab 165 m. es 

The first three stations are just north of the 
Falkland Isles, and the last two are on the Patagonian 
Shelf, the northernmost (Station 772) being north-east 
of Cape Tres Puntas. All these stations have bottom 
temperatures as in the typical central boreal bottom 
area, and we may say that they stamp the Patagonian 
Shelf including the Falkland Isles as parts of a true 
anti-boreal bottom: area. Here Paragorgia arborea 


lives in temperatures between + 4-5° and + 6°C., 
the depths of the localities ranging from 157 to 309 m. 
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in agreement with the shallower part of rts habitat 
in the north-eastern Atlantic. This may, however, 
merely reflect the difficulties of obtainmg material 
from deep rugged bottoms where scientific trawling 
is almost impossible. 

The southern records of Paragorgia arborea are of 
especial interest in a discussion concerning bipolarity. 
The species must be looked upon as a ‘bipolar’ species 
so long as we have no intermediate records in low 
latitudes between those and the boreal localities (see 
Broch'). In this connexion, however, I wish to 
mention Powell’s report’ on Discovery Mollusca, and 
especially his map of the distribution of Fusitriton 
and Aforica (on p. 65). It seems to give a reason- 
able explanation of the dispersal and recent distribu- 
tion in the Pacific, including the Hawaiian locality. 
On the other hand, on our present knowledge a 
continuous distribution from north to south in the 
Atlantic Ocean between the Patagonian (anti-boreal) 
Shelf area and the Atlantic boreal habitat seems 
unlikely. It is possible that its penetration into the 
North Atlantic was achieved by circumpolar dispersal 
through. the Bering Straits as suggested m an earher 
paper®. 

HJALMAR Broce 

University of Oslo. 

May 21. 2 
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A New Growth-promoting Factor for 
Mycobacterium tuberculosis 


Tuouca Mycobacterium tuberculosis can be grown 
as a uniform suspension in the liquid medium of 
Dubos and Davis', for biochemical purposes where 
large masses of bacteria are required, the organism 
is, even at present®, grown as surface pellicles on 
‘YYoumans’s media’. The cells are harvested from this 
medium at the end of 2-3 weeks. 

In our attempt to shorten the period of incubation 
of Mycobacterium tuberculosis (H37R») grown as sur- 
face culture, we found that the water of tender 
coconuts (‘coconut water’) could considerably reduce 
the number of days required for full growth. The 
addition of the coconut water, even in a dilution of 
1 in 10,000, to the Youmans’s medium facilitated 
earlier growth, and the maximum growth normally 
attained on the Youmans’s medium by about the 
twentieth day was found to have been reached in 
this modified medium by the twelfth day alone. 
There was no growth on coconut water by itself. 
The growth-promoting factor was found to be heat- 
stable. 

Systematic fractionation was undertaken to isolate 
this factor. The coconut water was devoid of poly- 
peptides or proteins, as indicated by ammonium 
sulphate fractionation. The ether extract of coconut 
water was evaporated to dryness, dissolved in a 
small quantity of ethylene glycol and made up to 
the original volume. To the water layer was added 
ethyl alcohol to 75 per cent concentretion and the 
precipitated polysaccharides centrifuged off and 
suspended in the original volume ‘of water. The 
supernatant was shaken with three times its volume 


n 


than the coconut, water. 
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EFFECT OF COCONUT WATER AND ITS FRACTIONS ON THE 
MEDIUM 
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Table 1. 
GrewtH oy Mycobacterium tuberculosis IN YOUMANS'S 


. Fractions Growth on fourth ‘day 

1. Control (Youmans’s medium) Sl. B 

2. Coconut water + Youmans’s 1/100 + 

3. Bther-soluble fraction se . $l. 

4. Polysaccharide fraction 4 ++ 

5. Amino-acid fraction H Sl. 

6. Residue + Youmans’s oy SI. 

7. Coconut water alone iy 0 


$l. = shght growth. 

+ = growth covering the entire surface. 

4 hh m rowe covering the entire surface and extending up the sides 
of the tube 


of chloroform and the water layer panid through 
‘Dowex-50 resin (200-250 mesh) which had been 
regenerated in the hydrogen cycle. The eluate con- 
taining free sugars was not treated further. The 
amino-acids from the resin were eluted with 0:15 N 
sodium hydroxide, desalted‘ and made up to the 
original volume. Of the four fractions, namely, lipids, 
polysaccharide, amino-acids and the residue, only the 
polysaccharide fraction showed a growth-promoting 
effect as a supplement to Youmans’s medium. The 
overall effect of the coconut water and its com- 
ponents is indicated in Table 1. 

The active fraction gave a positive Molisch- test 
but no biuret test. It gave no colour with iodine and 
the test for pectin was negative. The end sugar was 
not a ketose (negative Seliwanoff reaction) and, on 
acid hydrolysis, glucose and fructose were detected’, 

The effect of this rapid growth, induced by the 
polysaccharides fraction, on the virulence of the 
organism was studied in experimental tuberculosis 
of mice. As judged by the extent of lesions produced 
and survival time, no variation in the virulence of 


` the Mycobacteria, as compared to those grown on 


Youmans’s medium, was observed. 

It is of interest to make a short comparison between 
this growth-promoting factor for M. tuberculosis with 
the plant growth factors isolated from coconut water 
by Steward and his co-workers*. While the latter 
did not promote the growth of carrot roots to the 
same extent as the original water itself, the poly- 
saccharide fraction stimulated the growth even better 
Steward et al. found that 
the addition of casein hydrolysate improved the 
activity of the growth-promoting factor for plant 
tissues, whereas m the case of the polysaccharide 
fraction, the addition of casein hydrolysate did not 
further increase its growth-promoting activity for 
M. tuberculosis. ' 

Further work on the purification and characteriza- 
tion of the polysaccharide growth factor is in progress. 
We thank Prof. K. V. Giri and Dr. K. P. Menon 


for their interest in the work and Mr. V. Srinivasan ` 


for his technical assistance. 
` T. RAMAKRISHNAN 
Department of Biochemistry, 
M. INDRA 
2 M. Srmst 
Pharmacology Laboratory, 
Indian Institute of Science, 
Bangalore 3. 
March 9. 
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Systemic Effect of Dieldrin on the ‘Body 
Louse’ of Poultry 

P. J. McCosxer has suggested! that the Mallophaga 

Homenacanthus stramineus does not take the blood 

of its host. However, Crutchfield and Hixson’ found 

that this species normally feeds on blood in addition 

to feathers. It is probable that this diet is common 


“to many species belonging to the superfamily 


Amblycera ; also some species seem to feed on the 
host’s fluids only. It would be interesting if these 
experiments could be repeated using one of the 
chicken hee belonging to the genera Gontodes, 
Goniocotes, Lypeurus or Cuclotogaster of the super- 
family Ischnocera, which are believed to feed on 
feather parts only. 
THERESA CLAY 

British Museum (Natural History), 

Cromwell Road, 7 

London, S.W.7. ` 8 
1 MeCosker, P. J., Nature, 178, 790 (1957). 
* Crutchfield, C. M., and Hixson, H., Florida Ent., 26,-63 (1943), 


I was glad to have my attention directed to the 
paper by Crutchfield and Hixson! indicating that 
Homenacanthus stramineus does normally feed on 
blood in addition to feathers. The authority for my 
statement was Roberts?, who states: ‘“‘This louse is 
considered to feed on scales and skin secretions, but 
since blood can be found m its alimentary canal 
it has been suggested. that this may not be entirely 
accidental”, `  , 

With regard to other species of poultry lice, my 
information at the moment is limited to observations 
made while examining the hourly pattern of drop-off 
of the body louse. In this experiment, it was noticed 
that not only Homenacanthus stramineus but also 
Goniocotes gallinae and Lipeurus caponis fell from 
treated birds in larger numbers than from control 
birds. All three species seemed to have the same 
pattern of mortality. From this, the general con- 
clusion can be drawn that dieldrin had some systemic 
effect on these parasrtes. However, as no attempt 
was made to grade the infestation of these lice either 
before or after treatment, no conclusion can be drawn 
as to how effective the treatment was. 

Further experiments are being designed to get more 
detailed information an the systemic effect of dieldrm 
and aldrin on natural infestations of these two 
parasites and also the head louse, Menopon gallinae. 

P. J. McCosxer 
Department of Animal Husbandry, 
Veterinary School, 
University of Queensland, 
1, Yeerongpilly, 
Brisbane, Queensland. 
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Experimental Transmission. of Loa loa from 
. Man to Monkey 


THE purpose of this preliminary communication 
is to record the successful experimental transmission 
of Loa loa from man to monkeys (Mandrillus 
leucophaeus). The results will be published in full 
elsewhere. 

Three young M. leucophaeus were captured in the 
rain-forest near Kumba, British Cameroons. After 


1358 


NATURE 


~* 
VoL. 179 


June 29, 1957 


Table 1. RESULTS OF INFEOTING THRE Youna M., leucophaeus WITH INFECTIVE FORUS OF D. loa DERIVED FROM ‘WILD’ C. silacea FED 
ON A HEAVILY INFECTED HUMAN VOLUNTERR 


te 














No. of flies from 








Total No. of in- 





Length of incubation period, 









‘No. of adult Loa 
worms found at 














Monkey fective forms of which infective that is, to appearance of Periodicity of 

L. toa inoculated forms were obtained | microfilarigin peripheral blood microfilaris autopsy 
Alice 106 
Mamfe 118 
Elhott Monkey still alive 





capture they were kept in screened cages for a period 
of six months quarantine, during which time re- 
peated day and night blood films showed no micro- 
filariæ. At the end of the quarantine period ‘wild’ 
Chrysops silacea were fed upon a human volunteer 
whose blood contained more than 1,000 microfilaris of 
L. loa per 50 cmm. After taking their infected 
blood-meal, the flies were kept alive in the laboratory, 
fed only on sugar water, and 9-10 days later those 
which survived were dissected in sterile saline and 
the infective forms of L. loa which had developed in 
them were inoculated subcutaneously by syringe into 
the monkeys. Between five and six months after 
inoculation, diurnally periodic Loa microfilarie ap- 
peared in the peripheral blood of all three monkeys, 
and in two, which were later autopsied, adult Loa 
worms were found, of small somatic size (males 
1-7-3-2 om. long and 270~330p in diameter ; females 
3-1-5-5 cm. long and 360—4604 in diameter) and 
‘closely resembling L. loa from man. 

The results are set out in Table 1. - 

Although L. loa from man has thus been shown to 
be experimentally transmissible from man to M. 
leucophaeus, there is good evidence that under natural 
conditions in the rain-forest zone of the British 
Cameroons such transference takes place extremely 
rarely. The form of Loa which is commonly found 
m naturally infected M. leucophaeus and in other 
monkey ‘species (Cercopithecus nictitans martini and 
O. mona mona) can be distinguished from the human 
parasite, when the latter is fully developed in 
M. leucophaeus, by its large adult somatic size 
(males 2-0-4-5 om. long and 350-400 in diameter ; 
females 4-6-11-0 cm. long and 660-7502 in 
diameter) and by the nocturnal periodicity of its 
microfilariz. 

By inoculating into M. leucophaeus the infective 
forms of Loa carried by ‘wild’ naturally infected 
Chrysop3, and by observing afterwards the miero- 
filarial periodicity of the infection which develops, 
it has been possible to determine which species of 
Chrysops are the natural vectors of the human and 
simian parasites. The results indicate that the 
monkey parasite is transmitted among the simian 

. population by the crepuscular forest canopy-dwelling 

` C. langi and O. centurionis, species which, under 
natural conditions, never bite man. The human 
parasite, on the other hand, is transmitted from man 
to man by C. silacea and C. dimidiata, species‘the 
habits of which bring them into close association with 
man. 

There is no evidence that the nocturnally periodic 
simian parasite is ever transmitted successfully to 
man under natural conditions, and only very rarely 
is the diurnally periodic human parasite naturally 
transmitted to monkeys, presumably by O. silacea 
or C. dimidiata. 

In the Cameroons rain-forest the human and 
monkey parasites appear to be evolving in different 
host—parasite-vector complexes, with very little 
interchange between them, and the monkey popula- 








tion can be regarded ag an academic, but not an 
effective, reservoir for the human parasite L. loa. 
B. O. L. DUKE 
Helminthiasis Research Unit, 
West African Council for Medical Research, 
` Kumba, British Cameroons. June 10. 


Rhizoctonia Damping-off of some Vegetables 
in Iraq 


Tse only reference to damping-off disease of 
vegetables in Iraq that we have seen is that of 
Al-Adhami?, who reports that damping-off of cabbage, 
cauliflower and tomato is caused by Pythium 
de baryanum. 

In this investigation, isolations from damped-off 
seeds and seedlings .of five vegetables, namely, 
cabbage, cauliflower, cucumber, vetch and peas, 
according to the methods described by Tolba?, 
revealed the presence of the following fungi: 


‘Rhizoctonia solani, Pythium intermedium, Fusarium 


sp., Sporotrichum sp., Penicillium spp., Aspergillus 
spp., Mucor spp. and Hormodendrum sp. 

Pathogenicity tests of the various fungi isolated 
were carried out by sowing seeds of the above- 
mentioned plants in soils containing each of the test 
fungi after adjusting their moisture content to 40 or 
60 per cent water-holding capacity. Controls were 
kept in sterile soil at the same moisture-level. The 
containers were incubated at two temperature-levels, 
namely, 5°-25° C. and 9°-37° ©., for a period of four 
weeks, during which emergence, post-emergence 
damping-off and survival counts were made. 

The ‘methods used for soil inoculation, determina- 
tion of the water-holding capacity of the soils and 
standardization of the soil water content were those 
referred to in a previous paper?. 

The results of this experiment revealed that 
Sporotrichum sp., Penicillium spp., Aspergillus spp., 
Mucor spp. and Hormodendrum sp. were completely 
non-pathogenic and may be considered as secondary 
parasites or saprophytes and for the purpose of this 
communication call for no further mention. 

The results also showed that all seeds of the five 
vegetables failed completely to emerge from soils 
inoculated with Rhizoctonia solani at the two tem- 
perature-levels and soil-moisture contents used. On 
the other hand, Pythium intermedium and Fusarium 
sp. proved to be very weak pathogens with regard 
to damping-off of the fivé test vegetables. 

-In another set of exper:ments, seedlings of the five 
vegetables were raised in sterile soil at a medium 
moisture content. Four days after the seedlings 
appeared above soil-level, 15-20 seedlings of each 
vegetable were inoculated with R. solani, P. inter- 
medium or Fusarium sp. Inoculation was carried out 
by inserting disks from 2-day old agar oulfures ‘of 
R. solani or from 7-day old cultures of P. intermedium 
or Fusarium sp. on their hypocotyls just above soil 
surface. Controls inoculated with disks of agar free 
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Table 1. PERORNTAGE Post-EMERGENCE DAMPING-oFF OF SEEDLINGS 

ov FIVE VEGETABLES INOCULATED AT SOIL-LEVEL WITH AGAR DISKS 

CONTAINING R. solani, P. intermedium on Fusarium sp. (MEDIUM 
‘ Som MOISTURE-CONTENT ; TEMPERATURE 030° C.) 








Percentage post-emergence damping-off 
induced by 


P. intermedium 






Vegetable 


R. solani Fusarium sp. 











Peas f 100 0 9 
Cucumber 100 0 0 
Cabbage 87 14 8 
Cauliflower 100 20 j 12 

100 o 12 


‘Vetch 





from the fungus were kept. All seedlings were kept 
~ in the greenhouse where the -temperature , ranged 
between 0° and 30°C. The seedlings were observed 
’ for a period of four weeks and the number of damped- 
off seedlings was recorded.. The results of this experi- 
ment are set out in Table 1. Seedlings inoculated 
with disks of agar frée from fungi remained 
healthy throughout the experimental period and 
hence their results are omitted from Table 1. 
` Table 1 shows that P. intermedium and Fusarium 
sp. are weak pathogens so far as the post-emergence 
phase of damping-off disease of the five test vege- 
tables is concerned. On tho other hand, R. solani 
proved to be a destructive damping-off causal 
organism. ; 

From the results of this and the previous experi- 
ment it can be safely concluded that, contrary to 
the findings of Al-Adhami', R. solani is the main 
causal organism of both pre- and post-emergence 
phases of damping-off disease of cabbage and cauli- 
flowers as well as the other three vegetables tested. 
It may be worth mentioning in this respect that 
Pythium de baryanum, which was reported by Al- 
Adhami! as the causal organism of damping-off of 
cabbage and cauliflower, was never met with on the 
isolation plates throughout this investigation. i 

i 2 M. K. Torsa* 
2 3 “A. L. SALIM 
' Department of Botany, A 
College of Arts and Science; 
Baghdad, Iraq. 
* Permanent address: Department of Botany, University of Cairo. 


y A Abad, A. R., Tech. Bull. No. 17, Ministry of Agriculture, Iraq 
* Tolba, M. K., Proc. Egypt Acad, Sci., 8, 44 (1952). 


Development of Female Schistosoma spindale 
i in the Guinea Pig 


- Previous workers! have reported that only the 
male of Schistosoma spindale develops in the guinea 
pig. Fairley, Mackie and: Jesudasan, who carried 
out a detailed’ investigation, suggested that ‘some 
peculiar host reaction to the less robust female 
schistosome probably underlies this phenomenon in 
the case of S. spindale”’. A comprehensive study was 
undertaken of this apparent immunity to only one 
sex of a metazoan parasite, as a result of which it 
has been found that female S. spindale also develops 
in the guinea pig. : 

Twenty-four guinea pigs of both sexes and one and 
æ half months to two years of age were exposed to 
cercaria of S. spindale discharged by naturally 
infected: Indoplanorbis exustus. The snails were 
collected during August, September and October 
1954 from a local tank frequented by infected 
buffaloes. Each animal was exposed to the cercaria 
pereutaneously by keepmg three-fourths of its body 


‘ NATURE 


1859 


immersed in water containing the larve. Two-litre 
glass jars were used for the purpose. The duration 
of exposure was about three hours. The number of 


` cercaria employed per guinea pig varied from 8,000 


to 50,000, and that of the snails furnishing the 
cercari® from 22 to 77. s 

One guinea pig died early and another could not be 
examined for other reasons. ` Of the remaining twenty- + 
two animals, which either died- or were autopsied 
33-153 . days after exposure, seventeen provided 
conclusive evidence of the development of female S. 
spindale and two furnished inconclusive evidence. 
The male S. spindale, however, developed in all the- 
twenty-two animals. Among the seventeen conélu- 
sive cases of infection with female S. spindeale, 
mature females and pseudotubercles containing the 


‘characteristic ova in, liver, intestine or lung were 


obtained in eight, immature females in four and only 
pseudotubercles containing the ova in the remaining 
five. The two imeonclusive cases contained the 
pseudotubercles, but the ova inside were degenerate 
and not very distinct. The maxmmum number of 
immature females recovered was 440, while that of 
mature females was eleven. The live immature 
females were filamensous and the edges of the body 
tended to infold ventrally; forming a ‘pseudogyne- 
cophorie canal’. The ventral sucker was compara- 
tively more developed. The females were ‘shorter 


-than the males. The maximum.number of uterine 


ova was three. The earliest period in which the 
females attained maturity, as evidenced by the 
appearance of ova in the uterus and host tissue, was 
48 days; but in a few cases they had remained 
immature up to 99 days.after exposure. Ova were 
never detected in the feces of the infected animals. 

- The present study thus shows that the female.of 
Schistosoma spindale may also develop in the guinea, 
pig, which therefore does not possess: total immunity 
to the female schistosome. But this species of animal 
is not a very suitable host of the female schistosome, 
as is evidenced by the facts that in a few cases the 
females did not develop at all; in*others they re- 
mained immature up to more than three months 
and in still others they were apparently destroyed 
after the production of ova. This variability in the 
susceptibility of guinea pigs to the infection may be 
explained. on the basis of individual immunity of 
varying degree. The difference between the present 
observations and thase of the previous workers may 
mostly be attributable to the variability in the 
susceptibility of the host. It-is, however, possible 
that the infection reported by Fairley et al. was not . 


- purely unisexual, for the immature filamentous 


worms recorded by them were, perhaps, only the 

immature females af S. spindale. As mentioned 

above, similar worms were found in the present 
investigation also. i ‘ 

A detailed account of this work will be publish 
elsewhere. I- am grateful to Mr. L. Sahai, director 
of this Institute, for his interest in the work, and to 
Dr. H. D. Srivastava, head of the Division of Para- 
sitology, for providing the requisite facilities. 

8. C. Durr 
- Division of Parasitology, 
Indian Veterinary Research Institute, ' 
Izatnagar, India. 

- ~ , Feb. 28. 

1 Liston, W. G., and Soparkar, M. B., Ind. J. Med. Res., &, 667 (1918), 
Fairley, N. H., Maokis, E. P., and Jesudasan, F., Ind. Med. 
Res, Mem., No. 17, 61 (1930). Rao, M. À. N., nd. J. Vet. Set. 
Anim. Husb., 4, 1 (1954). a 
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A New Technique for the Viable Count ‘of 
Bacteria 


Tame general principle followed so far for the viable 
count of bacteria in a suspension is either to count the 
number of coloniés produced by a very dilute suspen- 
sion of bacteria on an agar plate! or to observe the 

_ differential staining behaviour of the living bacterium 
. to distinguish it from the dead one*. No ‘reliable 
technique has yet been recorded for identifying viable 
cells in a. mixed suspension of viable and non-viable 
bacteria when counting under the microscope. I 
have been able to identify living bacteria during the 
counting process by the hematocytometer.method.-- 
In this technique, bacteria were grown in the ~ 
nutrient broth, to 100 c.c. of which 1 gm. of 2, 3, 5- « 
triphenyltetrazolium hydrochloride was added. Bac- 
teria were inoculated on nutrierit agar slants and after- 
incubation for 18 hr. they were washed with 5 c.c. 
sterile xiutrient broth. The number of bacteria per, 
cubic centimetre in this slant-washed suspension 
was counted. The nutrient broth with the tetrazolium 
salt was inoculated with 1 c.c. of that suspension 
- and incubated at 37° C. After incubation for 1 hr., 
the number of bacteria in the broth was counted. 
with the conventional hematocytometer, using 4 
per cent formalin as diluting fluid. Formalin kills 
the bacteria and ‘at the same time fixes them. More- 
over, formalin does not impair the effect of tetra- 
zolium salt in staining the bacteria. The killed and 
fixed bacteria were counted with the ordinary light 
microscope having objective with 0-65 N.A. and 12 x 
eyepiece. The living bacteria were observed to have 
a reddish tinge whereas the dead cells were com- 
pletely transparent. The fact that the stained. cells- 
were alive was proved by their ability, before treatment 
with formalin, to produce a colony when inoculated, 
whereas the unstained bacteria did not develop any 
colonies.- The simple growth curve of the viable and 
total count of E. coli (G strain) in- nutrient broth by 
this method up to 12’hr. of growth is shown in Fig. 1. 

In this technique, tetrazolium salt was used on the 
assumption that the mitdchondria of living bacteria 
would reduce the salt in red formazan bodies’, 
whereas in the dead bacteria, enzymatic activities 
of the mitochondria would be impaired and conse- 
quently formation of the red formazan particles would: 
not occur. Under the microscopé, the reddish stain 

‘which the viable cells exhibited was, in fact, due to 
these red formazan bodies. Moreover, tetrazolium 
salt did not produce any toxic effect to the bacteria 
ao the rate of. growth of the culture was not retarded. 

“This was proved by a control experiment using the 
nutrient broth without adding tetrazolium salt to it.” 


. 


Log (count) 





‘12 
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Fig. 1. Growth of Escherichia coli (G strain)in broth. Continuous 
Ime represents total count and Interrupted Hne the count of 
viable bacteria 
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Thus it 1s possible to use the tetrazolium salt “for 
counting the viable cells along with the total count of 
bacteria in a.suspensidn. : 

I thank Prof, N. N. Das Gupta for his interest in 
the work ; ‘and I am indebted to Mr. K. N. Bhatta-- . 
charya for helping j in some preparatory aspects ofthe ° 
work, ` 

A. GUHA 
i ' Biophysics Division, 
Institute of Nuclear Physics, $ 
Caleutta~9. Jan. 28. : 
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‘A Simple. Spore Trap 
Wen studying an air-bome plant pathogenic 
fungus, it is often desirable to determine whether 
the spores of the organism are present in the 
atmosphere at particular times., When accurate data 


"suitable for statistical analysis are required, the use 


of apparatus such as the Hirst? spore trap is desirable. 
However, lack of funds or the absence of need for 
elaborate data may preclude such a purchase. The 
alternative would seem to consist of placing suitably 
treated microscope’ slides in a fixed position—a 


_method-known to be relatively inefficient. In seeking 


a compromise, ‘the following spore trap was designed. 
. Three main considerations were involved in the 
construction of,a suitable apparatus. First, it was 
desirable that a volume of air larger than normal be 
permitted to pass over the surface of microscope 
slides. Secondly, it was necessary to ensure that at 
all times the slides would face into the wind; and 
thirdly, the air must pass over the surface of the slides 
free from turbulence, thus facilitating the deposition 
of the spores on suitably*treated slides. The design 
finally adopted was evolved by experimentation and 
consideration. of aeronautical problems. 

The apparatus was constructed in aluminium and 
consisted of a convergent cone, which faced into the 
wind, leading into a divergent cone of similar size. “ 
The leading edge-of the convergent cone had an 
internal diameter of 74 in., narrowing down to a 
diameter of 3} in. over a 12-in. length. At this point 
the diameter, remained constant for a length of 2 m. 
and gave a smooth slide fit into the rear half collar 
of the divergent cone. 

A slotted holder for two 3 in. x 1 in. microscope 
slides was mounted ‘in. the central 2-in. area in such 
a way that the slides -were held in a constant position, 
tilted at an angle of 30°-to the horizontal. 

Two wind vanes were mounted vertically in a 
central position on the top and bottom of the rear 
divergent cone and their weight was counter-balanced 
by addition of a reinforcing ring on the front cone. 

The cones were mounted: on a relatively short pivot 
spindle which ended in a 60° angle point. The last 
6 m.-of the spindle fitted inside a pipe of slightly 
larger diameter with the point resting m the centre 
of a 90° angle seat so that there was a 30° angle 
difference between the angle of the -cone-shaped 
point of the spindle and its seat. The space between 
the spindle and the slightly wider-bore pipe was filled 
with oil to allow the spindle to rotate freely. With 
this design it was found that the cones were extremely 
sensitive to even the slightest changes of wind of - 
very low velocity. . : * a 


. 
1 
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The spore trap was set up at a height of 6 ft. abovè 
ground-level. A thin film of paraffin and rubber 
lubricant*spread over the slide surface was found to 
be a satisfactory sticker. The treated~slides were 
easily placéd in position, were protected from rain,- 
and could be changed as frequently às desired. - 

Such a spore trap has been in operation for more ' 
than a year and has given very satisfactory results. 

I am indebted to Flight Lieut. H. Pringle, of the 
Royal Rhodesian Air Force, for his practical assist- 
ance and advice in connexion with the development _ 
of the spore trap. $ 

i R. C. STEPHEN “ 
Tobacco Research Bóard of Rhodesia and ‘Nyasaland, . 
. P.O. Box 1909, Salisbury, S. Rhodesia. 


1 Hirst, J. M., Ann. App. Biol., 89, 287’ (1962); 
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Appraisement of Total Activity  , 
in Laboratory Animals 


Tue effect of environmental conditions on the 
activity of. small laboratory animals is usually 
recorded in terms of locomotor activity as indicated 
by the revolutions of rotating cages. 
gress- with an animal calorimeter! indicates that a 
considerable amount of time and energy is spent in 
other activities such as washing, scratching and 
gnawing. The apparatus described below has been 
constructed.to record evidence of all types of activity. 

A triangular plywood table has three metal legs 
ending in flexible. feet made from short lengths of 
rubber tubing. Half-way down its length each tube 
is encircled by a metal cylinder. The rubber tube 
stands on the base of a copper vessel the inner 
vertical surface of which is insulated. This vessel 
contains carbon granules which provide a resistive 
path between its base and the metal cylinder. These 
three carbon resistance units are connected in series 
with an accumulator and a. fixed resistor. 

The animal, in a light cage, is placed on the table. 
As the animal moves the table vibrates, thus changing 
the resistance of the carbon units. This gives rise to 
a variation in the current and hence in the potential 
difference across the fixed resistor. This.variation in 
potential difference is amplified and applied to a saa 
recorder. 


` 


` $ s f 5 ' 
=> 4 t 


+ : Fig. 1 ! 


A typical trace for a single mouse.(25 gm.) in a 
standard cage (600 gm.) is shown in Fig. 1. The trace 
was recorded on an ‘Ediswan’ oscillograph (type EPR). 
The sensitivity to movement can be varied by altering 
the length of rubber tubing as well as by adjustmg — 
the amplifier gain. This enables background vibra- 
tions to be eliminated. As the vibrations of the 
table are heavily damped, the trace obtained follows 
animal movemént, very closely. 

E. G. C. CLABKE 
A. E. Hawes ' 
Department of Physiology, 
Royal Veterinary College, 
London, N.W.1. 
March 22. 
1 Clarke, E. G.C., and Hawkins, A. E., Phys. Med. Biol., 1, 118 (1956). 


-NATURE 


COX, + PO > CX.Cl, + POCI,; X 


Work in pro- ` 


1361 


New. Routes to Tetrahalomethanes 


‘TRTRAHALOMETHANES, such as carbon tetrachloride, 
dichlorodifluoromethane, or chlorotrifluoromethane, 
are prepared commercially in a variety of ways. 
New routes to such compounds have now been found 
starting from carbonyl halides such as cocl, COF,, 
COFCI or COFBr: - 

Reaction of phosgene with phosphorus penta- % 
chloride at 350°C. under pressure yields -carbon 
tetrachloride in 60—70 per cent convérsion. Carbonyl 
fluoride siniilarly gives dichlorodifluoromethane, be- 
tween 100° and 400° C., though in much lower yield : - 


= F orci 


Chlorotrifluoromethane, carbonyl chlorofiuoride, and; 
under certain conditions, carbon tetrachloride, are 
also produced when X= F by the following side- 
RENSE | : 


` 


CON, e S'COFOL + 601, (+ sah ote.) 


coc, aai ccl, 
OF,Cl, + COF, —-> CF,Cl + COFCL 
2CF,Cl, = CFC], + CF,Cl 

Phosphorus trifluoridedichloride, PF,Cl,, or phos- 


-phorus pentafluoride, can be used instead of phos- 


phorus pentachloride for reaction with phosgene ; 
similarly, carbonyl chiorofiuoride can be treated with, 
phosphorus pentachlaride, : 

It is known that phosphorus. oxychloride can be. 
reconverted tò phosphorus pentachloride by reaction 
ies carbon monoxide or phosgene in presence of 
carbon : 


, 


POCI, + CO for COCH) = PCl, (or POI) + “00, 


Reaction of carbon monoxide, chlorine’ and phos- 
phorus trichloride is thus the basis of this synthesis 
of carbon tetrachloride which involves the conversion 


of acyl carbonyl into CCi,. 


Fluorochloromethanes have also*been obtained by 
pyrolysis or copyrolysis of tarbonyl halides in flow 
systems or in an ausoclave, for example, . 

_COF, + COCl, -> CF,Cl, + CO, 

2COFC] + CF,Cl, + CO, x 
Temperatures between 250° and 
700° Č. are, used, and the conver- 
sions are greatest under super- 
atmospheric pfessure. Carbonyl 
eblorofluoride, trichlorofluorometh- 
ane, chlorotrifluoromethane, carbon 
tetrafluoride and carbon tetra- 
chloride are by-products in amounts 
ET upon the semperature and pressure used : 

COF; + COCl, = 2COFCI f 

COFCI + COCl, > CFCh + CO, 

2COF, > CF, + CO, 
Reaction of phosgene, or of carbon monoxide and 
chlorine, with hydrogen, fluoride thus provides a new 


MINUTES 


, 


.route to the useful compound dichlorodifluoro- 


methane : 
COF, + COCI, > CF,Cl, 
HF tes tcoa, > 
COOL ——> COFCI' 2 COF, 
+ 
CF,Cl, 
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These disproportionation reactions can be catalysed 
by impregnated_.active .carbon; conversions to 
chlorofluoromethanes as high as 85 per cent, with a- 
‘40-50 per cent conversion to dichlorodifluoromethane 
‘and a 20-25 per cent conversion to chlorotrifiuoro- 
methane, have been obtained. Full details of these 
. and related investigations will be published elsewhere. 
R. N. HASZELDINE 


` 


University Chemical Laboratory, 
` Cambridge. 


H. ISERSON 


Pennsylvania Salt Manufacturing Co., 
` Philadelphia. ` 


Oxidation of Metals: Determination “of 
Activation’ Energies: 


‘Tae activation energies of oxidation of metals and 
alloys is of fundamental importance mm the considera- 
tion of oxidation mechanisms. Hitherto, however,. 
the reportéd values often show large mutual dis- 
agreements for the same metal. 

The dependence of oxidation ‘reactions upon 
temperature may be ra by the Arrhenius - 

equation : 


t 

i = App C9 : 
where k i is the'rate constant for’ oxidation at, tem- 
perature T, A is a constant the dimensions of which ` 
‘depend on units for k, Ris the gas constant, and Q 
is the activation energy. In accordance with this 
equation the activation energy is ‘determined by 
measuring the rate constant k at differént tempera- 
tures and -plotting Ink versus'1/7. This plot yields 
a straight line the slope of which gives Q/R. 

An accurate determination of activation energies 
involves a large number of oxidation méasurements 
at different temperatures. In this communication a 
faster method is proposed for the determination of 
activation energies. The metals are oxidized under 
conditions of linearly increasing temperature, and 
the method ‘gives the activation energy of oxidation 
from one single oxidation run, and in addition gives 
the approximate temperature regions. in` which 
different rate-laws Of oxidation are found. Although 
the proposal for determining activation energies 
under such‘ conditions is not new’, it is believed that 
the present treatment of the results provides ‘a new 
approach for a simple, rapid and accurate method - 
for studies of oxidation of metals and alloys. 

- The oxidation of metals follows different rate-laws 
depending upon the metal, the nature and/or semi- 
conducting properties of the oxide formed, and the 
temperature. At high temperatures (generally 
greater than 200-300°C.) the different rate-laws 
found are: (1) linear, (2) aa and (3) cubic ; 
-they can be written: 


de _ : : dz Sane, 
a k, (linear); æ. a k, (parabolic) ; 
a. Z = k, (cubic) 


` BA i 


where x represents the thickness of the oxide scale 
(or gain in weight per unit area) at time t and 
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k,, ka and k, are the oxidation rate constants for the 
linear, parabolic and cubic rate- laws, respectively. 
These rate-laws may be written: 


1 
so, dt (1) , 
when n is a constant having values ‘of 0, 1 and 2 for 
the linear, parabolic and cubic rate-laws, r respectively. 

- Introducing the Arrhenius equation, we get: 


“ts an gz. = A,exp (- £ e 12) 
Oxidizing under conditions with near increase of 
temperature, we have: 


T = a + b 
or after, differentiation, 4 
` . dT = adt - j # 
Equation 2 thus becomes T eg 
da 
nb? = ‘B. = KA 
DE ESR ‘ce: 8) 


where B is a constant vena equal to Aja. ` 
Taking the logarithm of equation 3, we’ get; 


ane ~ 2 


Ri (4) 


_Rearranging, equation 4 may be written : ` 


dmg 


eaae + In ——— ar 


=mB -= 2. : (5) 


RT 


a v versus i should 

yield & Skagi line the. slope of ‘which i is Q iR, ' which 

permits calculation of the activation energy, Q. ` 
The use of equation 5 necessitates the calculation of 











In & lie 

I7 and for this ‘purpose a table of the follow- 

ing type is wes for each oxidation- run: 
1 m ies àl 

0o gxi e=ẸŅ Ine gain Soe n thE 
750 9,775 a, . Ina, 
775 542 a: Ina, > by c: In e, 
800 9,320 as Inas b: LA Mce 
825 9,107 a a | ds! C3 ‘Ines 
etc. etc, S ; 
where’b, = ina, — ln ay, b, = Ina —Ina,... and 


cı = b,/50, ca = b,/50 . 
In applying’ this approdch to metals oxidizing 
according to the linear rate-law, it is necessary to plot 


Ine + In zs in the case of a 


oat 


di 
parabolic rate-law 2 Ine + In - 





1 
versus T 3 and in 


-1 
! qg Versus zie 
This treatment of the data should yield straight lines ` 
for the particular rate-laws in the correspondmg tem- 
perature regions. If the oxidation of a metal follows 
different rate-laws in different temperature regions, . 
distinct breaks in the curves should occur at the 
corresponding temperatures. Thus, in addition to 
the activation energy,‘ this treatment also gives 
approximate temperature regions in which the 
different rate-laws are found. 
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Table 1, ee Preparation of Maghemite by Electrolysis — 
ae _ | Vatueofn| Temperature `| Temperature | kétiva- | Wuew nitrate slutions are employed as the ~ 
ce T Metak | eaten) | inerease | region aay | catholyte in an electrolytic cell, with the electrodes. 

a er oe separated by an anien-permeable ion-exchange 
i Titanium |a= d | 388 dog. Cimin. | 700-900" C. |53kea| membrane, many retallie hydroxides tend to pre- 
in; 1700-1,050° C. | 41 reat cipitate in the cathode compartment, to compen- 


|| Nickel’ = 1" | 228 deg. C- 

oo Zirconium: |} a= 2 eod 8-86 deg. Cimin. 
T ubio) Pee Boy 

aee 1 t223 deg. C./min. 


At gianna 5 sate for the. loss of nitrate ions to the anolyte 
: 001,050 S [59 kem. For a trivalent cation, the overall reaction ‘can be- 
750-1;000° C. | represented as follows: © 0 00 ' 

: Ee a : ee ts 

: Rt + 3H,0 + 3e > R(OH), + 3H 

















l The method, described has been 1 ee ERS tanec. T $ 
zirconium, copper and titanium over the temperature With’ ferric nitrate as catholyte, however, the 
C range 400-1,050° C., and 1 first-formed precipitate is dark brown, magnetic and 
= Table Tos E ee contains only 3-4 per cent of water after drying at 
© The activation energies room temperature. On ignition at temperatures above 
~ agreement with previously published values* obtained 500°C., the produet is rapidly converted to red, 
“by the conventional method of plotting In k versus non-magnetic ferric oxide, in contrast to the mineral 
HY he value’ for titanium was checked in this magnetite (Fe;0,), which retains its magnetism after _ 
$ , similar treatment. The: air-dried. material contains 
a variable proportioa of ferrous iron whieh is, on the 
average, ten. times less than that expected from 
magnetite. The procipitate thus exhibits the same 
"properties as maghæmite, which is closely, related to. 
synthetic gamma-Fe,O, = oe: in 
Ut is surprising tc find that an 
taining s0 little water can be pre 
solutions at. room temperature 




















iron con- 
aqueou 









bolic rate 


ate-law. au 
eae methods! for the preparation of 
on. the preliminary: formation. 















catholyte pH is maintained in the range 1:0-2-5. 
© higher pH values, ordinary ferric hydroxides (25 
per cent water) is the main constituent of the 
precipitate.. E oe i 
We have also shown that ammonia, formed by 

- eathodic reduction of. nitrate, is not inimical to the 

formation of maghamite and that the nature ‘of the 
cathode (whether platinum or graphite), is” not a 

critical factor. ES Se eae 
Independent conirmation of the identity of the - 
material has been cbtained through the courtesy of 
Dr. A. D. Wadsley, of this Division, who has shown. 
that the somewhat diffuse X- D7 diffraction 
patterns can be indexed in t ive cubis 
lattice, the cell edge. = 8°35 
the range of maghemite or gair ) 
patterns appear to be ‘derived from -a superlatt 
of the spinel grouping. -While we make no claims 
that this superlattice may be cau ad by the systematic 
é otons, itis ofo 




































































u Ok T8 82. Bb. na u 
; , QP) x18. no incorporation of water molecule 
A ; ee See a ee interest that the chemical composition of our material 
Fig. 1. Determination of the activation of tion of nieke eg for ro E S Dp a 
SF onldidtog ar ton of ie ae aE inoceacing e EA : is not far removed fom the formula H¥e,O, (2-2 per 
oe pig eae -cent water). which is. in good agreement with an 
_ 4 detailed account of the method and the resulta earlier report! on superstructures in spinels. 

. for & number of metals and alloys will be published = 2s ` S 
E E P. T. DAVEY: a 





elsewhere. ; ; a 
a6 : _ Per Korstap : ; T. :Ro-Scort 
Central Institute for Industrial Research, ia xa ey igs : 
Blindern, Oslo. Division of Industr:al Chemistry, 
March 6.“ Commonwealth Seientific and 
e pe eae ©” Industrial Research Organization, 
ar, „And Fassel, jun., W. M., J. Electrochem. ~ Melbourne. C.1. 
March 14. 






a “Oxidation of Metals z 

; xydation von . ; 
r "Verlag, Berlin, 1958). 1 See, for example, Brit. Pat. 640,438. Booth, H. S., “Inorganic 
rochem. Soe., 10, 339 (1954). Syntheses”, 1, 186 (alcGraw-Hill, New York, 1939). 


offe und Korrosion, 7, 642 (1956). * Brann, P. B., Nature, 170, 1123 (1952). 
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Spiral Crystals of Magnesium Sulphate 


In a communication in Nature of March 2, p. 493, 
there is a photograph of zine sulphide crystals of 
spiral shape. r 





Fig. 1 


I have observed crystals of similar form growing 
from saturated magnesium sulphate solution. The 


solution was made by saturating hot 5 N sulphuric . 


acid solution with magnesium oxide, and filtering the 
reaction mixture into an evaporating basin. After 
the resulting solution had stood in the open for two 
days, it was observed that the bulk of the water 
had evaporated off, leaving a solid layer of magnesium 
sulphate, the surface of which was covered with a 
hairy network of crystals, some as’ much as half an 
inch long, and most of which terminated in a flat 
spiral (Fig. 1). Their thickness was in most cases 
less than that of a human hair. When examined 
under x 50 magnification, the curved crystals showed 
no sign of segmentation. The photograph was taken 
by B. G. Airlie and G. Davies, The distance between 
the top and bottom crystal in this enlargement was 
6 mm. 
M. SHAYER 
Kings School, 
Worcester. 


Role of Photons in a Self-Quenching 
Geiger-Miiller Counter 


A NUMBER of investigators have studied the 
spread of discharge along the anode of self-quenching 
Geiger-Miller counters, but the relative importance 
of photo-ionization of the gas and photo-emission 
from the cathode in such tubes has not yet been 
fully determined. The mechanism of the discharge 
spread along the anode is thus still under discussion? 

We have carried out a set of direct experiments and 
have come to the following conclusions in an un- 
ambiguous manner, regarding the photo-emission 
from the cathode of a self-quenching counter: (1) 
photo-emissiom from the cathode is caused by ultra- 
violet as well as by visible radiations, but that 
due to the former is more pronounced ; 
are present over a much wider region around the 
anode wire than is-usually believed. 

In one set of experiments two identical coaxial 
counters, each 2-5 cm. in diameter, were placed.in a 
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glass.tube facing each other 3 cm, apart. ‘The filling 
was an argon-alcchol mixture at a total pressure of 
10 cm. of mercury with 10 per cent alcohol. A gela- 
tine filter 2-B, 2-5 cm. in diameter, or a thin g 


disk of the same size could be introduced between the . 


two counters when desired. The voltage of the Geiger- ~ 
Miller tubes was supplied by two independent 
stabilized power units. 

The pulses produced under normal working condi- 
tions of the two counters were fed into the coincidence 
unit (AERE type 1036-B) of resolving time one 


microsecond and the coincidence pulses were recorded ~ 


in the scaler (AERE type 200-A) both with gelatine 
filter 2-B lying between the counters and without it. 

It has been observed that the number of coincid- 
ences is always greater when there is no filter, and 
that it decreases in proportion to the path of photons 
intercepted by it as it is introduced in between the 
two counters. As the filter cuts out all ultra-violet 
radiations, we conclude that the coincidences obtained 
when the filter blocks the path of the photons between 
the two counters completely must be due to visible 
radiations produced in the counter avalanches.” That 
these coincidences were not accidental or due to 


electric pick-ups was confirmed by separating the — 


counters by about 60 cm., when not more than one 
coincidence was obtained per 3 min., even though the 
counting-rate in one counter was increased to about 
1,500 counts per min. using a collimated gamma-ray 
source while there were about 200 counts per min. 
in the second. 


It was further observed that the number of coin™ ` 


cidences showed pronounced increase if the photons 
producéd in the avalanches of oné counter were 
reflected on the inner surface of the cathode of the 
second instead of allowing them to pass right through 
the body of the second counter and to strike against 
the glass envelope where the anode wire was sealed. 
The number of coincidences with filter 2-B or the 
thin glass disk lying between the counters was found 


to be the same in any given interval of time, which 


indicated that no appreciable number of photons of 
wave-lengths in the range 3300-4000 A., the absorp- 
tion limits of glass and gelatine filter Tespectively, 
was passing from one counter to the other under the 
conditions of these experiments. 

Separate experiments were carried out to investi- 
gate the photo effect of visible radiations obtained 
from a light source on the cathode of a counter. We 
have observed that the “photo-sensitivity of the 
counter varies linearly with the intensity of visible 
radiations at wave-lengths greater than 4000 A. 
The ultra-violet radiations below 4000 A. were cut 
down in these experiments with filter 2-B and the 


intensity of visible photons was varied by using 


neutral density filters supplied by Messrs. Kodak, 
Ltd., London. 

A typical set of results is as follows: plateau 
lengths 200 V. and 260 V. Plateau slopes 0-05 and 
0-025 per cent per volt. n 

Coincidences obtained per 5 min.: (1) without 
filter 2-B, 68; (2) with filter 2-B, 24; (3) with 
reflected photons, 155. ‘These readings were repro- 
ducible for days within the limits of statistical 
variations. 

Details of the experimenter Ti be published else- 
where. 

We are grateful to Sir John Cockorof} and Dr. D. 
Taylor, of the Atomic Energy Research Establishment, 
Harwell, for supplying the electronic equipment used 
in the investigation and for their interest. Our thanks 


June 29, 1957 


No. 4574 


are also due to Prof. L. A. Du-Bridge, of California, 
for helpful discussion of this work. 
Rar M. CHAUDHRI 
Mustara Yar KHAN 
MOHAMMED YUNAS 
Physics Department, 
Government College, 
Lahore, West Pakistan. 
April 20. 
1Hıl, J. M., and Dunworth, J. V., Nature, 168, 833 (1946). 
2 Wantuch, E., Phys. Rev., 71, 646 (1947). 
3 Alder, F., Baldinger, E., Huber, P., and Metzer, F., Helo. Phys. 
Acia, 20, 73 (1947) 
1 Stever, H. G., Phys. Rev., 61, 38 (1942). 
$ Wilkening, x. H., and Kanne, W. R., Phys. Rev., 62, 534 (1942). 
6 Korff, 8. A., “Electron and Nuclear Counters”, 128 (Van Nostrand, 
- New York, 1955) 
7 Colle, C. H., and Roaf, D., Proc. Phys. Soc., 52, 186 (1940). 
2? Halliday, D., “Introductory Nuclear Physics”, 190 (2nd edit., 
John Wiley and Sons, 1955). 
? Craggs, J. D., and Jaffe, A, A., Phys. Rev., 72, 784 (1947 . 
1 Weisz, P., Phys. Rev., 62, 477 (1942). 


Vibration Packing of Dry Granular. Solids, 


J. KOLBUSZEWSKÉ has suggested that the porosity 
of a bed of sand grains formed by & single fall of 
the grains m air varies inversely with the velocity 
of fall. We have confirmed the generality of this 
observation and have extended it in experiments in 
which an existing bed of fine-gramed' dry ‘solid is 
subjected to interrupted vibration. 

In our experiments, a quantity of powder of less 
than 300 B.S. sieve (53u aperture) size ıs contained 
in a glass measuring oylinder rigidly clamped to a 
relatively massive platform which is caused to 
oscillate in a vertical plane in a near approach to 
simple harmonic motion. The amplitude’ and fre- 
quency of oscillation can be varied at will to maxima 
of 0-4 in. and 2,000 cycles per min. The oscillation 
can be arrested at any point by adjustable stops. 
A system of strong, opposed, conical springs in the 
transmussion prevents damage to the machme when 
the stops are used. 

Two solids of different properties have been used, 
namely: (1) coal, an amorphous, porous, macro- 
molecular material of specific gravity 1-30 ; (2) zircon, 
crystalline, non-porous, specific gravity 4:6. 

Observations- of the variation of the porosity of 
a bed with variation in the amplitude and frequency 
of oscillation and in the position in a cycle at which 
the downward progress of the cylinder and its con- 
tents is arrested by the stops have shown that the 
porosity is influenced by all these factors. The 
effects ascribable to amplitude and frequency varia- 
tion depend upon.the function of these in determining 
acceleration and velocity. The position and arresting 
action of the stops are significant in their selection 
of the velocity, and hence energy, of the mass of 
particles at the moment at which an exceedingly 
rapid deceleration, or dissipation of energy, is caused. 

Fig. 1 epitomizes our experimental results, showing 
the relation between porosity and impact velocity, 
as determined by the settings of the three variables. 
The impact velocity defines the energy increment 
imparted to the mass of particles during the part of 
an. oscillation preceding arrest. The graph includes 
values obtamed at fréquencies ranging from 100 to 
1,600 cycles per min. and amplitudes of 0-05-0-35 in., 
with various positions of the stops. 

In every experiment the bed quickly achieved a 
state of equilibrium not visibly altered by continua- 
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tion or cessation of tae treatment. The values of 
porosity recorded are squilibrium values. A spread 
of + 1 per cent of parosity is evident but does not 
obscure the major trends. 

Interrupted vibraticn results in the establishment 
of an equilibrium bed structure and porosity which 
are determined by tha cycle energy increment im- 
parted to the bed and by the properties of the solid 
particles. 

Low values of energy increment produce a bed of 
relatively high porosity. Increase of the increment 
value at first results ir a progressive compaction. In 
this stage the energy increments absorbed by the 
bed overcome surface friction and other stabilizing 
forces involved m the mutual disposition of the 
particles until a new =quilbrium is established. As 
& critical incremental value is approached a second 
type of effect absorks an increasing proportion of 
the imparted energy. This results in a progressive 
loosening of the structure and an increase of porosity. 

The rate of change of equilibrium porosity with 
change of energy increment is high, so that maximum 
packing is obtained-cnly within a narrow range. 

Our tentative hypothesis is that, as impact velocity 
is increased, elastic Ceformation of the constituent 
particles of a bed increases. Eventually, the vibration 
of the particles resulting from theirelastic deforma- 
tion dominates the trend towards” compaction and 
the bed expands. 

The material of low density (coal) showed. no 
end-point to this second trend within the limits of 
our experiments ; bus the very dense zircon showed 
the establishment of a stable situation unaffected 
by further increase o? energy increment. This may 
be the resultant of the vibration effect and the rapidity 
of settling of dense particles under gravity. 

It is apparent that Sor each material the maximum 
packing is produced. only by a critical value of 
impact velocity, or cyclic energy increment, which 
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may with equal effect be produced by a appro- . 


priate combination of amplitude, frequency and 
stop-setting. The time required to achieve equilib- 
rium at any selected value of impact velocity is 
determined by the frequency of oscillation. 


ü J.C. MACRAE , 
P. ©. FINLAYSON 
W. A. GRAY 
Department of Coal Gas and 
Fuel Industries with Metallurgy, 
University, 
Leeds 2. 
March 15. 


1 Kolbuszswski, J., Research, 3, 482 (1950). 


Some Early Forms of the Weed Concept 


Ar the third British Weed Control Conference held 
at Blackpool during November 5-8, 1956, discussions 
_ arose concerning the history of the word denoting a 
weed or undesirable plant. Some further remarks 
may be of interest here. : 

Although weeds were perhaps recognized indi- 

vidually in the ancient Near-Hastern civilizations 
there is little evidence that .a word or words existed 
for the collective term ‘weed’. Furthermore, most 
plants were considered useful. Dr. John A. Wilson 
(private communication) has stated that in the 
ancient Egyptian language kaka, commonly identified 
as the castor plant, Ricinus communis L., was used 
in figures of speech for a plant which grows rankly 
and may be used as fuel, and also that senmit, a 
word occurring only once in some such context as: 
“How unguarded speech grows like a senmit plant !” 
may well mean ‘weed’, 
* Ebbell’s detailed study of the “Papyrus Ebers” 
(c. 1550 B.0.) identified large numbers of plants used 
principally as remedies and does include mustard 
and pond-weeds, and castor bean. Hieroglyphics 
have been isolated and identified for rush, rush with 
shoots, herb, reed, reeds side by side, etc.2. A recent 
study of a Sumerian tablet on agriculture from Nippur 
in Iraq (1700 B.0.) does, at least in a free translation, 
refer to clearing the field of weeds and stubble prior 
to crop planting®. Thompson’s Assyrian botanical 
study’ reveals no equivalents for weeds, however. 

The last stage of Egyptian, Coptic, uses a word 
enteg (NTHo) for the Greek Ce dvix, tares, for example, 
Matthew xiii, 25, in the Bible (J. A. Wilson, private 
communication). “Tares’ in some translations of the 
Bible has been freely translated as ‘weeds’. However, 
the latest authorities, Moldenke and Moldenke, 
identify this with darnel (Lolium temulentum L.)—a 
poisonous cereal weed known even to Theophrastus. 

In Greek, the word Botavy (botáne) means pasture, 
fodder, herb and then noxious herb and thus ‘weed’, 
and it was used by Theophrastus. The verb form 
here is Bora vite (botanizo), ‘I weed’; while the nouns, 
Bordve and é&yproBétavov, are used in modern Greek 
(Gertrude Smith, private communication). 

Early Roman writers employed several forms for 
the weed concept such as herba (Pliny); as “oficiant 
laetis ne frugibus herbae” (Virgil); and erunco herbas 
(Columella). Both runco and erunco are used in the 
sense of weeding—having some affinity with Runcina, 
a rural deity of thə Augustinian period supposed to, 
preside over weeding. The phrase, herba inutilis, has 
also been used (Gertrude Smith, private communice- 
tion}. 
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One of the earliest treatises on weeds is that of 
Giovanni Lapi (1767)* on darnel or Lolium temu- 
lentum L. The author here quotes Virgil, “. . . inter- 
que nitentia culta wnfelix lolium et steriles domintur 
avenae’. The modern Italian forms, malerba and 
pianti infestanti, are self-descriptive, as also are the 
contemporary French, mauvaises herbes, plantes 
nuisibles, plantes adventices, and possibly plantes 
vénéneuses. 

Ratzeburg? informs us that the German Unkrit 
was in use in the tenth century, and, of course, its 
relationship to the contemporary Unkraut is evident. 
With Germanic realism, precision, and finality the 
usage of Unkraut as opposed to Kraut needs no 
comment. The verb form only of wieden is retained 
in the Dutch language. 

The Oxford English Dictionary (1933) traces the 
various spellings of our modern term from the first 
Anglo-Saxon recording of weod as used by Aelfred 
(c. 888), and wiedes (c. 1200) through renderings of 
weodes (c. 1290), wedes (1393), weed (c. 1440), wrdes 
(1532), to ‘weed’ again in 1592. Although novel, 
the possibility still should be considered that ‘weed’ 
might be derived from earlier forms of the German 
weyt (c. 1150), the Dutch weet (c. 1597) and weeda, ` 
the Belgian weedt (c. 1576), etc., for woad or dye- 
weed (Isatis tinctoria L.). 

According to Loang’s ‘Common Weeds of Farm 
and Garden” (London, 1910) the earliest Enghsh 
work on agriculture to include our term was the 
usage of wede by Jobn Fitzherbert in his ‘Boke of 
Husbandrye” (1523). The more illustrious Jethro 
Tull in his “Horse Hoeing Husbandry” of 1731 
employs the modern form of ‘weed’. 

Hanzawa? has observed that the single Chinese 
ideograph for weed, tzao (herb), was adopted from a,’ 
poem of Y. Kiang (Han Dynasty, 200 B.c.); whule 
the later modified form iza tsao (miscellaneous herb) 
employing two characters first occurred in a Japanese 
work of early date. 

In the ancient languages, as might logically be 
expected, the word for the most typical and out- 
standing example—in one case,& poisonous weed of 
grain—also came to mean ‘weed’ ; while in the later 
Greek and Latin the rather nondescript herba or its 
equivalent also came to mean weed—followed later 
by a refinement or a descriptive phrase generally 
including some form of herba or its equivalent. This 
has continued on into the modern forms in most of 
the Romance languages. The Germanic and its 
derivatives have evclved and retained the single noun 
—with the modern German word, at least, implying 
inedibility. 

LAWRENOE J. Kine 
Boyce Thompson Institute for Plant Research, 
Yonkers, New York. 


1 Ebbell, B., “The Papyrus Ebers. The Greatest Egyptian Medical 
Document” (Levin and Munksgaard, Copenhagen, 19387). 
8 CaO Sir Alan, “Egyptian Grammar” (2nd edıb., Oxford, London, 


* Kramer, S. N., “The First ‘Farmer’s Almanac’ ”, chap. 10, in “From 
the Tablets of Sumer” (The Falcon’s Wing Press, Colorado, 1956). 


s Thommgons R. 0., “A Dictionary of Assyrian Botany” (London, 


ë Moldenke, H. N., and Moidenke, Alma I.., oe of the Bible” 
(Chronica Botanica Co., Waltham, ‘Mass. b J. 

8 Lapi, Giovanni, “Discorso sul? eaterminto del iain e di altre piante 
nocive” (Bisen e Pagani, Firenze, 1767). 

7 Ratzeburg, E., “Die Standortsgewichse und Unkrauter 
Dantes .” (Nicolaische Verlagsbuchhandlung, Berlin, 


t Hanzawa, M., “Zasso-gaku” (Tokyo, 1910); and the assistance of 
Dr. § u-Ying Hu, Amold ‘boretum, Harvard University, 
` Cambridge, Mass. N 
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FORTHCOMING EVENTS 


Thursday, july 4 


POLAROGRAPHIO Sooty (at the “Duke of York”, 8 Dering Street, 
Mayfair, London, W.i), at? p.m.—tInformal Discussion Meeting. 


Friday, July 5 i 


INSTITUTION OF ELEOTRONIOS (in the Beveridge Hall, The Senate 
House, University of London, W.C.1), at 6 p.m.—Dr. P. B. Fellgett : 
“Phe ‘Theoreti Problems of Television Astronomy’; Mr. B. V. 
Somes-Charlton: “The 1956 Opposition of Mars”. : 


APPOINTMENTS VACANT 


APPLICATIONS aro invited for the following appointments on or 
before the dates mentioned : = 

LEOTURER (graduate in medicine holding a higher surgical qualifica- 
tion) IN THE DEPARTMENT OF SURGICAL Sorence—The Secretary, 
The University, Edinburgh (July 3). 

JUNIOR LECTURER IN PHARMACOLOGY—The Dean, Medical College 
ee Crs Hospital, West Smithfield, London, E.C.i 

y 9). 7 

RESEARCH ASSISTANT to work on a project concerned with electronic 
equipment for the control of machine tools—The strar, The Man- 
ee ver of Science and Technology, Sackville Street, Manchester 

ly 5). $ y pa > % 

GD r LEOTURER (preferably with qualifications in applied 
thermodynamics) IN MECHANICAL ENGINEERING in the University 
of Aberdeen and Robert Gordon's Colleges—The Secretary, The 
University, Aberdeen (July 5).. 

ASSISTANT, Grade B (graduate, with research or industrial ex- 
perience) IN METALLURGY —The Principal, Derby and District College 
of Technology, Normanton Road, Derby (July 6). 

ASSISTANT, Grade “B” (preferably with some experience in chemical 
engineering or photography) IN CHEMISTRY, to teach general 
certificate of education advanced level and ordinary national certificate 
chemistry ; and an ASSISTANT, Grade “B” IN BIOLOGY, to to 
goneral certificate of education advanced level—The Principal, Harrow 
Technical College, Station Road; Harrow, Middlesex (July 6). 

ASSISTANT LECTURER (preferably with a knowledge of powder 
metallurgy) IN THE DEPARTMENT OF METALLURGY AND CHEMISTRY, 
Rotherham College of Technology—The Director of Education, 
Education Offices, Rotherham (July 6). E 

BIOOSEMIOAL RESEAROR ASSISTANT (with postgraduate experience), 
for studies involving fractionation of tissue constituents and tissue 
metabolism—The Secretary, Institute. of Psychiatry, Maudsley 
Hospital, Denmark Hill, London, 8.8.5 quoting Bef. FP (July 6). 

Onmuisr or Puysioist (with G.C. B. (“A”), H.N.O 


ERIMENTAL 
suitable. qualifications) IN CYTOLOGY, -PLANT GENETICS, G: 
AGRONOMY and 


IN 
compounds under the direction of Dr. P. L. Pauson—The Registrar, 
The University, Sheffield (July 6). t n 
SENIOR LEOTURER IN APPLIED PuysIos-at the Municipal College, 
Southend-on-Sea—The Chief Education Officer, Education Office, 
Warrior Square, Southend-on-Sea (July 6). ay 
- SENIOR LECTURER IN ORGANIO CHEMISTRY; & SENIOR LECTURER 
IN MATHEMATICS; and a SENIOR LECTURER IN ELECTRICAL ENGIN- 
EERING (preferab VY CURRENT)—The Registrar, College of 
Technology, Suffolk Street, Birmingham (July 6). 
ASSISTANT CURATOR, GROUNDS AND GARDENS (with extended 
training at an agricultural college or farm institute or a recognized 
botanic garden), for duties which will include the hiring and super- 


* viston of landscape gardening labour and Pid leer ied for maintaining 


and using mechanical equipment—The Assistant Registrar (London), 
University College of Ghana, 29 Tavistock Square, London, W.C.1, 
Giuiy 8) Registrar, University College of Ghana, Achimota, Accra 
BRITISH COKE RESHARCH FELLOW IN THE DEPARTMENT OF CHEM- 
ISTEY, to investigate the carbonization of high polymers and related 
Materials and to examine the physical and chemical properties of 
cokes gm activated carbons—The Registrar, The University, Hull 
y 8). $ K 
LEOTURER IN AGRICULTURAL BIOCHEMISTRY—The Secretary, 
Umversity, Aberdeen (July 9); ' eae 
mathomatics) IN MAnaenaniie othe. Beate Tee ge applied 
cs y -The Registrar, e 
Manchester 13 (uy 1) oes i sr Pe 
TANT (with an honours-degree in bacteriology or equivalent, 
together with postgraduate experience) IN THE Dar MENT OF 


ARTMNENT OF 
BAoTERIOLOGY—The Secretary, The Edinburgh and East of Scotland , 


College of Agriculture, 18 George Square, Edinburgh (July 12). 
COURTAULDS FELLOWS (2) (with a good honours degree in ras 
chemistry .or, chemical engineering) to work under the direction o 
the Head of the Department. of Textile Chemistry—The Registrar, 
Manchester College of Science and Technology, Manchester 1 (July 12): 
LECTURER IN LOGIO AND METAPHYSICS in St. Salvator’s College— 
Point Clark to the University Court, College Gate, St. Andrews 


‘NATURE © 


1367 


£ 


EXPERIMENTAL Q: 
for work on (a) bee diseases + 1b) feld behaviour of bees ; and (e) the 
social organization of bee communities—The Secretary, Rothamsted 
erimental Station, Harpenden, Herts (July 15). 
ECTURER IN THE DEPARTHENT oF PaTHOLOGY—-The Secretary, 
The University, Edinburgh (Tuly 15). 5 
Screntific OFFIOER (with = first- or second-class honours degree 


“in microbiology, or a first- or second-class honours degree which 


included chemistry and biology, followed by a postgraduate diploma 
1n ‘bacterlology) AT THE WaATSR POLLUTION RESEARCH LABORATORY 
(D.S.LR.), Stevenage, Herts, Tor research on bacterial problems con- 
nected with the treatment of sewage snd trade wastes and pollution 
of rivers—The Ministry of Labour and National Service, Technical 
and Scientific ster (K), 25 King Street, London, 8.W.1, quoting 
G.180/7A (July 15). . 

SOLBNTIFIO OFFICER (with a first- or ‘second-class honours degree 
in physical or inorganic chemBstry or metal physics) IN THE CHEMICAL 
RESEAROH LABORATORY (D.£.I.R.), Teddington, for the study of 
oxidation and mechanism of atmospheric corrosion of metals—The 
Ministry of Labour and National Service, Technical and Scientific 
Register (K),26 King Street, London, 8.W.1, quoting F.746/6 (July 15). 

ASSISTANT EXPERIMENTAL JFFIOER (with a pass degree or equiv- 
alent) IN THE DEPARTMENT OF POTATO GENETICS, to assist in the 
breeding of a selection of potato Varieties resistant to blight and to 
virus diseases—The Secretary, John Innes Horticultural Institution, 
Bayfordbury, Hertford (July 17). 

LECTURER IN THE DEPARTMENT OF ZOOLOGY, University of Cape 
Town, South Africa—The Secretary, Association of Universities of 
the British Commonwealth, 3t Gordon Square, London, W.C.1 (South 
Africa, July 20). ~ 

ASSISTANT (with some knowledge of freshwater biology and chem- 
istry) IN THE FISHERIES AND POLLUTION DEPARTMENT, Somerset 
River Board, for duties whica will include the inspection of sewage 
works and trade waste treatment plants, river surveys, and the exam- 
ination of samples-—The Ohie Engineer, Somerset River Board, The 
Watergate, West Quay, Bridgwater, Somerset (July 22), « r 

RESEAROH AGRIOVLYURALIST for a study in the use of farm motive 
power, with particular refersuce to fuel economy and associated 
aspects of farm management—The Registrar (Room 9, O.R.B.), The 
University, Reading (July 22). x 

LECTURERS (2) (with an interest in observational sclence or fluid 
dynamics) IN THE METEOROLOGY DEPARTMENT—-Prof. P, A. Sheppard, 
Imperial College, London, S.°¥.7 (July 27). À 

LEOTURER IN BACTERIOLOGY——The Secretary of University Court, 
The Upiversity, Glasgow (Juy 81). 


LECTURER IN BOTANY at tae University of Otago, Dunedin, News. 


Zealand—The Secretary, Association of Universities of the British 
So ppr voalth, 36 Gordon Square, London, W.C.1 (New Zealand, 
ly 31). 


CarTLe PHYSIOLOGIST (witta university honours degree in science 
or agricultural science or a degree in veterinary science or equivalent 
qualifications, together witk: postgraduate- research experience in 
physiology or biochemistry) IN THE DIVISION OF HEALTH 
AND PRODUOTION (C.S.I.B.0.%, National Cattle Breeding Station, near 
Rockhampton, Queensland, to initiate research into biochemical 
problems related to physiolozical and metabolic differences between 
breeds of cattle—Chief Scientific Liaison Officer, Australlan Scientific 
Liaison Office, Africa Hous«, Kingsway, London, W.C.2, quoting 


Appointment No, 231/4 (Augest 10). 


OF AGRICULTURE in the University of Malaya, Singapore— 
—The Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, W.C.1 (August 15). 

.LEOTURER IN NATURAL HstToRY (EcoLoay)—The Secretary, The 
University, Aberdeen (Auguss 31). 

LEOTURER IN NATURAL PaAmMosorHy (PHyYSics), for work in the 
ee oo Unit—The Secretary, The University, Aberdeen 

ugus 

ASSISTANT LECTURER IN THE DRPARTMENT OF PHILOSOPHY-—-The 
Principal, St. David’s Collegs, Lampeter. 

ASSISTANTS (women, with a good knowledge of Italian, Spanish 
or Portuguese, and preferably with an interest in biology), for (a) the 
preparation of the insect section of the Zoological Record, an annual 
record of the world literatrre in entomology; or (b) abstracting 
scientific papers in economies entomology—The Director, Common- 
wealth Institute of Entomolegy, 56 Queen’s Gate, London, S.W.7. 

LEOTURER, Grade B (with. a general science degree in chemistry 
and physics and a diploma im education, or its equivalent with teach- 
ing experience) IN THE DEPARTMENT OF HEALTH EDUCATION—-The 
to the Governing Endy, Battersea Polytechnic, London, 
. LECTURER (with a sound knowledge of statistics) TO TEACH MATHE- 
MATIOS to B.Sc. Engineering and General Degree levels; and a Grade 
B ASSISTANT TO TEACH TICS for Craft and National Certificate 
courses in Engineering—The Registrar, College of Technology and 


. Commerce, Leicester. ` 
TIOIANS, ABRODYNAMIOISTS and AERO-ENGINEERS (with, ” 


or obtaining, first- or second-class honours degree in mathematics or 
qneliigering or equivalent) st a Ministry of Supply Experimental 
Establishment, for duties waich include research and investigation 
into problems of aircraft performance, stability and control; the 
application of mathematical Sechniques to problems‘relating to aero- 
dynamics, structure, navigetion, armament, etc., and assessment 
in connexion with performarce estimation of new types of aircraft— 
The Ministry of Labour and Xational Service, Technical and Scientific 
Register (K), 26 King Street. London, 8.W.1, quoting A.421/6A. 
(with high acadsmic qualifications and the ability to 


“promote research and to organize and conduct postgraduate lecture 


courses} IN APPLIED MEGHAÆNICS In the -Department of Civil and 
‘Mechanical Engineering—The= Clerk to the Governing Body, Battersea 
College of ‘Technology, Loncon, S'W.11. __ ` 

RESEARCH ASSISTANT (with a good engineering or science degree, 
or equivalent) IN THE DEPASTMENT OF AERODYNAMICS, for work in 
the fleld of powered lift as applied to wings of low aspect ratio—The 
Recorder, College of Aeronautics, Cranfield, Bletchley, Bucks. 

RESEARCH ASSISTANTS (graduates in physics, chemtstry or mathe- 
matics)—Northern Polytechric, Holloway, London, N.7, 


BFIOERS (3 (graduates) IN THE BEE DEPARTMENT," 
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Sormytrvic: “OFFICER (CHEMIST) IN IN THE. METROPOLITAN’ POLICE 
gapar The! Secretary, Room 165, New Scotland Yard, London, 


SENIOR ÇHEMIOAL ENGINEER, Principal Scientific Officer -grade 
(with a first- or second-class honours degree in chemistry or chemical 
engineering (or equivalent), and not less than seven years postgraduate 
experience), to serve as a deputy to the Head of a Chemical Engineer- z, 
ing Development’ Section—The Senior Recruitment Officer, Atomic 
Weapons ch 
0/1169/34. 
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English Rural Life, 1957.) 18 
Royal Institute of Chemistry, Lectures, Monographs and Re 
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ete on O'ganopolysiloxanes. Pp. 14. (London : Midland Sili- 
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Aero Research Technical: Notes. oes Nosi72 (April, 1957): 
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Ministry of Education: Science Museum. Books on Enginee: a r 
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(London: H.M. Stationery Office, 1957.) 16s. net. 186 
Polish Cultural ages Selective Quarterly Guide to Polish 
Periodical Literature, Vol. II, 2, April, 1957. Pp. ii+68. (London: 
Polish Cultural Institute, "19875 185 
National Institute of Oceanography: Collected Reprints, Vol. 
Reprints Nos. 125-162. ae near Godalming : ‘National 
Institute of Oceanography, 1956.) 135 
Medical Research Council Special Report Series No. 294: Individua 
Differences in Night-Vision Efficiency. By M. H. Pirenne, F. H. C. 
Marriott and E. F. O'Doherty. With a section on The Fre Freguenoy of 


oherty. 
Seeing at Low Illumination, by H. K.-Hartline and P. R. McDonald. 
Pp. (London: H.M. Stationery Office, 988 
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Government of Northern Ireland: Ministry of Agriculture. Leaflet 
No. 41: Blackleg Disease in Cattle. Pp. 2. Lesfiet No. 60: A: Toul: 
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Aluminium Development Association. Aluminium in Electrical 


Engineering: an troductory -Survey. Pp. 72. (Applications 
Brochure, No. 10.) ae Aluminium Development Association, q 


‘Other Countries 


United States” De artment of the Interior: 
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65 cents. B 1024—F ; Tungsten, Deposits of Hydor District, 
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County, New York. By F. A. McKeown and Harry Kiemic 
1ii+9-24. 20 cents, [ 
United States Department of the Interior: Geological Survey. 
Water-Supply Paper 1198: Quality of Surface Waters of the United 
States, 1951. Parts 5-86: Hudson Bay and Upper Mississippi River | r 
Basins, and Missouri River Basin Prepared under the direction of | 
8. K. Love. Pp. x +586. 2 dolars. Water-Supply Paper 1252: Quality 
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